u] =,

Die casting is forcing molten metal into a mould with high pres-
sure. Die casting has two dies namely moving die and fixed die where
the moving one will move over the fixed die. Die casting is major-
ly used for high-volume production. This paper focused on the phy-
sical phenomenon of die casting for two dies (moving die and fixed
die) using two different alloy materials with variable material che-
mical compositions.

The numerical analysis is carried out for the die casting process to
determine the crack formation zone by temperature distribution and
structural analysis by stress-strain relationship. The numerical ana-
lysis is carried out for both the dies. The fixed die is analyzed with an
H13 tool steel material with two moving die materials as aluminum
alloy (A356) and magnesium alloy (AZ91D). Both the dies (fixed and
moving) were designed by using design software and meshing is car-
ried out followed by analysis using the analysis software. The physi-
cal parameter for the dies is applied that is temperature distribution
is carried out by applying a temperature of 850 °C and 650 °C over the
fixed die for aluminum and magnesium alloy, respectively. Structural
analysis is carried out for the moving die with a load of 1,000 N for
both aluminum and magnesium alloys with 1000 number of iterations.
The results from the numerical analysis are derived and analyzed for
both temperature distribution and structural analysis. The crack for-
mation zone is found out by means of temperature gradient and the
stress-strain relationship is found out by means of structural analy-
sis. From the results, it was concluded that the crack zone is obtained
at 1.22E-10 °C/mm and 6.856E-14 °C/mm of thermal gradient and
structural analysis in terms of maximum stress of 446.94 MPa and
448.52 MPa for aluminum and magnesium alloys, respectively
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Temperature distribution, Thermal gradient
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1. Introduction

Molten metals are formed with the application of high
pressure into a mould cavity, in which the mould cavity is
fabricated by two hardened tool steel dies, by the process of
machining, the mould cavity is shaped depending on the ap-
plication. Mostly, non-ferrous metals are used for die-casting
and depends upon the type of metal being used, a machine such
as hot or cold chamber is used. For high-volume production,
die casting is widely used. This paper investigates the phy-
sical phenomenon of die casting for two dies (moving die and
fixed die) using two different alloy materials in which che-
mical composition variance is also explained in the material.
From the numerical analysis, it can be explained about the
weak region and strong region for both temperature dis-
tribution and crack formation and also the life span of dies
depends on the number of cycles used, materials used and
temperature used to be determined.

AISI H13 and AISI H11 are used to find out the re-
sistance capacity towards thermal fatigue over the surface
layer, which the surface is cladded by GTA welding. Thermal
fatigue resistance is experimented by the continuous cycle of
heating and cooling in the bath of aluminum alloy 226 and
water-based lubricant, respectively. The results indicate that
fatigue resistance of maraging steel weld is lower than the
AIST H11 tools [1]. The mass of automotive can be decreased
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by using magnesium-based die casting because magnesium
die casting has the advantage of near net shape forming, light
weight, optimized strength to weight ratio, consolidation of
part and additional components integration [2].

2. Literature review and problem statement

Analysis of the insert is carried out in the die casting tool,
for carrying of AlSi9Cu3Fe. The numerical and experimen-
tal analysis is carried out for the insert in which numerical
analysis is carried out by a new procedure, which combines
MAGMA and CalculiX and during experimental analysis,
hardness measurements, light microscopy, SEM analysis and
XRD pattern are obtained in order to examine the insertion
in the die casting process of AISi9Cu3Fe [3]. Machine learn-
ing and numerical simulation are carried out to optimize
the solidification in die casting that is product quality by
obtaining initial and wall temperatures. NSGA II algorithm
is carried out to optimize multiobjective optimization, which
function evaluation of NSGA 11 is performed over the order
of millions. Due to this, a finite volume solver can’t be used
for the optimization process [4].

AZ91 magnesium alloy is investigated experimentally
for the parametrical effects of cold chamber die casting
with high speed drilling machinability. Parameters such as




machinability properties, microstructure properties and me-
chanical properties are examined and the results showed that
the grain size varies depending on the pressure, temperature
and speed of the gate [5]. Investigation on aluminum bilayer
billets was carried out by considering the influencing para-
meters such as cooling condition and die temperature on the
formation of the interface. The investigation is carried out for
the chain of casting and massive forming between interface
evolutions [6].

