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Summary 

The high pressure die-cast process is used to produce parts from aluminum, magnesium, copper 
and zinc. Advantages of this process include conformity to the mold, favorable mechanical 
properties and low cost. The process is used in aerospace, automobile, and electrical appliance 
manufacture. The die-cast process involves injecting molten metal into a die at high velocity 
and pressure. 

Different parameters influence the production of parts produced by the highpressure die-casting 
method. These can be divided into two groups: 

1) Design parameters
2) Manufacturing parameters.

Factors such as runner type and location, gate shape, size, number of overflows and position of 
the mold cooling system are considered important design parameters. Factors such as alloy 
composition, melt temperature, die surface temperature, injection pressure and the weight of 
the parts are considered manufacturing parameters. 
This thesis describes optimization of die temperature in highpressure die-casting of A380 
(aluminum alloy) by experimental observation and numerical simulation. 

The ladder frame, a part from the new motor EF7, has a very complex geometry. It is used here 
for experiments to show the effect of die temperature and melt temperature on production and 
quality of parts.Die temperatures are measured at the initial step and the final filling positions 
and the differences between these values are calculated. 

Statistical tools such as regressions, relationships, correlations, ANOVA, T-test, descriptive 
statistics are used to process the data. 
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Abstract 

This thesis describes optimization of die temperature in high pressure die-casting (HPDC) of 
A380 alloy by experimental observation and numerical simulationwith the use of statistical 
tools.The goal of this research is to determine the optimum die temperature to minimize incidence of 
these defects and thus maximize production of parts without defects.    

In HPDC, molten metal is injected into the die at high speed (40-60 m/s for aluminum alloys). 
Die temperature plays an important role on the rate of rejected parts. Therefore, flow patterns 
of molten metal in HPDC of an automotive component with very complex geometry (the ladder 
framefrom the EF7 motor) were examined to determine the optimal die temperature. 

Defects in the production process fall into three categories, including surface, internal and 
dimensional defects. Samples produced in the experiments were classified according to any 
present defects. 

Another important parameter that influences casting defects is the cooling rate. Die 
temperatures were measured at the initial step and final filling positions. Experiments were 
performed with die temperatures ranging from 150 °C to 250 °C. The results show that the melt 
temperature difference in the die between the initial step and the final filling position was 
between 20 and 25 °C. 

Statistical tools such as regressions, relationships, max, min, correlations, ANOVA, T-test, 
Principal Component Analysis (PCA) and descriptive statistics were used to facilitate 
interpretation of data from the die-cast experiments. 

Perform some case studies in order to study the process behavior, take a better knowledge of 
effecting parameters, and measure the required parameters. The collected data are utilized to: 

• Set the model

• Validate/ verify the model

ProCast software was used to simulate the fluid flow and solidification step, and the results 
were verified by experimental measurements. The optimal die temperature for this alloy was 
found to be above 200 oC. 

Statistical analysis of the experimental results found that defects were minimized and confirmed parts 
were maximized in HPDC of the ladder frame within a die temperature range of 210° C to 215° C.  
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Abstrakt 

Denna avhandling beskriver optimering av press temperatur i högtrycksgjutning (HPDC) i 
A380-legering genom experimentell observation och numerisk simulering med hjälp av 
statistiska verktyg. Målet med denna forskning är att bestämma den optimala formtemperaturen 
för att minimera förekomsten av dessa fel och därmed maximera produktionen av delar utan 
defekter. 

I HPDC, är smält metall sprutas in i formen vid hög hastighet (40 till 60 m/s för 
aluminiumlegeringar). Die temperatur spelar en viktig roll för graden av avvisade delar. Därför, 
flödesmönster av smält metall i HPDC av en fordonskomponent med mycket komplex geometri 
(stege ramen från EF7 motorn) undersöktes för att bestämma den optimala formtemperaturen. 

Defekter i produktionsprocessen delas in i tre kategorier, inklusive yta, intern och dimension 
defekter. Prover som produceras i experimenten klassificerades enligt eventuella befintliga 
defekter.  

En annan viktig parameter som påverkar gjutfel är kylningshastigheten. Die temperaturerna 
uppmättes vid det första steget och slutfyllningspositioner. Experiment utfördes med die 
temperaturer varierande från 150°C till 250°C. Resultaten visar att skillnaden 
smälttemperaturen i munstycket mellan det initiala steget och det slutliga fyllningsläget var 
mellan 20 och 25°C. 

Statistiska verktyg såsom regressioner, relationer, max, min, korrelationer, ANOVA, t-test, 
Principal Component Analysis (PCA) och deskriptiv statistik användes för att underlätta 
tolkningen av data från de gjutna experimenten. 

Utför några fallstudier för att studera processen beteende, få en bättre kunskap om effektiva 
parametrar, och mäta de parametrar som krävs. De insamlade uppgifterna används för att: 

• Stdla in modellen
• Validera/verifiera modellen

Procast mjukvara användes för att simulera vätskeflöde och stelsteget, och resultaten 
verifierades genom experimentella mätningar. Den optimala formtemperaturen för denna 
legering befanns vara över 200 oC. 

Statistisk analys av de experimentella resultaten fann att defekter minimerades och bekräftade 
delarna maximerad i HPDC av stegram inom en formtemperaturområde av 210°C till 215°C. 
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Nomenclature and abbreviation 

Latin Letters 

C0 composition  

TL temperature of liquid °C  

Cs composition of solid phase  

CL composition of liquid phase  

K distribution coefficient (variable) 

Vs phase boundary velocity  

Dc diffusion coefficient  

GL thermal gradient in front of solid-liquid inter phase (Free energy of the liquid) 

                                     

mL slope of liquidus line in the phase diagram (variable) 

T temperature °C  

ΔG               Gibbs free energy  

r radius nucleation (m) 

               Interfacial energy  

             change energy unit volume (a volume change from liquid to solid)  

 free energy of the solid  

critical radius (m)  

 the driving energy critical nucleation   

H enthalpy  

Cp specific heat  °C  

L  latent heatand  

fs  fraction of solid (variable) 

CA time stepping cellular automaton (variable) 

Pv corresponding probability (variable) 

NCA total number of cells used (variable) 
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Vand VCA volume associated with one CA cell(m3,l,ml,µl) 

rn random number(variable) 

g gravitation vector (variable) 

p fluid pressure (Pa, N ) 

mechQ volumetric heat source  

k thermal conductivity °k  

h  specific enthalpy  

Greek letters 

δ delta(lowercase) (variable) 

Δ delta(uppercase) (variable) 

  volumetric mass  

v  velocity of the fluid  

v viscous stress tensor (variable) 

Φ scalar variable (variable) 

Abbreviations 

EF7  New motor of Iran khodro Company  

FEV German engine designer company 

IKCO Iran Khodro Company  

HPDC High pressure die-cast 

CMM Coordinate measuring machine 

ANOVA         ANalysis Of VAriance between groups 

PCA Principal Component analysis 
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1. Introduction: 
There are various methods to produce the parts which are applied in the industry, nowadays. 
The most important ones are as followings:  

