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Abstract

The publication presents a new shooting technique with reduced pressure in venting system for manufacturing foundry cores using inorganic
sand mixture with Cordis binder. Traditional technologies for producing casting cores using blowing methods, despite their undeniable
advantages, including the ability to produce cores in series, also come with some disadvantages. The primary drawbacks of the process
involve uneven compaction structure of the cores, with denser areas primarily located under the blow holes, and under-shooting defects,
which often occur in regions away from the blow hole or in increased core cross-sectional areas. In an effort to improve core quality, a
concept was developed that involves incorporating a reduced pressure in the core box venting system to support the basic overpressure
process. The solutions proposed in the publication with a vacuum method of filling the cavities of multi-chamber core boxes solve a number
of technical problems occurring in conventional blowing technologies. It eliminates difficulties associated with evacuating the sand from the
chamber to the shooting head and into technological cavity and increases the uniform distribution and initial degree of compacting of grains
in the cavity. The additive role of this “underpressure” support is to enhance corebox venting by eliminating 'air cushions' in crevices and
structural elements that obstruct the flow of evacuated air. The publication presents the results of studies on core manufacturing using
blowing methods conducted in three variants: classic overpressure, utilizing the core box filling phenomenon by reducing pressure, and an
integrated approach combining both these methods.
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decade are evidence of great interest in both improving the
technological side of the blowing process itself, as well as
significant progress in the construction of blowing machines in
response to the needs of the dynamic development of automotive

1. Introduction

The currently available knowledge in the field of theory and

practice of conventional blowing processes is based to a large
extent on the previous work of a number of researchers who
focused their research efforts to a greater extent on the
technological aspects of the process and its application to the core
materials of the time and to the research methods and measurement
possibilities that existed at that time [1]. Publications from the last
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technology and machine construction [3-10]. The monograph [2]

contains a synthesis of practically the most up-to-date research on

the blowing process and the following factors influencing its

course:

. mechanism for creating a two-phase sand-air stream in the
outlet part of the shooting or blowing head,
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. evacuation of the core sand from the cartridge chamber in the
form of a free sand-air stream flow,

. phases of filling the core box with a sand-air stream with a
changing concentration of the solid phase,

. final sand compaction resulting from the packing of matrix
particles under the influence of the kinetic energy of the
stream and the movement of sand layers of a pressing nature,
associated with the pressure to overcome the hydraulic
resistance during air filtration through the sand into the vent
holes.

Existing technologies for making cores using blowing
methods, which use the possibility of forming the hydrodynamic
properties of a mixture of the solid phase and air in order to improve
the process of filling and compacting the core sand in the
technological space, will continue to be used in foundry regardless
of the 3D incremental techniques used [11-14]. The state of
knowledge of blowing processes allows attention to be extended to
the possibilities of existing solutions by using granular material
"sucked in" from the technological cavity through vent holes to
shape the core nternal structure.

The solution proposed in the publication with a vacuum method
of filling the cavities of multi-chamber core boxes [15] solves a
number of technical problems occurring in conventional blowing
technologies. The practical implementation of the proposed
solution means moving away from blowing heads with one central
outlet to multi-hole heads and an autonomous venting system.
Thus, it eliminates difficulties associated with evacuating the sand
from the cartrige chamber to the head and technological cavity and
increases the uniform distribution and initial degree of packing of
grains in the cavity. As a result of directed air filtration, under the
influence of the pressure difference, subsequent layers of sand
introduced and remaining in the cavity are moved frontally and
compacted. This also creates better conditions for compaction by
shooting an additional portion of the sand in a process already
carried out in a conventional way (so-called additional
compaction). The solution being the subject of the publication
consists in the integration of two methods of filling the core box
cavity: a) overpressure shooting of core sand from the cartridge
chamber into the core box, b) using a vacuum core box venting
system to direct the flow of the sand-air mixture stream in its cavity.

