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Abstract: To accurately analyze the impact of casting pores in
steel, high-resolution 3D X-ray tomography technology was

used to gather detailed statistical information about
micropores. These micropores were classified as gas,
shrinkage, and gas-shrinkage pores depending on their

formation origin and morphology. Clustering tendencies and
affinity parameters were defined to characterize the spatial
correlations among these three types of pores. The 3D data
from X-ray tomography scans were then integrated into finite
element analysis ( FEA) software to predict how micropore
shape,
within the material.
points with small local radii within the cast pores are major
contributors to stress concentration. Therefore, cast pores
cannot be simply modeled as ideal spherical pores. The
sphericity and volume of pores have a significant impact on the
stress concentration of the model. Specifically,
sphericity and larger pore volumes result in higher stress
concentrations. Moreover, the internal pores of steel castings
exhibit specific global distribution characteristics. Pores
located on the surface of the specimen lead to significantly
higher stress concentrations compared to those located inside
the specimen.
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size, and distribution influence stress distribution

The results show that certain inflection

lower

ast steel is extensively used in civil engineering
C structures owing to its excellent strength, tough-
ness, and impact resistance. Sand casting is the preferred
manufacturing process for many applications involving
low-alloy cast steel'!.
processes such as casting design, molding sand, welding
repair, and heat treatment can introduce certain micro de-
fects in steel castings'*™'.
discontinuities in the cast steel, adversely affecting steel

casting durability™**'.

However, various production

These micro defects can cause
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A typical type of micro defects in cast steel is micro-
pores, which can be classified into gas pores, shrinkage
pores, and gas-shrinkage pores based on their formation
origins'”*'. Gas pores are formed owing to dissolved ga-
ses. Gas solubility in solid metals is much lower than
that in liquid metals. Therefore, as the metal cools and
solidifies, gas solubility decreases, causing gas bubbles
to form. Shrinkage pores result from hindered liquid
flow, preventing proper volume change during solidifi-
cation. The interaction between gas dissolution and met-
al shrinkage causes the formation of gas-shrinkage
pores.

To evaluate the impact of these defects on the ductility
and strength of steel castings, numerous experimental and
numerical modeling studies have been conducted. The
different morphologies and size ranges of gas, shrinkage,
and gas-shrinkage pores correlate differently with ductility
and strength, requiring a quantitative characterization of
these defect parameters to accurately predict the mechani-
cal properties of cast steel components. For instance, Gao
et al. " developed a finite element model to analyze the
effect of porosity on the mechanical performance of cast
aluminum silicon, though their model was derived from

2D metallography observations. Li et al. "

predicted the
effect of 3D pores on the mechanical properties of the alu-
minum alloy A356 but overlooked the highly irregular
shapes of casting pores. Consequently, the study focused
on cast pore reconstruction and conducted a finite element
analysis ( FEA). Recent developments in X-ray tomo-
graphy have provided in situ observations and 3D charac-

. . . 11-14
terizations of porosity''"""

. In addition, numerical simu-
lation methods based on X-ray images have been used to
validate experimental observations and further understand

how microstructure
[15-18]

influences mechanical perform-
ance

This study aims to quantify and characterize the 3D
morphologies, size distributions, and spatial arrange-
ments of gas, shrinkage and gas-shrinkage pores in cast
steel. Subsequently,

(RVE) containing different distributions,

a representative volume element
sizes and
shapes of casting pores is developed to determine the rela-
tionship between these and the mechanical behavior of the
material.



Micropores in G20Mn5SN cast steel and their influence on stress distribution 287

1 Materials and Methods
1.1 Materials

The cast steel material studied in this paper is
G20MnS5N, which exhibits a yield strength of 320
MPa and a tensile strength of 600 MPa at room temper-
ature. The specimens used in the experiment were ex-
tracted from a casting ingot with dimensions of 250
mm X 180 mm x 60 mm. The macroscopic mechanical
properties of G20Mn5N were considered isotropic dur-
ing the tensile test. All samples were uniform in di-
mension, as illustrated in Fig. 1, with a thickness of

2 mm.
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Fig.1 Notched tensile sample!”’ (unit: mm)
1.2 X-ray tomography observations

For the analysis, notched specimens were scanned using
a Y. CT Precision System industrial tomography scanner.
This system features a 225-kV X-ray source with a mini-
mum focal spot size of 5 wm and a Perkin Elmer XRD
0820 16-bit amorphous silicon sensor, equipped with a
flat-panel detector producing images with a resolution of
1 024 x 1 024 pixels. The source-to-detector distance was
204 mm. Overall, 1 350 projections were recorded by the
detector. The X-ray computed tomography ( XCT) ima-
ges were reconstructed from these projections using a
cone and beam back-projection algorithm. All samples
were scanned under identical measurement conditions. To
achieve maximum measurement resolution, only the cen-
ter of each sample ( dashed line in Fig. 1) was reconstruc-
ted. Specific scanning parameter settings can be found in
Refs. [7,19].