1-Mashing  

2-Casting  

3-Welding (Tig, Mig, laser beam, Electron beam, FSW…)    

4-Forming (sheet, powder, forge, spinning, electroforming…)   

The above mentioned methods have subsidiary branches in themselves and the methods for 
parts productions by casting method are several, as well. Some of them are as follows:  

1- Gravity casting  

2- Centrifuge casting  

3- Continuous casting  

4- High-pressure die casting (Hot chamber, Cold chamber) 

5- Low-pressure die casting  

6- Investment casting  

7- Squeeze casting 

The high pressure die-cast process is used to produce parts from aluminum, magnesium, copper 
and zinc. Parts produced by this process conform accurately to the die size, have favorable 
mechanical features, and are low in cost. This process also enables production of parts with 
complex shapes. This production process thus has a wide range of applications and is used to 
make millions of parts in a variety of industries, including the aircraft and automobile 
industries and electrical appliance manufacture. Different parameters influence the production 
of the accepted parts which are produced by high-pressure die casting method the same as melt 
temperature, injection pressure, die temperature, the complexity of the parts shape, injection 
speed and so on. In this research the effect of die temperature on occurred defects in produced 
parts is investigated.   
Also today, many manufacturers use numerical methods to solve physical problems because of 
the advantages these methods have over trial and error methods. Numerical methods are 
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increasing in popularity, and many such methods can be used to solve physical problems. 
Hence, large companies have produced many types of software for this purpose. One of the 
advantages of numerical methods is that they can significantly reduce the time and cost of 
solving problems related to the production process and optimization.  
The research in this thesis focuses on die-cast aluminum alloys and their application in the 
automobile industry. Due to the high speed, relatively high temperature and the complexity of 
the relationships between influential parameters of the die-cast process, understanding the 
relationships between the complex shape of castings, production parameters, and the 
components of the die-cast process can reduce waste and minimize faults in production of 
complex components. 
 

1.1 Statement of the problem 
When a new part is designed for the first time, it may have a very complex shape depending on 
the design constraints. These constraints may be due to lack of space, the need for an 
aerodynamic shape, or a set of performance parameters. This is apparent in the parts examined 
in this research project, which relates to a new gas-based engine (EF7) designed by the German 
company FEV for the Iranian company IKCO. This is the first hybrid gas and petrol engine.  
The complexity of a part produced in the die-cast process is an important factor in its 
manufacture. Increased complexity can lead to an increase in the number and types of 
manufacturing defects. Die-cast design and parameters of the production conditions must 
therefore be optimized to minimize manufacturing defects. Runner position, location and 
number of overflows and form of cooling ducts are among the most important design 
parameters, and melting temperature, alloy composition and mold surface temperature are 
among the influential production parameters. 
 

1.2 Objectives 
The objectives of this research can be summarized as follows: 
1. To understand the parameters that affects the production process and the design parameters 
of the die-cast method. 
2. To determine the relationships between components of the die-cast design, the location of 
runners and overflows and the geometric complexity of the parts. 
3. To investigate the relationship between design parameters and manufacturing parameters and 
to optimize them to reduce the number of faults and thus unusable parts. 
 

1.3 Vision and scope of work 
 The scope of this thesis is on the production of parts made of aluminum alloy A380 with 
complex shapes and minimal defects using the die cast method. 
Simulations are performed with Engineering ProCast software to model experimental results, 
and experiments are performed to confirm the results of simulations empirically. 
This thesis comprises of six sections: 
Section One: Generalities including summary, introduction, and statement of the problem, 
objectives, perspectives, limitations, materials and methods 
Section Two: Theories of solidification and Types of defects in the HPDC process 
Section three: Experimental results and optimization with Engineering ProCast software  
Section Four: Discussion, future work and conclusion  
Section Five: References 
Section Six: papers 
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1.4 Limitations 
The limiting factors of this study are as follows:  
1. The extremely short duration of the process (less than one second).
2. The existence of critical conditions such as the relatively high temperature and the
penetration of melted materials into the die in the form of atomization (powder) under high 
pressure during the process. 
3. Lack of melting temperature during the process.
4. The complexity of the sample shape and the lack of information relating to the correct die
design for complicated pieces. 

1.5 Materials and methods 
In this research the effect of die temperature on occurred defects in produced parts is 
investigated.Die temperature in high-pressure die casting is optimized by experimental 
observation and numerical simulation. Ladder frame (one part of the new motor EF7) with a 
very complicated geometry was chosen as an experimental sample. Die temperatures at the 
initial step and the final filling positions were measured and the differences between these 
values were calculated. Statistical tools were used to facilitate interpretation of data from the 
die-cast experiments. Pro CAST software was used to simulate the fluid flow and solidification 
step of the part, and the results were verified by experimental measurements. Experimental test 
results and changes in the simulated model were used to obtain conditions for improving the 
quality of the manufactured parts. 

Initial conditions for experiments were A380 material (physical and mechanical properties and 
chemical composition of the alloy are shown in Tables2 and 3 in the Appendix), H13 die 
material and measurement of the melt temperature by thermocouple and laser pyrometer 
(model CHY110) was carried out at the die surface. Melt temperature was measured at the die 
entrance at the injection start time and at the end of die for the time out injection. This test was 
done for each die temperature. The IDRA1600 die cast machine was used for injection. In order 
to ensure the reliability of the experimental results, experiments were performed in triplicate 
and the total number of experiments was 800. The defective parts and the type of defects were 
determined by means of various tools such as X-ray, CMM, metallography and visual 
examinations. 
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2. Theories of solidification and Types of defects in the HPDC process 
This section discusses theory of solidification and formation of shrinkage porosity, including 
both classical and non-classical nucleation and different nucleation models. It also discusses the 
different types of defects in the HPDC process. Finally, ProCast software is used in the 
simulation casting process to investigate methods and equations that describe the process. 

2.1 Microstructure of solidification 
In casting of Aluminum-silicon alloy, Si is considered as the main alloying element in 
aluminum-silicon alloy casting. Solidification behavior of this alloy can be explained by the Al-
Si binary phase diagram (Figure 2.1). 

 
Figure 2.1: Al-Si binary phase diagram 

 

When melt is first poured into a mold, the portion of melt which is in contact with the mold 
wall begins to freeze. Because of the high freezing rate and favorable conditions for 
heterogonous nucleation, a thin layer of solid with equiaxial grain is formed on the mold wall. 
The solidification rate at this stage is controlled by the heat transformation rate. Thermal and 
concentration gradients subsequently form due to heat transfer inside the melt. At this stage, the 
solidification rate and the resulting microstructure are controlled by constitutional super 
cooling. The resulting microstructure after this stage consists of column-like crystals that go 
through the center of the part. Depending on the superheating of the melt, chemical 
composition, nucleation conditions, part thickness and freezing ability of the mold, the 
thickness of the equiaxial layer can vary from very thin or may go right through to the center of 
the part (Figure 2.2). 
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Figure 2.2: Grain microstructure after solidification of casting part schematic (left), and 
microstructure of Al-4%Cu billet (right) [1] 

Generally, depending on the degree of constitutional super cooling, three different 
microstructures may be formed. Here we consider the case of an alloy with composition C0 
which has an initial liquid temperature TL (Figure 2.3).  

