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Abstract: The present research work emphasized on identifying and optimizing various significant process parameters of high 

pressure die casting by using QFD-Taguchi based hybrid approach in order to yield the optimum casting density of the A380 alloy. 

Identification of critical process parameters, selection of appropriate orthogonal array, analysis of means and analysis of variance are 

employed to study the performance characteristic of the die casting process. The most critical process parameters identified and 

optimized by QFD-Taguchi based hybrid approach, such as the injection pressure, the molten metal temperature, the plunger velocity 

(first and second stage) and the die temperature were explored in the experimental work. The results show that injection pressure is 

the most significant factor among the selected parameters. The contribution of the injection pressure to the variation of mean casting 

density is around 61.483%. Confidence interval (CI) has also been estimated as 0.000718 for 95% consistency level to validate the 

predicted range of optimum casting density of aforesaid alloy. 
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1 Introduction 
 

In the present era, ample of industries are focused to 

seek light weight and high strength materials in the 

development of robust parts, particularly in automobile 

industry. Due to high specific strength, the global 

production of aluminium alloys has been increased and 

use of aluminium alloys has grown continuously for the 

past few decades. The future of aluminium industries is 

essentially related to the issue of global warming and 

emission of green house gases. Estimates provided by 

International Aluminium Institute represent that every 

kilogram of a heavier material that is replaced by 

aluminium in a vehicle, results in the reduction of 22 kg 

of carbon dioxide over the life span of the vehicle. 

Therefore, a key focus of the industry is the reduction in 

emissions by replacing useful nonferrous alloys, i.e., by 

increasing the usage of aluminium alloys in automobile, 

aircrafts and domestic application. Hence, aluminium 

alloys have played vital role due to light weight and a 

good combination of mechanical properties, 

machinability and castability [1,2]. As the applications of 

aluminium alloys are prominently increasing, it became 

necessary to develop corresponding manufacturing 

processes capable of presenting a high quality product. 

Among the present advanced manufacturing processes, 

casting is one of the oldest manufacturing processes and 

with the advancement of time; a lot of developments 

took place in the casting process. It is used for 

production of diverse complicated shapes that cannot be 

easily manufactured by any other process. Keeping in 

view the contribution of high temperature and safety 

aspects of the operators, different manual activities of the 

casting process are getting replaced by the high end 

automatic technologies. Based on the type of mold and 

way of filling the molten metal, various types of casting 

processes are now available in the market such as sand 

casting, die casting, continuous casting, investment 

casting, and squeeze casting. 

But compared to other processes, die casting 

process is one of the most prominent and extensively 

used manufacturing processes for producing mass cost 

effective production that may be difficult to obtained 

through any other casting process [3]. Yet, a significant 

amount of research and development work have been 

done in order to optimize the die casting process and to 

enhance the quality of the castings. The optimization 

effort has been encouraged by net and/or near net   

shape technical characteristics of the pressure die  

casting process, in conjunction with its capability to 

produce complex engineering products. The quality of a 
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die pressure casting is the result of a great number of 

parameters [4,5]. 

Some of these parameters affecting the quality are 

controllable while others are noise factors. Recently, a 

few researchers also made an attempt on effect of various 

properties by using die casting process [6−12]. But the 

influences of all these parameters are greatly complicated 

in the die casting process. Therefore, the selection of 

appropriate process parameters for fabricating a high 

quality die casting aluminium alloy products is becoming 

one of the primary challenges in the technology of the 

die casting process [13,14]. The most common and easily 

applicable method in the foundries environment is the 

trial and error method. However, this method demands 

extensive experimental work which might lead to 

decrease of the productivity of the firm. The 

QFD-Taguchi based hybrid approach appears to be an 

ideal tool for continuous rapid quality improvement. 

Casting efficiency and quality product design become 

easier and more productive for today’s highly 

competitive international market. 

The focus of this research is on the robustness of the 

high pressure die casting process by identifying the most 

significant critical process parameters and optimization 

of the die casting process through QFD-Taguchi based 

hybrid approach. Detailed description about the QFD and 

Taguchi methodologies has mentioned below. 