The obtained data were processed using advanced 3D
voxel analysis and visualized with the software package

VG-Studio Max 3.0. Pore segmentation within the speci-
mens was evaluated using global and local gray value
thresholds.

2 Analyses of Results

In this study, we analyzed the quantity, size, and
morphology of gas, shrinkage, and gas-shrinkage micro-
pores in cast steel. Pore size and shape were character-
ized using the effective diameter d and the sphericity
C""'. Here, d denotes the diameter of the equivalent
sphere that has the same volume as the defect, and C re-
presents the ratio of the surface area of a sphere ( with
the same volume as the defect volume) to the actual sur-
face areas of the defect.

d= g (1)
i
'RV V36wV

where V and s are the actual volume and surface area of
the pore, respectively.

2.1 Morphological characteristics of micropores

Table 1 summarizes the pore analysis for samples 1-9.
Pore sizes were calculated based on their volumes. For all
specimens, the minimum detectable volume was 7 x 10 -
mm’. Pores with volumes of less than 20 voxels were ex-
cluded from the analysis owing to significant measure-
ment noise and artifacts. A total of 2 726 pores were de-
tected across the 9 samples, with an average volume of
3.7 x10™* mm®, an average surface area of 0. 045 mm’,
and an average sphericity of 0.546. The highest volumet-
ric porosity was found in sample 4, reaching nearly
0.500% , whereas sample 2 exhibited the lowest porosity
at approximately 0. 156% . Maximum pore volumes var-
ied among specimens, ranging from 0. 046 5 mm’ in sam-
ple 4 to 3.42 x 10 ° mm’ in sample 2. Fig.2 shows the
3D distribution of micropores along the gauge length of
four samples.

Table 1 Information statistics of micropores in the nine samples (average value)'” "’
. Surface area/ Effective -
Sample Number Fraction/ % Volume/10 ~*mm? o s . Sphericity
10 "“mm diameter/ mm

1 184 0.176 2.5 3.470 3.628 0.469
2 192 0.156 3.7 4.776 4.135 0.508
3 492 0.327 2.7 3.799 3.723 0.471
4 398 0.484 5.4 5.698 4.690 0.493
5 420 0.373 2.5 3.492 3.628 0.495
6 331 0.276 3.5 4.374 4.059 0.519
7 151 0.184 4.3 5.168 4.347 0.516
8 368 0.307 3.7 4.578 4.135 0.526
9 190 0.300 6.2 6.263 4.911 0.510
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The micropores were classified into three types based
on their formation origins and morphological characteris-
tics: gas, gas-shrinkage, and shrinkage pores. Table 2

Volume/1073 mm?:

(b)

Volume/1073 mm?:

(d)
Fig.2 Micropores inspected with 3D X-ray tomography technology in the sample gauge section. (a) Sample 1; (b) Sample 5; (c)
Sample 6; (d) Sample 8711

compares the information for each type of micropore,
while Fig. 3 displays the typical morphology of each

type.

Table 2 Information on gas, gas-shrinkage, and shrinkage pores'”"’
Volume/10 ~*mm?® Surface area/mm?’ Mean effective Mean
Type Number - - . L.
Max Min Mean Max Min Mean diameter/ mm sphericity
Gas pore 1407 33.3 0.7 2.2 0.197 3 0.1118 0.299 2 3.48 0.59
Gas-shrinkage pore 1189 37.7 0.7 3.5 0.28904 0.1610 0.5104 4.06 0.47
Shrinkage pore 130 464.8 1.0 21.7 0.2784 0.2818  0.2312 7.46 0.35
alyze the micropore distribution in G20MnSN. The two-
parameter lognormal statistics function is expressed in
. . ‘ Eq. (3), and the three-parameter lognormal statistical
function is shown in Eq. (4)"".
(a) (b) (c) )
Fig.3 Morphologies and characteristics of representative mi- f(x) = 1 exp[ - (lnxz—&) ] (3)
cropores in the samples. (a) Gas pores; (b) Gas-shrinkage pores; xo /27 20