Figure 2.3: relationship between phase diagram with distribution coefficient k, and 
development of constitutional under cooling [1] 

As can be seen from this diagram, the first solid that is formed has the composition kC0. If the 
composition of solid and liquid phases is Cs and CL, the distribution coefficient k is Cs/CL. The 
distribution coefficient has a value below one in low carbon steels, meaning alloying elements 
enter the melt as solidification proceeds, therefore increasing the concentration of alloying 
elements in the melt in front of the solid-liquid boundary. We assume that accumulation of 
alloying elements in front of the phase boundary takes place within a distance δc and 
concentration of alloying elements depends on diffusion in the melt so that δc = 2Dc/Vs. Vs 
and Dc are phase boundary velocity and diffusion coefficient respectively. With reference to 
Figure 2.3, if the thermal slope inside the melt is less than the critical value according to the 
following equation (i.e. there is constitutional under cooling), the solidification front grows 
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unstably and becomes uneven. In this condition, depending on the thermal slope inside the 
melt, the solidification microstructure is either cellular or dendritic. If there is no constitutional 
under cooling, the final microstructure is planar.  

 < −      constitutional under cooling equation 

In this equation, GL is the thermal gradient in front of the solid-liquid inter phase and mL is the 
slope of the liquidus line in the phase diagram. 

Figure 2.4 shows the three different phase boundary growth mechanisms according to the 
degree of constitutional under cooling 

Figure 2.4: Formation of different phase boundary structures according to constitutional under 
cooling: planar (left), cellular (middle), and dendritic (right). Thermal gradient and melting 

temperature (top graphs) and resulting microstructure (bottom graphs) 

In practical conditions such as sand casting, dendritical solidification takes place. Figure 2.5 
shows the effect of the thermal gradient in front of the interface and the velocity of the interface 
front on the final solidification microstructure. 
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Figure 2.5: effect of GL and VS on the solidified microstructure [1] 

 According to the Figur 2.5, GL /VS determines the type of microstructure, and as this parameter 
decreases microstructure shifts from cellular to equiaxial, and from planar to cellular and 
dendritic. The parameter T=GLVS determines the finesse of the microstructure – increasing the 
value of this parameter results in finer microstructure [1]. 

2.2 Theory of nucleation of shrinkage and gas porosities during solidification 
Nucleation of shrinkage and gas porosities is a critical stage of defect formation during 
solidification. In practice, the dimensions and distribution of defects are functions of defect 
nucleation conditions. Willard Gibbs (1839-1903) presented a theory of nucleation [2] which is 
still widely used in the literature due to its simplicity and comprehensiveness. The Gibbs model 
has been widely used in the material science literature, especially for quantitative calculation of 
defect formation in solidification, but today the Gibbs model is generally only considered valid 
for qualitative analysis. Gibbs himself recognized many of the limitations of the model. In 
order to overcome these limitations, Johannes Diderik vander Waals (1837–1923) [3] presented 
a new model to thermodynamically evaluate heterogeneous systems based on continuous 
environments. Unlike the Gibbs model, this model considers variation of physical properties 
from matrix to the second phase as being continuous. The vander Waals model was later 
extended by John Werner Cahn and John Hilliard [4, 5, and 6] to consider heterogeneous 
nucleation. Other models, such as density functional theory [7, 8] have subsequently been 
developed based on these models to extend the Gibbs model, and as a result its limitations have 
been overcome to an extent and its comprehensiveness has increased 
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2.2.1 Classical nucleation models (Gibbs nucleation model) 
Gibbs nucleation model is accepted as the classical nucleation theory. This theory was 
presented in two consecutive papers in 1875 and 1877 which are collected in reference [2].In 
the model, a two phase heterogeneous system is replaced by two individual homogenous phases 
which have a specific interface.  

Considering nucleation of a bubble in a homogeneous phase: 

Δ = π π

 : -

Where ΔG is Gibbs free energy, r is radius nucleation,  is Interfacial energy,  is 

Change energy unit volume (a volume change from liquid to solid),  is Free energy of the 

liquid,   is Free energy of the solid,         

According to Figure 2.6, the critical radius of nuclei corresponds to the maximum internal 
energy of the system at the critical radius ( ) of the cluster. This means that clusters with radii 

smaller than this value are unstable and vanish whereas clusters with radii larger than the 

critical value stabilize the system and thus clusters will grow. Here  is the driving energy 
critical nucleation. 

Figure 2.6: Variation of internal energy of the single-phase system versus radius of formed 
nucleus 

2.2.2 Non-classical nucleation models 
There has been extensive research to resolve this issue during the past century resulting in 
several non-classical models of nucleation. One of the main models proposed to explain 
empirical findings is the existence of stable primary bubbles in the liquid or semi-stable state 
[9]. In this model it is assumed that there is always a significant number of bubbles with radii 
larger than the stable form of the critical radius [9, 10, 11, and12] or in a semi-stable state [9, 
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13] in the liquid, which form to reduce the energy barrier discontinuity in the liquid. In fact, in
this model inconsistencies in the growth of nuclei in the fluid primarily exist in the melt 
(without the need for nucleation). Distribution, size and chemical stability of primary bubbles 
are a function of thermal history and fluid mechanical and thermodynamic conditions. Today 
there is a firm consensus on the validity of this model among researchers in different related 
fields, and there has been no hypothesis up to now that rejects this model. However building a 
quantitative version of this model has been too complex, costly and difficult with existing 
laboratory tools. The currently used model as a quantitative model, and previous models are 
still considered valid and are used to supplement the quantitative model. There has been 
insufficient attention paid towards practical use of this model in computer simulation. In a 
recent example [14], a basic model for bubbles in melt was considered and distribution of 
discontinuities of bubbles with simulation of growth was solved by atomic penetration. 
Another non-classical model of nucleation was offered by John Campbell et al [15, 16, and 12]. 
In this model it is assumed that a significant amount of oxide crust exists in the melt, which due 
to the turbulent flow of fluid folds in to two layers of oxide shells. The model also assumes that 
the shells distribute homogeneously in the melt. The non-continuity nucleation process is 
treated as the opening of a folded shell and thus there is no need to create a new unconformity 
surface. Campbell attempted [15, 16, and 12] to verify his model indirectly with a series of 
simple tests performed on the molten aluminum, but each of the results Campbell offers to 
justify his model can also be explained with the earlier basic bubbles model. In addition, the 
application of this model is limited to fluids such as aluminum and its alloys which tend to 
form oxide shells that float due to the similar specific weight of shells and melt. It appears that 
despite Campbell’s efforts over the last decade, this model has not gained popularity among 
researchers. 