 

1.1 Quality function deployment 

Quality function deployment (QFD) is a 

methodology that extracts customer requirements (CRs) 

and inducting them in the final product. Once CRs are 

extracted from customer, the QFD approach uses 

absolute importance to identify the degree of importance 

for each CR. By this method, CRs are translated into 

technical descriptors (TDs). These TDs are then 

translated into product or parts characteristics, which are 

then in-turn translated into process plans. These plans are 

then translated into specific operations, conditions [15]. 

The conventional four-phased, manufacturing based 

QFD methodology needs some adaptations to be applied 

in the die casting optimization process through 

QFD-Taguchi based hybrid approach in order to yield the 

optimum casting density. The adapted methodology is 

two-phased QFD cascade as shown in Fig. 1. 

In this QFD process, a matrix called the house of 

quality (HOQ) [16] is used to display the relationship 

between the CRs and TDs [17]. In conventional QFD 

applications, a cell (i, j) in the relationship matrix of 

HOQ is assigned 1, 3, 9 (■=1, ▲= 3, O = 9) to represent 

a weak, medium and strong relationships respectively 

between CRj and TDj. 

If m technical descriptors are considered for the 

purpose of satisfying ‘n’ customer requirements, the 

absolute and relative weights of each TD are computed 

as: 

Absolute weight: Absolute weight (AW) is a 

popular and easy method for determining the weight is to 

assign numerical values to symbols in the relationship 

matrix. The absolute weight of jth technical descriptor by 

using the formula is [18]. 
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where WAj is the row vector of absolute weight of 

technical descriptors; Rij is the weight assigned to 

relationship matrix (i=1, 2, …, n, and j=1, 2, …, m); Ci 

is the column vector of importance to customer for the 

Customer requirement (i=1, 2,…, n) 

 

 

Fig. 1 Cascade of two phased QFD charts to determine critical 

process parameters in die casting process 

 

Relative weight: The relative weight (RW) for the 

jth technical descriptor is then given by replacing the 

degree of importance for the customer requirement with 

the absolute weight for customer requirements. It is 

calculated by using the formula [18]. 
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where WRj is the row vector of relative weight for the 

technical descriptors (j=1, 2,…, m). 

Higher absolute and relative ratings indicates where 

engineering efforts need to be concentrated. 
 

1.2 Taguchi method 

Genichi Taguchi has developed a methodology for 

the application of designed experiments. Commonly, it 

has been used in analyzing the engineering problems to 

optimize quality characteristics (QCs) by means of 

settings of design parameters. PHARDE [19] states that 

the effect of uncontrollable factors (humidity, noise, 

vibrations etc.) can be nullified by the proper selection of 

the level combination of controllable factors or process 
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parameters. The aim of the Taguchi method is to 

establish the parameter settings which render the  

product quality robust to unavoidable variations in 

external noise, a few researchers made an attempt on 

various manufacturing processes by using Taguchi       

method [20−22]. This method uses a very special set of 

arrays called orthogonal arrays (OAs), which could 

provide full information about all the factors that affect 

the quality characteristics. While there are standard OAs 

available, each of the array is intended for a specific 

number of independent design variables and levels. The 

selection of OA is based on total DOF (degree of 

freedom) of all the factors and the number of rows of the 

selected OA should be greater than or equal to the total 

DOF of any process. Taguchi recommended the use of 

Signal-to-Noise (S/N) ratio to quantify the effect of 

variations. Depending on the particular type of quality 

characteristics (QCs) involved, different S/N ratios are 

applicable, including “Lower is better”(LB), “Nominal is 

best” (NB) and “Higher is better” (HB). For the present 

investigations, density is a “Higher is better” type of 

quality characteristic and is taken into consideration, so 

S/N ratio of HB is given as 
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where η is the S/N ratio; yi is the response value for a test 

condition repeated in n times. 

Taguchi also recommended the use of another tool 

called analysis of variance (ANOVA) to study the 

significance of process parameters. If a parameter is 

found to be significant, it implies that this parameter 

plays a vital role in determining the optimal solution of 

the present design problem. 

