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Abstract: The determination of the geometrical parameter, of the wheel type piece, that most influences has in the occurrence of defects in the casting
process it is proposed in this paper. Within the parameters used to study thickness of wheel rim, height of wheel rim, thickness of the central plate. Is
used as a methodology, the combination of the Taguchi method with the simulation. An orthogonal array, the signal-to-noise (S/N) ratio, and analysis
of variance are used to analyze the effect of selected process parameters and their levels on the casting defects. The results indicate that the selected
process parameters affect the casting defects and are the height of wheel rim the most important. A simulation technique is used to verify the results,
which indicated that this methodology is more efficient in determining the best geometric parameters for a wheel casting part.

Keywords: Taguchi's method, Risers, Simulation casting, ProCAST

INTRODUCTION

The casting process has a large number of parameters that may affect
the quality of castings. Some of these are controllable, while others
are noise factors [1]. The variations in casting parameters chosen by

different gating systems by optical means, and correlated the
measurements to obtain the behavior by some simulators. By the end
of the 19905, the trial and error approach practices moved away from
the real mould to the virtual one. According to Taguchi [1] the

different researchers [2] have led to significant variations in these parameters, which exert a great deal of influence on the casting
empirical guidelines. A large number of experimental investigations process, can be adjusted, fo varying levels of intensity so that some

linking risers geometric parameters with casting quality have been
carried out by researchers and foundry engineers over the past few
decades [3]. It has been recognized that risers geometric parameters
design plays one of the key elements in casting quality [2].

Up to now, there are following optimization methods applying to the
risers geometric parameters; the gradient search method, the finite
element method (FEM)-based neural network method and the
Taguchi method [4]. Taguchi [5] has introduced several new statistical
tools and concepts of quality improvement that depend heavily on the
statistical theory of experimental design. Some applications of
Taguchi’s methods in the foundry industry have shown that the
variation in casting quality caused by uncontrollable process variables
can be minimized [6].

Taguchi approach is suitable in using experimental design for (a)
designing and developing products/processes so as to be robust fo
component variation, (b) designing products/processes so as to be
robust to environmental condlitions; and (c) minimizing variation
around a target value.

During the 1990s, a lot of developments had been done for the
founalry process [7]. Some of these programs were able fo simulate
the behavior of the molten metal close to reality, as the researchers
studied the behavior of the molten grey cast iron during the filling of
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settings can result in robustness of the manufacturing process. Barua
et al. [8] used the Taguchi’s method to optimize the mechanical
properties of the Vacuum V-casting process. In their paper, they
considered the effects of the selected process parameters on the
mechanical properties of alloy casting and subsequent optimal
settings of the parameters, which were accomplished using Taguchi’s
parameter design approach.

Noise factors are the variables, which influence the response
variables. They may or may not be known. Special care should be
laken to prevent the noise factors from interfering in the
experimental results. Lipinski et al. [9] presented the numerical basis
of Magmasofft, a commercial finite difference solver for the simulation
of casting. Masters et al. [10] described a robust design method for
reducing cost and improving quality in an aluminum re-melting
process.

The literature review indicates that the Taguchi method is the best
option for design of experiments when number of process parameter
are involved in the process. Taguchi approach is suitable in
experimental design for designing and developing robust products or
processes irrespective of variation in process parameter (within set
limits) and or variation in environmental conditions [11].
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geometric parameters of wheel type piece affecting shrinkage
affects the casting quality. Considering these features of Taguchi

moulding related defects by setting the optimum values of the
process parameters of the green sand casting. In [11] Dabade have a
picture with a methodology used to achieve optimized process
parameters using DoF (Design of experiments), in this picture is show
a complete diagram for the sand casting process. In our case is used
the way that show the defect produced by the filling and solidification
process.
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Figurel. Complete analysis of the sand casting process design by Dabade
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Figure 2. Related stage with the filling and solidification process
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The present research as associated with the determination of critical PROCESS PARAMETERS OF RISERS CALCULATION

The focus of this paper is on the robustness of the parameters of risers
porosity, which involves various parameters at different levels and calculation and the case company is a founarry located in Villa Clara,
Cuba. The basic steps for achieving the above target are summarized
method, it is used to reduce the % of rejection due to sand and below [12]:

A

2

6.

To select the most significant parameters that causes variations in
the quality characteristics.