2.2.3 Conclusions regarding nucleation models 
As noted before, formation of unconformities in the melt, such as gases and shrinkage bubbles, 
requires formation of a new interface in the liquid phase. Generally, formation of such 
interfaces requires nucleation and growth. Evaluation of the classical model of nucleation 
shows that the amount of nucleation energy or rupture tension of the melt predicted by this 
model differs from the observed experimental value. If diffusion and accumulation of vacancies 
(during formation of shrinkage defects) or diffusion and accumulation of gases (during 
formation of gas defects) are taken as the cause of the defects, the Gibbs energy of nucleation 
as a barrier to the defect formation tends towards zero. This is contrary to the principles of 
thermodynamics. Study of the developed Gibbs and Kaun-Hiliard models shows that these 
models always predict much lower work for nucleation than the Gibbs models. However, in 
low saturation cases, the difference is not sufficient and still does not account for empirical 
observations. Work required for nucleation in these models tends towards zero with increasing 
super saturation, such that in the spinodal region, there is no energy barrier for formation and 
growth of defects. In order to fill the gap between the theoretical models and empirical 
observations, non-classical models have been introduced which consider initial discontinuity 
bubbles in the melt. When metallurgical quality of the melt is high and dissolved gas 
concentration in melt is low, the discontinuity influences the formation and assembly 
vacancies. Since the advancing of the solidification front proceeds with diffusion of vacancies 
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from the liquid-solid interface toward the liquid phase, melt concentration increases 
continuously relative to vacancies. However due to the limited amount of shrinkage during 
solidification, the amount of saturation is negligible. Formation of shrinkage defects in the melt 
at the final stage of solidification would thus be expected to form from a limited amount of 
melt with low vacancies super saturation. Note that in the early stages of solidification, 
saturation is the cause of discontinuity in the melt and the nucleation energy barrier is high. In 
addition, because of the high metallurgical quality of the melt, there is a lower possibility of 
bubbles being present within the melt. Therefore, in melts with high metallurgical quality, 
shrinkage defects would be expected to appear in the central region of the part. It is also 
possible that depending on the geometry of parts and the metallurgical quality, in the last 
solidification point of the melt, (due to the relative negative pressure caused by accumulation of 
empty spaces) and shrinkage may be compensated by surface deformation. When the 
metallurgical quality of the melt is low, or there is a significant amount of dissolved gas in the 
melt, the melt may reach saturation in the early stages of solidification. There is also a 
possibility of primary bubbles in melt with low metallurgical quality. In this case, depending on 
the amount of dissolved gas, we would expect straggly distribution of gas defects. Thus, gas 
and shrinkage defects can combine and if the volume of gas defects is greater than the volume 
of shrinkage defects, gas defects will be completely enclosed in the part. The distribution of 
shrinkage defects is therefore expected to be influenced by the amount of dissolved gases as 
well as other parameters that are addressed in the following sections. 

2.3 Types of defects in the HPDC process 
 In high pressure die-casting, primary energy is provided by the plunger and the melt stream is 
thus atomized in the gate. If we assume that atomized melt particles are spherical, initial sites 
for nucleation will be created at the integrated stage of these particles. During high super 
cooling in the die-casting molds, solidification occurs by facilitating homogeneous nucleation. 
Under external pressure gases are present in the melt at minimum size due to their 
compressibility. This is why die cast parts contain microscopic gas defects. With incorrect 
runner design, in addition to their effect in facilitating heterogeneous nucleation, gases in the 
solidification process can also result in macroscopic defects, due to incorrect solidification 
mechanism and formation of cellular structure. 

Molten metal is injected into the die at high speed (30-100 m/s, or 40-60 m/s for aluminum 
alloys [17]) through a complex gate and runner system [18].The mechanical properties of a die-
cast product are mostly dependent on the die temperature, the metal velocity at the gate, and the 
applied casting pressure [19]. The effect of die temperature is important for two reasons. 
Firstly, it has an effect on the number of accepted parts (i.e. parts without significant defects). 
Secondly, it has an effect on the lifetime of the die. Other influential parameters include melt 
temperature, speed and pressure of injection, type of alloy, the design of the die cooling system, 
the size and complexity of the part shape, and the position of the runner and overflow. If these 
parameters are not optimal, various defects can occur. Defects in the production process fall 
into three categories and further subcategories, which are listed in Figure 2.7 [20]. 



21 

Cold flow
Intense cooling
Flow lines
Cold shut
Miss fill
Spins
Flow effects

Defects(Type-1) Surface Defects Conjunction lines
Poor fill
Chill
Labs
Lamination
Blisters
Cracks
Die failures

Trapped air
Air in the shut sleeve

Trapped gas Turbulence
Inappropriate over flow

Porosities Extra Lubricants

Shrinkage
Defects(Type-2) Internal Defects

Cold box
Oxide film slag impurities Gate

Impurities Slag Overflow the melt in mold
Sludge

Dimension and die temperatures
Die temperature Dimension problem(shrinkage/expansion)

Defects(Type-3) Dimensional Defects Die condition Flash buildup in separation line
Pure die surface

Injection force

Figure 2.7: Categories of defects occurring in the production of aluminum parts through HPDC 

2.4 Casting simulation software 
Software simulation is widely used to reduce labor costs. Several software applications have 
been developed for use in casting, including ProCast, MagmaSoft, QuikCast, SolidCast, 
CastCAE and SutCast. 

ProCast is a physics-based computer program designed for the calculation of fluid flow, 
thermal and thermo mechanical phenomena encountered during the manufacture of metal 
castings, as well as the resulting microstructure features obtained in the cast components. A 
typical casting is produced by pouring liquid metal into a suitably prepared mold cavity 
containing the topology of the part to be manufactured. As a result of energy extraction through 
the mold walls, the liquid metal cools and solidifies, producing a consolidated metal part. The 
soundness and overall quality of cast metal parts is strongly influenced by the details of the 
liquid metal flow during mold filling and the time-dependent temperature field during 
solidification. Macro and microstructure characteristics of the cast parts are determined by the 
flow and thermal history of the casting, and these in turn determine the mechanical and other 
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physical properties of the material. The ProCast program has been under vigorous development 
for more than 20 years. It is based on a finite element methodology that coupled with a volume 
of fluid technique for the computation of mold filling. The basic operation of the ProCast 
System is straightforward. The key modules are called MeshCast, PreCast, ProCast and 
VisualCast. The MeshCast module is used to create the geometry and finite element 
representation of the casting system (including mold, risers, gatings, filters, etc.). The PreCast 
module is used to define assigned physical properties to all the materials involved as well as the 
boundary and initial conditions of the process. The ProCast module is the computational engine 
that performs the necessary mathematical calculations and produces computed values of metal 
velocity, temperature, fraction solidified, dendrite arm spacing, etc. Finally, the VisualCast 
module allows detailed examination of the computed results [21, 22]. 

ProCAST is based on finite element technology and is well suited to predicting the mold filling 
process and casting conditions such as temperature gradient, cooling rate and solidification rate. 

2.4.1 Thermal problems [23]

No phase change 
For thermal problems (with or without solidification), the following minimum data are 
necessary (typically for mold materials): 

Thermal conductivity 

Specific heat 

Density 

These properties can either be constant or temperature dependent. 

