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Abstract

The aim of this work is to determine the possibility of using a digital microscope as a non-contact measurement
for the surface quality of cores, and thus to predict the surface quality of pre-casted holes and cavities in
manufactured castings. In this study, the test cores were manufactured on a laboratory shooting device with a
variable shooting pressure in the range from 0 bar up to 10 bar. The effect of shooting pressure on the
mechanical properties of the mixture and the relative porosity of the cores (marked as m) were studied with
the aim to use this data as tool of the casting surface quality prediction. For the research, standardized cores
for the determination of transverse strength were prepared. As the core mixture Resin Coated Sand (RCS)
technology was used. The technology of non-contact measurement was selected, which was performed on a
Keyence VHX 6000 series optical digital microscope, to evaluate the surface quality of the cores (roughness).
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1. INTRODUCTION

The surface quality of castings is a hot topic in the foundry industry. Surface quality is closely related to both
the functional properties (mechanical properties, corrosion resistance) and the final appearance of the product,
which, although usually not affecting the functional quality of the casting, often determines the choice of
supplier [1,2,3]. The authors [4], who deal with this issue, state that the surface quality of the casting depends
on the type of casting technology used. In their research, the surface roughness of the casting was compared
on a mould produced by the FDB (furan direct binding/3D mould printing) method and the conventional sand
moulding method. The results show the excellent surface quality of the resulting castings, which were cast into
moulds made by 3D technology. They also mention the importance of the selected foundry sand fraction. The
smaller the size of the sand grains, the better the surface obtained, but at the same time the permeability of
the mould is reduced. Non-contact roughness measurement can also be used for roughness measurement
[5,6], which is becoming more popular than the conventional method [7,8]. The authors [9] compared the
roughness of different surfaces of a casting in which cores based on different binder systems (PUCB, furan
3D printed core, RCS) were placed. At the same time, they compared the area roughness (Sa) of the cores
and found that the cores made using RCS (resin coated sand) have excellent surface properties.

In this work, the surface quality of the RCS mixture cores produced at different shooting pressure was
compared. Comparisons were made both theoretically (determined by relative porosity m) and practically using
strength characteristics, surface roughness (based on values of arithmetic mean roughness Ra, surface
roughness height Rz) and area roughness (Sa, Sz) of the cores. Finally, it is shown how the surface quality of
the cores can be predicted on the basis of the production parameters.

2. MATERIALS AND METHOD

For the purpose of the research, RCS cores were fabricated on a LUT laboratory shooting machine, Morek
Multiserw, using a triple core box with a single cavity size of 22.5 x 22.5 x 170 mm. The parameters of the
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core production were as follows: core box temperature 280 °C, curing time 120 s, shooting time 2 sec. The
above parameters were kept constant during core production. The only variable parameter was the shooting
pressure of the mixture, which was increased in steps of 2 bar from 0 to 10 bar.

A Keyence VHX 6000 digital microscope equipped with a dual zoom objective with a magnification range of
20x to 2000x was used to compare the surface roughness (Ra, Rz) and area roughness (Sa, Sz) of the cores.
The areas on which the measurements were performed are shown in (Figure 1). The start of the measured
area was always placed 50 mm from the bottom edge of the core respectively from the bottom of the core box
where the vent screen is located.
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Figure 1 Location of measured areas of cores

The surface roughness (Ra, Rz) of all cores was measured at 500x magnification using coaxial light. The photo
was created using the "stitching” function so that the evaluation length corresponds to 4 mm. The resulting
photographed image with a size of 10,375 x 1,234 pixels was then used to insert 5 lines from which the
roughness data were obtained.

The averages of the taken core roughness values (Ra and Rz) can be found in (Table 3 and Figure 3). The
cut-off parameters were chosen as follows: cut-off wavelength Ac = 0.8 mm, shortwave filter As = 2.5 mm. The
measurement was performed in accordance with ISO EN 4288:1998.

Area roughness (Sa and Sz) were measured on the same core area as in the case of surface roughness
(Figure 1), see above. The parameter Sa is like the roughness parameter Rz which is related to the area. The
Sz parameter is defined as “the sum of the largest peak height value and the largest pit depth value within the
definition area” according to the standard ISO EN 25178.To evaluate the surface quality of the cores, three
values of surface roughness were taken from each core, where the measured/evaluated area was 1x1 mm,
see (Table 4). The measurement parameters were selected as follows: filter type = Gaussian, S-filter = 5,
L-filter = 0.25 The measurement was performed according to valid ISO EN 25178 standards.

3. RESULTS AND DISSCUSION

Immediately after curing, the middle core was taken to measure the hot transverse strength (within 10 seconds
of core production). Cold transverse strength was determined on the remaining cores (60 min after core
production). The achieved values of the transverse strengths are captured in (Table 1 and Figure 2). From
the given values it can be concluded that the increasing shooting pressure has a positive effect on the
transverse strength. The reason is the increase of number of the mutual contact of individual sand grains, resp.
formation of a larger number of binder bridges due to a reduction in the degree of freedom of the mixture.
However, the values of the transverse strength increase to a value of the shooting pressure of 4 bar, a further
increase of the shooting pressure no longer brings an increase in strength, the achieved values of strength are
already constant. The reason is probably the achievement of the maximum arrangement of the system, which
should be reflected in the lowest value of relative porosity (minimum amount of intergranular spaces). The
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observed decrease in the transverse strength at the shooting pressure of 10 bar is probably due to leakage of
the mixture through leaks in the core box, leading to the reduced quality of the core. This effect should also be
confirmed by the values of relative porosity m and the values of roughness Ra, Rz, (Sa, Sz respectively).

