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The paper deals with the influence of shell forming modes on some parameters of castings: the surface and internal
defects. The degree of roughness and stress concentration were determined on the castings obtained under pro-
duction conditions. According to the result, it was found that the use of variable pressure in the formation of the
shell ensures the purity of the casting and the reduction of the stress level in the casting.
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INTRODUCTION

One of the most promising methods of manufactur-
ing precision castings is sand-resin mold (SRM) cast-
ing. This method allows obtaining very accurate in geo-
metric dimensions castings with a low degree of rough-
ness. When the sand-resin mixture is heated, the resin
(pulverbakelite) at the temperature of about 130 °C
graduates into the liquid state; as the temperature rises
above 200 °C, the resin becomes irreversible, i.e. it
changes its aggregation state. This property of resin al-
lows forming a thin, sufficiently strong and at the same
time pliable shell that ultimately ensures a high quality
of the casting surface and the absence of internal de-
fects.

One of the potentials for the development of the
SRM method is a simultaneous effect of two external
factors: temperature and pressure.

A number of studies have been carried out to study
the effect of variable pressure in the molding process on
the casting quality [1-8]. It should be noted that the
range of the proposed pressure changes, as well as the
base one, varies widely: from vacuum to several atmos-
pheres.

This work deals with studying the effect of the base
and variable pressure on the quality of the casting sur-
face and the presence of internal defects. The techno-
logical process of shell formation (SRM) is as follows.
The base pressure is applied to the model plate with the
prepared sand-resin mixture. In work [2] it is noted that
the optimal range of the base pressure during shell for-
mation is the range of 0,15 - 0,35 MPa. This helps to
remove the excess air from the mixture and to increase
the number of contacts between particles of sand and
resin, which leads to increasing heat transfer. During
the formation of a layer with the liquid resin directly at
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the surface of the model, it is advisable to increase pres-
sure. In work [3] it is shown that in this case a closer
contact between the grains of sand occurs, resin is dis-
tributed more evenly throughout the forming shell, it
completely envelops sand particles (cladding). After the
layer of crust hardens near the surface of the model, the
pressure should be reduced again in order to avoid
squeezing the sand out of the already formed shell and
its destruction.

EXPERIMENTAL STUDIES

Equipment and tools

Shell molds were made on the set for manufacturing
shell molds at the Parkhomenko KMZ LLP (Karagan-
da). The composition of the mixture for manufacturing
the shell was as follows, wt.%: pulverbakelite 4,5% (in
excess of 100 %); sand fraction 1K02A 70 %; fraction
1K016A 30%; kerosene 0,2 % (in excess of 100 %),
white spirit 2 % (in excess of 100 %). The shells were
manufactured in different modes: at the first stage only
the base pressure was varied from 0,15 to 0,35 MPa ac-
cording to the recommendations of work [2]. Steel 35L
was poured into the resulting shells. As an indicator of
the casting quality at that stage only the degree of the
casting roughness was determined. The degree of
roughness was determined using a TR-220 instrument
(Figure 1). It is known [9 - 10] that the accuracy of cast-
ings made into shell molds corresponds to the accuracy
of 11-16 qualifications (CMEA ST 144-75). Such a high
degree of purity of the casting surface is achieved pri-
marily due to a high surface quality of the shell and a
correct temperature mode of the casting [11 - 15].

Figure 2 shows the dependence of the casting rough-
ness degree on the base pressure at which the shell was
formed.

From the above dependence it can be seen that the
most optimal is the base pressure of 0,25 MPa. A lower
value of the pressure reduces the mold strength, which
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Figure 1 Instrument TR-220 for measuring roughness
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Figure 2 Dependence of the casting roughness
on the base pressure of shell mold forming
(1 —theory; 2 — experiment)

leads to its partial “shedding” and, thereby, increases
the surface roughness. Large values of the base pressure
lead to the extrusion of individual particles of sand,
which also leads to deterioration of the surface quality.

At the second stage of the experiment, the effect of
the pressure variability during shell formation on the
casting roughness was considered. In this case, the base
pressure was 0,25 MPa according to the results obtained
(Figure 2). The change in pressure occurred 10 - 12 sec-
onds after the start of the forming process, the total time
of forming was 35 seconds. Steel 35L was poured into
the casings produced in different modes; in the castings
obtained in different shells the degree of surface rough-
ness was also determined (Table 1).

It can be seen from the Table that the highest surface
roughness is observed in casting No. 2. The shell of this
casting was formed under the following mode: base
pressure was 0,25 MPa, after 10 seconds the pressure
was increased by 0,1 MPa, then the pressure dropped to
0,2 MPa with the total molding time 35 sec. The use of

Table 1 Roughness of the castings obtained in shells
with different forming modes (base pressure

=0,25 MPa)
Specimen | Pressure on the mixture (relative | Casting rough-
number to the base one) / MPa ness/um
0 Base pressure = 0,25 + 0;- 0; 125
1 +0,20;-0,05 99
2 +0,10;- 0,15 86
3 -0,20; + 0,05 15
4 -0,10; + 0,15 110

296

I V. YU, KULIKOV et al.: SHELL FORMING MODE EFFECT ON CASTING QUALITY I

variable pressure in the process of shell formation in
any case contributes to increasing the surface roughness
of the shell itself and the casting crystallizing in it. The
resulting shell surface is the most even, since the im-
mersion of the surface layer of sand reaches the edge of
the molten resin, thereby forming smooth surface areas.