With phase change (solidification) 
When solidification is present (i.e. for casting materials), one should also define the following 
properties: 

Fraction of solid 

Latent heat 

Liquidus and Solidus temperatures 

The fraction of solid curve must be temperature-dependent. It should start at 0.0 at high 
temperature, and increase to 1.0 towards low temperatures. The fraction of solid should be a 
strictly descending curve and should be strictly defined between 0.0 and 1.0. If this is not the 
case, a warning is be issued. If there is a isothermal transformation (e.g. eutectic plateau), it 
should be "spread" over aninterval of one degree. 

The latent heat, liquidus and solidus temperatures are defined by constants. The liquidus and 
solidus temperatures should be consistent with thefraction of solid curve (no consistency 
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checks are performed). The liquidus and solidus temperatures are used for the porosity models 
and to calculate the permeability of the mushy zone in the case of flow calculations. 

ProCAST offers an alternative definition of the phase change. Instead of defining the specific 
heat and the latent heat, one can define the corresponding enthalpy curve. 

The enthalpy as a function of temperature, H(T), is defined as follows : 

Where Cp(T) is the specific heat as a function of temperature, L is the latent heatand fs is the 
fraction of solid. 

As there are two ways to define the phase change, the software  automatically detectswhether 
there is a conflict in order to have either : 

Specific Heat ,Latent Heat or Enthalpy 

2.4.2 Cellular automaton [24] 

The Cellular automaton obeys the following rules: 

The space is divided into cells of equal size, usually squares or hexagons in two dimensions, 
arranged in a regular lattice; 
The neighbourhood of each cell is defined; 
Each cell is characterized by different variables (e.g. temperature, crystallographic orientation) 
and states (e.g. liquid, solid); 
The rules of transition which determine the evolution of agiven cell in a time step are defined 
according to the variables and states of the neighbouring cells. 
The time-stepping cellular automaton (CA) was developed as described Figure 2.8: 

Figure 2.8: (a) Schematic of a small solidifying volume element of uniform temperature within 
which nucleation and growth can occur from the mold wall and in bulk;(b) Schematics of the 
cellular automaton used to predict microstructure formation in the small solidifying specimen 

shown in(a). 
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Firstly, a network of cells is laid out in a regular lattice arrangement. In two dimensions, two 
types of lattices were used: squareand hexagonal. In the simplest CA configuration, only 
thenearest-neighbour cells of a particular location are considered. For the square lattice, this 
corresponds to the cells at the North, South, West and East of the site C (indices N, S, W, and 
E). Since the plate is cut arbitrarily by two planes perpendicular to the mold surface (see Fig. 
2.8), periodic conditions are set on these boundaries. Therefore, the cells on the right boundary 
have their east neighbour located on the left boundary and vice versa. At the beginning of the 
simulation, each cell is given the same initial temperature above the liquidus of the alloy and a 
state index equalto zero: meaning that it is in the liquid state. Sites located immediately next to 
the mould wall have a reference number that indicates that they are on this boundary. The time 
stepping calculation is then started. The temperatureat each timestep is given by the cooling 
curve of the specimen, which is obtained either from a heat flow computation or from a 
temperature measurement.When the temperature is lower than the liquidus point, the cells can 
solidify, as governed by the two mechanisms of heterogeneous nucleationand growth, as 
described above. The locations of new nuclei are selected at random among the remaining 
liquid cells. Similarly, the crystallographic orientation of a new nucleus is selected 
randomlyamong equi-probabilistic orientation classes. The entrapment of a liquid cell by the 
growth of an existing solid neighbour is also consideredby using a MonteCarlo procedure. 
These aspects are detailed below. 

2.4.3 Nucleation 
With in a timestep , the temperature of the specimen decreases by δT and thus undercooling 
increases by δ(.Δ.)T [δ(.Δ.T)>0]. Accordingly, the density of new grains that are nucleated 
within the volume of the melt is given by: 

= n [ ]- ( ) = 

where the index "v" refers to the nucleation site distribution for the volume of the melt.This 
grain density increase δnv, multiplied by the total volume of the specimen V, gives the number 
of grains δNv, that are nucleated during the time step δt. The location of these new grains is 
randomly selectedamong all the CA sites by defining the corresponding probability Pv that a cell 
nucleates duringthe time step , i.e. 

Pv =  = 

NCA is the total number of cells used to represent thevolume Vand VCA is the volume as sociated 
with one CA cell. During the time step δt,all of the cells that define the volume of the specimen 
are scanned and a random number rn, is generated for each cell (0≤ rn ≤1). The nucleation of a 
cell which is still liquid, i.e. whose index is still equal to zero,occurs only if 

rn
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Growth 

Figure 2.9: Details of the growth of acellular automaton cell correction applied to adendrite tip 

Consider a CA site labeled "A" which has nucleated at a time tN [see Fig2.9]. In two 
dimensions, its orientation makes an angle θ with respect to the horizontal (-45 <θ< 45 ). 
Ignoringthe incubation timeduring which the grain has a spherical or globular shape, the square 
that delimits the dendritic envelope[the black square in Fig. 2.9] has a half-diagonal L(t), which 
is given by the integral over time of the growth of the dendrite tip 

3. Experimentation and optimization

3.1 Experimental procedures: 
Die temperature in high pressure die casting of A380 alloy is optimized by experimental 
observation and numerical simulation. The ladder frame, a part with complicated geometry 
from the new gas-based motor EF7, one of the IKACO motors designed by the German 
company FEV, was chosen as an experimental sample (Figure3.1). 
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Figure3.1: Geometry of ladder frame part 

Die temperature and melt temperature were examined in order to produce a sound part. Die 
temperatures were measured at the initial step and the final filling positions and the differences 
between these values were calculated. ProCast software was used to simulate the fluid flow and 
solidification step, and the results were verified by experimental measurements. 

Table1 (in Appendix) shows the experimental conditions. These conditions were maintained for 
all experiments, making it possible to compare results between experiments. 

The experiments were performed with different die temperatures ranging from 150 °C to 250 
°C. Initial conditions for experiments were A380 material (physical and mechanical properties 
and chemical composition of the alloy are shown in Tables2 and 3 in the Appendix), H13 die 
material and measurement of the melt temperature by thermocouple and LASER pyrometer 
(model CHY110) was carried out at the die surface. Melt temperature was measured at the die 
entrance at the injection start time and at the end of die for the time out injection. This test was 
done for each die temperature. The IDRA1600 die cast machine was used for injection. In order 
to ensure the reliability of the experimental results, experiments were performed in triplicate 
and the total number of experiments was 800. The defective parts and the type of defects were 
determined by means of various tools such as X-ray, CMM, metallography and visual 
examinations 

In order to evaluate the effect of process parameters on the filling pattern and quality of the 
final product, two main process parameters (Table3.1) were varied during experiments and 
their effects on the results were studied. 

Variation of process parameters 

Die temperature (oC) 150,170,190, 200,210,220,230,240& 250 

Melt temperature (oC) 670, 680, 690  

Table 3.1: Variation of process parameters1 
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The results of experiments are shown in Table 3.2: 

Sample 
No. 