 

1.3 Proposed optimal procedure 

The integrated approach combines the QFD with 

Taguchi method in order to determine the die casting 

process parameters with optimal response characteristics, 

as depicted in Fig. 2. 

 

 

Fig. 2 Flow chart of proposed hybrid approach for present investigation 
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2 Parameter design 
 

The most significant process parameters and their 

respective levels and appropriate orthogonal array (OA) 

for design of experiment here selected to determine 

optimum casting density of the A380 alloy. 

 

2.1 Selection of process parameters 

To identify the casting process parameters which 

may affect the die casting density, an Ishikawa diagram 

(Cause and effect of die casting process for present 

investigation diagram as shown in Fig. 3) was 

constructed based on the exploratory significant 

parameters that affect processes, which were 

indistinguishable to the present investigation [23−26]. 

The process parameters can be listed in four 

categories as follows: 

1) Parameters related to die casting machine: 

Plunger velocity during 1st and 2nd stage, fast shot set 

point, cavity filling time, multiple pressures during 3rd 

stage; 

2) Parameters related to shot sleeve: Dimensions 

and filling time of shot sleeve;  

3) Type of die lubricant; 

4) Parameters related to die: Temperature of the die, 

size and shape of the gate, venting system of die design, 

cooling system of die design; 

5) Parameters related to cast metal: Temperature of 

the casting metal, condition and composition of the cast 

metal. 

All these aforesaid parameters have diverse 

influences on die casting process. But, optimization of all 

these parameters at same time might lead to complication 

in the system. So, among the aforesaid parameters, which 

are systematically explained by cause and effect diagram 

as shown in Fig. 3, identification of the most significant 

process parameters that may affect the die casting density 

to enhance the customer satisfaction is considered as 

prominent in the present investigation. 

Here, QFD has been used as quality tool to identify 

the most significant critical process parameters for 

optimization of the die casting process in order to yield 

the optimum casting density. The following steps express 

the applications of proposed methods. 

Step 1: Identifying the customer requirements (CRs) 

To evaluate and select the best optimized casting 

process in order to yield the customized products, the 

customer requirements were identified first. Here, six 

customer requirements have been taken in HOQ-1. 

Step 2: Determining the importance rating of each 

customer requirement. 

The importance rating of each customer 

requirement needs to be determined, because a customer 

requirement with a higher importance rating means that 

it has higher impact on the selection process. Numbers 

through 1 to 10 are listed in the importance to customer 

column to indicate a rating of 1 for the least important 

and 10 for the most important. These impact ratings are 

determined on the basis of customer feed-back on casted 

products. 

Step 3: Identifying the technical descriptors (TDs) 

The technical descriptors capture the Hows. Hows 

are ways of achieving Whats (CRs) and consist of 

processes, facilities and methods. Emphasis shifts from 

identifying the problem to solving the problem. 

Technical descriptors were identified by QFD team 

through brainstorming session. The brainstorming session  

 

 

Fig. 3 Cause and effect diagram of die casting process for present investigation 
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resulted in five technical descriptors. They are taken in 

HOQ-1. 

Step 4: Determining the relationship weights 

between CRs and TDs 

Relationship can be defined by answering a 

particular question for each cell in a matrix. For example, 

the relationships between customer requirements and 

technical descriptors might be defined by asking “To 

what degree does this measure predict the customer’s 

satisfaction with this requirement?” by asking this same 

question consistently for each measure and required 

combination, a set of relationship will be established in 

the matrix which will help to determine which measures 

are the most important to control in order to achieve a 

desired level of customer satisfaction. 

After prioritization of the voice of customers (VCs), 

these VCs are translated into technical descriptors (TDs).  

Once the VCs and TDs were placed in HOQ1, the 

strength of their relationships is identified as 

prioritization and trade-offs might take place further. In 

QFD application, each TD can correlate VCs at one of 

four levels of relationship: strong, moderate, weak or 

non-existent, for non-existent relation the cell remains as 

blank. With the relationship matrix furnished, the column 

weights of each TD were computed by using Eqs. (1)  

and (2). 

