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SHAPE COMPLICATED CASTING DEFECTS PREDICTION BASED ON COMPUTER SIMULATION

OCENA WAD ODLEWNICZYCH SKOMPLIKOWANYCH KSZTAETOWO ODLEWOW NA PODSTAWIE SYMULACJI

KOMPUTEROWYCH

The impact of mould filling parameters on casting defects in shape complicated skeleton casting was investigated. Skeleton
castings are low weight cellular material mainly used for energy absorption in for example automotive industry. For prediction
of defects such as porosities, the computer simulations of mould filling and solidification were used. In such shape complicated
structures like skeleton castings it is very difficult to predict localization of the defects. This knowledge is very important
to gain information about deformation mechanisms and for impact behaviour modelling. Series of the skeleton castings were
investigated by computer tomography to validate simulations results.
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W pracy okreslono wplyw parametréw wypelniania wneki formy na miejsca wystgpowania wad odlewniczych w odle-
wach szkieletowych o rozwinigtej topologii wewnetrznej. Odlewy szkieletowe sa produktami komérkowymi o niskiej masie,
stosowanymi gléwnie do absorbowania energii kinetycznej, na przyktad w przemysle motoryzacyjnym. W celu wyznaczenia
miejsc prawdopodobnego wystepowania wad odlewniczych, uzyto symulacji komputerowych wypelniania wneki formy oraz
krzepnigcia. W odlewanych elementach szkieletowych, znacznie utrudnione jest precyzyjne okreslenie potencjalnych miejsc
wystepowania wad. Wiedza ta jest niezb¢dna, w celu zdobycia informacji o mechanizmach deformacji odlewéw szkieletowych.
Istotna jest réwniez z punktu widzenia modelowania numerycznego ich zachowania w przypadku odksztalcen o duzej dynamice.

W celu potwierdzenia wynikéw symulacji przeprowadzono seri¢ badart z wykorzystaniem tomografii komputerowe;j.

1. Introduction

Cellular structures (CS) like metallic foams, lattice struc-
tures or sandwich panels are designed as multifunctional struc-
tural elements. Their main properties are high strength with
low weight, good resistance to dynamic loads, acoustic insu-
lation and possibility of heat flow control. Properties of CS
depend on material which these are made of and their internal
features — topology and microstructure. Lattice truss struc-
tures, metal foams and honeycombs offer a number of practi-
cal advantages. From economical and ecological point of view
they should allow lowering the weight of constructions. This
gives the possibility to save resources and sometimes energy
used in manufacturing processes. Lower weight in aerospace
and automotive industry also connects with lower energy con-
sumption. Most challenging, while designing lightweight ma-
terial is to achieve good proportion between strength/stiffness
and weight.

Mechanical, thermal and electrical properties of CS are
closely related to its application and manufacturing technique.
Shape of internal cells, size of walls and ligaments are re-
sponsible for relative density. Basic information was shown in
Ashby’s studies [1].

Constructions close to skeleton castings can be made
with different techniques. These constructions are manufac-
tured with use of specific patterns, hollow tubes and rods. An-
other approach is with forging techniques. The core is formed
from steel plates with use of press and bonded with outside
walls with laser spot welding. Those panels are resistant to
dynamic loads and mainly used in aeronautics [2-4]. Foundry
technologies are also used for manufacturing of lattice and
skeleton structures. Traditional casting methods are applied.
Techniques of investment castings are useful. [5-11]. Together
with the use of antigravity casting they provide possibility
to obtain castings with ligaments of about 1.5 mm diameter
[12-14]. This kind of castings are used by NASA for exhaust
nozzle structures [15].

Casting techniques are used for manufacturing skeleton
constructions where the core is made of cast AlSi tubes. It
is less liable to buckling than skeleton castings, but manufac-
turing process is much more complicated. Each strut has to
be mould and cast separately and then bonded together with
welding technique.

