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Gray cast iron, Pattern materials used in green sand patterning lines are continuously exposed to abrasive
Weafl DEhEVI?E sand particles and repetitive mechanical loads, which can affect their dimensional stability
Ductile cast iron, and service life. In this study, the dimensional wear behavior of GG25 gray cast iron and

Pattern material,

. GGG50 ductile cast iron pattern materials was investigated under industrial green sand
Green sand patterning.

patterning line conditions. Wear performance was evaluated using weight loss and
dimensional changes after 16,794 patterning cycles, while surface roughness was assessed
only for the initial machined condition. The results showed that both materials exhibited
relatively similar dimensional wear behavior under the conditions studied. However, GG25
cast iron was observed to exhibit a lower measured mass loss and a relatively smoother
surface texture. These observations suggest that material-dependent differences may affect
wear performance during operation. Surface roughness was measured before patterning to
characterize the initial machined surface finish. Furthermore, due to the limited number of
cycles, variations in sample geometry, and the absence of repeated samples and direct
microstructural characterization, the results should be interpreted cautiously. The findings
provide a preliminary insight into the dimensional wear behavior of cast iron pattern
materials under real industrial operating conditions and may form a basis for future studies
involving larger sample sizes and more comprehensive material characterization.

1. Introduction

Cast irons are iron-carbon alloys with a higher carbon content than conventional carbon steels. In addition, cast iron materials contain silicon
additives that support a better casting process due to the graphite particles present in the matrix. Examples of these silicon additives include
malleable and ductile irons, as well as white and gray cast iron [1-4]. Ductile iron (DI-GGG50) is a well-known iron alloy composed of Fe, Si, and
C. Due to its moderate wear and fatigue resistance, good machinability, and high forgeability, DIs-GGG50 has a very wide range of applications
in valves, crankshafts, pumps, railway systems, wind turbines, heavy-duty engine parts, and pistons. However, the low wear resistance of cast
iron is a disadvantage. Therefore, various additive processes are carried out to improve the wear performance of ductile iron and increase its
surface hardness [5, 6]. Compared to steels, DI-GGG50 has lower densities (10%) and lower production costs. Consequently, their lower density,
reduced production costs, and comparable mechanical quality make ductile irons superior candidates compared to steel. On the other hand, DI-
GGG50 can exhibit the best combination of mechanical properties, such as fracture toughness, strength, and ductility, among other white and
gray cast irons. The matrix of DIs can be pearlitic, ferritic, or a combination of pearlitic and ferritic. The type of matrix plays a role in determining
the mechanical properties. Another type of cast iron, grey cast iron (GCI-GG25), is widely used in the production of some machine parts. Specific
cooling rates are applied to GG25 gray cast iron during solidification to optimize its microstructural and surface properties. Cast irons find wide
application in industry because they offer high machinability in terms of power consumption, good castability, cutting forces, strength-to-cost
ratio, and tool wear. The damping capacity of GCI-GG25 makes it suitable for machine tool bases and frames, measuring equipment, and engine
blocks. In a 2009 survey conducted by Modern Casting, grey cast iron was the most commonly used cast metal among 34 countries [7]. Graphite
flakes formed during the solidification process help control mechanical properties and contribute to the toughness and low-strength
characteristics of gray cast iron. The microstructure of gray cast iron is characterized by graphite lamellae dispersed within the iron matrix.
The amount of graphite, as well as the distribution, morphology, and size of the graphite lamellae, play a role in determining mechanical
behavior. Gray cast iron, which has a higher damping capacity compared to steel and other types of cast iron, is thought to owe this property to
its flake graphite structure [5, 8].

In green sand patterning processes, metal patterns are generally preferred to meet mass production requirements. The pattern material affects
not only the production cost but also the dimensional accuracy, surface quality, and overall efficiency of the patterning line. Incorrectly
prepared pre-cut material or inadequate surface treatment processes can prevent the patterns from being removed from the sand, leading to
pattern breakage and causing machining errors and raw material waste in the final casting [9, 10]. Although numerous studies in the literature
have focused on the mechanical properties of cast irons, field-based investigations comparing the wear behaviour and initial machined surface
quality of different cast iron grades, particularly lamellar graphite GG25 and spheroidal graphite GGG50, under real production line conditions
remain limited [11]. Considering that metal patterns are generally expected to withstand up to approximately 100,000 patterning cycles,
progressive wear and dimensional deviation over time pose a significant risk to production quality [11, 12].