(asting defects have been selected as the most representative
quality characteristics in the green sand casting process, as it is
related to many internal defects (shifts, warpage, blow holes,
sand drop, etc,). The target of the green sand casting process is to
achieve “lower casting defects”while minimizing the effect of
uncontrollable parameters.

Make the green sand casting process under the experimental
conditions dictated by the chosen orthogonal array and
parameter levels. Based on the experimental conditions, collect
the data.

An analysis of variance (ANOVA) table is generated to determine
the statistical significance of the parameters. Response graphs are
plotted to determine the preferred levels for each parameter.
Beside the optimum settings of the control parameters and
predict the results of each of the parameters at their new
optimum levels,

Verify the optimum settings result in the predicted reduction in
the casting defects.

An Ishikawa diagram (cause and effect diagram) is drawn to identify
the parameters of risers calculation that may influence green sand
casting defects as shown in Figure 3.

Gating System Mix composition  Vibration
Risers type and physical-mechanical Cleaning
geametry Cast position properties machine

Design Mixture Castand Cleaning

in the mold Frequency

Chill System
= (Casfing Defects
Pauring Temperature
temperature
Chemical Coolingtime
tomposiion  Hardness
Wetallurgy sand Mould

Figure 3. Cause and effect diagram

Table 1. Process parameters with their ranges
and values at three levels

Parameter Process Rane Level  Level level

designation parameters 4 7 2 3

Y Thicknessofwheel| ¢, 100\ 9 | 1175 | 185
rim (mm)

B Heightofwheel |0, con| 150 | 375 | 600
im (mm)

I Thickness of the 10| 5 % 0

central plate (mm)
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To visualize the effect of process parameters on the casting defects,
following parameters are selected:

»  Thickness of wheel rim (Factor /)

»  Height of wheel rim (Factor B)

»  Thickness of the central plate (Factor ()

The range of the parameters is show in the table 1.

The number of levels for each control parameter defines the
experimental region. For each control factor, three levels are selected,
out of which, one level is the starting level,

SELECTION OF ORTOGONAL ARRAY

Before selecting a particular orthogonal array to be used for
conducting the experiments, two points must be considered

1. The number of parameters and interaction of interest.

2. The number of levels for the parameters of interest.
Therefore, the L9 orthogonal array is selected with 9 experimental
runs and 3 columns. Taguchi has provided two tools to aid in the
assignment of factors and interaction to arrays. The tools are: (1) the
linear graph and (2) triangular tables. Linear graphs indicate various
columns to which factors may be assigned and the columns
subsequently evaluate the interactions of those factors [1]. The
various factors and their interactions are assigned in each column of
the L9 orthogonal array. The assigned L9 orthogonal array is shown
inTable2.

Table 2. L9 orthogonal array

Trials | FactorA | FactorB  FactorC
7 7 7 7
Z 7 Z Z
3 7 3 3
4 2 7 2
5 2 2 3
6 2 3 7
7 3 7 3
8 3 2 7
9 3 3 2

CASE STUDY
Once the parameters and parameter interactions are assigned to a
particular column of the selected orthogonal array, the factors at
diifferent levels are assigned for each trial. The assigned experimental
array is shown in Table 3.

Table 3. Experimental 9 array

Trials FactorA Factor B Factor C
150

7 50 50
2 50 375 9%
3 50 600 40
4 1775 50 9%
5 1775 375 140
6 1775 600 50
7 185 150 40
8 185 375 50
9 185 600 9%

The experiments were conducted thrice for the same set of
parameters using a single-repetition randomization technique [13].
The casting defects that occur in each trial conditions were measured.
The average of the casting defects was determined for each trial

Tome VIII [201
condition as shown in Table 4. The casting defects are the “lower the
better” type of quality characteristics. Lower the better S/N ratios
were computed for each of the 9 trials and the values are given in
Table 4.