The raw scores obtained were then used to rank the 

various TDs on relative scales as shown in Fig. 4. The 

relative weights of the technical assessments indicate 

how important it is to control these requirements in order 

to meet customer satisfactions. So according to relative 

weights, much attention has to be given first for the 

attribute of optimum injection pressure (relative weight 

at 22%), secondly, for optimum molten metal 

temperature (relative weight at 16%) and then to 

optimum plunger velocity 1st and 2nd stage (relative  
 

 

Fig. 4 Critical process parameters deployment matrices: (a) VCS DEP. Matrix (HOQ1); (b) Die casting process parameters DEP. 

matrix (HOQ2) (■—1 (Weak relationship); ▲—3 (Median relationship); ○—9 (Strong recationship)) 
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weight at 14%) and optimum die temperature (relative 

weight at 12%) in order to meet the customer 

expectations. 

From QFD quality technique, injection pressure, 

molten metal temperature, plunger velocity (1st and 2nd 

stage) and die temperature are identified as most 

significant process parameters which are affecting the 

casting density in order to yield customized products. 

Based on the previous researchers [27−29], the range of 

the injection pressure was selected as 12−24 MPa, 

molten metal temperature was chosen as 650−750 °C, 

the piston velocity in the first stage was selected as 

0.02−0.34 m/s and in the second stage piston velocity 

was 1.2−3.8 m/s and the die temperature is varied 

between 180−260 °C. The selected casting parameters, 

along with their ranges, are given in Table 1. 

 

Table 1 Process parameters with their ranges and values at 

three levels 

Parameter 

destination 

Process 

parameter 

Parameter 

range 

Level 

1 

Level 

2 

Level 

3 

A 
Molten metal 

temperature/°C 
650−750 650 700 750 

B 
Plunger velocity 

at 1st stage/(m·s−1) 
0.02−0.34 0.02 0.18 0.34 

C 
Plunger velocity 

at 2nd stage/(m·s−1) 
1.2−3.8 1.2 2.5 3.8 

D 
Die 

temperature/°C 
180−260 180 220 260 

E 
Injection 

pressure/MPa 
12−24 12 18 24 

 

2.2 Selection of orthogonal array 

From the previous researchers, it was revealed that 

non-linear behavior of the process parameters of a die 

casting can be determined only if more than two levels 

per each parameter are used [30,31]. Therefore, each 

parameter was analyzed in three levels. The process 

parameters along with their values at selected levels are 

also given in Table 1. Literature reveals that the molten 

metal temperature imposed in conjunction with the 

piston velocity in first and second stages, affects the 

density of the die casting process. Thus, it was also 

decided to study the interaction effects of these 

parameters on the density of the die casting process. 

These interactions were the molten metal temperature 

imposed in conjunction with piston velocity (first stage) 

(A×B), molten metal temperature with piston velocity 

(second stage) (A×C) and the piston velocity first and 

second stage (B×C) [31]. 

As per Taguchi’s method, the total DOF (degree of 

freedom) of selected OA must be greater than or equal to 

the total DOF required for the experiment. The total 

DOF for five factors, each factor at three levels and three 

interactions, is 22 [32]. Therefore, a three-level OA with 

27 experimental runs (DOF=27−1=26) has been selected 

for the present research. Since each interaction has 4 

DOF, a total of six columns (two columns for each inter- 

action) was needed for assigning the interactions [33]. 

Using a triangular table for three-level OA, the 

interacting columns in L27 OA were identified and the 

parameters were assigned to columns accordingly. The 

assignment of the casting process parameters (A to E) 

and parameter interactions (A×B, A×B2, A×C, A×C2, B×C 

and B×C2) in columns also shown in Table 2. 

 

Table 2 L27 orthogonal array 

Exp. 

