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Die casting is a process of injecting molten metal into a metal
die under high pressure. The die design, the gating system,
venting, and cooling play a crucial role. The quality of the
castings is also influenced by pressure, injection speed, and the
alloy composition. The experiment studied the impact of die-
filling modes on the mechanical properties of castings made
from silumin according to CSN 42 4331. Tests were conducted
on 180 samples at different positions in the die, temperatures,
and injection piston speeds. The chemical composition was
analyzed by spectroscopy, and tensile strength (Rm) and
microstructure were observed. The results confirmed the
importance of proper process parameter settings to achieve
optimal mechanical properties and minimize casting defects.
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1 INTRODUCTION

In the die-casting process, molten metal is injected into a metal
die cavity at high speed. This process generates high velocities
of molten metal during the filling of the die, which are then
converted into pressure and thermal energy. The quality of
castings produced by this technology is influenced by a number
of interconnected factors. One of the most significant factors is
a properly designed and precisely manufactured die
construction. A key element is the gating system, which ensures
uniform and rapid filling of the die, along with an effective
venting system that eliminates gas entrapment during casting.
The cooling system of the die, which directly affects the
solidification rate of the metal, also influences the mechanical
properties of the casting [Sigwort 2020, Hu 2015, Szymczak
2020].

In addition to the structural elements of the die, other
technological factors also affect the quality of the castings. A
significant role is played by the selection and condition of the
die-casting machine, which must allow precise control over
technological parameters such as pressure and injection speed.
Equally important is the type of material used, specifically the
chemical composition of the alloy and its quality of
metallurgical processing. It is also necessary to ensure an
optimal gas regime in the die to avoid internal defects such as
porosity or inhomogeneities [Qin 2019, Ruzbarsky 2019].

To ensure high-quality castings, it is essential to use high-
quality equipment, including not only modern die-casting
machines but also equipment for melting and modifying the
molten metal. Properly designed gating systems, along with
precise settings for technological parameters such as
temperature, pressure, and injection speed, create ideal

conditions for producing quality castings with minimal defects
and high accuracy [Szymczak 2020].

For optimal results, it is necessary for the die design to be
aligned with correctly set technological conditions, ensuring
stable and repeatable production of castings with high quality.
These castings will exhibit the required mechanical properties,
precise dimensions, surface quality, and long-term reliability.
The pressing mechanism, which is a key element of the die-
casting machine, influences the quality and efficiency of casting
production. The main task of the pressing mechanism is to
deliver the specified amount of molten metal into the die cavity
under high pressure. The speed at which the die is filled
depends on the flow of metal through the gating system and
the geometry of the gating system. Effective control of these
parameters is crucial for eliminating defects such as cold shuts,
porosity, or surface defects [Bi 2015, Majernik 2016, Do 2017].
Among the basic technological parameters that affect the
quality of the casting is the pressing speed. This speed
influences the dynamics of the gating process and the flow of
metal in the gating system. To properly set the pressing speed,
several factors must be considered, such as the type of alloy,
the shape and complexity of the casting, wall thickness, and the
ratio of the gating system’s area to the overall casting area.

The flow velocity of the metal in the gating system, which
ranges from 0.6 m.s'1 to 100 m.s%, is critical for the final casting
quality. The optimal velocity depends on the shape and wall
thickness as well as the length of the casting. At low velocities,
laminar flow ensures smooth filling of the die, while at medium
velocities, turbulent flow guarantees rapid and uniform die
filling. At high velocities, metal flow can cause problems such as
gas formation and internal porosity [lwata 2012, Trudonoshyn
2021, Sadeghi 2012].

Another important factor is the hydrodynamic pressure acting
on the alloy. This pressure affects the compaction of the
material and minimizes the occurrence of internal defects. The
pressure is generated as the molten metal flows through
narrow channels in the gating system and around the shaping
cores. ldeally, if there are no resistance factors, the pressure
determines the counterpressure of gases and air in the die
cavity, with effective venting being crucial for the casting
quality [Zhang 2020, Pagone 2020, Ragan 2007].

