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In the casting of liquid metal, the feeding stops when the mushy zone is clogged and does not allow the transfer
of feeding liquid. The growing resistance of the solid dendrites against the fluidity of the feeding liquid is defined
as the critical fraction of solid (CFS). CFS value varies depending on many factors such as alloy solidification
range, initial mold temperature, and the grain size. Therefore, in many casting simulation applications, it is quite
common to get inconsistent results due to insufficient information about the CFS. In this study, a fuzzy expert
system (FES) model has been developed in order to determine the value of the CFS in the die casting process,
based on the parameters of the alloy type, the initial mold temperature, Al5Ti1B addition and Al10Sr addition.
In order to create the rule base for the FES model, 54 die casting experiments have been carried out. The CFS
values obtained using the FES model has revealed that the developed model of the FES predicts the CFS value in
a high performance.
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1. Introduction

Casting simulation software allows strong casting in
one attempt by designing and modeling in the digital
environment. Nevertheless, the actual boundary condi-
tions of casting in the foundry environment, which are
the inputs of the simulation software, need to be pro-
vided accurately to obtain successful results [1–3]. One
of the most important boundary conditions that is effec-
tive during the solidification of liquid metal is the value of
critical fraction of solid and it needs to be accurately de-
fined in the casting simulation program [2–4]. CFS is the
stage at which the dendrites growing in the mushy zone
reach a certain volume and clogs the flow of the fluid and
cause feeding blockage [5]. The feed path is clogged be-
low the CFS value and the flow of liquid metal is blocked.
Therefore, the faults occur in the casting parts. It reveals
the importance of accurate determination of the CFS for
the production of strong and quality parts in the casting
process [6].

Considering the literature, there seems a limited num-
ber of studies on CFS. In a study by Emadi and Whiting,
the CFS value of Al-Si alloys with various Si contents
has been examined [7]. The results of a study carried
out to examine the CFS values of A319 and A356 alloys
using thermocouple method have been determined to be

∗corresponding author; e-mail: cagatayteke@bayburt.edu.tr

consistent with the values obtained using other thermal
methods [8]. Nevertheless, some other studies suggest
that the solubility rate of the elements in the alloy have
an impact on the thermal analysis method and thus pro-
vides inconsistent results [9]. In another study, the im-
portance of CFS modeling in the die casting of the alu-
minum alloys has been examined by using experimental
modeling techniques together with a specially developed
permanent mold [10].

Considering the studies in the literature, the lack of a
model which ensures that the determination of the proper
CFS values for the varying casting conditions in the die
casting method draws attention. Therefore, it has been
aimed to examine the CFS values determined in the die
casting method during the solidification of various com-
mercial aluminum casting alloys and to develop a model
that allows determining the CFS value using fuzzy expert
system (FES) approach.

2. Experimental procedure

2.1. Materials and experiment parameters

The chemical composition of the aluminum alloys used
in die casting experiments is shown in Table I.

The type of the alloy, grain refiner addition, modifier
addition, and the initial mold temperature have been
determined to be the parameters having an impact on
the CFS value in die casting experiments. Al5Ti1B
master alloy has been used as a grain refiner to have an
effect of 0.2% Ti and Al10Sr master alloy has been used
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TABLE I

Chemical composition of the aluminum alloys used in experiments. (Al balance), (wt%) [11].

Alloy Fe Si Cu Mn Mg Zn Ti Sn
A319 0.70 4.00–6.00 2.00–4.00 0.20–0.60 0.15 0.20 0.20 0.05
A413 0.60 11.50–13.50 0.10 0.40 0.10 0.10 0.15 0.05
A380 1.00 7.50–9.00 3.00–4.00 0.50 0.30 1.00 0.20 0.10
A360 0.50 9.00–10.00 0.10 0.40–0.60 0.30–0.45 0.10 0.15 0.05
A356 0.20 6.60–7.40 0.02 0.03 0.30–0.45 0.04 0.08–0.14 0.05

AlCu4Si 0.30 0.35 4.00–5.00 0.10 0.10 0.10 0.05 0.05

TABLE II

Experiment parameters and their levels.

Parameters
Levels

I II III IV V VI
alloy
type

A319 A413 A380 A360 A356 AlCu4Si

grain refiner
addition

no add. TiB — — — —

modifier
addition

no add. Sr — — — —

initial mold
temp. [ ◦C]

200 300 400 — — —

as a modifier to have an effect of 0.1% Sr in the exper-
iments. The experiment parameters and their levels are
shown in Table II.

2.2. Die casting experiments

Die casting experiments have been carried out in a
commercial company. The mold has been attached to
a hydraulic opening-closing press and the processes of
pouring of the liquid metal at the specified temperature,
filling the mold, and the opening of the molds after so-
lidification have been carried out by using this system.
The surfaces of the molds have been cleaned using dry
ice before casting and they have been painted with the
wash. After mold painting process, the mold, which has
been brought to the initial mold temperature conform-
ing with the experiment parameter conditions, has been
closed by placing 20 ppi (pore per inch) ceramic foam
filter and made ready for the next casting. After the
process of slagging and degassing by nitrogen, the liq-
uid metal prepared in conformance with the experiment
parameters has been taken from the furnace and poured
into the sprue by using a primary ingot for each alloy us-
ing a hand casting ladle. The mold opening time has been
set to 5 minutes and the surface of the mold, which has
been opened after 5 minutes, has been cleaned and then
the other casting process has been carried out. A mold
after the die casting process is shown in Fig. 1.