Table 4. Shrinkage defects values and signal-to-noise (S/N) ratio
against trial numbers

Shrinkage volumen
M| 1| 2 | 3 |

Trials

Average | S/Nratio

T | 2745 | 3904 | 2570 | 1121.8| 3739383 | -32.1298
2 | 3507 | 17589 | 11126 | 32222 | 1074.0520 | -61.7170
3 | 1821.0| 2027.0 | 22647 | 6112.7 | 2037.5540 | -66.2164
4 | 5009 | 6842 | 570.1 | 17553 | 585.0983 | -55.4164
S5 | 19186 1586.0 | 1119.6 | 46242 | 15413877 | -63.9502
6 | 2343.9| 19241 | 19082 | 6176.1| 2058.7155 | -66.3134
7 | 2066 | 8084 | 2737 | 12887| 4295713 | -54.1005
8 | 14742 12345 | 10675 | 3776.1| 1258.7159 | -62.0742
9 | 24203 | 2576.2 | 1961.5 | 6958.0| 2319.3383 | -67.3619

SIMULATION OF THE PROCESS
Version 2011 of the finite method based commerdial software
package ProCAST was used for simulations of fluid flow during mold
filling and the subsequent solidification. The software showed the
defects product to the application of different geometrics parameters
and different risers too.

Typical material properties were used. Assumptions made in the
simulations with regard to heat transfer coefficients and initial
temperatures are given in Table 5.

Table 5. Assumptions relating to software simulations

Heat f@m@r Material Initial temperatures
coefficients (0
Sand mold |

(WmK") 30
Steel alloy Steel alloy
Jsandmold | % (H45) 1340

Some pictures of the simulation process are shown below:

Interface

A
e
A

Figure 4. Meshing of the piece

e T

Figure 5. Shrinkage porosity
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ANALYSIS OF EXPERIMENTAL RESULTS
Analysis of experimental results was performed using Minitab 76
software and ANOVA plots obtained are given in table 6 and figure6
respectively. ANOVA in table 6 indicates that the Height of wheel rim
significantly influence the % of defects at 95% confidence level.
The figure 6 indlicates that the numbers of defects is minimum at first
level of Thickness of wheel rim (A1), first level of Height of wheel rim
(A1), and first level of Thickness of the central plate (C]).

Main Effects Plot for SN ratios
Data Means

Thickness of wheel rim Height of wheel rim

N
~

T T
375 600

-55.04
-57.54
-60.0+
-62.54
-65.0+

—
——e——

T T T T
50.0 117.5 185.0 150

Thickness of the central plate

-55.0+
-57.54
-60.04
-62.54
-65.0+

Mean of SN ratios

T T T
50 a5 140

Signal-to-noise: Smaller is better
Figure 6. Main effects plot for S/N ratios
Table 6. Coefficients of estimated model for S/N ratios
Terms Coef | SFCoef | T |

Const. -61.0311 | 0.1625 | -375.588 | 0.000
Thicknes of I 1.0098 | 0.2298 4394 0.048
wheel rim 1175 | -0.8622 | 0.2298 -3.752 | 0.064
Height of 50 | 77490 | 02298 | 31.109 | 0.007
wheel rim 375 | -15494 | 02298 -6.742 | 0.027
Thicknes of 50 08583 | 02298 3735 | 0.065
Z ”;Z’g’d/ 95 | 0472 | 02208 | 2033 | 0179

5=04875

R-5q = 99.8%

R-5q(ad)) = 99.3%

Fuente P

Thickness of wheel rim 0.082

Height of wheel rim 0.002

Thickness of the central plate 0.125

Main Effects Plot for Mean

Data Means

Thickness of wheel rim Height of wheel rim

=
—

T T
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Figure 7. Main effects plot for mean
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The tables 7 and 8 confirm that the parameter B or Height of wheel
rim has the most significantly influence.

Table 7. Means of S/N ratios: Smaller is better
level A | B | (

7 -60.02 -53.88 -60.17
2 -61.89 -62.58 -61.50
3 -61.18 -66.63 -61.42
Delta 1.87 12.75 133
Rank 2 7 3
Table 8. Mean of means
level | A B C
7 1761.9 462.9 12305
2 1395.1 12914 1326.2
3 1335.9 21385 1336.2
Delta 2332 1675.7 105.7
Rank 2 7 3

