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INTRODUCTION
The need for robust high quality processes is rising and therefore 
a detailed understanding of the processes interdependencies is 
gaining importance. In order to achieve such an understanding 
in general and in particular for the experimental die that will 
be described later on, an extensive experimental study has been 
performed. Not only will the results be used to show the interde-
pendencies but also to verify and improve the results of the nu-
merical optimization routine that is developed within the Cluster 
of Excellence [1]. The presented study is part of the experiments 
that will be the foundation for development, improvement and 
verification of this routine which shall later on result in automati-
cally designed die features that are manufactured with genera-
tive manufacturing technologies such as Selective Laser Melting, 
if necessary.

EXPERIMENTAL SETUP
The presented research has been carried out on a Bühler H-630 
SC high-pressure die casting machine with a locking force of 
700 tons. The experiments were performed with an AlSi9Cu3Fe 
alloy since it is still one of the most used alloys in the high-
pressure die casting industry. A square plate with a side length 
of 160 mm has been chosen as cast part geometry. The average 
wall-thickness of the part is 4 mm but the wall thickness is de-
creasing from 6 down to 2 mm along the diagonal of the plate. 
Since the die is a twin-cavity die, two identical plates are casted 
within one cycle. A more detailed description of the modular die 
setup and the implemented measurement concept is given in [2].
The main focus of the experiments were the influence of process 
parameters on the thermal balance of the die on one hand and 
the process parameter influence on the cast part quality on the 
other. Within these context the overheating of the melt, the pis-
ton velocity during the filling phase, the die temperature and the 
intensification pressure are believed to be the most important 
[3-8]. With a full fractional design of experiments the number 
of experiments, each parameter combination including six and 
more casting cycles, would have been too high. Therefore the 
Taguchi approach was chosen in order to reduce the amount 
of casting experiments to a reasonable amount [9]. In addition 
a full fractional experimental design including the parameters 
die temperature and intensification has been used since these 
parameters are believed to be the most important factors. For 
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those experiments the melt temperature was kept at 720 °C and 
the piston velocity at 1,3 m/s. The experimental design that was 

chosen is shown in table 1. The remaining process parameters 
have been kept constant.

Tab. 1 - Design of Experiments

DESIGN OF EXPERIMENTS

Melt Overheating [K] 90 120 150 170

Piston Velocity [m/s] 0,7 1,3 1,9 2,5

Set Die Temperature [°C] 150 180 210 250

Intensification Pressure [bar] 100 250 400 600

In order to investigate the influence of the parameters described 
above several analytical methods have been used. In a first step, 
the density of each cast part has been determined using the Ar-
chimedes principle. This was followed by an x-ray analysis with 
an XT H 320 LC unit (Nikon Corporation) of representative cast-
ings in order to determine the average porosity distribution with-
in the casting. Tensile tests using flat bar specimens machined 
from the diagonal with a constant wall thickness (4 mm) have 
been performed in the interest of showing a possible correlation 
between process parameters, porosity and mechanical properties 
of the cast part. The measurements have been conducted accord-
ing to DIN EN ISO 6892-1 using a Zwick Roell testing machine.

RESUTLS AND DISCUSSION
The density measurement using the Archimedes principle shows 
an average cast part porosity of 5,5 % for all the experiments per-
formed. This high value of overall porosity is most likely caused by 
a vacuum system that has been shut off during the casting trials. 
Combined with a venting system that was designed for a vacuum 
supported evacuation the amount of entrapped air is higher than 
usual. Due to the design of experiments that has been chosen 
the influence of certain process parameters can be determined 
with the help of the p-value. When the value of this indicator is 