No. 
A B A×B A×B2 C A×C A×C2 B×C D E B×C2 

1 1 1 1 1 1 1 1 1 1 1 1 

2 1 1 1 1 2 2 2 2 2 2 2 

3 1 1 1 1 3 3 3 3 3 3 3 

4 1 2 2 2 1 1 1 2 2 2 3 

5 1 2 2 2 2 2 2 3 3 3 1 

6 1 2 2 2 3 3 3 1 1 1 2 

7 1 3 3 3 1 1 1 3 3 3 2 

8 1 3 3 3 2 2 2 1 1 1 3 

9 1 3 3 3 3 3 3 2 2 2 1 

10 2 1 2 3 1 2 3 1 2 3 1 

11 2 1 2 3 2 3 1 2 3 1 2 

12 2 1 2 3 3 1 2 3 1 2 3 

13 2 2 3 1 1 2 3 2 3 1 3 

14 2 2 3 1 2 3 1 3 1 2 1 

15 2 2 3 1 3 1 2 1 2 3 2 

16 2 3 1 2 1 2 3 3 1 2 2 

17 2 3 1 2 2 3 1 1 2 3 3 

18 2 3 1 2 3 1 2 2 3 1 1 

19 3 1 3 2 1 3 2 1 3 2 1 

20 3 1 3 2 2 1 3 2 1 3 2 

21 3 1 3 2 3 2 1 3 2 1 3 

22 3 2 1 3 1 3 2 2 1 3 3 

23 3 2 1 3 2 1 3 3 2 1 1 

24 3 2 1 3 3 2 1 1 3 2 2 

25 3 3 2 1 1 3 2 3 2 1 2 

26 3 3 2 1 2 1 3 1 3 2 3 

27 3 3 2 1 3 2 1 2 1 3 1 

 

3 Experiment and discussion 
 

The experiments have been conducted on high 

pressure die casting machine of technocrats model 

TDC-120 available at Private Industry, Hyderabad, 

Telangana State, India. The main parts of the machine are 
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moving plate, fixed plate, control box panel, accumulator, 

injection cylinder, ejector mechanism, pressure 

regulating valve, die regulating valve. Control panel is 

provided on the machine for die opening and die closing 

and for ejection of the casting parts. The machine can be 

operated on manual as well as automatic. Figure 5 shows 

the pattern used in the die casting process. 
 

 

Fig. 5 Schematic representation of die casting pattern used in 

experimental procedure (unit: mm) 

 

The test sample was a square plate of A380 alloy 

(Al, 8% Si, 3% Cu, 1.3% Fe) with dimensions 100 mm × 

100 mm × 20 mm. Thick test casting has been selected to 

facilitate the experimental procedure. As per Taguchi 

design, 27 experiments were conducted at each test 

condition. For each test condition, three test castings 

were made using a randomization technique. Figure 6 is 

the pictorial view of the casting part. The casting density 

was measured using the immersion technique. Castings 

were weighed first in air and then immersed completely 

in degassed distilled water. All weighings were 

conducted on Mettler Balance with an accuracy at  

0.0001 g. Application of this technique leads to the 

following expression for the density of the casting [34]. 
 

w
1( )

m

m m



                              (4) 

 
where m is the mass of the casting part in air, m1 is the 

mass of the same casting part in degassed distilled water 

and ρw is the density of the degassed distilled water. The 

density of degassed distilled water at 20 °C is 998 kg/m3. 

Using aforesaid method, the densities of the 

experimental casted parts were measured and furnished 

in Table 3. 
 

 

Fig. 6 Image of A380 die casted part 

Table 3 Casting density values and S/N ratios against trial 

numbers 

Exp. 

No. 