In addition to the degree of roughness of the casting
surface, the stress level of the casting was also con-
trolled. It is known [9] that stresses represent a great
danger in the initial period of crystallization. The nature
of the resulting stresses can be caused by several rea-
sons. Firstly, it is the difference in the volumes of the
melt and the crystallizing solid phase; secondly, it is the
difference in the volumes of various phases formed in
the process of crystallization as a result of phase trans-
formations (for example, austenite - ferrite); thirdly, it is
the presence of formed defects: porosity, gas inclusions,
segregation of impurities, etc. Total stresses can lead to
hot cracks in castings. The first two factors are objective
and, if the process of filling and cooling is properly car-
ried out, they form the background stress mode; the
third factor leads to abnormal deviations from the back-
ground mode. Thus, the level of stress indirectly sug-
gests the presence of these defects in the body of the
casting.

Stresses in the castings were determined using stress
concentration meter TSC-3M-12 (Figure 3). The meter
allows determining, recording and processing the diag-
nostic data of the stress-strain state of metals and alloys
using the metal magnetic memory method (MMM). De-
termining the stress concentration zones in samples was
carried out using a specialized fluxgate magnetometer
TSC-3M-12 with 12 measurement channels and a 1-8M
type scanning device using magnetometric diagnostics
based on measuring the magnitude of the intrinsic mag-
netic field of a metal sample and identifying abnormal
magnetic field zones associated with defective metal
sites. By the method of magnetic metal memory (MMM)
stress concentration zones, the structural changes in the
metal, surface and subsurface defects are determined by
the magnitude and nature of changing the magnetic
scattering field Hp measured by the device above the
surface of the monitored objects.

The data processing was performed using MMM-
System, version 3.0.

The common signs of the stress concentration (SC)
zones are:

* alternating distribution of the magnetic field in all

the channels simultaneously;

« multiple changing the sign of the magnetic scat-
tering field A in all the channels simultaneously
at the distance of less than two wall thicknesses;

 a sharp heteropolar distribution of the Hp field
across the channels or a sharp surge in one of the
channels;

» spasmodic (possibly without a sign change) dis-
tribution of the Hp field with the maximum gradi-
ent dH / dx *
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Figure 3 Instrument IKN-3M-12 for measuring stress
concentrations

The stress level was determined in the “Coupling”
castings (35L steel) made in shell molds obtained only
with the use of thermal impact (Figure 4) and with the
simultaneous thermal and static impact (Figure 5).

To estimate the intensity, we used the Hp field meas-
urement simultaneously over 8 channels, the values of
which, as well as the gradients, are shown on the mag-
netic record in different colors:

H is the intensity of the magnetic scattering field, A/m
dH / dx is the magnetic field gradient, (A / m) / mm
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Lx is the length of the registered sensor displacement
/ mm

It can be seen from diagrams that the concentration
of stresses in the second case is more uniform and does
not have such a pronounced growth towards the center
of the casting. This is obviously due to the greater com-
pliance of the mold made with unsteady pressure. As it
was noted above, when using increased pressure at the
moment of the resin liquid state, the sand particles are
uniformly covered with resin. At the same time, the en-
tire mold becomes more pliable, which ultimately gives
the metal free shrinkage. In the first case tensile stresses
reach 65 A/m. In the second specimen the maximum
stress is 30 A/m.

A three-dimensional magnetic record of the speci-
men was also examined (Figure 6). The distribution of
the magnetic field H of the specimen is mainly uni-
form, there are small negative anomalies with the am-
plitude of up to 60 A/m. The absence of obvious anoma-
lies from the background mode indicates the absence of
internal defects in the casting body.

The maximum indicator of the magnetic field
strength H is about 45 A/m, the intensity of the field
change along the length dH/dx is within 10 (A/m)/mm.

The structure of the ingot obtained by casting in a
shell mold made according to the proposed technology
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Figure 4 Stress distribution on the “Coupling” casting surface
from the periphery to the center (the shell mold was
obtained with the use of only thermal impact)
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Figure 5 Stress distribution on the “Coupling” casting surface
from the periphery to the center (the shell mold was
obtained with the simultaneous use of thermal and
staticimpact)

METALURGIJA 58 (2019) 3-4, 295-298

Figure 6 Three-dimensional plot of distribution of the normal
component of the magnetic field strength H,

Figure 7 The structure of the ingot obtained by casting into a
shell mold, x 500
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is characterized with homogeneity and fine grain, so,
mechanical and operational properties of the casting in-
crease (figure 7).

CONCLUSION

The studies carried out have shown that the use of
variable pressure in forming of a sand-resin shell mold
allows obtaining a shell that provides a high degree of
the casting purity and reducing the level of stress in the
casting due to the greater flexibility of the mold. That
provides free shrinkage of the metal during crystalliza-
tion and, thereby, helps to avoid internal defects. The
recommended mode of manufacturing shell molds is as
follows: the base pressure is 0, 25 MPa; the pressure
increase within 10 - 12 seconds to 0, 35 MPa, then the
pressure decrease to 0,2 MPa; the total shell formation
time is 35 sec. The holding temperature of the model
plate is 230 °C, the sintering temperature is 320 - 340
°C within 2 minutes. As a result of the proposed techno-
logical regime there is formed a 10 - 12 mm thick shell
providing the degree of the casting roughness of 86 mi-
crons, which corresponds to 14 quality class.

The studies were carried out within the framework
of implementing the grant of the Committee of Science
of the RK MES AP05130026 «Developing and imple-
menting production of sand-resin molds under unsteady
pressure with the aim of improving the quality of the
finished product»
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