2. Experimental station

Tests on the shooting of foundry cores both in the classic
(overpressure) system and in the so-called integrated one were
carried out on an experimental version of the SR-3D laboratory
shooter. The classic version of the position was widely described
in publications [1,5,8,15,16]. The modernization of the station
consisted of connecting the vacuum-generating system to the
existing station, which is schematically shown in Figure 1.
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Fig. 1. Schematic of the modernized SR-3D core shooting station
allowing for testing the overpressure and underpressure processes
[2, 15,16]

The working, space of the experimental core box was divided
into three sectors with a volume of 300.4 cm® each, by using
partitions with orifice through which the sand-air stream flows
from the sector located under the blow hole to the side sectors. In
this case, the rectangular orifices of area 2.5 cm? each were
symmetrically arranged at the bottom in two mounted partitions.
The view of the core box with installed partitions are shown in
Figure 2.

Fig. 2. View of the core box with installed partitions, and view of
the partition with a rectangular through-hole with an area of 2.5
cm?[2, 15, 16]

3. The course of research

The tests were carried out on sand with the inorganic binder
Cordis based on a silicate solution. The matrix was "Sibelco" quartz
sand -1K 0.40/0.32/0.20, J88, >14000C, WK = 1.20 (according to
PN-83/H-11077) - 100 parts (weight), cordis binder — 2.2 parts w.,
anorgite 8322 — 1.2. part w.
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Due to the fact that the research concerned only the process of
filling the cavity of the core box, the core sand mixture was not
subjected to the hardening process both for the standard process
and with the use of vacuum pressure. The research was carried out
according to the scheme presented in Figure 3.

The process was divided into two stages. In the first stage, the
classic system of the overpressure blowing process was tested,
which was treated as a reference system for further research carried
out on the shooting machine.

The overpressure process was carried out for one blow hole of
25 mm and three supply pressures of 0.3, 0.4 and 0.5 MPa. While
filling the core box, the pressure patterns in the cartridge chamber
and the core box were recorded.

[ Shooting pressure ]
I

Coswea | [ oawes |

Fig. 3. Test scheme for the testing of classic overpressure process
and the integrated process system [15]

The second stage, i.e. the integrated process system, was
carried out with the same shot pressure settings, while a quasi-
vacuum system was connected to the system of active vent holes.
The place of connecting the vacuum and pressure transducers in the
core box is shown in Figure 4.

The following criteria were adopted to assess the compaction
effect:

. the amount of core sand shot into the core box, calculated
from the weight balance of the sand introduced into the
shootin chamber and the remains after the shot,

. density measurement, which involves extracting the entire
sand from each separated space and then relating it to the
volume of a given sector.

Vacuum system connection
location

The pressure
transducers location

Fig. 4. Placement of the connection points of the vacuum system
and the air pressure measurement system in the second stage of
the tests.[15].

4. Research Results

As the research has shown, the flow holes used in the partitions
limit the movement of the sand and air mixture from the central
sector located directly under the blast hole to the side sectors. For
a blow hole diameter of 25 mm, this process is particularly visible
for the lowest value of the supply pressure of 0.3 MPa. For this
pressure, sectors 1 and 3 were underfilled, as illustrated in the photo
below (Fig. 5). After shooting sand in the classic overpressure
method, 142.7 g (20.4%) of sand was found in the left sector (No.
1), and 137.6 g (19.4%) of sand in the right sector (No. 3). The
central sector (No. 2), completely filled, contained 418.2 g (58.9%)
of sand.

Fig. 5. Visualization of filling the core box sectors for a shooting
pressure of 0.3 MPa and a blow hole diameter of 25 mm with the
classic method of shooting [15]

The use of an integrated process in which a vacuum system is
connected to active vent holes significantly improves the process
of filling the entire core box, as shown by the data on the apparent
density values obtained as a result of filling the side sectors even
for the lowest pressure (Fig. 6), but also equalizes the apparent
density between individual sectors visible at the blow pressure. In
this case, with an increase of 27.7% in the total amount of sand shot
into the core cavity, its amount in the left sector No. 1 was 347.7 g
(30,9%) of sand, and on the right side sector No. 3- 362,8 g
(32,3%). The central sector No. 2, which was fully filled, contained
411.7 g (36,7%) of sand.
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Fig. 6. Distribution of the apparent density of the core snd for a
supply pressure of 0.3MPa for the classic and an integrated
system (with pressure p = - 0.1 MPa, relative to atmospheric
pressure) [15]

As the process pressure increases, for the classical system, the
side sectors of the core box are increasingly filled, and for a
shooting pressure of 0.5 MPa, the side sectors are almost
completely filled, as illustrated in Figure 7. Data regarding the
apparent density in the tesed sectors are shown in Figure 8.