Table 1 Influence of shooting pressure on transverse strength of studied cores

Shooting pressure Cold transverse strength Hot transverse strength
(bar) Sample weight (g) o (MPa) Sample weight (g) o (MPa)
0 125.39 4.21 125.46 1.83
2 126.81 4.32 128.94 2.76
4 133.43 6.77 132.19 3.19
6 134.03 6.76 133.85 3.08
8 133.96 6.83 134.10 3.67
10 134.04 6.66 134.20 3.17
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Figure 2 Graphical representation of transverse strength depending on shooting pressure

The achieved values of the mechanical properties of the tested cores also correspond with an increase
in the weight of the test specimens up to the values of the shooting pressure of 4 bar. At its higher values,
the increase in value is no longer significant, it can be stated that in the range of shooting pressure 6-10 bar,
the weight of test specimens is the same. The values of relative porosity m are closely related to this.

Relative porosity m was calculated from Equation (1) [11]. The values obtained are given in (Table 2).
The determined values of relative porosity m, correlate with the achieved values of the transverse strength.
The values show a decrease in the porosity m with increasing shooting pressure up to a pressure of 4 bar.
Subsequently, the porosity values stabilized and were around 40 %. It can therefore be determined that higher
shooting pressures above 4 bar no longer affect the porosity value. Theoretically, above this pressure,
the surface quality should remain the same. However, this is not entirely consistent with the core surface
roughness measurements, see below.

m = (%) - 100 (%) ()

where:

p1 - specific weight of sand (kg.m3)
p2 - density of compacted mixtures (kg.m3)
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Table 2 Relative porosity values

Shooting pressure (bar) Relative porosity (%)
0 44.32
2 43.69
4 40.75
6
8

40.48
40.51
10 40.48

The values of Ra have, as expected, a decreasing course up to the values of the shooting pressure of 6 bar.
Higher values of shooting pressures (8 and 10 bar) are reflected in a slight increase in roughness. It can be
stated that from a pressure of 6 bar the course of roughness Ra is constant and there is a slight statistical
deviation in the measurement or there is a slight blowing of the mixture out of the core. On the contrary, the
trend of Rz values is manifested by a decrease up to a shooting pressure of 10 bar.

Table 3 Average values of surface roughness of cores (Ra, Rz)

Shooting pressure (bar) | Ra (um) Rz (um) Standard deviation Ra (um) Standard deviation Rz (um)
0 60.69 283.94 6.74 2224
2 40.39 201.58 3.80 2227
4 38.88 198.76 1.14 4.36
6 32.78 172.08 3.43 19.70
8 33.59 169.75 1.96 11.92
10 34.03 160.78 1.86 20.60
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Figure 3 Graphical representation of surface roughness of cores (Ra, Rz)

Table 4 shows the average values of area roughness Sa and Sz. For better clarity, the measurement values
are shown graphically (Figure 4). From the results it can be determined that cores manufactured at the
shooting pressure of 0 bar show the highest area roughness (Sa) of all obtained results, as is the case with
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the parameter Sz. If we evaluate the surface quality only by the parameter Sa, the lowest values are reached
by the cores shot at 8 bar (respectively 10 bar in case of Sz). From an economic point of view, however, a
pressure of 6 bar seems to be the most optimal, as the Sa and Sz parameters reach the second lowest
measured values.

Table 4 Average values of area surface roughness of core surfaces (Sa, Sz)

Shooting pressure (bar) | Sa (um) Sz (um) Standard deviation Sa (um) Standard deviation Sz (um)
0 36.20 422.81 0.70 77.47
2 26.75 381.51 1.10 35.00
4 29.06 403.63 2.49 57.14
6 25.81 320.9 0.72 18.58
8 25.25 359.35 1.99 78.66
10 26.00 294.09 1.27 24.04
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Figure 4 Graphic representation of area roughness of core (Sa, Sz)

4, CONCLUSION

The aim of this work is to determine the possibility of using a digital microscope for non-contact measurement
of the surface quality of cores, on the basis of which the surface quality of precasted holes and cavities in
manufactured castings can be predicted. The surface quality of the cores was subsequently evaluated by
determining the core mean arithmetic roughness (Ra); the mean depth roughness (Rz) and, for a
comprehensive characterization of the surface quality of the cores, the mean arithmetic height of the area
evaluated (Sa) and the maximum height of the area evaluated (Sz). The use of a digital microscope to predict
the surface quality of castings by determining core roughness values appears to be advantageous. From the
obtained values of the mechanical properties of the cores, respectively the calculated value of the relative
porosity, it is evident that the surface quality (roughness) of the cores is in direct dependence with the shooting
pressure for the production of the cores in the interval from Obar to 4bar. A further increase in injection pressure
has no direct effect on the properties of the cores or their roughness. Only at an injection pressure of 10bar it
can be stated that this injection pressure is already so high that the surface quality of the cores is reduced,
which can have a negative effect on the surface quality of the castings from the cores (precasted cavities).
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