Casting density/(g·cm−3) 
S/N 

ratio Repetition 

1 

Repetition 

2 

Repetition 

3 
Average 

1 2.777 2.775 2.78 2.777 8.8726 

2 2.781 2.778 2.783 2.781 8.8830 

3 2.783 2.783 2.788 2.785 8.8955 

4 2.785 2.78 2.786 2.784 8.8923 

5 2.787 2.785 2.79 2.787 8.9038 

6 2.776 2.773 2.779 2.776 8.8684 

7 2.789 2.787 2.792 2.789 8.9100 

8 2.772 2.778 2.781 2.777 8.8715 

9 2.788 2.775 2.785 2.783 8.8892 

10 2.787 2.784 2.791 2.787 8.9038 

11 2.78 2.778 2.782 2.780 8.8809 

12 2.78 2.776 2.783 2.780 8.8798 

13 2.782 2.779 2.785 2.782 8.8871 

14 2.782 2.778 2.785 2.782 8.8861 

15 2.783 2.782 2.79 2.785 8.8965 

16 2.787 2.781 2.784 2.784 8.8934 

17 2.788 2.784 2.792 2.788 8.9058 

18 2.781 2.775 2.787 2.781 8.8840 

19 2.785 2.784 2.788 2.786 8.8986 

20 2.786 2.783 2.789 2.786 8.8996 

21 2.779 2.778 2.782 2.780 8.8798 

22 2.788 2.785 2.793 2.789 8.9079 

23 2.781 2.779 2.784 2.781 8.8851 

24 2.783 2.782 2.791 2.785 8.8975 

25 2.785 2.781 2.786 2.784 8.8934 

26 2.786 2.785 2.788 2.786 8.9007 

27 2.787 2.783 2.788 2.786 8.8996 

 

Experimental data are traditionally used to analyze 

the mean response. The Taguchi method stresses the 

importance of studying the variation of the response 

using the Signal-to-Noise (S/N) ratio [35]. The reason for 

this is to minimize the variation in the quality 

characteristics due to uncontrollable parameters. Hence, 

the density is a “Higher the better” type of quality 

characteristic. So the S/N ratio was used for that type of 

response, and is given by Eq. (3). 

For next step, the S/N ratios were computed for 

each of the 27 test conditions. The values, the average for 

each parameter at different levels and the S/N ratios of 

each test are shown in Table 3. 

The average values of casting density for each 

parameter at levels 1 to 3 are given in Table 4 and are 

plotted in Figs. 7(a)−(e). The main effects of various 
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parameters when changed from the lower to higher level 

are also shown in the Table 4. 

Average values of S/N ratio of varies considered 

parameters at three levels are given in Table 5 and 

plotted in Figs. 8(a)−(e). The main effects in terms of 

S/N data are also given in Table 5. 

From Figs. 7 and 8, it shows that the parameter E is 

more prominent than remaining four parameters (molten 

metal temperature, plunger velocity at 1st and 2nd stages 

and die temperature). From Fig. 7, it is revealed that the 

casting density is maximum at the 3rd level of the 

parameters A, B, D and E and also at the 1st level of the 

parameter C. Moreover, the S/N ratio analysis exposed in 

Figs. 8((a)−(e)) also recommended that the parameter 

levels A3, B3, C1, D3 and E3 are the optimizing levels for 

reducing the variability of the die casting process of 

A380 alloy. It must be noted that the above combination 

of factorial levels (3, 3, 1, 3 and 3) was not one of the 27 

combinations tested in our set of experiments. This was 

expected because of the small number of experiments 

conducted in the employed experimental design (27 from 

35=243 possible combinations). 

In order to study the significance of process 

parameters, ANOVA was performed in Table 6. From 

Table 6, it shows that the injection pressures of the 

machine (parameter E) significantly affect the mean 

average of casting density of 61.483%. The die 

temperature (parameter D) and molten metal temperature 

(parameter A) also affect the casting density of 11.023% 

and 9.301%, respectively. Table 7 presents the   

ANOVA of S/N ratio. It also shows that the same 

parameters (E, D and A) significantly affect the 

variability of casting density of 65.66%, 10.521% and 

9.599%, respectively. 
 

 

Fig. 7 Average values of casting density of each parameter at levels 1−3: (a) Molten metal temperature; (b) Plunger velocity (1st 

stage); (c) Plunger velocity (2nd stage); (d) Die temperature; (e) Injection pressure 
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Table 4 Average values of casting density (g/cm3) at varies 

levels with main effects 

Factor Level 1 Level 2 Level 3 L2−L1 L3−L2 

A 2.782 2.7833 2.7844 0.0013 0.0011 

B 2.7823 2.7834 2.7842 0.0011 0.0008 

C 2.7846 2.7831 2.7822 −0.0015 −0.0009 

D 2.7817 2.7835 2.7846 0.0018 0.0011 

E 2.7797 2.7833 2.7868 0.0036 0.0035 

 

