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RESUMEN 
 
Este artículo se preocupa por el estudio del efecto de las características de la técnica de fundición centrífuga en 
comparación con la técnica de fundición por gravedad. Se hace un análisis de las características más importantes que 
ocurren en propiedades mecánicas debido a la fuerza centrífuga. Se hace una comparación de propiedades mecánicas de 
probetas obtenidas por ambas técnicas en tres aleaciones diferentes de Al-Si: un hypoeutéctico, un eutéctico, y un 
hypereutéctico. Se ha observado que el efecto centrífugo puede aumentar, en algunos casos, la fuerza de ruptura en 
aprox. 50%, y la deformación de ruptura se acerca al 300% en relación a la técnica la gravedad. El módulo de young 
puede aumentar también cerca del 20%. Estos efectos pueden variar con la posición relativa de las probetas en la 
muestra fundida. La más alta de las distancias en relación al centro de rotación (la fuerza centrífuga más alta) son 
mayores las propiedades mecánicas. Así, se puede obtener un material con graduación funcional de propiedades, las 
cuales solo pueden cambiar en un eje. La gradación de las propiedades mecánicas parece ser dependiente del material. 
El proceso centrífugo parece ser mucho más efectivo en términos de propiedades mecánicas en comparación con el 
proceso por gravedad. 
 
Las palabras clave: Proceso Centrífugo; Propiedades Mecánicas; Propiedades de Fatiga 
 

ABSTRACT 
 

This paper is concerned with the study of the effect of the centrifugal casting technique on castings as compared to the 
traditional gravity casting technique.  
An analysis of the most important features that occur in mechanical properties due to the centrifugal force is made on 
this paper. A comparison of mechanical properties of specimens obtained by both centrifugal casting technique and 
gravity casting technique is also made in three different Al-Si alloys: an hypoeutectic alloy, an eutectic alloy, and an 
hypereutectic alloy.  
It has been observed that the centrifugal effect may produce an increase, in some alloys, in rupture strength in approx. 
50%, and in rupture strain in about 300% as compared to the gravity casting technique. The young modulus may also 
increase in about 20%. These effects may vary with the relative position of the specimen on the casting. The higher the 
distance in relation to the rotation centre (higher centrifugal force) the bigger the increase in mechanical properties.  
Thus, a functional graded material, with properties changing along one axis may be obtained. The graded effect on 
mechanical properties seems to be material dependent.   
The centrifugal casting process may be, therefore, much more effective in terms of obtained mechanical properties as 
compared to gravity casting. 
 
Keywords: Centrifugal Casting; Mechanical Properties; Fatigue Properties 
 

 
1. INTRODUCTION 

 
The use of aluminium-silicon casting alloys as structural 
materials is determined by their physical properties 
(primarily influenced by their chemical composition) 
and their mechanical properties (influenced by chemical 
composition and microstructure).  The high specific 
tensile strength of aluminium alloys is very strongly 
influenced by their composed poly-phase 
microstructure. The properties of a specific alloy 
(hypoeutectic, eutectic or hypereutectic) can be 
attributed to the individual physical properties of its 
main phase components (α-aluminium solid solution 

and silicon crystals) and to the volume fraction and 
morphology of these components.  
The mechanical properties of cast aluminium-silicon 
alloys can be improved by cast technology [1]. 
  
Centrifugal casting is one of the cast technology usually 
associated with obtaining of functionally graded 
materials mainly composite materials or metallic 
materials which have high differences of density and 
low solubility on different phases or different materials 
of the same alloy [2]. 
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According to [3] centrifugal casting has been mainly 
used for obtaining cylindrical parts. The two basic types 
of centrifugal casting machines are: the horizontal 
types, which rotate about horizontal axis, and the 
vertical type, which rotates about a vertical axis. 
Horizontal centrifugal casting machines are generally 
used to make pipe, tube, bushing, cylinder sleeves 
(liners), and cylindrical or tubular castings that are 
simple in shape. The range of applications of vertical 
centrifugal casting machines is considerably wider: gear 
blanks, pulley sheaves, wheels, impellers, electric motor 
rotors, valve bodies, plugs, yokes, brackets, etc. 
Castings that are not cylindrical, or even symmetrical, 
can be made using vertical centrifugal casting. 
Centrifugally cast parts have a high degree of 
metallurgical cleanliness and homogeneous 
microstructures, and they do not exhibit the anisotropy 
of mechanical properties evident in rolled/welded or 
forged parts [3]. Mechanical properties of Al-Si cast 
alloy depend not only on chemical composition but, 
more important, on micro structural features such as 
morphologies of α-Al dendrite, eutectic Si particles and 
other intermetallics that are present in the 
microstructure [4]. 
 