Combination of electro-erosion and casting technology is
also used.
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Fig. 1. Skeleton casting with octahedron internal topology

Foundry techniques (moulding, core making) put some
limitation to the internal topology of skeleton castings (Fig. 1).
There are a limited number of topologies possible to mould.
This problem can be solved by using additive methods of pro-
duction.

Moreover CS with open cells such as skeleton castings
allows significant improvement of heat dissipation [16-18].
This makes possibility of using it as industrial power supplies
heat radiators. Casings of power supplies made this way act
also as part of heat dissipation system.

Potentially very wide possibilities of practical application
of CS are a very important reason to its development also with
the use of casting techniques [11], [19-22].

2. Range of research

This article shows results of mould filling parameters on
location, size and character of internal defects of skeleton
castings. Skeleton castings have in assumption complicated
internal topology. It could be said that topology is non techno-
logical. Meeting points of internal ligaments are obvious hot
spots (Fig. 2). Those locations are crucial from the casting
technology point of view. The diameter of ligaments which in
this situation acts as a channel for liquid metal mostly depends
on desired mechanic properties of casting. Only at later stage,
it may be subordinated to the technology.

2.1. Simulations

To describe preliminary mould filling parameters, FEM
analysis of mould filling and solidification processes were car-
ried out. As a base the skeleton casting with the octahedron
elementary cell was used [5] The results were analysed in
aspect of searching location of probable shrinkage porosities.
According to the authors, the most important to assure correct
internal structure of skeleton castings are following parame-
ters:

e pouring temperature

e thermo physical properties of the alloy

e thermo physical properties of the mould material

e thermo physical properties of the core

The influence of gating system geometric features was skipped

because conventional compression gating system with higher

metallostatic pressure was used. As the optimal parameters of

carried out simulations following values were used:
temperature of the alloy — 963K

temperature of the alloy — 373K

As the base an AlSill alloy was used. The mould was
made from green sand with thermal conductivity at 373K —
0.742 W/mK. An insulating with thermal conductivity coeffi-
cient 0.25 W/mK in 373K was adopted as a core material.

2.2. The skeleton casting manufacturing

According to experimental plan three model castings
were made. Dimensions of the castings are 120x120x80 mm.
Thickness of the outside walls and diameter of ligaments is 6
mm. Used alloy as well as moulding materials are the same
like in FEM experiment. For mould conventional green sand,
and as core Al203 ceramic bricks were used. Mould with
fixed core was dried and heated to required temperature. Each
casting is characterized by different temperature of an alloy
and mould. Parameters of each trial are shown in Table 1.

TABLE 1
Selected manufacturing parameters of each casting

Casting 1 |Casting 2| Casting 3

Temperature of an alloy [K] 690 820 690

Fig. 2. Skeleton casting node with adjacent ligaments

Skeleton casting large surface of active heat dissipation
can be problem at stage of creating defect free casting. It
requires mould filling parameters to be precisely set.

Temperature of the mould and core 100 100 200

2.3. Shrinkage investigation

In purpose to describe shrinkage in skeleton castings
Vitomel|x L 450 computer tomography system was used. Bipo-
lar minifocus X-ray tube — specially optimized for CT applica-
tions — in metal with maximum voltage of450 kV and power
of 1500 W was used. Reconstruction and further analysis were
provided by VGL Studio software.

Skeleton castings internal topology (without walls) was
analyzed in three planes. In XY and XZ plane three sections
and in ZY plane two sections were analyzed. Each sample in
selected cross-sections the cutting plane passes exactly through
the geometric center of the octahedron (Fig. 3).
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Fig. 3. Cross- section selection of shrinkage investigation; a) elemen-
tary cell; b) casting shape with feeder

That made possible to analyze shrinkage in axis of liga-
ment and in center area of the node. Investigation was carried
out in 20 mm area in nodes and ligaments (Fig. 4).

Shrinkage was also analyzed by NIS Elements computer
image analysis system.