4 Estimation of density mean 
 

From the analysis of S/N ratio and the mean 

response characteristic, optimum levels of the control 

factors are determined as: A3, B3, C1, D3 and E3. Hence, 

utilizing the estimation model of Taguchi based on    

the average values of optimum levels of factors and  

equivalent “β-factors” the estimated mean of the quality 

characteristic (experimental casting density) is achieved 

by the following equation [35]: 
 
μ=Mβ(M)+(A3−M)β(A)+(B3−M)β(B)+(C1−M)β(C)+ 
 

(D3−M)β(D)+(E3−M)β(E)                (5) 
 
where M is the overall average of trials. β(A), β(B), β(C), 

β(D), β(E) are the β-factors of factors A−E, respectively, 

and defined by Eq. (6) [36]: 
 

P

1
( ) 1P

F
                                 (6) 

 

where FP is the F-ratio of factor P. 

A3, B3, C1, D3 and E3 are the near optimal levels of 

the control parameters. The β(M) is the overall β-factor 

which is defined by Eq. (7) [36]: 

 

 
 
Fig. 8 Average values of S/N ratios of each parameter at levels 1−3: (a) Molten metal temperature; (b) Plunger velocity (1st stage);  

(c) Plunger velocity (2nd stage); (d) Die temperature; (e) Injection pressure 
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Table 5 Average values of S/N ratios at varies levels (1−3) with 

main effects 

Factor Level 1 Level 2 Level 3 L2−L1 L3−L2 

A 8.8873 8.8908 8.8958 0.0035 0.0050 

B 8.8863 8.8916 8.8942 0.0053 0.0025 

C 8.8954 8.8907 8.8878 −0.0047 −0.0029 

D 8.8865 8.8921 8.8953 0.0056 0.0032 

E 8.8803 8.8912 8.9025 0.0109 0.0113 

 

Table 6 ANOVA of die casting density 

Factor SS DOF V F-ratio P/% 

A 3.28025×10−5 2 1.64013×10−5 131.532 9.301 

B 1.63827×10−5 2 8.19135×10−6 65.692 4.610 

C 2.69753×10−5 2 1.34877×10−5 108.166 7.636 

D 3.60370×10−5 2 1.80185×10−5 144.502 11.023 

E 0.000227148 2 1.13574×10−4 910.822 61.483 

A×B 2.09877×10−7 4 5.24693×10−8 − − 

A×B2 5.55556×10−7 8 6.94445×10−8 − − 

A×C 1.85185×10−7 4 4.62963×10−8 − − 

A×C2 2.09877×10−7 8 2.62346×10−8 − − 

B×C 3.58025×10−7 4 8.95063×10−8 − − 

B×C2 4.07407×10−7 8 5.09259×10−8 − − 

Error 8.72857×10−6 70 1.24694×10−7 − 5.947 

Total 0.00035 80 4.37500×10−6 − 100 

SS sum of squares, DOF degree of freedom, V variance, P percent 

contribution. 

 

Table 7 S/N ANOVA of die casting density 

Factor SS DOF V F-ratio P/% 

A 3.2465×10−4 2 1.62324×10−4 505.640 9.599 

B 1.6324×10−4 2 8.16182×10−5 254.242 4.817 

C 2.6758×10−4 2 1.3379×10−4 416.756 7.909 

D 3.5576×10−4 2 1.7788×10−4 554.099 10.521 

E 2.21683×10−3 2 1.108416×10−3 3452.726 65.660 

A×B 2.2559×10−6 4 5.63983×10−7 1.757 0.029 

A×B2 9.5397×10−6 8 1.19246×10−6 3.715 0.207 

A×C 2.4568×10−6 4 6.14191×10−7 1.913 0.035 

A×C2 2.2711×10−6 8 2.83887×10−7 0.884 −0.009 

B×C 7.9007×10−6 4 1.97518×10−6 6.153 0.196 

B×C2 3.1904×10−7 8 3.98803×10−8 0.124 −0.067 

Error 2.2472×10−5 70 3.21026×10−7 − − 

Total 0.00337527 80 4.21909×10−5 − − 

 

e( ) 1
V

M
T

                                 (7) 

 
where T is the sum of squares of all trials and Ve is the 

variance due to error. 

