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Abstract: Piston is an essential component of an engine because it plays a crucial role in the
combustion process that drives the motorcycle. Gravity dies casting has become an ideal method
for producing pistons owing to its high-quality product, cost-effective with excellent dimensional
accuracy, good surface finish, and performance characteristics. However, misrun defect may occur
during metal filling and solidification. This study aims to find the suitable dimensions for
motorcycle piston products without the presence of misrun using MAGMASoft. The geometry
modification introduced in this research are an ingate area of 176, 264, and 352 mm?2 as well as the
angle of runner of 60, 160, and 1800. Modifying the ingate area to 264 mm?2 and the angle of the
runner to 1600 eliminated the misrun defect in the piston product. This phenomenon results from
the laminar flow, higher temperature, and quicker flow velocity of the molten metal as it fills the
window (the thinnest part of the piston).
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1. Introduction

The motorcycle piston is a vital component of an engine as it plays a critical role in
the combustion process that powers the motorcycle. The piston is responsible for
converting the energy from the burning fuel and air mixture into mechanical motion by
moving up and down inside the engine's cylinder[1]. Gravity dies casting is an ideal
method for producing high-quality, cost-effective pistons with excellent dimensional
accuracy, surface finish, and performance characteristics[2]-[4]. However, in addition to
the inherent benefits, various defects such as misrun, shrinkage, inappropriate filling,
porosity, blow holes, and pin holes may occur during metal filling and solidification[5],
[6]. According to reports, ninety percent of these casting flaws result from improper
casting design [7]-[10], which influences mold filling and affects the mechanical
properties of the cast pieces[11], [12].

Due to the importance of mold filling, numerous studies have been conducted in
this field. Mold filling is affected by fluid flow pattern, gating design, and
solidification[13], [14]. Masoumi et al. [15] reported that alterations in gating system
configuration result in a divergence of melt flow from the mold's parting line, altering
the mold filling pattern. According to Rajput et al. [16], gate geometry influences the
change of metal head pressure at the mold cavity entrance. The design of the gate
influences metal filling, which directly affects casting quality. The correct gating design
produces a uniform heat gradient and prevents mold erosion, producing smooth metal
flow. Precise gate sizes and designs minimize air entrapment by controlling the entry
velocity of molten metal.

In addition, numerous researchers have developed mathematical models to
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overcome the casting defects mentioned above [17]-[21]. These mathematical models
have been implemented as software. MAGMAsoft is one such program renowned for its
virtual casting simulation and optimization capabilities[22]. With such tools, numerical
simulations were conducted to identify flaws virtually. These virtual simulations aid in
the reduction of casting flaws, which benefits manufacturers in numerous ways.
Vijayaram et al. [23] examined computer simulations’ use to detect casting defects that
develop during the solidification phase of casting components. They demonstrated that
such simulations greatly benefited the foundry industry. Gunasegaram et al. [24]
determined the essential elements that influence the shrinkage porosity in permanent
mold castings utilizing numerical simulation and experimental design to achieve an
optimum result. They discovered that a thick mold layer combined with a high mold
temperature significantly shifted the shrinkage porosity away from important locations.
Dabade et al. [25] employed the design of experiments and the Taguchi technique to
identify the main process parameter influencing the casting process. In order to lessen
the degree of shrinkage porosity in the cast component, they performed a solidification
study with novel gating and feeding systems using computer simulation software. Their
results demonstrated a significant decrease in shrinkage porosity and an improvement
in casting yield.

Among other similar studies, in this research, the numerical simulation technique
was applied to the gravity die casting of a cast component to diminish the misrun defect.
The component considered for the investigation was a motorcycle piston. The cast
component was realistically simulated using MAGMAsoft, and the simulation results
were implemented in real-time casting.

2. Materials and Experiment Methods

The present investigation is performed to find the proper dimensions of the runner
and ingate in the motorcycle piston case, which is being processed in the gravity die
casting route, and resolve the misrun defects identified using MAGMAsoft. The
three-dimensional CAD model and the actual product of the initial piston casting are
shown in Figure. 1. In addition,  the material specifications and gating system
parameters are seen in Table.1.

Figure 1. (a) 3D models of the piston and the gating system, (b) as cast piston

Table 1. Material specifications and gating system parameter

Cast Material A351
Dies Material H13

Pouring Temperature 760°C
Dies Core Temperature 350°C
Piston weight (1 cavity) 0.6 kg
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Piston height 76 mm
Sprue height 67 mm
Ingate area 164 mm*
Angle of runner 60°

In this study, the initial design was modified in order to diminish misrun defect
within the cast product by changing the ingate area of 176, 264, and 352 mm2 as well as
the angle of runner of 60, 160, and 180°.