below 0,05 an influence can be assumed to be significant. If the 
value is higher than 0,05 a low value might indicate an influence. 
For the parameters “Melt Overheating” (p-value = 0,975) and 
“Piston Velocity” (0,996) the analysis shows no influence on the 
cast part porosity. The missing influence of the overheating of the 
melt can be explained with the high average porosity. Possible 
influences like an increased hydrogen content resulting from an 
increased melt temperature just do not have an impact that is big 
enough in relation to the high average level. The findings regard-
ing the piston velocity on the other hand have been expected 
differently. Possible reasons for a missing impact are the simplic-
ity of the cast part, a small wall thickness and the low velocities 
used for this study. While there might be an influence for higher 
velocities like in [6-8], for the presented study no interdependen-
cies between porosity and velocity were found. When looking 
at the resulting p-values the intensification pressure appears to 
have the strongest and an almost significant influence on the 
cast part porosity with a p-value of 0,061. On average the cast 
part porosity was found to be 2 % lower at 600 bar intensifica-
tion pressure when compared to experiments with 100 bar. This 
reduction was also found with the x-ray analysis that is shown 
exemplarily in Figure 1 for minimum and maximum intensifica-
tion pressure.

Fig.1 - Porosity distribution within the cast part
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The porosity distribution within the cast part has been found to 
be similar for every parameter setup. The porosity always clusters 
around the plate’s corners that are close to the ingate which is 
represented by the arrow. This distribution is consistent with the 
results of the numerical simulations performed previously [10]. A 
significant influence of the die temperature was not found in this 
study (p-value = 0,531). But the measured cast part density and 
the x-ray analysis indicate that an influence might exist. For the 
minimum die temperature the intensification pressure exposed a 

much stronger influence than for higher die temperatures which 
shows an increased need for high pressures when operating rela-
tively cold dies. While the porosity maximum at 150 °C can be 
explained easily by a shorter gate freezing time, the second maxi-
mum at 210 °C could not be explained properly. Further investi-
gations are needed in order to detect possible side effects on this 
result. A similar result as for the porosity was found for the me-
chanical properties. Figure 2 shows the correlation of pressure, 
mechanical properties and cast part porosity within this study.

Fig.2 - Mechanical Properties related to cast part porosity

The dominating influence of the intensification pressure along 
with a lack of an influence of other parameters indicates, that 
the effect of the pressure on the cast part porosity superimposes 
other effects for the findings related to mechanical properties. 
The increasing amount of porosity on the fracture plane with 
decreasing intensification pressure indicates the same. The dot-
ted line in Figure 2 shows the tensile strength of the alloy as 
demanded in the DIN EN 1706. This tensile strength was only 
achieved with an intensification pressure of 400 bar and more. 
A similar influence was found for the elongation of the material, 
For an intensification pressure of 600 bar, which was the high-
est pressure analyzed within this study and the highest possible 
pressure for the die and the machine that were used for this 
study, every combination of the remaining parameters achieved 
the necessary mechanical properties. With a decreasing intensi-
fication pressure the influence of the remaining parameters such 
as the die temperature or the filling velocity became more im-
portant in order to achieve the mechanical properties that are 
needed. This is another indicator, that the high average poros-
ity and the therefore dominating influence of the intensification 
pressure in this study superimpose other influences. This is most 
likely the reason that for example the grain refining effect of a 
cold die that should improve the mechanical properties was not 
determined.

SUMMARy AND CONCLUSIONS
It was shown that the intensification pressure has a significant 
influence on the cast part quality in terms of porosity and me-
chanical properties. Other parameters turned out to be less influ-
encing, especially the effect of the filling velocity was much lower 
than it has been expected. The results regarding the die tempera-
ture showed no significance but suggest that there might be an 
influence that needs to be examined further. Due to the obvious 
correlation between the cast part porosity and the mechanical 
properties, a significant impact of the intensification pressure 
on those properties has been shown. In addition to the findings 
about the correlation of quality features and process parameters 
it shall be mentioned, that the porosity distribution detected via 
X-Ray shows a good match to the results from STAR-Cast which 
is used for the optimization routine as well [10].
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