According to Q.G.Wang the tensile properties and 
fracture behaviour of cast aluminium alloys A356 and A 
357 are strongly depend on secondary dendrite arm 
spacing (SDAS), Mg content, and, in particular, the size 
and shape of eutectic silicon particles and Fe-rich 
intermetallics [5].  
 
Almost no records have been found in literature 
regarding the effect of centrifugal casting process on a 
material (alloy) with phases that have low differences in 
density as the ones used in this study. 
 
According to this study, the centrifugal effect on 
castings may be divided in three main features: 
centrifugal pressure; intrinsic vibration of the process; 
and fluid dynamics. The effect of each of these 
variables will be the responsible for the differences in 
both mechanical and/or metallurgical properties on the 
castings. These properties will be compared to the 
properties obtained in traditional gravity casting, in the 
discussion section on this paper.   
 
 

2. EXPERIMENTAL METHODS AND 
MATERIALS 

 
Materials 
The materials used were an AlSi7 alloy, an AlSi12 alloy 
and an AlSi18 alloy. AlSi7 and AlSi18 were heat 
treated, respectively: 
AlSi7 – 8h at 540ºC, quenched in water and tempered at 
4h at 160ºC; 
AlSi18 – tempered at 8h at 200ºC.  
 
 
 
 

 
Methods 
The materials were melted in an induction vacuum 
furnace at a temperature of 6700 C for AlSi12, at 740ºC 
for AlSi7, and 8000C for AlSi18. The permanent mould 
was preheated at 1300 C for all castings. On centrifugal 
casting while the mould was rotating around the central 
axis of the casting machine, the molten aluminium was 
poured into the mould cavity (Fig.1). For gravity 
casting was used the same induction vacuum melting 
equipment and the same melting temperatures used in 
centrifugal casting, but in this case the melt was poured 
into the mould manually (Fig.2). 
 
 

 
 
 

Figure 1.- Centrifugal casting 
 

 
 

Figure 2. - Gravity casting 
 
Three castings for each alloy and casting technique 
were used. Three specimens from each casting, from the 
centrifugal castings (fig.3) and from the gravity castings 
(fig.4) were cut in order to compare the properties of the 
aluminium alloys in different places of the ingot. 
Globally, 54 specimens were tested, 18 of each alloy. 
The arrows on the figures 3 and 4 show the direction of 
pouring of the melted alloy. 
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Figure 3. – Specimens position on ingot obtained by 

centrifugal casting 

 
Figure 4. - Specimens position on ingot obtained by 

gravity casting 
 

Tensile tests were done in a Dartec tensile testing 
machine at room temperature. 
 
 

3. RESULTS 
 
The obtained results are shown on figs 5 to 13 
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Fig.5. – Rupture strength AlSi7 
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Fig.6. – Rupture strain AlSi7 
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Fig.7.-Young modulus AlSi7 
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Fig.8. –Rupture strength AlSi12 

 

AlSi12

0,00
0,20
0,40
0,60
0,80
1,00
1,20
1,40
1,60

1 2 3
Position

R
up

tu
re

 s
tr

ai
n 

(%
)

centrifugal casting

gravity casting

 
Fig.9. –Rupture strain AlSi12 
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Fig.10.- Young modulus AlSi12 

Anales de Mecánica de la Fractura Vol. I (2006)

319



 

AlSi18

0,00

50,00

100,00

150,00

200,00

250,00

300,00

1 2 3
Position

R
up

tu
re

 s
tr

en
gt

h 
(M

Pa
)

centrifugal casting
gravity casting

 
Fig.11. – Rupture strength AlSi18 
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Fig.12. – Rupture strain AlSi18 
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Fig.13.-Young modulus   AlSi18 

 
 