3. Results and Discussion

3.1. Flow Tracer
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Figure 2. The flow tracer of (a) original design, (b) ingate area of 352 mm2 and angle of the runner
of 180°, (c) ingate area of 352 mm?2 and angle of the runner of 60°, (d) ingate area of 352 mm?2 and
angle of the runner of 160°, (e) ingate area of 176 mm?2 and angle of the runner of 1809, (f) ingate
area of 176 mm2 and angle of the runner of 60°, (g) ingate area of 176 mm2 and angle of the runner
of 160°, (h) ingate area of 264 mm?2 and angle of the runner of 1809, (i) ingate area of 264 mm?2 and
angle of the runner of 60°, (j) ingate area of 264 mm?2 and angle of the runner of 160°
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The flow tracer in MAGMASOFT software illustrates the flow of material that
passes through the gating system to be directed toward the product. The flow tracer
indicates the presence of turbulence and non-uniform flow of molten metal, which result
in a misrun. Figure 2 depicts the flow tracer in both the initial design as well as modified
designs. Figure 2(a) demonstrates that the flow direction of the material entering the
gate channel towards the product is unevenly distributed. It generates turbulence in the
window region, as the red circle indicates. As a result of turbulence in the window
section, which is a thinner profile, a misrun can occur because the window section
solidifies faster than other parts.

In the 1st — 8th modification designs depicted in Figure 2 (b)-(i), turbulence flow is
still present. However, in the 9th modification, which involves changes in the geometry
of the ingate area of 264 mm?2 and a runner angle of 1600 as seen in Figure 2 (j), there is
no visible turbulence flow. In addition, in the flow tracer analysis of the 9th modification,
the flow of material filling the product is uniform and stable, particularly in the narrow
profile area (the window) where defects such as misrun are critical.

3.2. Velocity
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Figure 3. The flow velocity of (a) original design, (b) ingate area of 352 mm2 and angle of the
runner of 180 (c) ingate area of 352 mm2 and angle of the runner of 60°, (d) ingate area of 352
mm?2 and angle of the runner of 160°, (e) ingate area of 176 mm?2 and angle of the runner of 180°, (f)
ingate area of 176 mm?2 and angle of the runner of 60°, (g) ingate area of 176 mm?2 and angle of the
runner of 160°, (h) ingate area of 264 mm2 and angle of the runner of 180°, (i) ingate area of 264
mm?2 and angle of the runner of 60°, (j) ingate area of 264 mm2 and angle of the runner of 160°

The flow velocity in the MAGMASOEFT program depicts the material flow rate during
mold filling and the spread of the molten flow toward the product. If the flow velocity is
low when filling the mold, as in the case of thin profiles or window sections of the
product, premature solidification may occur. Figure 3 depicts the flow velocity in both
the initial design as well as modified designs. Figure 3(a) demonstrates that molten
metal enters the gating system (ingate) unevenly at 1.244 seconds. In addition, a very
low flow velocity occurs in the thin profile of the product, which is 0.024 m/s, causing
incomplete casting or misrun.

Figure 3 (b)-(j) and Table 2 show the flow velocity results in the window for various
design modifications. The slower the flow velocity of the molten metal in filling the
window, the higher of misrun occurrence. Therefore, based on the simulation results, the
best flow velocity is in  9th modification, which has an ingate area of 264 mm?2 and a
runner angle of 160o with a value of 0.275 m/s.

Table 2. Molten flow velocity on windows in modification designs

Modification Ingate Area (mm2) | Angle of Runner (°) | Flow Velocity (m/s)
1 352 180 0.174
2 352 60 0.237
3 352 160 0.255
4 176 180 0.24
5 176 60 0.244
6 176 160 0.253
7 264 180 0.241
8 264 60 0.244
9 264 160 0.275
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3.3. Pouring Temperature

Figure 4. The pouring temperature of (a) original design, (b) ingate area of 352 mm2 and angle of
the runner of 1809, (c) ingate area of 352 mm?2 and angle of the runner of 60°, (d) ingate area of 352
mm?2 and angle of the runner of 1609, (e) ingate area of 176 mm?2 and angle of the runner of 1809, (f)
ingate area of 176 mm?2 and angle of the runner of 60°, (g) ingate area of 176 mm2 and angle of the
runner of 160°, (h) ingate area of 264 mm2 and angle of the runner of 180°, (i) ingate area of 264
mm?2 and angle of the runner of 609, (j) ingate area of 264 mm?2 and angle of the runner of 160°

a=1, (1)

