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Abstract: - The objective of this research is to study the factors affecting the blow holes in the die casting
process of aluminum alloys R14 for the compressor of the automotive parts. The factors such as the casting
pressure, the injection speed, the high starting of the position and the vacuum pressure are investigated. A
response surface analysis with the Box-Behnken Design has been employed to obtain the optimum condition in
order to minimize the blow holes formation. It has been proved that the amount of blow holes can be reduced by
using the experimentally obtained optimum conditions, which are the casting pressure of 85 Mpa, the die casting
low injection speed of 0.30 m/s, the high injection speed of 2.49 m/s, the high-speed starting position of 326.81
mm and the vacuum pressure of -97.28 Kpa.
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l. INTRODUCTION

Currently, the die casting process are highly used to produce the mechanical and automotive parts.
Especially the aluminum alloy parts. It has been proved that the better surface of workpiece can be obtained
from the die casting [1]. According to the die casting process is controlled by several parameter. When properly
determined and adjusted, they result in an improvement in quality of the die casting parts. There was
experimented by employed different combination of injection parameters and aimed to assess the presence of
porosity in the die casting parts, and by considerable amount of porosity in the critical region [2]

However, there are many defects occurred during the die casing process. The compressor part is
normally produced by the die casting. Nevertheless, the blow holes is still the barrier of the compressor parts,
The blow holes is caused by several factors such as the casting pressure, the injection speed, the high starting of
position and vacuum pressure. It is required to avoid the blow holes during the die casting process.

The Box-Behnken design is normally used to design and reduce the experiments. The optimum casting
condition can be obtained by utilizing the response surface analysis. Hence, the aim of the research is to reduce
the amount of blow holes in the compressor parts by employed the response surface analysis with the Box-
Behnken design to optimum casting condition. Therefore, must plan to design an experiment by determine the
factors that are relevant and the optimization of factors. For the experiments in the production process.
However, optimizing the conditions to render aluminum die castings of minimum porosity percent is costly and
time consuming, because many experiments are necessary to find the optimal parameters.

1. HIGH PRESSURE DIE CASTING PROCESS

High pressure die casting process is the most common technology for the production of components
made from the alloy. Because the process is characterized by molten metal is forced into a cold empty cavity of
a desired shape and is then allowed to solidify under a high holding pressure. The quickly cooling and hardening
of the metal in the mold. When the die is opened, the casting is retained in the moving half, from which it is
ejected by pins activated either hydraulically or mechanically [3]. These characteristics are good mechanical
properties in the casting. However, the quality defects that may occur most frequently in casting processes at
high pressure is blow hole defects that occur is mainly composed as follows [4];

1. The action or operations in casting process.
2. Machine used in the casting process.
3. How to design appropriate.

The three components are the priority that the operations should be created to the same standards for
properly practice. Further, Machinery selection for the product is important which must be considered in the
next stage. The conditions or parameters to determine the appropriate step molding process. Because some of
those parameters affecting the quality of the quality of the part for actual practice can be difficult to control due
to variations. The most common method, which is at the same time the most easily applicable in the foundries
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environment, is the trial and error method [5]. Usually, the main controlled variables are mold temperature,
dosage volume, slow and fast shots, commutation spots, injection pressure, upset pressure as well as chemical
composition and liquid metal temperature.

Recently, some papers have shown the die casting injection speed and the low-speed starting position. Pressure
in compression during the coagulation that effect on the quality of the air inside the cavity. The time to cooling
for setting workpiece in the mold which influence only to the external surface quality.

Fig 1 Critical region showing the presence of Blow holes

Blow holes caused by gas in the water, metal, or may be a result of the remaining air in the material is
mixed. Pore appearance of cavitation is often a small hole. The shape of the pores with a round and sharp hole.
Usually, occurs as a group within the meat casting and found after the component is turning (Fig 1). The focus
of this paper is on the Blow holes of the die casting process by using the R14 aluminum alloy. The basic step as
following:

1. Determine the Blow holes ratings of the die casting process. The Blow holes has been selected as
the most quality problem.

2. The select of most significant factors effects on the Blow holes rating when adjusted to different
levels.

3. An experimental design was created by Box-benhken under same machine.

4. Analyze the summary data to determine the significant of each factors and considering for the best
condition that the minimum effects on the Blow holes rating.

5. Determine the optimum setting of controlling factors are considered.

6. Verification a result by the optimum factors setting as new levels in the predicted of the die
casting process

1. EXPERIMENT AND PROCEDURES

The experiment was to study the relationship of the parameters that affect the types of blow hole of
aluminum alloy type R14 by applying Box-Behnken Design experimental, 2k factorial with an incomplete block
designs and viewed as a cube, it consists of a central point and the middle points of the edges [6] [7]. The result
of executing more efficiently in terms of the number of runs required and the design also can be almost spin or
rotate it. Can reduce the run order of experiment because of the restrictions in order to analyze the response
surface between the response variable and finding the optimum level of each factor [8]. In the technique, the
main objective is to optimize the response surface that is influenced by various process parameters. Response
surface methodology also quantifies the relationship between the controllable input parameters and the obtained
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response surfaces [9]. For the experimental runs of 46 runs, which consists of a number of factors, divided into 3
levels in Table 1 is obtained by consideration of the possibilities and limitations of each factor.