(¢) Shrinkage pores!” ')

Gas pores were the most prevalent,
51.61% of all detected pores. Despite being fewer in
number, shrinkage pores had the largest average volume,
9.86 times higher than that of gas pores and 6. 20 times
higher than that of gas-shrinkage pores. However, the to-
tal volume of shrinkage pores was the smallest among the

accounting for

pore types owing to their lower frequency. As depicted in
Fig. 3, shrinkage pores tend to be more irregular and flat,
gas pores are more spherical, and gas-shrinkage pores ex-
hibit characteristics between these two; the equivalent di-
ameter of shrinkage pores is the largest, but their average
sphericity is the lowest.

2.2 Distribution statistics of micropores

Micropore size in cast steel is essential for analyzing
pore formation and understanding the impact of pores on
% This paper uses a
logarithmic normal distribution function to statistically an-

the material’s mechanical properties

—(1 - —u)?
(In(x 27) ,u)] )

1
_(x—T)O'«/ZTTCXP[ 20

where g is the logarithmic mean value; ¢ is the standard
deviation; and 7 signifies the threshold.

The w and ¢ values in Eq. (3) were estimated using the
measured pore size data. Once 7 is determined, the loga-
rithmic average and standard deviation in Eq. (4) can be
deduced by applying similar statistical principles as those
used in Eq. (3).

The fit of the pore size distribution can be tested using
the Anderson-Darling statistic (Eq. (5)). The smaller the
A? value, the better the fit.

A =—n —%Z:{(Zi —1)[log(P(x,)) +
log(1 - P(x,_.,,))] (5)

where 7 is the number of pores to be fitted; i represents
the order of pores arranged by volume from small to
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large; and P(x;) denotes the cumulative probability.

Fig. 4 presents the fitting results of Eqs. (3) and (4),
while Table 3 summarizes the fitting parameters. The A’
value for the three-parameter lognormal distribution is
35.15, which is significantly lower than the A? value of
119. 45 for the two-parameter lognormal distribution.
This indicates that the pore diameter of G20Mn5N cast
steel follows a three-parameter lognormal distribution.
The diameter threshold for all micropores was found to be
62.23 pm, meaning that the minimum pore diameter de-
tected in G20Mn5N cast steel is 62.23 pm.
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+ Experimental
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— Fitting with three-parmeters lognormal
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Diameter of all poers/um
Fig.4 Fitting results of cumulative diameter

Table 3 Fitting parameters for the two distributions

Lognormal 3-parameter lognormal

" (o A? y2 o T A?
4.844 68 0.488 86 119.45 4.144 78 0.759 58 62.227 81 35.15

2.3 Clustering tendency of the micropores

The nearest-neighbor distribution can aid in quantif-
ying important aspects of the spatial arrangement of gas,
gas-shrinkage, and shrinkage pores. To estimate this
distribution, the centroid coordinates (X, Y, Z) of all
pores in the structural field must be measured. Let n be
the total number of pores in the structural frame, and let
(X,, Y, Z2), (X,, Y,, Z,), ..., (X,, Y, Z), ...,
(X,, Y, Z, represent the centroid coordinates of these
n pores. This simple function D = ((X, - X,)* + (Y, -
Y)?+(Z -2Z)*)" can be used to calculate the dis-
tance between the j-th pore and the k-th pore. This cal-
culation can be repeated for all pores with known cen-
troid coordinates. Using these data, a frequency histo-
gram of the nearest-( or higher-order) neighbor distances
can be generated in a straightforward manner. Fig. 5 il-
lustrates the nearest-neighbor distance distributions of the
gas, gas-shrinkage, and shrinkage pores. The average
nearest-neighbor distances for gas, gas-shrinkage, and
shrinkage pores are 326.1, 323.8, and 413.7 pm, re-
spectively.