The kinetic energy of the flowing metal is decisive for the
precision of copying the die's relief and the final surface
roughness of the casting. Based on this, the hydrodynamic
pressure, which affects the casting quality, is calculated. This
pressure is transmitted through the pressing piston and the
gating channel into the die cavity. It is important for the gating
channel not to solidify too quickly to ensure that the pressure
acts long enough to improve the casting quality [Ruzbarsky
2017, Konopka 2015, Qin 2021].

In die casting, it is also crucial to ensure optimal filling time for
the die cavity. This time must be short enough to prevent
premature solidification of the metal but long enough to allow
gases to be effectively vented from the die. The proper filling
time depends on the wall thickness of the casting, and it is
important to avoid filling that is either too long or too short.
The entire casting process occurs in three phases: pre-filling the
injection chamber, filling the die, and the pressure phase. In
each phase, the molten metal must flow at the correct speed
and pressure. After the die is filled, solidification occurs, which
is key to achieving the desired geometry and mechanical
properties of the casting [Gaspar 2019, Choi 2002, Ruzbarsky
2019].

These parameters, such as the temperature of the molten
metal, pressure, and filling speed, are decisive for achieving
high-quality results and minimizing manufacturing defects. It is
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important to set the correct technological conditions to achieve
high-quality and accurate castings in die casting [Lumley 2011,
Ruzbarsky 2023].

2 METHODS AND MATERIALS USED

To monitor the effect of different filling regimes on the basic
mechanical properties of castings, a special die was used,
designed for casting test rods measuring 6 x 30 mm according
to the CSN 42 0315 standards, as shown in Figure 1.
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Figure 1. Test bar 6x30 [CSN 420315 1980]
These rods serve as test samples for investigating the
mechanical properties of the resulting castings depending on
various parameters of the die-casting process. The placement
of the rods within the die and the design of the gating system
are important aspects that influence the quality and uniformity
of the final castings. A diagram of the rod placement and gating
configuration is shown in Figure 2.

—

Figure 2. Placement of the rods in the die

This placement method was designed to enable efficient and
uniform filling of the die with molten metal, thereby minimizing
potential defects such as air bubbles or irregularities in the
casting structure. This approach ensures a consistent metal
flow into each test rod, which is crucial for obtaining accurate
and comparable results when measuring mechanical
properties.

In this experimental methodology, different arrangements of
gating and notch designs in the die are applied, resulting in
distinct filling regimes for the right and left test rods. The goal
of the experiment was to investigate the impact of these
different filling regimes on the degree of inhomogeneity in the
mechanical properties, specifically the tensile strength (Rm), of
the aluminume-silicon alloy casting with a chemical composition
corresponding to CSN 42 4331 [CSN 424331 1987].

To determine the impact on mechanical properties, three main
factors were examined:

- position of the casting in the mold — specifically, a comparison
of results between the right (P) and left (L) test rods

- pouring temperature — the measured temperatures included
t1=620°C, t2 = 640°C, and t3 = 660°C

- piston filling speed — the speeds tested ranged from vl =
0.2m.s™ to v6 = 1.2 m.s™", creating different filling regimes
from laminar to dispersed filling

In addition to these factors, which were examined in the
experimental research, other factors were maintained at
constant levels to eliminate their impact on the results:

- the degree of filling in the filling chamber, which was
constantly monitored to ensure the same conditions for all
tested samples

- the speed and method of piston ramp-up to the required
pressure, which had to be controlled according to specified
parameters

- the applied back pressure, which was set to the same value
for all experiments

The mold temperature (with a tolerance of + 20 2C), is aimed to
ensure stable conditions for casting.

The pouring temperatures were set by commonly used
temperatures in pressure die-casting foundries. The piston
filling speeds were set over a wide range to simulate various
filling regimes, from laminar flow, through continuous
turbulent flow, to dispersed filling. Experimentally, it was
determined that at speeds less than 0.25 m.s™", the mold would
not fill properly, meaning the molten metal could not
sufficiently fill the mold. On the other hand, at speeds greater
than 1.2 m.s™, issues such as leakage in the mold parting line
occurred, caused by partial mold opening due to the impact of
the molten metal flow.