Fig. 4. Areas of shrinkage defects analysis

3. Results and discussion

The mean area of porosity and total surface pore area
for each plane and castings were evaluated. Then the results
were compared with the results of the simulation. Figure 5 and
Figure 6 shows examples of the analysed areas, respectively,
in the simulation and actual casting.

Distribution of porosity presented by the simulation pro-
gram shows the percentage of shrinkage defects in marked
area. It is impossible to say in what form this hollow is present:
either in the form of one solid pore or many small pores. In
the present case the limit value of porosity below which the
results were not taken into account is 5%. This value is repre-
sented by the green contour line in Figure 5. The simulation
shows that the most likely place for the formation of shrinkage
defects are nodes and areas next to the nodes.

Defects locate almost symmetrically in relation to the axis
through the centre of the node. Average porosity surface area
in the XY plane is 0.25 cm?, and in the ZX plane is 0.29 cm?,
while analysed cross-sectional area is 42.84 cm”. The simu-
lation results suggest that, in the plane ZY shrinkage cavities
will not occur. ZY plane is perpendicular to the direction of
filling the mould cavity.
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Fig. 5. Selected result of computer simulation with areas of probable
shrinkage defects

Figure 6 shows an example of analyzed cross section of
skeleton casting. There are shrinkage defects in places other
than those provided on the basis of the simulation. Addition-
ally, in most of the analyzed images coldshuts defects can be
observed in the top layer cells. Their occurrence may be due
to rapid filling of the mold cavity. Coldshuts and misruns were
not observed in the casting 2, where pouring temperature was
1093K.

Fig. 6. Selected CT result image with defects in skeleton casting

In all of the sections in each plane the quantitative data
were aggregated and are presented for each casting. The results
of analysis of the mean area of porosity are shown in Figure 7.
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Fig. 7. The mean area of porosity for each casting and simulation
result
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Fig. 8. The porosity surface area of each skeleton casting summed
for all the sections in a given plane

There are no shrinkage defects in castings 3 in the XY
plane and cast two ZY plane. Figure 8 shows the porosity
surface area of each skeleton casting summed for all the sec-
tions in a given plane. Based on the Figure 8 it can be stated
unequivocally that the simulations give significantly overesti-
mated results on the assessment of the shrinkage defects in
such geometrically complex components which the skeleton
castings are.

4. Conclusion

In Figure 8 it is shown that shrinkage porosity are in-
significantly small. It is also obvious that other defects need
to be optimized. The results indicate the specific analysis of
the filling of the mould cavity and uselessness of simulation
in the design of similar technologies. It is advisable to devel-
op an algorithm, maybe using reverse tasks in relation to the
use of traditional simulation programs. It is crucial to develop
correction factors or tailored module to simulate the skeleton
castings — thin-walled castings with developed cooling surface
area. Skeleton At this stage of research there is not enough
data to formulate hypothetical rules solidification of skeleton
castings which are an example of the need to individual de-
velopment of casting technologies for special purposes.

REFERENCES

[1] M.E. Ashby, The properties of foams and lattices, Philo-
sophical transactions. Series A, Mathematical, physical, and
engineering sciences 364, 1838, 15-30, Jan. 2006.

[2] KP. Dharmasena, HN.G. Wadley, K. Williams,
Z. Xue, JW. Hutchinson, Response of metallic pyra-
midal lattice core sandwich panels to high intensity impulsive
loading in air, International Journal of Impact Engineering 38,
5, 275-289, May 2011.

[3] GW. Kooistra, HN.G. Wadley, Lattice truss structures
from expanded metal sheet, Materials & Design 28, 2, 507-514,
Jan. 2007.

[4] GW.Kooistra,D.T.Queheillalt, HN.G. Wadley,
Shear behavior of aluminum lattice truss sandwich panel struc-

(5]
(6]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

(20]

(21]

(22]

tures, Materials Science and Engineering: A 472, 1-2, 242-250,
Jan. 2008.