Table 1 Factors and factor levels of the die casing process

Level of Factors

Symbol Factors Unit
Low Center High
A Casting pressure Mpa 75 80 85
B Low injection speed (m/s) 0.16 0.23 0.30
c High speed starting position mm 320 330 340
D High injection speed (m/s) 1.80 2.40 3.00
E Vacuum pressure Kpa -93 -96.5 -100

This experiment be provided order of experiments to be random. According to the different factors. Individual
run order will be record 30 pieces and the proportion of the defect. By the part must be turning to inspection
blow holes in the areas that the required.

V. EXPERIMENT RESULTS AND DISCUSSION

The results obtained by the Box-Behnken Design into the process of selecting a mathematical equation.
Using statistical program to find the optimize factors. For the selection equation form of analysis results from a
trial of Box-Behnken by the results of the analysis of the equation in terms Full Quadratic in Table 2, the
confidence level 95% of the P-value of the 5 factors is less. 0.05 shows that all the factors affecting the Blow
Holes.

Table 2 Variance analysis of the Blow Holes for different factors and their interactions in terms Full Quadratic

Response Surface Regression: %Defect of Blow hole versus A, B, C,D,E
The analysis was done using uncoded units.

Estimated Regression Coefficients for %Defect of Blow hole
Term Coef 5E Coef T P

Constant 32862.6 7034.16 4.872 0.000

s -52.4 42.79 -2.158 0.041

B -6573.8 2920.50 -2.251 0.033

C -94.8 24.36 -3.8%0 0.001

D -755.6 341.07 -2.215 0.036

E -241.4 66.38 -3.637 0.001

LR 0.3 0.12 2.878 0.008

E*B 3344.7 610.40 5.47% 0.000

C*C 0.1 0.03 4,179 0.000

D*D 44.8 g8.31 £.387 0.000

E*E 1.0 0.24 3.9%3 0.001

L*B -38.1 12.62 -3.018 0.006

L*C -0.0 0.0% -0.377 0.70%

L*D 0.8 1.47 0.377 0.70%

B*E 0.5 0.25 2.075 0.048

B*C 21.4 6.31 3.385 0.002

B*D -79.4 105.19 -0.754 0.458

B*E 10.2 18.03 0.566 0.577

C*D 2.4 0.74 3.207 0.004

C*E 0.0 0.13 0.377 0.709

D*E -2.8 2.10 -1.320 0.1%%

5 = 8.83585 PRESS = T74%3.2¢

E-5g = 91.67% R-S5g (pred) = 67.98% R-5g (adj) = 85.00%

*Noted A : Casting pressure (Mpa) B : Low injection speed (m/s) C : High speed starting position (mm)
D : High injection speed (m/s)E : Vacuum pressure (Kpa)
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As the result, it can be seen that the effects that were all of the main effects and was also found that the
interaction between the casting pressure with low injector speed (A*B), casting pressure with vacuum pressure
(A*E), low injector speed with high speed starting position (B*C) and high speed starting position with high
injection speed (C*D) are affects the Blow Holes. Conclusion that the factors that influence the Blow Holes,
since the P-value of the analysis is more than 0.05 from Table 2, the R2 coefficient of determination of 91.67%.
R2 adj coefficient of determination 85% considered is quite satisfactory, because of the close one. There is a
adequacy of data. The suitability of the information and equation modeling. It can be seen that there is a reliable
predictor of the proportion of the blow holes. So, to find the optimal factor to proportion the defect of to
minimize blow holes are shown in the table 3.

Table 3 The optimum factors levels and blow holes response

Factors Symbol Value Unit
Casting pressure A 85 Mpa
Low injection speed B 0.30 (m/s)
High speed starting position C 2.490 mm
High injection speed D 326.81 (m/s)
Vacuum pressure E -97.28 Kpa

According to the prediction equation of the relation between factors that affect the response. The
response at any regime in the interval of our experiment design could be calculated from Egs-1, the second-
order response function representing percentage defective of the blow holes as follows:

Y= 328626 - (92.3552A) - (6573.84B) - (94.7530C) - (755.589D) -(241.426E) + (0.34444A2) +
(3344.67B2) + (0.125000C2) + (44.7531D2) + (0.975057E2) - (0.0333333AB)-(38.0952AC)+
(0.555556AD)+ (0.523810AE) + (21.4286BC) - (79.3651BD) + (2.36111BE) + (10.2041CD)
+(0.0476190CE) - (2.77778DE) (Egs-1)

It can be expressed as a factor of Casting pressure (A), Low injection speed (B), High speed starting
position (C), High injection speed (D), Vacuum pressure (E). The relationship between responses and variables
were obtained for three level of factors. Then using new condition of each factors that can be shown the amount
of Blow holes decrease from the previous time are used old conditions as fig 2.

Fig 2 Comparison the amount of Blow holes between current and new condition
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V. CONCLUSION
The results of the high-pressure casting aluminum alloy type R14 was found to increase the pressure in

the injection, but the low injection speed the piston speed results in a more blow holes. Low vacuum pressure,
the movements of high injection speed are slow or too fast with high speed starting position plunger motion is
inappropriate. Because of the inadequacy of compensation to replace the liquid aluminum is mixed with air be
affect the blow holes in part as significant at a confidence level of 95 %. The optimal values of the factors has
been proved that the amount of blow holes can be reduced to 5.18% by using the experimentally obtained
optimum conditions, which are the casting pressure of 85 Mpa, the die casting low injection speed of 0.30 m/s,
the high injection speed of 2.49 m/s, the high-speed starting position of 326.81 mm and the vacuum pressure of -

97.28 Kpa.
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