To obtain reliable and representative data, each measurement
was repeated 5 times, resulting in a set of 180 test samples.
This repetition range and number of test samples allowed for
detailed analysis and provided valuable information about the
impact of various filling regimes on the quality and mechanical
properties of aluminum-silicon alloy castings.

The chemical composition of the alloy was determined in the
laboratory at a temperature of 222C and 50% relative humidity
using a SPECTROCAST spectrometer (SPECTRO Company). Static
pressure testing (permanent deformation) was measured using
a TIRAtest 28200 device (TIRA Company).

2.1 Analysis of the chemical composition of the melt

During the experiment, a total of five melts were performed,
each of which was carefully analyzed in terms of its chemical
composition. These melts represent different variations of the
alloy, which were cast according to the prescribed parameters
and conditions of the experiment. For proper interpretation of
the results and assessment of the influence of the chemical
composition on the mechanical properties of the castings, it
was essential to subject each melt to a detailed chemical
analysis.

Table 1 provides an overview of the chemical composition of
each melt, as well as a comparison with the official alloy
composition according to CSN 42 4331. The alloy according to
CSN 42 4331 is intended for specific applications and must
meet precisely defined requirements regarding the content of
various chemical elements. For each melt, the amounts of the
main components as well as the presence of trace elements,
which may affect the properties of the alloy during casting and
subsequent cooling, were analyzed [CSN 424331 1987].

As part of these melts, the percentage of individual elements
was carefully monitored to ensure that the chemical
composition met the requirements set for the specific alloy. An
important aspect was also tracking any deviations from the
desired values, which could affect the final mechanical
properties of the castings, such as tensile strength, hardness,
and other factors.

These analyses were conducted to obtain detailed information
about the stability of the chemical composition during the
experiment and to compare these values with the CSN 42 4331
standards, which allowed for the evaluation of the impact of
different melting conditions on the final properties of the melt
and the castings [CSN 424331 1987].
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Table 1. Chemical Composition of Experimental Melts of the Used Alloy [CSN 424331 1987]

Al Si Mg Mn Fe Cu Zn Ca
0.333 0.16 0.31 0.028 0.029 0.010
0.327 0.15 0.31 0.027 0.030 0.010
0.324 0.15 0.30 0.025 0.028 0.010
0.313 0.14 0.31 0.024 0.027 0.010
0.321 0.16 0.31 0.010
9-10.5 0.2-05 0.1-0.4 upto1.5 upt0 0.2 upt0 0.3 -

3 RESULTS

As part of the experiment, the tensile strength limit Rm was
measured on test bars, serving as a key parameter for
evaluating the quality of the casting. This parameter is one of
the most important indicators, providing information about a
material’s resistance to tensile stress and, consequently, its
ability to withstand deformation under external forces.

For castings made of cast iron CSN 42 4331, the standard
prescribes a tensile strength limit Rm of 196 MPa. However, in
the conducted experiments, the measured values of the tensile

strength limit on individual casting samples ranged from 151.9
MPa to 291.1 MPa. This wide range of values indicates
variability in properties, which can be influenced by various
factors during the casting and cooling processes.

Table 2 presents the dependence of the average tensile
strength limit Rm values for the left test bars on the filling
speed and casting temperature. Each value in the table
represents the arithmetic mean of five measurements taken on
castings produced under identical conditions. Additionally, the
table displays the average values of samples analyzed according
to casting temperature (T) and filling speed (V).

Table 2. Average Rm Values [MPa] for Left Test Bars Based on Filling Speed and Casting Temperature

- 2114 2332 2322
- 2304 2139 2299
- 2327 2331 2334
- 2248 2267 2318

Table 2 clearly shows that the tensile strength limit Rm values
vary at different casting temperatures and filling speeds. For
example, at a casting temperature of t10 (620°C) and different
filling speeds (from v1 to v6), the Rm values range from 211.4
MPa to 256.2 MPa, while at a temperature of t2 (640°C), they
range from 213.9 MPa to 238.4 MPa. This indicates that casting
temperature and filling speed significantly influence the final
mechanical properties of the castings.