Die 
temperature 
(oC) 

Melt 
temperature  at 
outset 
injection(oC) 

Melt 
temperature at 
end injection 
(oC) 

Number of 
Defect 
Type 1 

Number of 
Defect 
Type 2 

Number of 
Defect 
Type 3 

Number of 
Accepted 
Parts 

Number of 
Tests 

1 150 670 650 23 11 4 3 41 

2 150 669 649 25 13 3 4 45 

3 150 671 652 28 10 2 3 43 

4 170 670 659 12 4 2 22 40 

5 170 673 660 10 7 3 20 40 

6 170 672 661 10 5 2 23 40 

7 190 674 663 3 3 2 30 38 

8 190 672 660 4 3 1 29 37 

9 190 673 662 3 4 1 33 41 

10 200 675 664 1 4 2 39 46 

11 200 676 666 2 3 1 37 43 

12 200 674 664 1 3 1 36 41 

13 210 676 666 1 1 0 41 43 

14 210 676 668 0 1 1 44 46 

15 210 677 667 0 1 1 42 44 

16 220 677 668 2 3 2 38 45 

17 220 678 668 1 4 3 39 47 

18 220 677 669 1 1 2 37 41 

19 230 678 671 3 6 5 33 47 

20 230 678 669 2 5 4 34 45 

21 230 679 671 2 4 3 33 42 

22 240 680 669 3 9 5 31 48 

23 240 678 671 2 11 4 30 47 

24 240 679 671 3 9 6 31 49 

25 250 679 671 4 11 9 17 41 

26 250 680 670 5 10 10 16 41 
27 250 679 672 5 11 9 17 42 

    

Total 
exam 798 

Table 3.2: Results of experiments at different temperatures2 

3.2 Statistical Analysis 
The results of descriptive statistics analysis of the experimental data are shown in Table3.3. 
According to the analysis the best results are achieved when the die temperature is 210 °C (95 
C.I.).  
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150  170  190  200  210 220 230  240  250  

Mean 32.25 30 29 32.5 33.25 33.25 33.5 36 31 

Standard Error 15.68638 12.76062 21.04757 26.53771 31.25267 26.93008 22.22799 19.17029 7.416198 

Median 22 24 10 7 2.5 7.5 13.5 22 30 

Mode #N/A #N/A 10 4          #N/A   #N/A #N/A      #N/A      #N/A 

Standard Deviation 31.37276 25.52123 42.09513 53.07542 62.50533 53.86016 44.45597 38.34058 14.8324 

SampleVariance 984.25 651.3333 1772 2817 3906.917 2900.917 1976.333 1470 220 

Kurtosis 0.954874 0.791588 3.914344 3.941206 3.996588 3.980432 3.892743 2.922222 1.233058 

Skewness 1.2989 1.121831 1.972529 1.983193 1.998976 1.993994 1.966769 1.704026 0.392262 

Range 67 58 88 108 126 110 93 84 36 

Minimum 9 7 4 4 1 4 7 8 14 

Maximum 76 65 92 112 127 114 100 92 50 

Sum 129 120 116 130 133 133 134 144 124 

Count 4 4 4 4 4 4 4 4 4 

Largest(1) 76 65 92 112 127 114 100 92 50 

Smallest(1) 9 7 4 4 1 4 7 8 14 

ConfidenceLevel(95.0%) 49.92106 40.60998 66.98275 84.45483 99.45993 85.70353 70.73937 61.00842 23.60165 

Table 3.3: Descriptive statistics related to the data gathered through the experiments3 

The results of ANOVA(ANalysis Of VAriance between groups) are shown in Table3.4. Since 
the p-value is greater than 0.5, the null hypothesis (H0) is rejected. In other words, the die 
temperature affects the type and number of defects and confirmed parts e.g. die temperature of 
210 °C is optimal for part quality/produces last defects. In addition, the greatest amount of 
variance is observed when the die temperature is 210 °C.  

Anova: Single Factor 
SUMMARY 
Groups Count Sum Average Variance 
150 oC 4 129 32.25 984.25 
170 oC 4 120 30 651.3333 
190 oC 4 116 29 1772 
200 oC 4 130 32.5 2817 
210 oC 4 133 33.25 3906.917 
220 oC 4 133 33.25 2900.917 
230 oC 4 134 33.5 1976.333 
240 oC 4 144 36 1470 
250 oC 4 124 31 220 
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ANOVA 
 

Source of Variation SS df MS F 
P-
value F crit 

Between Groups 139.3889 8 17.42361 0.009391 1 2.305313 
Within Groups 50096.25 27 1855.417 

Total 50235.64 35 

Table 3.4: ANOVA single factor4 

The relationship between die temperature and percentage of confirmed parts and its association 
with defect types 1, 2, and 3 is demonstrated by data correlation and shown in Table3.5.  

Die 
temperature 
(oC) 

Number of 
Defect Type 
1 

Number of 
Defect Type 
2 

Number of 
Defect Type 
3 

Number of 
Accepted 
Parts 

Die temperature 
(oC) 1 
Number of 
Defect Type 1 -0.73313509 1 
Number of 
Defect Type 2 0.024565508 0.615480244 1 
Number of 
Defect Type 3 0.590322655 0.0426095 0.738935461 1 
Number of 
Accepted Parts 0.441938459 0.892819775 0.836381917 0.449546145 1 

Table 3.5: Data Correlation 5 

Figure 3.2 shows through PCA (Principal Component Analysis) that optimal die temperature 
(210 °C) has the greatest effect of all the temperatures tested. This point lies on the horizontal 
axis in the influence graph, whereas the other temperatures are at different distances from the 
horizontal axis. 
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Figure 3.2: The influence graph 

The loading graph, which also relates to the PCA analysis, is shown in Figure 3.3. There is a 
reciprocal relationship between defect types 1, 2, and 3 and percentage of accepted parts. In 
other words, this graph shows that the number of confirmed pieces increases as the number of 
defect types decreases.  

Figure 3.3: The loading graph 
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The experimental data is visualized in two ways (Figures 3.4 and 3.5) which shows the effect of 
die temperature on defects and confirmed parts percentage. 

 
 

 
 

Figure 3.4: Effect of die temperature on the percentage of accepted parts and the three defect 
types of the die-casting parts 

 

 
Figure 3.5:  Effect of die temperature on the percentage of accepted parts and the three types of 

defect in the die-casting parts 
 

 

The variations of melt temperature versus die temperature in different cases are shown in 
Figures 3.6, 3.7 and 3.8. The results show that the die temperature varies from 150 to 250 °C, 
while the melt temperature varies between 668 and680 °C.  

