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ABSTRACT 

In this research we present the experimental and simulation development of the variables that can influence the 

dimension of the piece, through the molding process. It is made an analysis by simulation of the fractional factorial 

design 25-1 and the influence of the type of mesh and the number of elements that compose it, on the output variables or 

answers of obtained quality, and the answers on contraction and compaction in the quality of the dimension. 
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1. INTRODUCTION 

The industry of manufacturing injection molded parts is growing day by day, so its level of demand increases as the 

fields of application and competitiveness of this type of industry expand; therefore, it is necessary to use systematic 

methods, for control and optimization so that through these methods, the processing windows of the molding process 

can be established more precisely and quickly (Martín del Campo et al., 2016; Rosales et al., 2018). 

The design of experiments consists of planning a set of experimental tests, so that the data generated can be 

statistically analyzed to obtain valid and objective conclusions about the process (Gutiérrez Pulido & Salazar, 2012). 

For the execution of a design of experiments, the order in which the experiments will be developed must be planned 

and established, selecting the appropriate levels, as well as the combination of those factors that intervene in the 

experiment (Ramos Jaubert et al., 2011), to analyze their change and interaction in order to be able to be treated 

statistically later and thus generate a response. 

The design of the experiment will be used to look for the influence of certain factors on the shrinkage and 

weight that the pieces present after their injection and expulsion, since these two characteristics are known to be key 

in the dimensional stability of the final piece (Barra García, 2014). The application of the design of experiments will 

have as main objective the minimization of the contractions in the injected pieces, according to the best combination 

of parameters achieved. The design of experiments is qualified as statistical, since it allows selecting the most 

appropriate experimental strategy for each case. Additionally, before recording any data, it can be verified that the 

chosen plan has the possibilities to correctly identify and quantify the importance of the input factors. 

These studies of interaction between factors and the influence they exert on the quality response in the parts 

produced by the molding process, would require many tests, investment of material, time and money; that would not 

make them feasible to carry out, since the number of tests required, for the experimentation tends to grow as the 
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amount of factors increases, even more if their interrelationship was studied at higher order levels. 

One of the most important achievements in engineering, is to be able to explain by means of mathematical models, 

the physical processes, in our case the modeling of the plastic flow and its route through channels, ducts and the filling of 

the respective mold, giving origin to the computational software, very common in our days and that advises the task of the 

molding machine, giving more reliable and fast results, according to the demand and accuracy of the shaped model (AG, 

2001; Duesseldorf, 1989). One of the critical stages in the injection process is the filling stage (Benítez-Rangel et al., 2012; 

Yznaga et al., 2015), and as the molded parts have complex shapes and are three-dimensional and the flow is non-newtonian 

and non-isothermal, it is essential for the development a simplification for the success of the simulation tool in this stage. 

This research presents a simulation analysis of the fractional factorial design of the variables that most influence the 

dimensional characteristics of the parts. 

2. METHODOLOGY 

The methodology of simulation analysis of fractional factorial design 25-1 comprises: an analysis of input and output variables 

and their influence on dimensional quality responses (shrinkage, compaction). Analysis of the influence of the type of mesh 

and the number of elements that compose it, on quality responses obtained and a comparative analysis between the responses 

obtained by the experimental method and the numerical method obtained through simulation. According to the above, an 

analysis and discussion of the variables that most influence the dimensional characteristics, their operating region according 

to the respective result equations and graphs will be presented. 

In Table 1, the experimental results of the design of experiments 25-1 and the analysis corresponding to the main 

effects of the variables on the response of dimensional quality measured longitudinally, transversally and weight 

measurement are presented. 

Table 1: Material ABS Magnum. Simulated 25-1 Factorial Design Response 

ABS Magnum 3325MT No. of Elements 1995 Mesh size 1.72 mm 

Experiment 
Volumetric 

Shrinkage %. 
Cold 

Layer %. 
Shrinkage (X) 

(mm) 
Shrinkage (Y) 

(mm) 

Global 
Shrinkage 

(mm) 
Weight (g) 

1 6,0505 1,0000 0,2012 0,1349 0,2340 2,5363 
2 6,2231 1,0000 0,1911 0,1315 0,2207 2,5316 
3 6,0742 1,0000 0,2019 0,1357 0,2346 2,5357 
4 6,2241 1,0000 0,1914 0,1310 0,2206 2,5316 
5 6,0026 1,0000 0,1997 0,1347 0,2320 2,5376 
6 6,1973 1,0000 0,1906 0,1299 0,2206 2,5323 
7 6,0371 1,0000 0,2010 0,1342 0,2336 2,5366 
8 6,2197 1,0000 0,1913 0,1299 0,2213 2,5317 
9 5,0395 1,0000 0,1698 0,1127 0,1967 2,5636 
10 5,2325 1,0000 0,1629 0,1100 0,1877 2,5584 
11 5,0563 1,0000 0,1705 0,1118 0,1977 2,5631 
12 5,2560 1,0000 0,1637 0,1092 0,1869 2,5577 
13 5,0949 1,0000 0,1713 0,1161 0,1977 2,5621 
14 5,3361 1,0000 0,1656 0,1147 0,1902 2,5556 
15 5,0746 1,0000 0,1708 0,1140 0,1982 2,5626 

16 5,3276 1,0000 0,1656 0,1130 0,1908 2,5558 
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The response of dimensional quality in the measure of the analyzed piece, the longitudinal measure of the same one 

was taken and only the significant effects were taken into account to carry out the respective analysis of variance 

 

(1) 

Experiment Design Matrix 25-1 

In Table 2, the matrix of the design of experiments 25-1 is presented, which implies the analysis of 5 factors, coded between 

-1, 0, 1, both in its standard order and in random order. It is worth mentioning that the analysis of the answers must be done 

with the matrix placed in standard form, because when varying the order of the analysis of the answers, or analyzing the 

matrix placed in random order, the effects produced by the variables involved will also vary, making the respective analysis 

erroneous. 