256.2 2442 2252 233.7
223.7 2381 236.2 228.7
238.4 247.1 2371 237.0
2394 2431 2328

Table 3, structured similarly to Table 2, presents the average
tensile strength limit Rm values for the right test bars. This
dataset allows for a comparison with the results f0.0280or the
left test bars and illustrates the same dependenci0.028es while
considering different parameters and conditions during the
casting of the right bars.

Table 3. Average Rm Values [MPa] for Right Test Bars Based on Filling Speed and Casting Temperature

182.2 1913 186.9
2033 1925 1874
196.1 1935 204.8
193.9 1924 193.0

The results in Table 3 show that at a casting temperature of t1
(620°C), the tensile strength limit Rm values for the right test
bars range from 182.2 MPa to 209.6 MPa, while at a
temperature of t2 (640°C), they range from 187.4 MPa to 213.7
MPa. This range is comparable to the values measured for the
left test bars, with slight differences that may be caused by
various factors during the casting process.

This pattern is illustrated in Figure 3, which shows the
dependence of the average tensile strength limit Rm values on
the filling speed for both right and left test bars, and in Figure 4,
which depicts how the average tensile strength limit values
change depending on the casting temperature for both right
and left test bars.

The overall analysis of these results shows that the tensile
strength limit Rm is influenced by several factors, such as
casting temperature and filling speed. These factors can have a
significant impact on the final quality of the casting, and

205.4 209.6 1834 193.1
2059 213.7 2114 2024
2009 2133 1935 200.4
204.1 2122 196.1

therefore, they need to be carefully optimized when producing
castings with high strength requirements.
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Figure 3. Dependence of Average Tensile Strength Limit Values on
Casting Speed
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Figure 4. Dependence of Average Tensile Strength Limit Values on
Casting Temperature

4 CONCLUSION

In the experiment, we aimed to identify the optimal conditions
under which the best mechanical properties of casting are
achieved in the die-casting process. By focusing on factors such
as filling speed and casting temperature, we obtained
important information about their impact on casting quality
[Cleary 2014].

- Analysis of the results showed that the final quality of the
castings varies depending on whether it is a left or right test
bar. This difference is due to the different conditions present
during casting in these two areas of the die. Additionally, filling
speed has a significant impact on casting quality. The optimal
filling speed range is between 0.75 — 1.2 m/s, with the best
results, particularly in terms of tensile strength, achieved at a
filling speed of 1 m/s. This effect is noticeable on both sides,
although it should be noted that other factors may also
contribute to the overall casting quality.

- In the experiments, we also studied casting temperature,
which affects the mechanical properties of the castings.
Castings made at different temperatures (620 °C, 640 °C, 660
°C) showed differences in tensile strength, indicating that
casting temperature plays a key role in meeting material quality
requirements. The results showed that the optimal
combination of temperature and filling speed can significantly
improve the mechanical properties of the castings.

- Average tensile strength values Rm differed depending on the
location of the test bars in the mold. For the left test bars, the
average values ranged from 211.4 MPa to 247.1 MPa, while for
the right test bars, the values ranged from 182.2 MPa to 213.7
MPa. These differences indicate that factors such as position in
the mold, filling speed, and casting temperature have a
significant impact on the final quality of the castings.

- Based on repeated experiments that demonstrated the high
reliability of the results, we can conclude that the optimal filling
conditions occur at a casting speed of 1 m/s. These conditions
lead to the highest tensile strength values, indicating that
castings made at this speed have the best mechanical
resistance.

The results obtained from repeated experiments confirm the
importance of filling speed and casting temperature in
optimizing the mechanical properties of castings. For the best
results, it is essential to control not only the filling speed but
also other factors such as mold temperature and the speed of
the filling plunger [Cai 2021, Ruzbarsky 2014].
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