To quantify the clustering tendency of the micropores
and test the divergence of the observed distribution from
complete randomness'””’
fined. This parameter is the ratio of the observed mean

, a clustering parameter P is de-
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Fig.5 Nearest-neighbor distance distributions

nearest-neighbor distance between pores D to the corre-
sponding nearest-neighbor distance D, for randomly dis-
tributed pores of the same quantity, density, volume frac-
tion, and size distribution. The expression of P is given

5
as follows"':

P 6
== (6)

r

Balasundaram et al. "™ used D, =0.5./V/N to calcu-
late the average nearest-neighbor distance for 2D random-
ly distributed pores. Given that the statistics in this paper
rely on the 3D characteristics of pores, D, should be ob-
tained as follows:

3
Vv
D =0.5 N (7)
where V is the volume of the structural field, and N is the
number of pores.

The higher the value of P, the more pronounced the
clustering tendency of the pores. A P value greater than
1.0 indicates a clustering nature, while a value less than
1.0 indicates a uniform nature. For these studied speci-
mens, the clustering parameter P values were 1. 01 for
gas pores, 0. 94 for shrinkage-gas pores, and 0. 52 for
shrinkage pores.

2.4 Correlation of different types of micropores

Pore arrangement and the correlation between differ-
ent types of pores can be characterized by defining a
paired nearest-neighbor distance. For example, the
paired nearest-neighbor distribution function for gas
and shrinkage pores represents the distance from a giv-
en gas pore to the nearest shrinkage pore. Fig. 6 shows
the paired nearest-neighbor distance distributions be-
tween different types of pores, with d representing the
average distance.

An affinity parameter P, that characterizes the affinity
of pore type a to pore type b can be defined as fol-

lows™':
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Fig. 6 Paired nearest-neighbor distances for different pore types. (a) Gas and gas-shrinkage pores, d =288.2 um; (b) Gas and shrinkage
pores, d=1011.5 wm; (c) Gas-shrinkage and gas pores, d =322.2 um; (d) Gas-shrinkage and shrinkage pores, d =880.6 wm; (e) Shrinkage
and gas pores, d =308.1 um; (f) Shrinkage and gas-shrinkage pores, d =298.3 pm

D

Pa-b = D7d
ab

(8)
where D is the average paired nearest-neighbor distance
between pore types a and b, and D, represents the average
nearest-neighbor distance between type a pores only. A
P, value greater than 1 implies that, on average, for a
given type a pore, the nearest type b pore is closer than
the nearest type a pore. The affinity parameters used in
this study are listed in Table 4. In this table, P, repre-
sents the affinity of gas and gas-shrinkage pores; P, de-
notes the affinity of gas and shrinkage pores; P, is the
affinity of gas-shrinkage and gas pores; P, signifies the
affinity of gas-shrinkage and shrinkage pores; P_, indi-
cates the affinity of shrinkage and gas pores; P, is the

affinity of shrinkage and gas-shrinkage pores.

Table 4 Pore affinity parameters of the G20Mn5N cast steel

Py Py Pyse Py Py, Pogs
0.37

0.84 0.32 1.00 1.34 1.39

3 Effect of Micropore Characteristics

To further understand and quantify the effects of pore
characteristics (size, shape, and distribution) on the me-
chanical properties of cast steel, the 3D stress-strain dis-
tribution in a representative volume element (RVE) with
dimensions of 0.6 mm x 0.6 mm x 0.6 mm was predic-
ted using the general-purpose finite element package
ABAQUS. The pores, reconstructed from 3D X-ray
tomography images, were included in the RVE. The
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main value of this approach lies in the use of actual 3D
pore geometry rather than relying on either a 2D metallo-
graphic view of a pore or an idealized 3D model of a pore.
A quantitative parameter, k_, was proposed by Gao et
al. " to account for the local concentrated stress:
O-ITHJX
K, = Tme (9)
o,

where o, represents the maximum principal stress, and
o, is the far-field stress.

®

3.1 Finite element modeling methodology

Building an RVE finite element model based on the ac-
tual 3D pore geometry involves three steps: 1) The pore
X-ray tomography data with a slice thickness of 16 pm
were saved in DICOM format. 2) Mimics software was
used to convert the CT scanned image data from DICOM
to STL format. The triangular mesh was then remeshed to
reduce the number of low-quality triangles and to smooth
the model. 3) ABAQUS was used to insert the pores as
cavities into the RVE model and refine the mesh in the re-
gion surrounding the pores.