MAGMASOFT software is used for numerical inves-
tigation in order to detect certain defects such as issues in
riser level, solidification, which leads to shrinkage and im-
perfections in the mould cavity, which helps to improvise the
process of casting in aluminum based alloys by the method of
gravity. The results concluded that changing design helps to
improve the defects in the centrifugal pump crank case [7].
High-pressure die casting is investigated for AL-10 wt %
Si alloy by using a scanning electron microscope, compu-
ted tomography (CT) and optical microscope (OM). The
investigation is carried out to define the relationship be-
tween the microstructure and fraction of high-pressure die
casting (Al-10 wt % Si) alloy [8]. AlSi12Fe alloy die casting
is manufactured by the process of vacuum-assisted high-pres-
sure die casting. Under various vacuum levels and investiga-
tion is carried out for certain parameters such as mechanical
property, porosity and thermal conductivity. From investiga-
tion, as vacuum levels increase, yield strength improves and
average porosity reduces [9]. An examination was done on
prematurely failed pins used in die-casting dies for aluminum
engine blocks. To research the reasons for the failures, static
and fatigue strength evaluations of the pin materials and
the deterioration degree of the strength because of exposure
to high temperatures were assessed. The greatest thermal
stresses were utilized to anticipate the fatigue lifetime of
the pin. The consequence of this examination uncovers that
cooling holes at the center point of the pin were machined
with some level of unusualness, prompting a centralization of
the thermal stress on the thin part and, at last bringing about
a premature failure. Proper machining of a cooling opening
in the pass on pins should be completed to keep away from
premature failure of these parts [10].

From the review analysis, the die material characteristics
behavior has a major influence on the life span of dies. The
main parameters that affect the lifespan of dies are thermal
characteristics and structural characteristics. As per the lite-
rature review, temperature characteristics directly depend
on various failure modes of dies. So, this paper influences the
temperature distribution and structural analysis of dies with
different materials to determine the crack formation with
their respective iterations, which directly influence the life
span of the die material.

3. The aim and objectives of the study

The aim of the study is to find out the temperature dis-
tribution of both moving and fixed die in which the crack
formation can be found out by means of temperature distri-
bution with the help of numerical analysis over a number
of iterations.

To achieve the aim, the following objectives are accom-
plished:

— to design and fabricate the fixed and moving die with
two different alloy materials;

—to derive the temperature distribution of die casting
over the number of cycles to enumerate crack analysis of
the fixed die;

— to find out the crack formation zone or weak zone to
its respective number of iterations for two different alloys to
define structural analysis of the moving die;

— to define structural analysis of the ingot and to validate
the material performance for crack formation by means of
temperature distribution between two different alloys.

4. Materials and methods

4.1. Materials

Materials used for the die casting process are discussed
in the following section. There are two dies namely fixed and
moving die. For the fixed die, H13 material is used, and for
the moving die, two different alloys are used such as magne-
sium alloy (AZ91D) and aluminum alloy (A356). The che-
mical composition of the moving die material such as AZ91D
and A356 is given in Table 1.

Table 1
Chemical composition of alloys
S.No | Composition | iR Al

1 Aluminum 88.51 92.05
2 Magnesium 8.1 0.35
3 Silicon 0.20 7

4 Iron 0.0050 0.20
5 Copper 0.0015 0.20
6 Manganese 0.17 0.10
7 Zinc 0.40 0.10

H13 is a tool steel widely used in hot and cold work
tooling applications due to its great stability towards heat
treatment. The thermal conductivity of H13 at a temperature
range of 800 °C is 25.1 W/m °C and its toughness is also high.
The re-melting process of H13 material enhances the homo-
geneity of the chemical composition and also enhances
the mechanical properties. Magnesium alloy (AZ91D) and
aluminum alloy (A356) are used as moving die materials for
analysis and their chemical composition is given in Table 1.
These two alloys are widely used in aerospace industries.

4. 2. 3D Design

Dies used for the die casting process are designed and
their respective dimensional design is given in Fig. 1 below.

The design of the fixed die shown in Fig. 1 based on the
dimension given is developed using design software and taken
for analysis. All the dimensions are given in mm.