The pouring temperature on MAGMASOFT shows temperature changes when
molten metal enters the mold during the casting process. The temperature changes in
the thin profile, window, significantly affect the casting product. If the window profile
(thin part) shows a lower temperature than the others, it will result in premature
solidification, leading to a misrun defect. Figure 4(a) shows that the initial solidification
occurred on the thin profile of the product, far from the ingate, which appears blue.
When the molten metal had filled the product, non-uniform temperature changes
occurred in the thinnest part of the product. In addition, that part indicates premature
solidification due to low temperature. It resulted in incomplete casting inside the piston
product.
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Figure 4 (b)-(j) and Table 3 show the results of temperature changes in the window
for various design modifications. Low pouring temperature when filling the window
mold may indicate premature solidification, leading to a misrun. Therefore, based on the
simulation results, the best poring temperature shows in the 9th modification, which
has an ingate area of 264 mm2 and a runner angle of 160° with a value of 695.7°C. The
text continues here.

Table 3. Molten flow velocity on windows in various modification designs

Modification Ingate Area (mm2) | Angle of Runner (°) | Temperature (°C)
1 352 180 662.6
2 352 60 664.8
3 352 160 689.4
4 176 180 6659
5 176 60 667.2
6 176 160 692.8
7 264 180 664.5
8 264 60 688.2
9 264 160 695.7

3.3. Misrun Defect
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Figure 5. Misrun defect on all the modified designs (a) ingate area of 352 mm2 and angle of the
runner of 180°, (b) ingate area of 352 mm?2 and angle of the runner of 60° (c) ingate area of 352
mm?2 and angle of the runner of 160°, (d) ingate area of 176 mm?2 and angle of the runner of 180°, (e)
ingate area of 176 mm?2 and angle of the runner of 60°, (f) ingate area of 176 mm2 and angle of the
runner of 160, (g) ingate area of 264 mm2 and angle of the runner of 180°, (h) ingate area of 264
mm?2 and angle of the runner of 60°, (i) ingate area of 264 mm?2 and angle of the runner of 160°

Figure 5 shows the results of incomplete filling in the window area for various
design modifications. As can be seen, there is a misrun presence in the 1st-8th
modification due to slow flow velocity as well as low temperature in the window section
of the piston. The diameters of the misrun that occurred within the piston are tabulated
in Table 4. Therefore, based on the simulation results, the best geometry modification is
shown in the 9th modification, which has an ingate area of 264 mm2 and a runner
angle of 160o with no misrun appearing. This phenomenon is due to the geometry
modification providing a uniform filling as well as avoiding incomplete casting inside
the thin section of the piston.

Table 4. The diameters of misrun that occurred within the piston window

Modification Ingate Area (mm2) | Angle of Runner (°) Diamet(e:l*;g)misrun

1 352 180 6.3

2 352 60 3.92

3 352 160 0.84

4 176 180 4.96

5 176 60 2.52

6 176 160 0.56

7 264 180 2.55

8 264 60 0.63

9 264 160 0




Recent in Engineering Science and Technology 2023, Vol. 01 No. 021 https://doi.org/10.59511/riestech.v1i02.13

9o0f 11

3.4. Piston casting

Table 5. Comparison between the initial design product and the modified product with ingate

area of 264 mm? and angle of the runner of 160°

Part

Initial Piston (ingate area of
164 mm’ and angle of the
runner of 60°)

Modified Piston (ingate area
of 264 mm’ and angle of the
runner of 160°)

Crown

Center of pin
boss (1)

i—h

Center of pin
boss (2)

Pin center

As Cast
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Table 5 compares the initial design (an ingate area of 164 mm?2 and the angle of the
runner of 60°) and the modified design with an ingate area of 264 mm2 and the runner's
angle of 160°. As predicted by the simulation process, the initial design casting product
has a misrun defect in the center of the left pin boss, as shown in Table 5. It occurs
because the geometry of the runner and gate on the initial design produces the presence
of turbulence and non-uniform flow, low temperature, as well as slow flow velocity of
the molten metal while filling the window (the thinnest part of the piston), which leads
to the occurrence of misrun. However, the modified design with an ingate area of 264
mm?2 and the angle of the runner of 160° provides laminar flow, high temperature, as
well as fast flow velocity of the molten metal while filling the window.

4. Conclusions

1.  The misrun defect that occurred in the A351 piston product from initial
design, which had an ingate area of 164 mm?2 and a runner angle of 60o, was
successfully eliminated through a simulation process of modifying the geometry using
MAGMASOFT software. The modified design has also been validated through a gravity
die casting process, producing piston product without misrun.

2. Among all of the modified designs examined in this study, the modification
in an ingate area of 264 mm2 and the runner's angle of 1600 resulted in the absence of
misrun defect within the piston product. This phenomenon is due to the laminar flow,
higher temperature, as well as faster flow velocity of the molten metal while filling the
window (the thinnest part of the piston).
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