The elastoplastic constitutive formulation of G20Mn5SN
cast steel was modeled with a Young’s modulus E =200
GPa, a Poisson’s ratio y =0. 3, and a yield stress o, =
320 MPa. The finite element type selected was C3D10M,
a 10-node tetrahedron based on quadratic interpolation and
a modified formulation. These second-order elements
provide higher accuracy for complex stress fields than
first-order elements. To determine the appropriate grid
size, model J was partitioned using different grid sizes,
namely 0. 10, 0.05, 0.03, and 0. 01 mm. The results
showed significant variability with grid sizes of 0. 10 and
0.05 mm, while grid sizes of 0.03 and 0. 01 mm yielded
consistent results. Therefore, a grid size of 0. 03 mm was
chosen for subsequent calculations.

For comparison, additional RVEs were created without
pores and with idealized pore shapes. The details of these
FE models are summarized in Table 5. FE models F, J,

Table 5 Information for different finite element models
Pores
Model Volume/ .
Number 3 3 Sphericity Type
10 ""mm
B 1 0.65 1 Idealized
C 1 0.43 0.54 Gas
D 1 1.22 0.53 Gas
E 1 2.98 0.55 Gas
F 1 6.52 0.53 Gas-shrinkage
G 1 19.40 0.54 Gas-shrinkage
H 1 6.46 0.41 Gas-shrinkage
I 1 6.59 0.36 Shrinkage
1 3.10 0.37 Shrinkage
! 2 3.44 0.42 Gas-shrinkage
1 1.27 0.52 Gas
K 2 1.60 0.47 Gas-shrinkage
3 3.86 0.38 Shrinkage

and K are shown in Fig.7. A comparison of the pores in
the RVE with those reconstructed from X-ray tomography
images (see Fig.7(b)) indicates a high level of accuracy
in pore insertion.

v
v

)

e I PR

Pl
(c) (d)

Fig.7 FE model and pore geometry. (a) FE model F; (b) Com-
parison between reconstruction model and X-ray imaging model; (c) FE
model J; (d) FE model K

3.2 Results of finite element simulations
3.2.1 Effect of pores

Finite element analysis was performed on the RVE
model to evaluate the impact of pores on stress distribu-
tion. The global stress-strain distribution within a finite
element model is largely influenced by its geometrical
features; however, local variations can occur owing to
stress concentrations around micropores. A smoothly var-
ying stress field ranging from 300 to 330 MPa is observed
in the pore-free RVE under applied stress. The maximum
local stress is 330 MPa, slightly surpassing the yield
stress of 320 MPa for G20Mn5SN cast steel.
occurs at the center of the model. When pores are distrib-

This stress

uted in the RVE, then the stress concentration at this lo-
cation increases.
3.2.2 Effect of the pore shape

The volume and the sphericity of pores, including
those in the RVE, are employed to characterize the si-
zes and types of pores. The stress concentration fields
were calculated for finite element models B, F, H,
and I (see Table 5). These models featured pores with
volumes ranging from 6. 46 x 10 to 6. 59 x 10’
mm’ but varied significantly in sphericity values: 1 for
model B, 0.53 for model F, 0.41 for model H, and
0.36 for model I. Despite having almost identical vol-
umes, pore shapes differed significantly. Fig. 8 shows
the maximum principal stress distributions for these
four models. The calculated stress concentration factors
k, in models B, F, H, and I are 1.69, 4.32, 5.90,
and 9. 84, respectively.
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Fig. 8 Maximum principal stress distribution. (a) Model B; (b)
Model F; (c¢) Model H; (d) Model 1

Model B exhibited the lowest stress concentration coef-
ficient of RVE, which was only 25.27% of the average
stress concentration coefficient observed in models F, H,
and I. This result underscores that microscopic pores with
complex shapes cannot be approximated as ideal spheres
when studying their effect on stress concentration. The
sphericity of RVE models F, H, and I gradually decrea-
ses, while the stress concentration coefficient gradually
increases. Therefore, pore sphericity greatly affects stress
concentration. Specifically, lower sphericity in casting

pores leads to higher stress concentration.
3.2.3 Effect of the pore size

The pores in FE models C, D, E, F, and G (see
Table 5) had similar sphericities, but volumes varied
greatly. Therefore, these five FE models can be used to
analyze the effect of pore size on stress concentration.
The stress concentration factors k_ derived from FEAs are
listed in Table 6 for all the cases examined.