This study aims to experimentally investigate the wear resistance and initial machined surface quality of patterns manufactured from GG25
and GGG50 grade cast irons in an actual green sand patterning line. By conducting the experiments in an active industrial environment rather
than a laboratory setting, this research investigates performance differences between the two materials under industrial conditions.
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2. Materials and Method
2.1. Materials

In this study, two different cast iron grades commonly used as pattern materials in foundry applications were investigated: GG25 gray cast iron
and GGG50 ductile cast iron. Both materials were cast from the same pattern to eliminate variations arising from casting geometry and
solidification conditions. The chemical compositions and material grades were selected in accordance with relevant standards for gray and
ductile cast irons. Billets produced from each material were machined using an identical CNC machining program to obtain patterns with the
same geometry and dimensional tolerances. By keeping the pattern design and machining parameters constant, the influence of material type
on surface roughness and wear behaviour was isolated [13].

2.2. Pattern preparation and machining

The patterns were designed using CAD software and manufactured under identical machining conditions. All machining operations were
performed using the same cutting strategy and tool path parameters to ensure comparable surface conditions after machining [14, 15]. No
additional surface treatments or coatings were applied to the patterns. After machining, the initial dimensions and weights of both patterns
were recorded to establish baseline reference values for subsequent wear measurements.

2.3. Green sand patterning process

The prepared patterns were installed simultaneously on an automatic green sand patterning line operating under industrial production
conditions [16, 17]. Both patterns were subjected to the same pattering parameters, including sand system, compaction method, and cycle time.
‘Wear measurements were conducted after predefined pattering intervals. Dimensional and weight measurements were performed after 4,158,
9,828, and 16,794 pattering cycles to evaluate the progressive wear behaviour of each pattern material.

2.4. Surface roughness measurements

Surface roughness measurements were carried out immediately after machining using a portable contact-type profilometer. Due to the limited
measurement area on the pattern surfaces, a custom fixture was used to ensure stable positioning of the device during measurements [18].
Multiple measurements were taken at selected locations on each pattern surface, and the average roughness (Ra) values were calculated. All
profilometer settings were kept at the manufacturer’s default parameters to ensure measurement consistency. Based on ISO 8062-3, which
defines general dimensional and geometrical tolerances for castings, the machining tolerance was determined as 0.2 mm.

2.5. Wear evaluation

Pattern wear was evaluated based on changes in weight and critical dimensions over the pattering cycles. Weight measurements were
performed using a high-precision digital balance with a resolution of 0.01 g, while dimensional measurements were carried out using a digital
caliper with 0.01 mm resolution. The recorded changes were used to compare the wear resistance of GG25 and GGG50 pattern materials under
real production conditions [19].

2.6. Brinell hardness test

The hardness of GG25 grey cast iron and GGG50 ductile cast iron pattering materials was evaluated using the Brinell hardness test. Before
testing, the sample surfaces were sanded and cleaned to remove any contaminants and ensure a smooth and even test surface. Measurements
were performed using a Brinell hardness tester with 10 mm diameter tungsten carbide ball tips (HBW). The hardness values of the samples were
measured before pattering. The hardness of the cast irons was measured under a load of 3000 kegf (29.42 kN) for 10-15 seconds. Three
indentations were created at different points on each sample, and the diameter of each indentation was automatically measured by the hardness
tester, and the corresponding Brinell hardness values were calculated. Finally, the standard deviation was calculated to assess the repeatability
of the measurement.

2.7. Optical microscope examination of GG25 and GGG50 cast irons

Before microstructural analysis, cast irons were treated to remove surface impurities using silicon carbide (SiC) abrasives of 600, 800, 1000, and
1200 grit. The surfaces were then polished using diamond suspensions to achieve a mirror-like finish. To examine the phases in the composition
of the polished surfaces, samples were etched in a 2% Nital solution for 15 seconds. Finally, they were examined under an optical microscope
at 100X magnification.

3. Results and Discussion

Surface roughness results obtained from Ra measurements taken from three different regions of the sample surface for each pattern material
are given in Table 1. The first three measurements correspond to the GGG50 specimen, while the subsequent three correspond to the GG25
specimen. The arithmetic mean of the measured values was considered the representative surface roughness for each specimen, ensuring
reliable comparison between the pattern materials.

