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This research investigates the impact of varying the slope of the top mold in the gravity
casting process of aluminum alloy (A356). The casting mold slopes were adjusted to 7<
12< and 17<angles, and the study integrates software analysis (Altair, 2021.2) with
physical examinations to assess potential defects in the casted products. The findings
from both approaches exhibit a consistent pattern, revealing notable defect porosities in
molds with slopes of 7<°and 12< Radiography examinations provide insights into defect
distribution within the hub wheel rim, particularly pronounced in molds with slopes of
7<and 12< This observation suggests that disturbances in air and heat distribution
impede the solidification process within the mold. Metallography profiles further
highlight the presence of phases a (Al), B (Si), and the eutectic region in the casted
product. Defect severity is prominently manifested in a fractured profile, particularly for
products cast with a 7<slope. In contrast, a higher slope of 12<results in localized
porosities and effectively mitigates defect distribution. The most favorable outcome,
devoid of substantial defects, is achieved with a 17°=mold slope, successfully passing
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stringent quality checks.

1. INTRODUCTION

The transition in automotive industry, especially for
motorcycle, is observed notably which now moves to the
electric motorcycle. Despite that, the wheel rim still required
in high demand since both type of motorcycle use it [1]. The
wheel rim is generally produced through casting process. The
casting process is a cost and time-effective method to produce
a complex metal-based component that requires specialized
configuration [2]. The wheel rim uses aluminum as the base
material since it has many advantages such as lightweight,
cost-effective and superior mechanical strength [3]. The wheel
rim is commonly produced using sand casting and can also be
produced through high/low-pressure casting [4]. Despite some
technical advantages, the proposed method is relatively
expensive, making it only suitable for a high-end component.

The casting process is done when the metal is in the liquid
state. The molten metal is poured into the mold and cooled
back to the solid phase [5-7]. Thus, the casting process
involves heat, mass transfer, and phase transition from liquid
to solid. It makes heat distribution within the mold crucial to
ensure the quality of the casting process. The heat can be
liberated effectively using the gravity casting method. The
method is also considerably cost-effective and can be done
quickly [8]. However, there are significant drawback that
occurs during gravity casting. It causes a defect, specifically
porosity, which makes the proposed method require specific
adjustments for each product and base material. The interfacial
layer between the two components occurs due to
inhomogeneity of the molten product, which affects the
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solidification process related to the supercooling phenomenon
[9-11]. The phenomenon is commonly found for the
aluminum-based products, which is commonly used for
producing wheel rim.

The problem related to the high porosity formation of
aluminum-based product require some specific approach to be
solved [12]. It specifically addressed for the product which
produced through gravity casting process. The solution can be
taken by using binder material to reduce the defect. Xu et al.
[13] employed inorganic material as a binder material for the
casting process, effectively reducing the probability of
porosity up to 3.73%. Different approach is also taken by
considering the temperature of the process. For example, R.
Wang et al. [14] analyzed specifically the role of temperature
on the mechanical strength and porosity of the Al-2024. It
found that heat distribution significantly affects the grains and
equiaxed profile, which was related to the formation of defect
porosity from the solid product. It emphasizes that the
temperature of the process is a crucial factor to minimize the
potential defects.

The temperature distribution of the product is highly related
with the molding design. Specifically, the slope of the top
mold plays a crucial factor to promote a better distribution of
the molten metal during the process [15]. Guler et al. [16]
demonstrated the effect of mold slope for the casting process
where the slope of 60° influences positively for the casted
aluminum alloy product. Wang et al. [17] analyzed the effect
of the slope of the top mold for the casting process of fiber
products and indicated the changes in structural bonding of the
produced product as a direct effect of slope variation. It


https://orcid.org/0009-0006-4781-3094
https://orcid.org/0000-0001-7239-9039
https://orcid.org/0000-0002-8047-6716
https://crossmark.crossref.org/dialog/?doi=10.18280/acsm.480105&domain=pdf

signifies the influence of slope mold on the casting product.
Thus, the casting product can be optimized by determining a
suitable top mold slope, especially for the aluminum alloy-
based product.

Alternative method can be taken by performing an initial
assessment before the process. It can be done by using
software to model the defect probability according to the
designed parameter [18]. Gao et al. [19] utilized the neural
network (NN) model for the fatigue analysis of casted products.
The measurement of the three-dimensional aspect allows to
analyze and observe the casting process dynamically with the
help of photometrics [20]. The model algorithm of
convolutional NN can be applied at specified boundaries to
detect the defect formation of the casting process [21].
Therefore, the preliminary design using software supports the
initial analysis of the casting process. It effectively prevents
the formation of defects in the produced product.