A regression analysis contributes the following values:
Regression Analysis: Defects 1 vs. Factor A-B-C
The regression equation Is:
Defects 1=-728+4.09(4) +4.15(B) - 0.54 (()
$=470458
R-5q=83.7%
R-Sq(ad)) = 74.0%
Regression Analysis: Defects 2 vs. Factor A-B-C
The regression equation Is:
Defects 2=-76+0.60(A) +3.29 (B) + 2.49(()
$=262.328
R-5q. = 90.8%
R-Sq(ad)) = 85.2%
Regression Analysis: Defects 3 vs. Factor A-B-C
The regression equation Is:
Defects 3 =-281-0.819(A) +3.73 (B) + 1.58 (()
$=14939%4
R-5q.=97.5%
R-Sq(ad)) = 95.9%
In the picture 9 is shown the result of application of the regression
equation for each combination of geometric parameters,

Interaction Plot for SN ratios

-55
60 Thickness of wheel rim
65 Thickness of
wheel rim
'\./, '\'/. —— 50.0
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354 600
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T T T T T T — - 95
500 1175 1850 50 95 140 140

Figure 8. Interaction S/ ratio for smaller is better
Figure 2 shows the interaction between the thickness of wheel rim
and the height of wheel rim (AxB), the thickness of wheel rim and the
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thickness of the central plate (AxC) and the height of wheel rim and [4.] Changyu S, Wang L, Li Q (2007) Optimization of injection molding

the thickness of the central plate (BxC). The S/N ratio value at (AxB) process parameters using combination of artificial neural network
level 1 (50 mm) is a best interaction because of it gives the biggest and genetic algorithm methoa. Journal of Materials Processing
delta value, and then followed by interaction (AxC) level 1 (50 mm). Technology 183 (2-3):412-418,

The thickness of wheel rim at level 1 (A1) and the height of wheel rim
atlevel 1 (B1) have a maximum value. L

doi: 10.1016/], jmatorotec.2006.10.036

5.] Enright TP, Prince B (1983) Offline quality control parameter
estimation and experimental design with the Taguchi method. AFS
Transaction:393-400

[6.] Frayce D, Hetu JF, Loong (A (1993) Numerical modeling of filling and
solidification in die casting. Paper presented at the NADCA
International Congress and Exposition, (leveland, OH,

[7.] George PM, Raghunath BK, Manocha LM, Warrier AM (2002) FOM
machining of carbon—carbon composite—a Taguchi approach.
Journal of Materials Processing Technology 145.667—679

[8] Barua PB, Kumar P, Gaindhar JL (1997) Optimization of mechanical

2500,00
2000,00
1500,00
1000,00

500,00

0,00

500,00 ' : . : i . : properties of V-process castings by Taguchi method. Indian Foundry
-1000,00 14:.17-25

[9] Lipinski M, Schaefer W, Andersen S Modeling of combined heat and

—#—Metodo1  —@—Netodo 2 Metodo 3 fluid flow for determination of filling sequence for real complex

Figure 9. Final graph of the application of the regression equations shaped castings. In: TMS (ed) Modeling of casting, welding and

for each method advanced solidification processes, Warrendale, PA, 1991. pp 185-211

CONCLUSION [10.] Masters |, Khoei AP, Gethin DT The application of Taguchi methods to

»  The geometrical parameter, according to the results obtained in the aluminium recycling process. In: 4th ASM conference and

the experiment, most influential in the occurrence of defects exhibition on the recycling of metals, Vienna, Austria, 71999, pp 175—
produced by the shrinkage, is the Height of wheel rim. 124

»

»

The geometry values that shows fewer defects, for this [11.] Dabade UA, Bhedasgaonkar RC Casting Defect Analysis using Design
experiment are: of Experiments (Dof) and Computer Aided Casting Simulation

. . Technigue. In: Cunha PF (ed) Forty Sixth CIRP (onference on
—  Thickness of wheel rim: 50 mm
Manufacturing  Systems 2013, Setibal, Portugal, 2013. CRP.

~  Height of wheel rim: 50 mm d0i° 10,1016/} procir.2013,06.042
o L /7{ chness of the cen tral plate: 150 mm ] —[12.] Maghsoodioo S, Ozdemir G, Jordan V, Huang C (2004) Strengths and
Application of Taguchi method to determine the geometrical limitations of Taguchi’s contributions to quality,manufacturing, and

parameter that has the greatest influence on the presence of process engineering. J Mfy Syst 23 (2):73-126
defects in castings is very important technique for the design of [13.] Gunasegaram DR, Famsworth DJ (2009) Identification of critical

optimal casting. factors affecting shrinkage porosity in permanent mold casting using
Acknowledgments numerical simulations based on design of experiments. Materials
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