Table 1. Ra measurements for each pattern material

Measurement No Ra Ixn
1 (GGG50) 1.47791 5x 0.8
2 (GGG50) 1.46859 5x 0.8
3 (GGG50) 1.44337 5x 0.8
4 (GG25) 1.07984 5x 0.8
5 (GG25) 1.02163 5x 0.8
6 (GG25) 0.960641 5x 0.8

For the GGG50 specimen, the measured Ra values ranged from 1.443 to 1.478 um, yielding an average surface roughness of 1.4633 um. The
narrow variation range indicates a relatively uniform surface condition after machining. In contrast, the GG25 specimen exhibited Ra values
between 0.960 and 1.079 pm, with an average surface roughness of 1.0207 pm.
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Based on the results from specific industrial trials, the GG25 pattern showed a lower initial machined Ra value and a lower measured mass loss
value, while dimensional losses were generally similar. This difference may be attributed to differences in the machining response of the two
cast iron grades. Gray cast iron is often reported to produce smoother machined surfaces due to its characteristic graphite morphology, which
can facilitate chip formation during cutting. However, it should be noted that the present measurements were performed only on the machined
patterns prior to patterning operations. Therefore, the results provide information on the initial surface quality of the patterns and do not allow
conclusions to be drawn regarding surface roughness evolution or surface stability during repeated green sand patterning cycles. Table 2 shows
the chemical composition values for GG25 and GGG50 cast iron. The cast iron materials given in Table 2 were commercially produced by the
supplier according to EN 1561 (GG25) and EN 1563 (GGG50) standards, and the reported chemical compositions were provided by the

manufacturer.

Table 2. Chemical compositions of the tested GG25 and GGG50 cast iron materials

Element GG25 Weight (%) GGG50 Weight (%)

Fe 93.4 93.0

C 3.22 3.62
Si 211 2.44
Mn 0.657 0.332

P 0.0399 0.0373

S 0.0965 0.0152
Cr 0.0262 0.0286
Mo <0.0020 0.0028
Ni 0.0173 0.0136
Co 0.0031 0.0036
Cu 0.369 0.345
Ti 0.0201 0.0253

A% 0.0040 0.0063
Pb 0.0031 <0.0025
Zr 0.0030 0.0052
Mg <0.01% 0.0429

After the completion of the pattern manufacturing process and prior to installation on the patterning plate, an initial dimensional and weight
measurement was carried out to establish reference values for subsequent wear evaluations. The primary purpose of this initial measurement
was to verify the conformity of the machined patterns with the CAD design and technical drawings, as well as to provide accurate baseline data
for calculating dimensional deviations during the patterning process. Four critical dimensions were selected for monitoring: two diameters
measured beneath the corner radius (38.27 mm and 59 mm) and two height dimensions (50 mm and 10 mm). To minimize measurement
uncertainty, each dimension was measured three times, and the average value was recorded. Table 3 shows the Nominal Operating Ranges of
the sand used after 5 measurements taken at different time intervals. Figure 1 shows the technical drawing of the test specimen.

Table 3. Nominal Operating Ranges of Green Sand After 5 Measurements

Sand characteristics Measurement-1 Measurement-2 Measurement-3 Measurement-4 Measurement-5
Gas Permeability 108 98 100 100 103
Compactibility % 47.96 44.67 46.2 46.05 47.16

Moisture content % 3.81 3.81 3.80 3.76 3.80

Mass loss of ignition 5

Compressive Strength 10.2 11 111 12.1 12.2

Shear Strength N/sn? 2.3 2.7 2.3 2.4 2

|

Figure 1. Technical drawing of the test sample
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Initial measurements show that all dimensions of both the GG25 and GGG50 dies are within the specified machining tolerances. The maximum
initial deviation was measured as 0.08 mm, while the minimum deviation was only 0.01 mm, indicating high dimensional accuracy after
machining. Because the mounting hole geometry is different, the mass loss data was also normalized according to the exposed surface area and
carefully interpreted. The mounting holes drilled on the bottom of the sample are where the sample is attached to the plate. No measurements
are taken from these areas, nor is there any contact with sand. Therefore, direct abrasive contributions are expected to be limited, but their
effects cannot be entirely ruled out.