The adaptive method can improve the casting process's
quality, minimizing the defect porosity of the casted product.
The application of a non-destructive test (NDT), which
combines the deep learning approach, demonstrates a positive
outcome to improve the casting process quality [22]. The
defect that occurs during the casting process causes significant
losses in the production process's time, energy and cost. The
defect changes the casted product's microstructure, making it
unable to pass the quality check. The failure of the shell side,
especially for aluminum-silicone-based products [23], can be
minimized by developing an adaptive approach that combines
the software modeling and modification of the slope of the top
mold. The problem related to the slope design of the mold
contributes directly to the final product's quality, especially for
the gravity casting [24-26]. The casting process's complexity
is related to numerous factors involved during the process.
Further optimization can be focused on by observing the effect
of the slope of mold design, especially for wheel rim products.
The study aims to evaluate the effect of slope design for the
casted product. The present work combines an initial
assessment through software and examination of the produced
rims from the same parameter. The combined method is
expected to improve the process quality which helps to reduce
the potential defect by obtaining the suitable mold design,
especially related to the slope of slope of the casting mold.

2. MATERIALS AND METHOD

The initial production process was done by designing the
wheel rim. The wheel rim has a standard size of 14 %215 (R).
Figure 1 displays the 2D and 3D models of the wheel rim.
Figure 2 presents the detailed engineering drawing for the
mold of the wheel rim. The mold used carbon steel S45C with
detailed chemical composition (wt%) C: 0.42-0.5, Mn: 0.6-0.9,
and Si: 0.15-0.35. The mold was produced using a lathe
machine with an average processing time of around 16 hours.
In addition, a preliminary modeling was performed using
computer software (Altair, 2021.2) to visualize the potential
region of defect during the casting process based on the
designed parameter. The data input of the modeling was
similar to the dimension of the mold, base material and
temperature. Thus, the modeling result can be compared to the
actual product according to the same parameter process.

The base material for producing wheel rims is aluminum
alloy A356. The casting process was initiated by heating the
crucible at 450°C and the cast at 300°C. The mass of A356 was
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33 kg for each casting process. The A356 was smelt within the
crucible at a temperature of around 720-750°C. Once the base
material melted sufficiently, the casting process was
performed for each slope variation. After that, the raw material
was cooled to room temperature before being discharged after
fully solidified.

Figure 1. The designation of 2D and 3D wheel rim for
automatic motorcycle (size 14 %215 (R))
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Figure 2. Detail engineering drawing for the mold slope
variation of 7< 12<and 17°

The produced wheel from different molds was characterized.
The initial characterization was performed using visual and
physical checks. The process was continued using radiography
(Dynamlx HR2, Fujifilm) and metallography examination to
provide more detailed properties. The specimens were
determined and prepared for characterization under a
standardized procedure (ASTM). The chemical composition
examination was done according to ASTM B85-03. In
addition, the microstructure examination was done based on
ASTM E3-11, while the etching process was done according
to ASTM E407-07.



3. RESULTS AND DISCUSSION

The visualization of the initial check through software for
modeling the potential defect is presented in Figure 3.
According to the modeling result, the effect of slope variation
is distinctively observed, which probably resulting casting
defect to the product. Using a slope with 7° demonstrates a
localized porosihty that appears at the wheel rim's center
region (Figure 3a). The narrowing profile of the mold hinders
the gas and air distribution, trapping the air and gas in the solid
product. It is affected by a slow diffusion process through the
material along with solidification [27].

(c) Usmé? obe 17°

Figure 3. The mapping of potential casting defect using
different slopes of the top mold

The changes in the slope of the top mold reduce the
probability of casting defects. It reduces the porosity
appearance of the wheel rim. Using slopes 12° (Figure 3b) and
17° (Figure 3c¢) effectively decreases the porosity defect of the
produced wheel rim. It is affected by a suitable flow of the
molten metal, improving the distribution of air and gas within
the mold and eventually reducing the probability of the trapped
air within the solid product. The trapped air during the casting
process can be discharged sufficiently, minimizing local
diffusion in the product. As a result, the potential of porosity
in the solid product can be reduced, producing a better-casted
product.

The casting process was performed according to the
designed parameter. Figure 4 shows the photograph of the
produced wheel rim according to different slope variations.
The red circles indicate the porosity defect that appears in the
area of the hub wheel rim. It only appears for the slope of 7°
(Figure 4a) and 12° (Figure 4b). Both models imply that the
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defect is localized in the center region, which is in good
agreement according to the software modeling (Figure 3). It
shows that the modeling process has a good agreement with
the resulting product, which can be used for further
consideration for producing the mold of the wheel rim.
Therefore, the potential of casting defects can be minimized
before proceeding to the production process.