 



32 

Figure 3.6: Melt temperatures at die entrance and start injection versus die temperatures 

Figure 3.7: Melt temperatures at the end of the die and end injection versus die temperatures 
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Figure 3.8: Reduction of melt temperature at various die temperatures at the initial and the end 
of injection 

3.3 Evaluating the results obtained from ProCast software: 

3.3.1 Governing equations 
The commercial finite element software ProCast was used to perform the mold filling and 
solidification simulations. Within the framework of a Euclidian description, this software is 
capable of solving simultaneous three-dimensional transient thermal and fluid flow problems 
with free surface. The set of partial differential equations to be solved is briefly summarized 
below: 

Mass balance 

0)( 

 vdiv
t

  

Where  (N/m2) and v (m/s) are the volumetric mass and the velocity of the fluid respectively. 

Momentum balance 

gdivpgradvvdivv
t

v  

 )()()(

Where g (m/s2) is the gravitation vector, p (N/m2) is the fluid pressure, and v is the viscous 
stress tensor. 

Energy balance, written as an enthalpy formulation 

mechQgradTkdivhvdivh
t



 ).()()( 
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In this equation, mechQ (J) is a volumetric heat source that accounts for mechanically induced 
dissipation effects; T is the temperature, k is the thermal conductivity of the medium and h  is 
its specific enthalpy. Note that the entire enthalpy is transported with the velocity of the fluid. 

In order to account for solidification, ρh is written as follows: 

)1()(
0
 
T

sp fLdch   

Where Cp and L are the specific heat and latent heat of fusion respectively, and fs is the volume 
fraction of the solid. 

Free surface modeling is achieved with a scalar variable Φ that describes the local volume 
fraction of the fluid (i.e. Φ= 0/1 if the ‘point’ is empty/full of SSM). Previous balance 
equations are averaged with this variable, according to 

0. 

 gradv
t  

 

3.4 Modeling procedure 
A three-dimensional model of the cast product is an important input for design and analysis 
functions in ProCast, and can be imported through a data exchange interface using the industry 
standard par solid format (Figure3.9). The material properties of the alloy were extracted from 
the software database and are shown in Table3.6. 

 

 

Figure 3.9: Geometry of Ladder Frame product 
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Solidus temperature 595 [oC] 

Liquidus temperature 521 [oC] 

Specific heat 1.13044 [kJ/kg/K] 

Density 2480 [kg/m3] 

Conductivity 100.4832 [W/m/K] 

Latent heat 218.644 [kJ/kg] 

Solid fraction According to Scheil equation 

Table 3.6: Material Properties6 

In order to evaluate the effect of process parameters on the filling pattern and quality of the 
final product, three main process parameters were varied during simulations and their effects on 
the results were studied. Initial and boundary conditions used in the simulation are shown in 
Table3.7. To ensure mesh independency of the results, two different mesh sizes were used and 
simulation results were compared at these two mesh sizes. 

Ram velocity 2 - 4 m/s 

Die temperature 150, 200 & 250 oC 

Melt temperature 670, 680, 690 oC 

Heat transfer coefficient 9000 w/ m2. K [10] 

Number of Finite Element Meshes 521380 

Table 3.7: Initial and Boundary Conditions7 

ProCast software was used to evaluate the results and fit and appropriate model for the 
experiment. Various process parameters were examined to understand the effect of each on the 
final result. 

Effect of die temperature was studied first. Three different die temperatures were assigned to 
the mold: 150, 200 and 250oC. The temperature field in the part during filling at a die 
temperature of 150oC is shown in Figure3.10. 

a) b) c)

Figure 3.10: Temperature field in the part during filling at die temperature of 150°C 



36 

Temperature field in the part during filling at die temperature of 200°Cis shown in Figure3.11. 

Figure 3.11: Temperature field in the part during filling at die temperature of 200°C 

Temperature field in the part during filling at die temperature of 250°Cis shown in Figure3.12. 

d) e) f)

Figure 3.12: Temperature field in the part during filling at die temperature of 250°C 

The above Figures show temperature distribution during filling at three die temperatures. Parts 
a, b and c of the Figures consider a die temperature of 150°C (equal to the factory condition) 
and in parts d, e and f consider a die temperature of 250°C. In both cases melt temperature and 
initial velocity were 675°Cand 3 m/s respectively (equal to the factory condition). 

These Figures demonstrate that if die temperature is 150°C then melt temperature falls by about 
20°C in the first stage of filling and average melt temperature reaches 665°C. In the final filling 
position, die melt temperature reaches 655°C, which is close to the solidus temperature of the 
alloy. This risks precocious solidification of the melt before the die cavity is completely filled, 
which can result in misfiling. 

Figure3.13 shows filling and solidification sequences at a die temperature of 200°C. Initial 
temperature and velocity of the melt are 680°C and 3 m/s respectively. The counters on the 
right show solid fraction. White arrows show locations where air may be trapped in the melt. 
Yellow arrows show hot spots. 
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Figure 3.13: Filling and solidification pattern at die temperature 200°C, melt temperature 
680°Cand piston velocity3 m/s 

The Figures show that peripheral locations are susceptible to porosities. Overflows should 
therefore be added to these peripheral locations. There are three holes in the front of the gate 
that cause spread of melt flow (Figure3.14), showing that the experimental results are similar to 
the simulation. 

Figure 3.14: Result of experiment in similar conditions to simulation 

Some oxide streaks are seen in the surface of the part, indicating that overflows are not in 
optimal positions. Figure3.15 shows the overflows locations. White arrows show the final 
filling positions.  
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Figure 3.15: Overflows locations in the die 
 

Experiments showed that die temperatures above 200°C are appropriate. As the liquidus 
temperature of the A380 Al alloy is 590°C, the temperature drop during filling when die 
temperatures are below 200°C is too large, resulting in potential premature solidification before 
complete filling of the die. 

Figure3.16 shows temperature distribution and filling sequence of the mold at200°C, showing 
that melt temperature falls by around 10°Cduring filling. 

 

Figure 3.16: Temperature distribution and filling sequence of the mold at200°C 
 

The results showed fewer defects when the mold temperature was 200°C. Figure3.17 shows 
final solidification positions.  
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Figure 3.17: Final solidification positions 
 

These positions are susceptible to shrinkage porosities. Because of the possibility of gas and 
shrinkage defects, the surface of the section was studied (Figure3.18). 

 

 

 
Figure 3.18: Gas and shrinkage defects in the section surface 

 

Figure3.19 shows the effect of the holes located near the gate on the flow pattern and 
solidification. The melt stream is separated when it encounters these holes. As a result the flow 
pattern changes and air is interred into the melt. 
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Figure 3.19: Effect of the holes on the flow pattern and solidification 

The temperature distribution is more homogeneous when these holes are absent. Simulation 
shows that when die temperature and ram velocity are 200°C and 3m/s respectively, melt 
velocity at the gate reaches 55m/s. Figure 3.20 shows the velocity vectors of the melt behind 
the holes. 
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Figure 3.20: Effect of the holes located on the velocity vectors of the melt 

The holes result in a turbulent flow pattern and reduce the filling time of the peripheral zones 
relative to central zones, trapping air in the melt. 
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4.   Discussion, Future work and Conclusion 

4.1 Discussion 
Under conditions in which atomized melt fills the die cast cavity, voids may be generated in 
sections thicker than 5 mm. Due to the demand from industry for parts thicker than 5 mm, there 
is a need for careful design and casting of such parts. Allowable machining for die cast is in the 
range 0.25 to 0.75 mm. Further machining up to 2mm leads to appearance of gas defects. 