Table 2: Fractional Experiment Design Matrix 25-1 

Experimental 
or Replica 
Number 

Random 
Order 

Standard 
Order 

A:Tiny B:Tm C:tinj D:Pm E=tman 

1 1 1 -1 -1 -1 -1 1 
1 5 2 1 -1 -1 -1 -1 
1 13 3 -1 1 -1 -1 -1 
1 9 4 1 1 -1 -1 1 
1 6 5 -1 -1 1 -1 -1 
1 2 6 1 -1 1 -1 1 
1 10 7 -1 1 1 -1 1 
1 14 8 1 1 1 -1 -1 
1 3 9 -1 -1 -1 1 -1 
1 7 10 1 -1 -1 1 1 
1 15 11 -1 1 -1 1 1 
1 11 12 1 1 -1 1 -1 
1 8 13 -1 -1 1 1 1 
1 4 14 1 -1 1 1 -1 
1 12 15 -1 1 1 1 -1 
1 16 16 1 1 1 1 1 

 

General Characteristics and Proposed Objectives. Experiment design matrix 25-1 

In this design of experiments, its analysis was carried out in a complete way, with the specific objective of analyzing: 

influence of the factors on the analyzed responses, variability of the process, curvature analysis, etc. 

The 5 factors studied were selected according to the existing theory and the analysis of importance on the influence 

that these variables exerted on the quality responses, such as the dimensional stability and the weight (compaction) of the 

piece. 

 Injection temperature (mass); (Tiny)  

 Mold Temperature; (Pm) 

 Injection time; (tinj) 

 Holding pressure; (Pm) 

 Maintenance time; (tman) 

Med Long = 19,7683 + 0,00155556*Cp + 3,52778*Weight + 0,0241528*Pm + 
0,00192361*tinj + 0,00536111*Tiny - 0,00494444*Tm - 0,0021875*tman - 
0,0000625*tmc + 0,0013125*Vg 



688                                                                                                          Albert Miyer Suarez, Thomas Edison Guerrero & Sir-Alexci Suarez 

 
Impact Factor (JCC): 9.6246                                                                                                                                            NAAS Rating: 3.11 

3. RESULTS 

The main objective of this experimental development by means of process simulation in the MPI 4.1 software, was to 

determine and analyze the input variables that most influence the injection process when determining the processing 

conditions and importance on the dimensional and weight (shrinkage and compaction) quality responses and their correlation. 

The output variables obtained through the simulation of the process will also be evaluated, since these variables indicate an 

effect to be produced on the final part, and their analysis is very important to correlate them with the defects produced in the 

molded part. These effects will be analyzed only on the basis of the influence they have on the dimensional measurements, 

since the software gives us a direct and approximate reading of the weight response. 

The comparison of this experimental group by means of simulation will be done as in part I, graphically and 

mathematically. The analysis in this part of the experimental development was made, with a fractioned experiment design, 

and involved the study of 5 variables. In this fractional factorial design, variability was studied, as well as the influence of 

the type of mesh and also of the number of elements that compose it, on the different responses obtained, in order to determine 

which was the most adequate mesh density when studying different types of quality responses, in this case on the dimensional 

and weight quality (Figure 1 and 2). 

Finally, a comparison will be made between the responses obtained by simulation and those obtained 

experimentally, to determine the type of correlation that exists. This comparison will be done graphically and mathematically, 

coding the answers obtained to obtain a greater clarity of the process and to be able to establish a relationship, when 

approaching the injection molding process in a systematic and methodical way (table 3). 
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Figure 1: Probability Normal VOC simulation 
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Figure 2: VOC Pareto 

Table 3: Significant effects Volumetric contraction SCVO 

 

 The 88-4 factorial arrangement was not made by means of simulation since there were some parameters to input 

variables, which could not be evaluated at a numerical level such as; the counter pressure, the spindle speed. 

 This analysis design was made at the machine mainly to determine which of the variables used in the 28-4 factorial 

design, influenced the quality characteristics. For our interest, the quality study was carried out only at the dimensional and 

compaction level. Other dimensional defects such as burns, moisture, bursts, air bubbles, flow lines, will not be addressed 

by the study, as it would imply the application of other experimental techniques. 

4. CONCLUSIONS 

The simulation of molding processes helps considerably to know the defects of the pieces, as well as to improve the precision 

of the dimension of each one. By means of an experimental analysis it is possible to know the influence of certain variables 

in the final result, decreasing the time in the production and increasing the quality levels in all the areas of the industry. The 

Analysis of Variance for SCOV 

--------------------------------------------------------------------------------  

Source                 Sum of Squares     Df     Mean Square     F-Ratio     P-
Value 

--------------------------------------------------------------------------------  

A:Tiny                       0,157351       1        0,157351     1488,48      
0,0000 

B:Tm                      0.000541726       1     0.000541726        5.12      
0.0580 

C:tinj                     0,00111723       1      0,00111723       10,57      
0,0140 

D:Pm                          3,62055       1         3,62055    34248,96      
0,0000 

AC                        00152686       1      0.00152686       14.44      0.0067 
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design of experiments is fundamental to check the results of a simulation. 
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