54 die casting experiments have been conducted.
Obtained experimental CFS values have been cross-
checked with the CFS values based on casting simulation

Fig. 1. A mold after the die casting process.

software. After the crosscheck stage, results of the exper-
iments have been used for rule base of the FES model.
A sample set of the experiments is given in Table III.

TABLE III

A sample set of the experiments.

Exp.
No.

Alloy
type

Grain
refiner
addition

Modifier
addition

Initial mold
temp. [ ◦C]

CFS
[%]

1 A319 — — 200 36
13 A413 — — 300 35
24 A380 Al5Ti1B Al10Sr 300 57
32 A360 Al5Ti1B — 300 52
39 A356 Al5Ti1B Al10Sr 200 53
. . . . . . . . . . . . . . . . . .
54 AlCu4Si Al5Ti1B Al10Sr 400 53

2.3. Fuzzy expert system model

Being an artificial intelligence technology, the FES al-
lows processing uncertainties, contradictions, and the lin-
guistic expressions in the digital environment. Therefore,
a new FES model has been developed for predicting the
CFS value in die casting process. While developing the
model, Fuzzy Logic Designer tool of MATLAB®R2017a
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Fig. 2. Developed FES model.

software has been used. Developed model consists of four
inputs and one output. Inputs are alloy type, grain re-
finer addition, modifier addition and initial mold tem-
perature. Output is CFS value. Developed FES model
is shown in Fig. 2.

3. Results and discussion

12 new die casting experiments have been determined
randomly for testing the prediction performance of devel-
oped FES model. These experiments have been carried
out and CFS values have been obtained. Obtained ex-
perimental CFS values have been crosschecked with the
CFS values based on casting simulation software. In ad-
dition, developed FES model has given CFS values for
these experiments. A sample set of test experiments is
shown in Table IV.

TABLE IV

A sample set of test experiments.

Test
exp.
No.

Alloy
type

Grain
refiner
addition

Modifier
addition

Initial
mold
temp.

CFS
[%]

Predict.
of CFS
[%]

1 A319 Al5Ti1B — 250 ◦C 52 53
2 A319 Al5Ti1B Al10Sr 350 ◦C 60 60
. . . . . . . . . . . . . . . . . . . . .
12 AlCu4Si Al5Ti1B — 340 ◦C 52 52

Mean square error (MSE) have been used in order to
evaluate the prediction performance of the FES model.
MSE are defined as:

MSE =
1

n

n∑
t=1

(At − Ft)
2
, (1)

where At is actual data, Ft is forecast at time t and n is
the number of samples.

MSE value has been calculated as 0.083. This shows
that there is a good agreement between experimental
CFS value and estimated CFS value based on FES model.

4. Conclusion

In this study, a FES model have been developed in
order to predict the CFS value in die casting process.
While predicting the CFS value using developed model,
alloy type, grain refiner addition, modifier addition and
initial mold temperature parameters have been taken into
account. Prediction performance of the FES model has
been evaluated by using MSE error type. MSE value of
the FES model is 0.083. This value shows that devel-
oped FES model predicts CFS value with a performance
of 91.67%.

References

[1] R. Kayikci, J. Fac. Eng. Archit. Gazi Univ. 23, 257
(2008).

[2] D.M. Stefanescu, Int. J. Cast Metal. Res. 18,
129(2013).

[3] F.-Y. Hsu, M.R. Jolly, J. Campbell, Int. J. Cast
Metal. R. 19, 38 (2013).

[4] ASM International Handbook Committee, Properties
and selection: nonferrous alloys and special-purpose
materials ASM International, Ohio 1990.

[5] R. Kayikci, M. Çolak, in: 5th International Advanced
Technologies Symposium Karabuk 2009, p. 11.

[6] D. Schmidt, CFS Settings Finite Solutions Inc, Wis-
consin 2010.

[7] D. Emadi, L.V. Whiting, AFS Trans. 110, 285
(2002).

[8] M.B. Djurdjevic, J.H. Sokolowski, Z. Odanovic,
J. Therm Anal Calorim 109, 875 (2012).

[9] N.L.M. Veldman, A.K. Dahle, D.H. StJohn, L. Arn-
berg, Metall. Mater. Trans. A 32, 147 (2001).

[10] N. Akar, R. Kayikci, A.K. Kısaoğlu, J. Polytech. 17,
83 (2014).

[11] J.R. Davis, ASM Specialty Handbook: Aluminum and
aluminum alloys ASM International, Ohio 1993.

http://dx.doi.org/10.1179/136404605225023018
http://dx.doi.org/10.1179/136404605225023018
http://dx.doi.org/10.1179/136404606225023318
http://dx.doi.org/10.1179/136404606225023318
http://dx.doi.org/,
http://dx.doi.org/,
http://dx.doi.org/,
http://dx.doi.org/,
http://dx.doi.org/,
http://dx.doi.org/,
http://dx.doi.org/10.1007/s10973-012-2490-4
http://dx.doi.org/10.1007/s11661-001-0110-1
http://dx.doi.org/10.2339/2014.17.2 83-89
http://dx.doi.org/10.2339/2014.17.2 83-89
http://dx.doi.org/,
http://dx.doi.org/,