Numerical procedures for solving physical problems are growing in popularity due to their 
advantages over trial and error methods. This thesis introduces different software packages that 
are used for this purpose. 

The effect of die temperature on the final cast quality has been examined empirically. Casts 
with less complex geometry were more successful than those more complex geometries under 
the same conditions. The results of experiments with a die temperature of 150°C showed some 
macroscopic defects in the part (Figure 3.14). As die temperature increased from 150°Cto 
200°C and then 250°C, macroscopic defects disappeared but microscopic defects remained. In 
order to predict locations susceptible to porosity, a model relating to the experimental 
conditions was solved with ProCast software at 150°C and 200°C. The software was able to 
predict likely locations of macroscopic and microscopic defects. Microscopic defects were 
successfully reduced by altering process parameters and changing overflow locations. 

The flow pattern was successfully modified by eliminating three holes inside the mold.  

The first statistical tool utilized in this study was descriptive statistics, which showed with a 
95% confidence level that a die temperature of 210°C produces the highest rate of accepted 
parts at 99.45% (Table 3.3). In addition, analysis of variance (Table 3.4) suggested that a die 
temperature of 210 °C also produces the largest variance with a p-value equal to 1. Since alpha 
is 0.5 and the null hypothesis is rejected, this demonstrates the effect of this die temperature 
(210 °C) on the maximum percentage of accepted parts and the minimum defects in die-cast 
parts (defect types 1, 2, and 3).  
 In the PCA analysis of the data matrix and in the influence graph (Figure 3.2) the point 
corresponding to a die temperature of 210°C is located on the horizontal axis, confirming that 
die temperature of 210 °C is optimal for part quality/produces last defects.  
The loading graph (Figure 3.3), with PC1=71% and PC2=26%, clearly illustrates the reciprocal 
relationship between the percentage of accepted parts and the different types of defect.  
Graphs 1 and 2 vividly demonstrate the suitable conditions for producing parts with maximum 
efficiency by two methods. A die temperature between 210°Cand 215°C is optimal for 
production of aluminum die-casts with minimum defects and the maximum number of accepted 
parts.  
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4.2 Conclusion 

There is a relationship between the shape of the cast and mold design which can be optimized 
by numerical and statistical methods. 
The results suggested a change in mold design and removal of three holes. Because these holes 
are in the thin part of the mold, there is a possibility of shrinkage in the end piece due to more 
rapid solidification and lack of pressure transmission in this region. 
Experiments showed that die temperature of 210°Cand pouring temperature of 668°Cand 
680°C are optimal with respect to die quality. 
Overflow locations can be determined from the predicted flow pattern. 
Use of statistical tools such as PCA and ANOVA makes the analysis of the data from die-cast 
experiments easier and more accurate. 
Die temperatures were shown to have an effect on number of defects. Type 1 was the most 
frequent defect type when die temperature was below 200 °C.  Defect types 2 and 3 were more 
frequent when the die temperature was above 200 °C.  
The optimum die temperature to minimize defects was 210-215 °C. The ideal die temperature 
range is therefore 212.5±2.5 °C. 
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4.3 Future work 

The research described here addresses the effect of die temperature on the incidence of defects 
in high pressure die-cast parts. Different parameters influence the percentage of accepted parts, 
such as melt temperature, injection pressure, die temperature, the complexity of the part shape, 
injection speed, etc. Important areas for further investigation include: 

- Simulation and numerical study of heat transfer of HPDC molds, control 
parameters and experimental results 

- Increasing die life  
- Recovery of defective HPDC molds (mold repair procedures) 
- Reduction cost product and saving energy in HPDC processes  
- Effects of other parameters on defects especially melt quality  
- Improving molten metal yield (HPDC vacuum PDC 640-680 C) or Reduction in 

metal temperature  
- Wall thickness has come down to around 0.5 mm, which cannot be obtained in 

conventional HPDC or Reduction the casting minimum wall thickness 
- Effect of using different alloys in HPDC  
- Improve the heat-treatable and weld able properties for cast parts  
- Avoided and much minimized of air and gas defect Simulation and numerical study 

of thermal fatigue life of HPDC molds, control parameters and experimental 
results. 

Suggested items for future work 

1- Simulation and numerical study of heat transfer of HPDC molds, control 
parameters and experimental result 
    -used the MatLab for numerical study 
2- Die and tooling cost (Increasing die life)
3- Reduction energy cost Processes  
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Appendix 

Table 1: Experimental conditions8 
Row Parameters Value/Situation 
1 Water cooling Is continues 
2 Average flow rate of water circuit of fix platen < 15ml/sec 
3 Average flow rate of water circuit of mobile platen 30ml/sec 
4 Pressure set up time (phase 1&2) 1.5 sec 
5 Pressure(phase 3) 6 sec 
6 Pressure reduction time 4 sec 
7 Die open(mobile plate) 3 sec 
8 Die open (cores) 1 sec 
9 Casting reject and remove 5 sec 
10 Spraying head in 4 sec 
11 spraying 6 sec 
12 Spraying head out 2 sec 
13 Lubricant concentration 5 % 
14 Mixture flow rate 0.7 L/sec 
15 Manual blowing 5 sec 
16 Die closing 5 sec 
17 Wait time(melt pouring in shot sleeve) 14 sec 
18 Melt delay time in shot sleeve 4 sec 
19 Average total cycle time 70 sec 
20 Melt temperature 675±5°C 
21 Melt weight  5.750±0.05Kg 
22 Fix platen of mould average temperature spraying 80°C 
23 Mobile platen of mould average temperature spraying 100°C 
24 Phase 2 pressure 290 bar 
25 Metal pressure 800 bar 
26 Phase 1 velocity 0.32 m/sec 
27 Phase 2 velocity 3 m/sec 
28 Plunger head length 180 mm 
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Table 2:mechanical and thermo physical 
properties of A380 aluminum alloy9 

Casting temperature 635-704 [oc] 
Solidustemperature 538 [oc] 
Liquidustemperature 593 [oc] 
Thermalconductivity 109 [W/m-oc] 
Specific heat capacity 0.963 [j/g-oc] 
Heat of fusion 389 [j/g] 
Hardness 100 [HB] 
Tensilestrength 248 [MPa] 
Yieldstrength 116 [Mpa] 
Elongation 1.2 [%] 

Table 3: chemical composition of A380 
aluminum alloy [wt. %]10 

Aluminum, Al 85.65 
Silicon, Si 9.08 

Copper, Cu 3.2 
Magnesium, Mg 0.18 
Manganese, Mn 0.21 
Nickel, Ni 0.05 
Tin, Sn 0.01 

Zinc, Zn 0.64 
Lead, Pb 0.08 
Titanium, Ti 0.02 
Chromium, Cr 0.01 
Iron, Fe 0.84 