(c) Using slope of 17°
Figure 4. Visual photograph of the produced wheel rim using
different slope variation

The effect of slope variation notably affects the
solidification mechanism of the molten metal. The diffusion of
air from the molten metal is highly correlated with the porosity
defect from the solid product. The visual examination of the
produced wheel rim, which uses a slope of 17°, indicates no
substantial porosity, particularly in the hub wheel rim. It can
be said that the slope of 17° is suitable to prevent defects of
the produced wheel rim. In addition, the area of the hub wheel



rim is the highest concentration of the wheel rim, making using
a higher slope (17°) desirable. It reduces the probability of the
trapped air and gas from the casting process, promoting a
better diffusion process and reducing the porosity defect.

Further examination was performed using a radiography
test to observe the macroscopic defect of the produced wheel
rim. The observation focused on the area of hub wheel rim
(Figure 5). The examination was performed at six locations
with the largest defect concentration according to the
modeling and visual observation. The porosity of the produced
product using the slope of 7° indicates a high dispersion of
defect in the area hub wheel rim (Figure 5a).
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Figure 5. Radiography examination of the produced wheel
rim using different slope variation
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Figure 6. Radiography examination of the produced wheel
rim using different slope variation
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It signifies the modeling and visual check of the product,
which has a good agreement. Furthermore, the radiography
examination implies that the formation of porosity initiates the
microcrack profile, which can be increased into a larger defect
after the product is completely solidified [28]. Consequently,
the produced wheel rim has a crack and fracture that cannot
pass the quality control check and will be reprocessed,
increasing the production cost [29].

The gravity casting produces a lower pressure of the molten
metal. It makes the air and gas distribution from the molten
metal a critical parameter to prevent further defects of the
produced product [30]. It can be observed distinctively
according to the decrement of distribution porosity defect
using the slope of 12° (Figure 5b). Also, the trapped air leads
to a shrinkage porosity, potentially occurring on slow casting
[31]. The usage of a higher slope (17°) prevents the product
from experiencing shrinkage porosity (Figure Sc). It makes the
produced product have a better quality without defect
formation and able to pass the quality check.

Metallography examination provides sufficient information
to analyze the relation of the casting process using different
slopes (Figure 6). The formation of a (Al), B (Si), and eutectic
region is observed clearly from the metallography profile. The
porosity defect spreads randomly for the product using slope
7°. 1t disturbs the solidification rate of the molten metal and
causes high dispersion of the fracture profile (Figure 6a). The
fracture weakens the physical bonding of the alloy and reduces
the mechanical strength of the produced product [32]. Thus,
the product should be reprocessed due to the unfavorable
mechanical strength.

The slope of the mold influences the defect profile. As seen
in subgraph (b) of Figure 6, the slope of 12° causes two
distinctive porosity profiles. The first profile is observed at the
solid region, indicating the localized air diffusion on the
molten base material (red circle). The later profile
demonstrates the porosity occurs in the fracture region (blue
circle), which is highly similar to the porosity profile of slope
7° (Figure 6a). Thus, the usage of a higher slope for the mold
confirms the effect of suitable distribution of the heat and air
from the base material during solidification. It reduces the
defect formation probability as the air and heat can be liberated
effectively from the molten material.

The low defect porosity for the wheel rim, which uses a
slope of 17°, displays a better metallography profile. As seen
in subgraph (c) of Figure 6, the formation of a (Al), B (Si) and
eutectic regions can be observed distinctively without
indicating defect region. It confirms the visualization and
radiography examination and implies the role of the slope
design of the mold. The higher slope degree improves the air
and heat distribution and promotes better product
solidification. It prevents the bubbling air trapped in the final
product, reducing the possibility of a defect. As a result, an
effective casting process can be achieved and reduces the cost
and energy of the process.

4. CONCLUSION

The effect of slope design of casting mold for producing
wheel rim significantly affects the final quality of the wheel
rim. It causes a notable impact on the defect formation,
particularly for the porosity caused by the poor air and heat
distribution. The initial modeling demonstrates the possible
defect distribution by using slope 7°. Using a larger slope (12°)



can minimize defects, reducing their distribution in the hub of
the wheel rim. It reduces the distribution of defects in the hub
of the wheel rim. However, the porosity also appears at a lower
concentration compared to slope 7°. The radiography and
metallography examination confirm the modeling result and
visualization check, demonstrating a substantial defect of the
produced wheel rim. The defect can be minimized effectively
using a larger slope of the mold. The mold casting, which uses
a slope of 17°, promotes better air and heat distribution.
Solidification occurs steadily, preventing the air trapped
within the molten metal. It means the product can be produced
without indicating any substantial defect.

The finding in this work demonstrates that the slope design
significantly affects the quality of the gravity casting. Also,
combined method by using modeling through software and
further examination provide a more reliable result. It makes
the process of producing wheel rim can be performed
effectively by conducting an initial assessment. This approach
can be useful for different casting process such as high-
pressure casting process. In addition, various base material
may cause different defect during the process. Thus, future
direction also can be focused to evaluate different material that
relevant to the casting industry. It allows for further
improvement to reduce the defect and promote a better quality
of the produced product.
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