Since these holes were not identical in size and number, part of the initial weight difference may be related to geometric variation rather than
intrinsic material properties. Considering the density difference between GG25 and GGG50, a small weight variation may also arise from
material-related factors; however, under practical casting conditions, this difference is expected to be limited. Because the mounting holes were
located on the bottom surface, which remained in contact with the patterning plate during operation, direct exposure to abrasive sand was
considered minimal. Therefore, although the influence of hole geometry on weight-loss measurements cannot be completely excluded,
differences in mounting hole depth are expected to have only a limited influence on the wear evaluation. After four weeks of production
corresponding to 4,158 pattering cycles, the second-dimensional inspection was conducted. At this stage, the GGG50 pattern exhibited its
greatest dimensional change at the 50 mm height (H-50), with a reduction of 0.11 mm, while the smallest change was observed at the 10 mm
height (H-10) with only 0.02 mm. Similarly, the GG25 pattern showed the most pronounced dimensional reduction at the 50 mm height, whereas
no measurable change was detected at the 10 mm height. These results indicate that height-related dimensions were more sensitive to early-
stage wear, likely due to repeated contact and stripping forces acting in the pattern opening direction. Following an additional five-week period
and 5,670 patterning cycles, bringing the total number of patterns to 9,828, a third-dimensional inspection was performed. Unlike the second
measurement stage, the height dimensions of the GG25 pattern remained nearly unchanged, while significant reductions were observed in the
diameter measurements. Specifically, the 38.27 mm diameter decreased by 0.18 mm and the 59 mm diameter by 0.14 mm compared to the
previous measurement. A similar trend was observed for the GGG50 pattern, where both diameter dimensions exhibited wear of approximately
0.10 mm, while the height dimensions remained stable. This shift in wear behaviour suggests a change in dominant wear mechanisms with
increasing patterning cycles, from axial contact-driven wear to circumferential abrasion and sand induced erosion.

After an additional month of production and 6,966 further patterning cycles, the total number of patterns reached 16,794, and the final
measurements were conducted after removing the patterns from the patterning line. At this final stage, dimensional changes in the diameter
measurements were negligible, whereas pronounced wear was again observed in the height dimensions. For the GGG50 pattern, the maximum
dimensional reduction was measured as 0.18 mm at the 50 mm height, while the minimum change was 0.01 mm at the 59 mm diameter.
Similarly, the GG25 pattern exhibited its largest dimensional change at the 50 mm height (0.19 mm), with the smallest change again observed
at the 59 mm diameter (0.01 mm). The dimensional tolerance specified for pattern manufacturing was #0.2 mm. Dimensional measurements
in this study were performed using a digital measuring instrument with a resolution of 0.02 mm. Table 4 shows the dimensional differences of
the patterns, Table 5 shows the properties of GG25 and GGG50 cast irons, and Table 6 shows the hardness values for GG25 and GGG50 cast irons.

Table 4. Dimensional difference of patterns

Grades Measurements
First (mm) Last (mm) Difference (mm)
GG25 38.27 38.05 0.22
59.06 58.86 0.2
50.08 49.76 0.32
9.94 9.82 0.12
GGG50 38.28 38.05 0.23
59.08 58.84 0.24
50.07 49.76 0.31
9.96 9.81 0.15

Table 5. Mass values before and after pattering and surface area values before and after wear of GG25 and GGG50 cast irons

Samples initial mass Final mass absolute percentage Surface area Surface area Normalized
(®) (g) mass loss mass loss before wear after wear Mass Loss
(mm?) (mm?) (g/mm?
GG25 526.92 526.34 0.58 0.11 8160.22 8082.03 7,11e>
GGG50 516.94 516.12 0.82 0,16 8282.25 8083.7 9,90e®

Table 6. Hardness values of GG25 and GGG50 cast irons

Materials Measurement-1 (HB) Measurement-2 (HB) Measurement-3 (HB) Mean + standard deviation
GG25 212 218 215 215+ 3
GGG50 218 223 221 221+ 3