The results can be summarized, for each alloy, like this: 
 
AlSi7 
 
• The rupture strength shows a slight tendency to 

increase from position 3 to position 1 in both 
centrifugal and gravity castings (fig.5); 

• Rupture strain shows a tendency to increase from 
position 3 to position 1 in centrifugal castings and  a 
tendency to decrease from position 3 to position 1 in 
gravity castings (fig.6); 

•  The young modulus shows no substantial difference 
among the different positions for centrifugal casting 
and also for gravity casting (fig.7); 

 
AlSi12 
• In centrifugal castings the rupture strength shows a 

tendency to increase from position 3 to position 1. In 
gravity castings there is no substantial difference 
among the different positions (fig.8); 

• In centrifugal castings the rupture strain shows a 
huge tendency to increase from position 3 to 
position 1. In gravity castings there is not, again, a 
substantial difference among the different positions 
(fig.9); 

• In centrifugal castings the young modulus shows 
also a tendency to increase from position 3 to 
position 1. In gravity castings there is not, again, a 
substantial difference among the different positions 
(fig.10); 

• Mechanical property results (rupture strength and 
rupture strain) show higher values for the centrifugal 
casting process in any position, when compared to 
gravity castings (figs 8 to 10);  

AlSi18 
• In centrifugal castings the rupture strength and the 

rupture strain show a high increase when compared 
to gravity castings in all 3 positions  and also show a 
tendency to increase from position 3 to position 
1(fig.11 and 12); 

• The young modulus shows no substantial difference 
among the different positions for centrifugal casting 
and also for gravity casting (fig.10); 

• Mechanical property results (rupture strength and 
rupture strain) show higher values for the centrifugal 
casting process in any position, when compared to 
gravity castings (figs 8 to 10);  
 
 

4. DISCUSSION 
 
Although the centrifugal effect is not yet very well 
explained by the scientific community it is assumed in 
this paper that the centrifugal effect on castings may be 
divided in three main features: centrifugal pressure; 
intrinsic vibration of the process; and fluid dynamics. 
The effect on mechanical properties of each of these 
variables will be briefly discussed subsequently.  
 
Centrifugal pressure 
The centrifugal effect is not so elevated to cause a shift 
of solidification diagram due to high pressure like in 
squeeze casting [6]. Thus the solidification diagram 
remains the same on the solidification during the 
centrifugal process. 
However the centrifugal pressure is important on the 
positioning of the densest phases during solidification. 
The densest phases have a tendency to move to the 
outer part of the casting [7]. Thus it is expected that in 
alloys where there are phases or metals with different 
densities the densest ones will concentrate on the outer 
part of the casting. This is what happens with most of 
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composite particle reinforced materials obtained by 
centrifugal casting [8] (also called functionally graded 
materials). 
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Figure 14.  Mechanical properties/specimen position 
 
When this effect exists it is expected that there is a 
different chemical composition (or at least different 
concentration of phases) along one direction of the 
casting and the resulting mechanical properties (tensile 
strength and strain) would be, probably, an increase in 
one side of the casting but would be a decrease on the 
other side, when compared to gravity casting of the 
same material. This is schematically represented in 
fig.14b).   
 
 

Vibration 
Although vibration is not directly associated with the 
centrifugal castings, it is always associated with this 
centrifugal process because of the inherent vibration of 
the equipments, mainly on vertical equipments. Thus it 
is important to take into consideration that this feature 
may also have an important effect on mechanical and 
metallurgical properties of the castings. The eventual 
effect of vibration would be, according to [9] an 
increase in the overall mechanical properties of the 
casting due to more refined grains (this is attributed to 
the higher density of germens of solidification). 
Schematically and again comparing to gravity casting it 
would be obtained a shift on mechanical properties such 
as that shown on fig. 14a).   
 
Fluid Dynamics 
The dynamics of the fluids is expected to be very 
different under gravity pressure (gravity casting) and 
under centrifugal pressure + gravity pressure 
(centrifugal casting). It is expected that the turbulence 
of the melt in the centrifugal process is much higher 
inside the mould. According to [10] the first melt that 
reaches the wall surface of the mould (where the first 
germens of solidification appear) will came backwards 
to the inside part of the casting and this will increase the 
number of solidification sites in the inner part of the 
casting and consequently promote a quicker 
solidification and a refined microstructure, as compared 
to the gravity casting process. 
This effect, in terms of mechanical properties, would be 
similar to the vibration effect and can be schematically 
represented by the same figure (Fig.14a).   
 