Table 6 Stress concentration factor in the FE models
Model C D E F G
k, 2.81 3.96 3.45 4.32 6.90

Among the RVE models C to G, model G exhibited
the highest stress concentration coefficient, with a value
of 6.90. This model also featured the largest pore volume
at 1.94 x 10 > mm’, which was greater than the pore vol-
umes in models C through F. Therefore, larger defect
volumes result in pronounced stress concentrations.
3.2.4 Effect of the pore distribution

In models F, J, and K, the total pore volumes were
6.52x107°, 6.46 x 107, and 6.59 x 10 ° mm’, re-
spectively. Figs.7(a), (c), and (d) show the pore dis-
tributions for these three FE models. Fig.8(b) and Figs.
9(a) and (b) illustrate the effect of the pore location on
the maximum principal stress. The highest stress concen-
tration in model K occurs at point A (see Fig.9(b)), lo-
cated in the narrow region between the pore and the speci-
men surface. At point A, the stress concentration factor is
5.24, which is greater than the stress concentration factor
of 4. 32 in model F. However, owing to the smaller
sphericity of the pore in model J, the stress concentration
factor in model K is smaller than that in model J.

Stress/GPa:
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(b)
Fig.9 Maximum principal stress distribution. (a) Model J; (b)
Model K
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The minimum distance from the pore or pores to the
specimen surface is 5 pm (in model K). To verify the
impact of the distance from a pore to the specimen surface
on stress concentration, the dimensions of model K were
expanded to 0. 62 mm x 0. 62 mm x 0. 62 mm while keep-
ing the sizes and locations of the pores unchanged. This
modification increased the minimum distance from a pore
to the specimen surface from 5 to 105 wm. This model
was denoted as K'. The stress concentration factor ob-
tained from the FEA simulation for model K’ is 3. 64,
which is less than that for model K. Moreover, the posi-
tion of the maximum principal stress shifted from point A
to point B (see Fig. 9(b)). The stress concentration at
point B is caused by a sharp feature rather than proximity
to the specimen surface.

4 Conclusions

1) Micropores in G20MnSN cast steel can be classified
as gas, shrinkage, and gas-shrinkage pores depending on
their formation origin and morphology. The morphologi-
cal characteristics of the three types of pores differ. Gas
pores are almost spherical with smooth surfaces,
shrinkage pores have round bodies with some tail protru-
sions, and shrinkage pores possess elongated shapes with

gas-

rough surfaces.

2) The size distribution of pores in cast steel follows a
three-parameter lognormal distribution. The pore diameter
threshold is approximately 62.23 um, indicating that the
detected pores in the studied cast steel are larger than this
value. The clustering tendency and affinity parameters
were defined to characterize the spatial correlations among
the three types of pores. Understanding the spatial ar-
rangement of micropores is useful in determining the as-
sociated mechanics and the relationship between the mi-
crostructure and properties of cast steel.

3) Pore sphericity and volume significantly affect the
stress concentration in the model. Lower sphericity and
larger volume of a pore result in higher stress concentra-
tion. Pores located on the specimen surface lead to grea-
ter stress concentration compared to those located inside
the specimen.
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G20Mn5N 5 $K 5 B9 5020 X 7L iR A2 H X M 1 9 B9 22 i
SE T3

(AaXFERIARFR, HF211189)
(ABXFIAEIBRAFINELERE, A7 211189)

RE: AT EHSIHERIGE o0, AT oo PR =% X SHEEERBEH AR, 54540 F 69 s am LIRS &
PTG  ARAE M mLILR R B Fe A LA AL G AL, B E T AR EMS R e fo s
X 3 K FUIR Z A 69 = I8 R BRABEAT RAE. Sboh Bl A X SR T B 23 R R AT 69 = SR an WL LR A3 8 e 5t
B T AT AP, A T IR 4a YLILIR 69 T A& RT Ao o A B A 4 A 69 % eh. BRI AR AT AP
IR TG A HAe— L EIRFRED L, miX g B BRI AR S A E PR REA, B R AR ML
BT A AL A 22 A8 5LIR ;BT 69 ) B Fe kARG AT AR 69 B h B b A R K om, R TG B BOE AR ARARAR K,
Gl B J) R P AR K HE R N IR BTG B A By o R AR SR TeAE TR AR A B AT AR 4R T A TR AR A SR,
AFHERGENEF.

SKABIR : 4540 M am ILIUIR s X ST R T R dadh = e i A TR AT

HE %S TU512.91