Measurements were taken after each pattering process on GG25 and GGG50 cast irons. These measurements were taken from three different
points on the sample surface, and the average of these values was used to calculate the result. Since the results of the measurements taken
after each process were very small, only the initial and final measurement values are considered in Table 5. Furthermore, the mounting holes
do not affect weight loss because they are drilled at the bottom, where the patterns sit on the plate. The patterns are mounted on the plate and
securely fastened from underneath with two Allen-head bolts. Therefore, sand can't accumulate between the pattern and the plate. The only
difference is in the depth of the mounting holes, which does not affect the fastening. Since the wear pattern is in the top surface layer, the
difference in the number of holes does not affect the wear test.
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Figure 2. Comparison of the total mass loss of GG25 and GGG50 grade patterns

In parallel, the weight-loss results shown in Figure 2 indicate a greater total mass loss for the GGG50 pattern than for GG25. Figure 3 graphically
shows a comparison of millimeter wear between GG25 and GGG50 samples. The millimetric wear trends presented in Table 2 indicate that both
materials experienced non-uniform wear depending on geometry and patterning stage. Although GG25 and GGG50 exhibited comparable
maximum dimensional reductions at the end of the test period, the progression and distribution of wear differed between the two materials.
The observed differences in dimensional wear behavior between GG25 and GGG50 under tested industrial conditions suggest that material-
dependent factors may influence wear performance during repetitive green sand pattering processes. However, since direct microstructural
characterization was not performed in this study, information regarding the observed dimensional wear behavior is not available.
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Figure 3. Comparison of final cumulative differences in wear of GG25 and GGG50 samples

Overall, the results show that the dimensional wear behavior of pattern materials in the green sand patterning method is influenced by
geometry and potentially material-related factors. Height dimensions, particularly the 50 mm region, were identified as the most critical areas
in terms of wear progression. These findings emphasize that pattern preparation should not rely solely on initial surface quality or dimensional
accuracy but also consider long-term dimensional wear behavior under actual production conditions.

Figure 4. Optical microscope image of GG25 and GGG50 branded cast irons
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Figure 4 shows the optical microscope images of GG25 and GGG50 brand cast irons. GG25 and GGG50 cast irons were etched in 2% Nital solution
for 15 seconds to reveal the phases within the structure before optical microscopy examination. Figure 4a-b shows the lamellar graphite
morphology in the optical microscope image of GG25 gray cast iron. Graphite structures sometimes exhibit a tendency to clump together. The
matrix phase is heterogeneous, with lighter areas representing the ferritic phase and thin lamellae in the darker region representing the
pearlitic phase. A higher pearlite fraction may reduce ductility relative to ferritic regions; however, further microstructural analysis would be
required to confirm this for the tested samples. The results are consistent with the expected microstructure for GG25 gray cast iron. Figure 4c-
d shows an optical microscope image of GGG50 spheroidal cast iron. In the image, the dark colors clearly show isolated and densely distributed
spherical graphite grains. The graphite grains are round/oval in shape and have slightly irregular contours. Although the grains in GGG50 cast
iron show a homogeneous distribution, localized areas of concentration are present.

4, Conclusion

This work investigated the dimensional wear characteristics of GG25 grey cast iron and GGG50 ductile cast iron pattern materials under actual
industrial green sand patterning conditions over a total of 16,794 patterning cycles. The evaluation was based on weight loss measurements,
dimensional deviations, and the surface finish obtained immediately after machining. Both materials demonstrated comparable dimensional
wear throughout the test period, although GG25 showed lower measured mass loss in this single industrial trial; however, this should be
interpreted as an observational trend rather than statistically proven superior wear resistance under the applied production conditions. Surface
roughness was measured before patterning to characterize the initial machined surface finish. Since roughness measurements were not
performed after the patterning cycles, the current results cannot be used to evaluate changes in surface topography or surface quality resulting
from exposure to abrasive raw sand during use. The results of this study should also be evaluated in light of several experimental limitations.
The use of a single specimen for each material, small variations in pattern geometry, the lack of systematic quantitative monitoring of sand
properties, the absence of post-use roughness assessment, and the absence of post-service worn-surface analysis, and local hardness evaluation
limits mechanistic interpretation of the underlying abrasion mechanisms. Consequently, the present investigation provides an initial
comparison of the dimensional wear performance of GG25 and GGG50 pattern materials under industrial operating conditions together with
their initial machined surface characteristics. Further studies employing identical specimen geometries, replicated testing, continuous
monitoring of sand properties, post-service surface characterization, and detailed microstructural analyses are required to establish
statistically reliable results and to better explain the mechanisms governing material wear.
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