The increase in the total amount of sand accumulated in the
three sectors caused by the higher shooting pressure combined with
the use of reduced pressure in the technological space is 37%. In
the discussed case, in the left sector (No. 1) relative to the core box
axis, after the filling process, 246.0 g (25.7%) of sand was found,
and on the right side (No. 3) 287.9 g (30.1%). The central sector,
(No. 2) which was fully filled, contained 423.4 g (44.2%) of sand.

Fig. 7. Visualization of filling the core box sectors for a shooting
pressure of 0.5 MPa and a blow hole diameter of 25 mm, for an
integrated process (with pressure p = - 0.1MPa, relative to
atmospheric pressure) [15]
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Fig. 8. Distribution of the apparent density of the core sand for a
supply pressure of 0.5 MPa for the classic and integrated system
(with pressure p = - 0.1 MPa, relative to atmospheric pressure)

[15]

Apparent density of the core [g/cm?]

During the tests, the influence of the test time was found, using a
sand Cordis with the same composition and method of preparation,
but used immediately or after a standing time of several hours. In
general, it can be stated that the results of tests on fresh mixture
give higher values than the used sand, both in the conditions of
shooting in the classic system and with the support of the venting
system by means of under pressure. Under these conditions, taking
into account the integrated process itself, regardless of the supply
pressure, almost equal density values were obtained both between
the side sectors, which amounted to approximately 1.2 g/cm3 (Fig.
6 and Fig. 8). The amount of core sand shot into the core box for
all three pressures was also at the same level and amounted to an
average of 1145,4 g. A summary of the average weight of the cores
for both methods of implementing the processes and the given
system supply pressures is presented in Figure no. 9.
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Fig. 9. Summary of the average weight of feed pressure cores 0.3;
0.4 and 0.5 MPa for the classic and integrated system (with

negative pressure p = - 0.1 MPa, relative to atmospheric pressure)
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5. Summary

The example of testing the influence of core shooting using

reduced pressure included in the article concerned a deliberately
selected, unfavorable situation of filling a three-cavity core box
with one blow hole located in the central sector. This creates the
need for the stream to flow through the holes in the partitions to the
side sectors and is associated with the loss of part of the energy of
the sand stream to overcome frictional resistance.
In practice, when the core sand is shot into multi-sector cavities of
the core box, then the shooting heads are used in which the number
of blast holes corresponds to the number of sectors and the intra-
sectoral movement of the shot sand is limited to the advantage of
the achieved compaction effect.

Own tests at the SR 3D shooting station using a three-sector
core box and core mass with an inorganic Cordis binder, carried out
by shooting in a classic (overpressure) system and in an integrated
system - a number of benefits are already revealed at this stage.

Forced air suction from the inside of the core box through
ventilation holes into the vacuum system tank can be used to
control the density distribution beneficial in core hardening
technologies by blowing with active gases or hot air. The use of
reduced pressure makes it possible to fill sectors distant from the
blow hole, which would not be possible in the system of a
traditional single-hole blow head. After using the partitions at the
lowest pressure of 0.3 MPa, their density improved by
approximately 30-60% compared to the classic process, and for the
pressure of 0.5 MPa by approximately 40%. The integrated filling
process also increases the average core weight. For a process
pressure of 0.3 MPa, the core sand for the classic process was
698,5¢g, while for the same pressure in the integrated process it was
1122,2g. (more by 57.2%) In the case of a pressure of 0.5 MPa in
the classical process, the average core weight was 957,4g and in the
integrated process 1155,3g.

It seems that by using reduced pressure in venting system we
can both improve the density of the cores, especially in places with
difficult flow, but also extend the life of the core box itself by
reducing its tribological wear at a reduced process pressure.
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