4. 3. Mesh

Mesh is the pre-processing process of analysis, in which
it has three types namely coarse, medium and fine mesh.
For crack analysis, mesh is carried out for the fixed die with
medium mesh shown in Fig. 2 and for structural analysis;
mesh is carried out for the moving die with fine mesh shown
in Fig. 3. The selection of medium and fine mesh is mainly
based on the computational time taken for each analysis and
results obtained.
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Fig. 1. 3D dimensional design of the fixed die

Fig. 2. Mesh image of the fixed die

Fig. 3. Mesh image of the moving die

Fig. 2 explains the mesh image of the fixed die on which
analysis is carried out. Mesh used in the fixed die is medium
mesh because of its computational time and Fig. 3 explains
about the mesh image of the moving die on which analysis
is carried out. Fine mesh is used for the moving die with
7,533 number of elements.

5. Results of numerical analysis of the fixed
and moving die

5. 1. Crack analysis of the fixed die

Fixed die made of H13 tool steel is analyzed for tem-
perature distribution in order to find out the crack forma-
tion zone in the die. The physical condition that is thermal
gradient is given in the inner surface of the fixed die for
both alloys such as aluminum alloy (A356) and magnesium
alloy (AZ91D). Fig. 4 explains the temperature distribution
of aluminum alloy and Fig. 5 explains the temperature distri-
bution of magnesium alloy.
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Fig. 4. Temperature distribution of aluminum alloy

The analysis is carried out for aluminum alloy in the fixed
die to determine the crack formation zone by applying the
poring temperature as 850 °C on the surface. As the analysis
is carried out, the temperature gradient is determined with
maximum temperature gradient of 1.22E-10 °C/mm and mi-
nimum temperature gradient of 1.646E-13 °C/mm. The zone
with the maximum temperature gradient of 1.22E-10 °C/mm
is considered as the crack formation zone for the aluminum
alloy-based fixed die.

The temperature distribution of the fixed die of magne-

sium alloy is shown in Fig. 5.
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Fig. 5. Temperature distribution of magnesium alloy

The analysis is carried out to determine the crack for-
mation zone for magnesium alloy by applying a temperature
of 650 °C on the surface of the fixed die. From the analysis,
the temperature gradient is determined with a maximum
of 6.856E-14 °C/mm and a minimum of 4.114E-16 °C/mm.
From the results, the crack zone is determined as the zone with



the maximum temperature gradient of 6.856E-14 °C/mm
for the magnesium alloy-based fixed die.

3. 2. Structural analysis of the moving die

The structural analysis is carried out for the moving die
in order to determine the amount of stress and strain gene-
rated in the moving die for two alloys namely magnesium
alloy (AZ91D) and aluminum alloy (A356). Analysis is
carried out and the stress-strain relationship is determined
with force convergence data. The force convergence with the
number of iterations is analyzed and the stress-strain graph
is obtained by applying the load of 1,000N with maximum
time steps of 1,000.

5. 3. Structural analysis of the ingot

From Fig. 6, at the iteration rate of 502, aluminum alloy
material starts elongation with a force of 1.8e-5N and the
force convergence curve represents the elongation of alumi-
num alloy in which all 502 iterations are achieved by 1 sec.
The stress-strain graph is obtained shown in Fig. 7. It shows
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that breaking of the aluminum alloy-based moving die oc-
curs at the maximum stress of 446.94 MPa with a linear
deviation of strain 6.324e-3 mm/mm. As the stress of the
aluminum alloy-based moving die is increasing, strain is also
linearly increasing in which at a point of 446.94 MPa stress,
the material begins to develop a crack in the moving die for
aluminum alloy.

The force convergence with respect to iterations for mag-
nesium alloy is shown in Fig. 8 in which magnesium alloy ma-
terial starts elongation with a force of 3.1e-5 N and the force
convergence curve represents the elongation of magnesium
alloy in which all 502 iterations are achieved by 1 sec. The
stress-strain graph is obtained shown in Fig. 9.

It is shown that breaking of the magnesium alloy-based
moving die occurs at the maximum stress of 448.52 MPa with
a linear deviation of strain 1.0013e-2 mm/mm. As the stress
of the magnesium alloy-based moving die is increasing, strain
is also linearly increasing in which at a point of 448.52 MPa
stress, the material begins to develop a crack in the moving
die for aluminum alloy.
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Fig. 6. Structural analysis of: a — convergence of force; b — iteration for aluminum alloy

m B Equivalent Total Strain (Max)

6.3248e-3

5.e-3

4.e-3

3.e-3

2.e-3.

strain [mm/mm)]

l.e-3-

1.2645e-5

446.94

200. 300.
stress [MPa]

0.8935 100.