If both the centrifugal pressure and at least vibration or 
fluid dynamics were active at the same time, the 
schematic effect would be that shown on fig14c. 
Based on these assumptions, the results obtained in this 
study may be explained in the following way, for each 
material: 
 
AlSi7- A very slight increase from position 3 to position 
1 is found for both centrifugal and gravity castings. The 
same is found for young modulus. Thus, no special 
feature is found that can be attributed to the centrifugal 
process. However the rupture strain varies substantially 
from position 3 to position 1 and have the opposite 
tendency in gravity castings and in centrifugal castings. 
Thus, it seems that there is an effect of the centrifugal 
process increasing this property (rupture strain) from 
position 3 to position 1.  
 However, except for rupture strain, the centrifugal 
process seems to have no special effect on mechanical 
properties for this alloy.  
 
AlSi12- It is observed a sharp increase of the properties 
(rupture strength and strain) in the centrifugal direction 
(from position 3 to position 1). This effect is not 
observed on gravity castings. This could be explained 
based on the pressure effect. However it would be 
expected that, based only on the centrifugal pressure, 
the mechanical properties would decrease in the other 

a) 

b) 

c) 

Anales de Mecánica de la Fractura Vol. I (2006)

321



side (position 3)(fig. 14b). But this does not happen. An 
explanation would be if it is considered that one of the 
other two effects (vibration or fluid dynamics) would 
also be present. These features would promote an 
increase in the overall properties of the casting (in 
positions 1, 2, and 3) in such a way that even in the 
inside part of the castings (position 3) the mechanical 
properties would be higher then the properties obtained 
on gravity castings (fig 14a). If the active mechanism is 
the vibration or the fluid dynamics it is not known at 
this stage of the study.  Thus, the obtained results may 
be explained if at least two of the previous effects are 
active during the centrifugal process (pressure + 
vibration) or (pressure+fluid dynamics). This effect is 
represented in fig 14c. 
 
AlSi18 - The rupture strength shows a high increase 
when compared to gravity castings in all 3 positions. 
This could be explained on the assumption that only the 
vibration and/or the fluid dynamics are present (fig. 
14a). The rupture strain, besides the previous effect, 
shows also the centrifugal pressure effect (fig. 12). 
Thus, for rupture strain the results could be explained 
with both effects (pressure + vibration) or 
(pressure+fluid dynamics) (fig. 14 c). For young 
modulus no special effect is detected. 
 
When a comparison between the three alloys is made, it 
seems that the silicon content strongly influences the 
way each variable affects the mechanical properties of 
the different alloys. Hypoeutectic alloys seem to be less 
sensitive to pressure, vibration and fluid dynamics.  
Eutectic alloys are sensitive to the centrifugal effect and 
hypereutectic are even more sensitive.  
In order to understand the influence of the different 
variables of the centrifugal phenomena in different Al-
Si alloys a wider study is being carried out. The 
following analysis are being made: fluid dynamics 
behaviour through finite element analysis and through 
measurement of temperature profile on different points 
of the mould during castings; chemical analysis along 
the castings; quantitative metallurgical analysis of the 
different phases along the centrifugal direction on the 
castings; mechanical properties finite element prediction 
based on the metallurgical phases. 
With these analyses it is expected that will be possible 
to explain the reason why hypoeutectic, eutectic, and 
hypereutectic alloys have a different sensitiveness to 
centrifugal castings and to the three variables discussed. 
 
 

5.  CONCLUSIONS 
 
The main conclusions of this work are: 
• the centrifugal casting process may be effective even 

for materials with similar phase densities or metal 
densities in the same alloy; 

• It is possible to obtain much better mechanical 
properties along the whole casting, as compared to 
the gravity casting process; 

• It seems that the process could be explained based 
on at least two variables: centrifugal pressure + 
vibration or centrifugal pressure + fluid dynamics; 

• It seems that the silicon content is very important in 
the effectiveness of the previous variables on Al-Si 
alloys. 
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