M. Cholewa, T. Szuter, Structure of AlSi skeleton cast-
ings, Archives of Foundry Engineering 12, 2, 147-152 (2012).
M. Cholewa, T. Szuter, M. Dziub a, Basic properties
of 3D cast skeleton structures, Archives of Materials Science
and Engineering 52, 2, 101-111 (2011).

M. Cholewa, T. Wro6bel, S. Tenerowicz, T
S z u ter, Difussion Phenomena Between Alloy Steel and Gray
cast Iron Layered Bimetallic Casting, Archives of Metallurgy
and Materials 55, 3, 771-777 (2010).

J. Jezierski, K. Janerka, Selected Aspects of Metal-
lurgical and Foundry Furnace Dust Utilization, Polish Journal
of Environmental Studies 20, 1, 101-105 (2011).

T. Wrébel, “Ni AND Cr BASE LAYERS IN BIMETALLIC
CASTINGS Tomasz WROBEL, in Materials of 20th Anniver-
sary International Conference on Metallurgy and Materials —
METAL 2011., 758-764 (2011).

D. Bartocha, W. Sebzda,J. Suchoni, C. Baron,
THE EVALUATION OF CAST STEEL FILTRATION EFFI-
CIENCY, in 21th International Conference on Metallurgy and
Materials 2012.

K. Janerka,D. Bartocha,J. Szajnar, M. Chole-
w a, The Influence on Different Kind of Carburizers and Car-
burization of the Effectiveness and Iron Structure, Archives of
Metallurgy and Materials 52, 3, 468-474 (2007).

M.G. Hebsur, Processing of IN-718 Lattice Block Castings,
NASA/CR-2002-211332, 2002.

K. Mohan, TH. Yip, S. Idapalapati, Z. Chen,
Impact response of aluminum foam core sandwich structures,
Materials Science and Engineering: A 529, 94-101, Nov. 2011.
J. Banhart, Light-Metal Foams-History of Innovation and
Technological Challenges, Advanced Engineering Materials, p.
n/a-n/a, Dec. 2012.

V.V. Vasiliev, AF. Razin, Anisogrid composite lattice
structures for spacecraft and aircraft applications, Composite
Structures 76, 1-2, 182-189, Oct. 2006.

K. Boomsma, D. Poulikakos, F. Zwick, Metal
foams as compact high performance heat exchangers, Mechan-
ics of Materials 35, 12, 1161-1176, Dec. 2003.

J. Tian, T. Kim, TJ. Lu, HP. Hodson, D.T. Que-
heillalt,DJ. Sypeck, HIN.G. Wadley, The effects of
topology upon fluid-flow and heat-transfer within cellular cop-
per structures, International Journal of Heat and Mass Transfer
47, 14-16, 3171-3186, Jul. 2004.

G. Mréwka-Nowotnik, Influence of chemical com-
position variation and heat treatment on microstructure and
mechanical properties of 6xxx alloys, Archives of Materials
Science and Engineering 46, 2, 6-13 (2010).

M. Cholewa,J. Gawronski, Z. Ignaszak, Tech-
nological aspects of particle-reinforced composites production,
Materials & Design 18, 401-405 (1998).

M. Cholewa, Simulation of composite microregions solid-
ification process, Journal of Materials Processing Technology
164-165, 1175-1180, May 2005.

M. Cholewa, T. Szuter, Geometrical and mechanical
analysis of 3D casted skeleton structure, Archives of Foundry
Engineering 10, 2, 23-26 (2010).

M. Cholewa, Simulation of solidification process for com-
posite micro-region with incomplete wetting of reinforcing par-
ticle, Journal of Materials Processing Technology 164-165,
1181-1184, May 2005.

This article was first presented at the VI International Conference "DEVELOPMENT TRENDS IN MECHANIZATION

OF FOUNDRY PROCESSES”, Inwatd, 5-7.09.2013

Received: 20 January 2013.