Fig. 7. Stress-strain relationship for aluminum alloy




—se—Force Convergence -+ Force Criterion

5.5937

— — Substep Converged — — - Load Step Converged

0.76187 (SIS
0.10377 ﬁ“‘ ——
1.4133¢-2 AR I

Z 1.925¢-3 mnmmmmmmmmmm
AN O AN ‘

8 2.6218¢-5

£ 3.5709e-5 |
4.8636e-6
6.6243¢-7
9.0224e-8 P
1.2289%-8

S =9

Time(s)

—_

50. 100. 150. 200.

250. 300. 350. 400. 450. 502.

Cumulative Iteration

b

Fig. 8. Structural analysis of: a — convergence of force; b — iteration for magnesium alloy

# BlEquivalent Total Strain (Max)

2.
1.0013e-2 -

8.75¢-3
7.5e-3
6.25e-3 -
5.e3
3.75e-3
2.5¢-3

strain [mm/mm]

1.25e-3

2.0028e-3
0.89709

100.

T

200. 300. 448.52

stress [MPa]

Fig. 9. Stress-strain relationship for magnesium alloy

6. Discussion of the research results of dies

The moving die made up of two different materials such
as magnesium alloy (AZ91D) and aluminum alloy (A356)
and the fixed die made up of H13 material are designed with
their respective dimensions shown in Fig. 1. The numerical
analysis is carried out in order to determine the crack forma-
tion zone by temperature distribution and structural analysis
by stress-strain relationship.

The numerical analysis is carried out to determine the
crack by means of temperature distribution as a thermal
gradient. As pouring temperature of 850 °C, the maximum
and minimum temperature gradient is 1.22E-10 °C/mm
and 1.646E-13 °C/mm, the crack is formed in the zone of
1.22E-10 °C/mm for aluminum alloy shown in Fig. 4. Similar-
ly for magnesium alloy, the maximum and minimum tempera-
ture gradient is 6.856E-14 °C/mm and 4.114E-16 °C/mm,
the crack is formed in the zone of 6.856E-14 °C/mm for mag-
nesium alloy shown in Fig. 5.

Structural analysis is carried out by applying 1,000 N
load with maximum time steps of 1,000 for both aluminum
and magnesium alloy. As per results, the cracing of aluminum
alloy and magnesium alloy occurs at a maximum stress of
446.9 MPa and 448.52 MPa, respectively. Once the alloy
material reaches its respective maximum stress value, the
crack tends to develop with a linear deviation of strain
6.324E-3 mm/mm for aluminum and 1.0013E3 mm/mm for
magnesium shown in Fig. 7, 9.

From the results, the crack zone for the aluminum alloy-
based fixed die is found at the range of 1.22E-10 °C/mm
thermal gradient and for magnesium alloy is at the range of
6.856E-14 °C/mm thermal gradient. From structural analysis,
the moving die of aluminum alloy and magnesium alloy has a ma-
ximum stress of 446.94 MPa and 448.52 MPa with a linear rela-
tionship in strain of 6.324e-3 mm/mm and 1.0013e-2 mm,/mm.
Once materials achieved their respective maximum tem-
perature gradient and maximum stress, cracking begins in
the material. As the number of timestep increases beyond




its limit, the crack begins to expand, which leads to material
failure. So, the application of these alloy materials in dies
should be within the prescribed temperature gradient and
maximum stress.

7. Conclusions

1. Moving die and fixed die were designed by using de-
sign software and analysis software, meshing is also carried
out for both dies of the die casting process.

2. The temperature distribution was carried out in order
to find the range of temperature over 1,000 number of itera-
tions and the crack formation zone is also found out.

3. The crack zone for the aluminum alloy-based fixed die
is found at the range of 1.22E-10 °C/mm thermal gradient
and for magnesium alloy is at the range of 6.856E-14 °C/mm
thermal gradient.

4. From structural analysis, the moving die of alumi-
num alloy and magnesium alloy has a maximum stress of
446.94 MPa and 448.52 MPa with a linear relationship in
strain of 6.324e-3 mm/mm and 1.0013e-2 mm/mm.
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