From Tables 3 to 6 it can be computed that 

M=2.7834, T=209.169 and Ve=3.21026×10−7. So the 

long-range means performance estimation of casting 

density is calculated as μ=2.79057 g/cm3. 

 

5 Confidence interval (CI) around estimated 

mean of density 

 

Confidence interval (CI) has been calculated for 

95% consistency level and some conformational 

experiments have been conducted at optimum level of 

the process parameters for validation of the adequacy of 

the Taguchi method. The mean percentage defect (µ) 

calculated by Eq. (5) for the selected trial condition is 

2.79057 g/cm3. To verify predictions, the confidence 

levels, i.e., the maximum and minimum values have been 

calculated, between which the values of conformational 

experiments should fall. The interval was obtained by the 

set of Eqs. (8) and (9) [31]: 
 

e e

e

(1,  ,  )F n V
CI

N
 


                        (8) 

 

where F(1, α, ne) is the F value from the F table for 

α=risk, confidence = 1− risk (DOF of mean = 1), ne is the 

DOF of error, Ve is the pooled error variance and Ne is 

the effective sample size: 
 

e
p1 ( ( ))

N
N

P u P


 
                        (9) 

 

where N is the total number of trials, up the DOF of 

factor P and β(P) the β-factor of factor P. 

An interval confidence level of 95% for the casting 

density, the F(1, 5%, 70)=3.98, Ve=3.21026×10−7 and  

the effective size of sample is Ne=2.4725. Thus, the 

confidence level of interval is computed as CI=0.000718. 

So, the 95% CI of the predicted optimum is     

2.78985 g/cm3<µ<2.79128 g/cm3. 

 

6 Conclusions 

 

1) The significant target of present investigation is 

to establish the guidelines for the implementation of 

QFD approach in the die casting process for identifying 

significant critical process parameters in order to yield 

the customized products. Hence, molten metal 

temperature, Plunger velocity (1st and 2nd stages), die 

temperature and injection pressure were identified as 

influential parameters affecting the casting density of 

A380 alloy castings. Present contributions of each 

parameter to the variation of the mean casting density of 

A380 alloy castings are as follows: molten metal 

temperature, 9.301%; plunger velocity (1st stage), 4.61%; 

plunger velocity (2nd stage), 7.636%; die temperature, 
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11.023%; injection pressure, 61.483%. 

2) The optimal levels of varies die casting 

parameters for optimum casting density are: molten 

metal temperature, 750 °C (the third level); plunger 

velocity (the 1st stage), 0.34 m·s−1 (the third level); 

plunger velocity (the 2nd stage), 1.2 m·s−1 (the first 

level); die temperature, 260 °C (the third level); injection 

pressure, 24 MPa, (the third level). 

3) The predicted range of optimum casting density 

is 2.78985 g/cm3<µ<2.79128 g/cm3. 
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基于 QFD-Taguchi 混合方法的型模铸造工艺优化 
 

K. Ch. APPARAO, Anil Kumar BIRRU 

 

Department of Mechanical Engineering, National Institute of Technology, Manipur 795004 India 

 

摘  要：采用基于 QFD-Taguchi 的混合方法对高温型模铸造的多种重要工艺参数进行确认和优化，以便获得 A380

合金最适宜的铸造密度。为研究型模铸造工艺的性能特征，首先确认关键工艺参数，选择合适的正交序列，然后

进行均差和方差分析。通过基于 QFD-Taguchi 的混合方法确认和优化了型模铸造的工艺参数，并将之应用于实验

中。结果表明，在所选参数中，注射压力是最重要的参数。注射压力对平均铸造密度变化的贡献约为 61.483%。

95%一致性水平的置信区间约为 0.000718，验证了 A380 合金优化铸造密度的预估区间。 

关键词：高压型模铸造；A380 合金；QFD 技术；Taguchi 方法；铸造密度 
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