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Injection molding optimization typically focuses on optimization of processing conditions such as injection time, melt 
temperature, mold temperature, and so on. Seldom has been done towards optimization of both processing conditions and 
part geometry. To address this problem, this paper takes a plastic housing used for holding the automobile internal rear-
mirror camera as an example, to study the methodology for optimization both the molding conditions, including mold 
temperature, injection pressure and gate location, as well as the thickness of the part’s bottom plate. The orthogonal array 
experimental design approach is proposed to prepare the experiments, where the Moldflow CAE simulations are employed 
for each of the experimental runs. The study shows promising results in reducing the weld line defects that are commonly 
found in the production of this kind of plastic housing, which also demonstrates the effectiveness of the proposed 
methodology. 

Introduction 

Injection molding is the most commonly used method for production of plastic parts. To produce high quality plastic 
products, it is necessary to optimize the molding processing conditions. For this purpose, a lot of optimization methodologies 
have been proposed, such as by employing Genetic Algorithm [1-3], Particle Swarm Optimization [4-6], and other 
optimization algorithms [7-9]; or by using AI techniques to exploit expert knowledge [10-12]; or by using Design of Experiment 
method to accomplish experimental trials [13-14], and so on and so forth.   

Even though it is often useful by direct optimization of processing conditions, it is however also often not so effective by 
only optimization of processing conditions, given that injection molding is a rather complicated process, where a lot of 
molding defects might occur, such as warping, meld lines, weld lines, sink marks, air traps, etc. Sometimes, it might not be 
possible to acquire high quality plastic products by taking into account of processing conditions alone. Furthermore, 
sometimes it is more effective by simply making some slight adjustment to part geometry, provided that such adjustment 
does not affect part functionality and other design requirements. For example, it is known that uneven part thickness may 
easily lead to sink marks, one of the severe quality defects that cause part appearance unacceptable to the customers. It is 
usually not feasible to completely eliminate sink mark defect by only optimizing the molding conditions. On the contrary, if we 
modify the part geometry by making it a constant wall thickness, this defect may no longer occur at all.  

As such, it is necessary to optimize both the processing conditions and part geometry in order to accomplish high quality 
injection molded products. An overview of literature reveals that the work in this area is scarce. As an initial attempt, this 
paper takes a plastic housing used for holding the camera on the automobile internal rear-mirror as an example to study the 
methodology in injection molding optimization of both the processing conditions and the part geometry.   

1. Injection molding CAE simulation 

1.1. Analysis of the plastic housing  

Fig. 1 shows the plastic housing to be studied in this research. The material of the part is ABS. The outside diameter of 
the part is 30mm, the inside diameter is 24mm, the diameter of the three rings which surround the center ring is 4mm. The 
height of the part is 6mm in total, where the bottom plate’s thickness is 2mm. By employing Moldflow software for simulation 
of the injection molding process, we can see there are a lot of weld lines on it, as shown in Fig. 2. Weld lines are severe 
quality defect for this kind of plastic part, because they greatly reduce the part strength which is of high necessity, given the 
fact that the part is to be used for holding the camera in a vibrating environment, i.e. in an automobile.  

Since the part is of varied wall thickness, to address the above problem, it might be is necessary to modify the part 
thickness and optimize the process conditions simultaneously, without, of course, affecting the function of the product. 

 

Fig.1 The geometric structure of the plastic housing 
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Fig.2 The weld lines in the plastic housing from simulation result 

1.2.  Optimization variables  

Generally, the main factors affecting the generation of weld lines in an injection molded plastic part include such things as 
injection pressure, mold temperature and gate number, whereby the uniformity of part thickness will also affects the weld 
lines. Uneven thickness of the wall can cause uneven shrinkage during the cooling process which will lead to the occurrence 
of the weld lines.  

Beside the product structure, the mold temperature, injection pressure, and gate number in molding process will affect the 
count of weld lines [15]. This is because, if the mold temperature is too low, the temperature gradient of the molten plastic 
along the wall will be too large, which will cause the difference between the internal and surface temperature in cooling; if  the 
temperature is too high, the cooling time will be too long in the later phase of the molding, and the temperature difference of 
the cooling cycle will be too large [16]. Due to these reasons, this paper takes injection pressure, mold temperature, molding 
temperature, gate number and bottom plate thickness of the part to be the optimization variables. 

2. The optimization of both process conditions and part thickness 

2.1. Selection of optimization method  

This paper proposes to use the orthogonal array experimental method [17-18] to carry out the simulation analysis with the 
above-mentioned four optimization variables. Each of the four factors (variables) has three levels of variation. The thickness 
levels of the bottom plate are selected according to the design requirement of the plastic part (including structural strength, 
load requirement, etc.), where they are 1.5 mm, 2.0 mm, 2.5 mm, respectively. According to the requirement of plastic 

material ABS, the mold temperature is selected to be 25 ℃,50℃,70℃, respectively. Similarly, the injection pressure is 

selected to be 130 MPa, 140 MPa, 150 MPa, respectively; and the number of gates is chosen to be 1, 2, 3, respectively. The 
experimental factors and levels are shown in Table 1. 

Table 1  

Experimental factors and their levels 

level Injection pressure 

（Factor.A）/MPa 

Mold temperature 

（Factor.B） 

/℃ 

Number of gates 

（Factor.C） 

/  

Bottom plate 
thickness 

（Factor.D）/mm 

1 130 25 1 1.5 

2 140 50 2 2.0 

3 150 70 3 2.5 

2.2. Experimental result and analysis  

The experimental design is carried out using L9(34) orthogonal array. The experimental scheme and results are shown in 
Table 2. Since the weld lines represent the most significant type of molding defects for this kind of plastic part, the number of 
weld lines is chosen as the experimental indicator. The trends of all factors, i.e. factors A-D, affecting the weld lines are 
shown in Figure 3.  

 

Fig.3 The influence of the factor level on the weld lines 
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In Table 2, the range R reflects the range of variation of the experimental indicator, namely, the weld line, when the 
factors change horizontally. The larger the R, the greater the influence of this factor on the experimental indicator, therefore 
the more important the factor is. According to the results of all values of R, it can be seen the result is C>A>B>D, in the order 
of importance. According to the experimental result, the optimization result is C3A1D1B2, that is to say, the injection pressure 

should be 130 Mpa, the mold temperature should be 50℃, the number of gates should be 3, and the bottom plate thickness 

should be 1.5 mm.  
Table 2  

Orthogonal experimental scheme and results 

Experiment Factor.A Factor.B Factor.C Factor.D Count of weld lines 

1 1 1 1 1 9 

2 1 2 2 2 10 

3 1 3 3 3 12 

4 2 1 2 3 8 

5 2 2 3 1 13 

6 2 3 1 2 8 

7 3 1 3 2 11 

8 3 2 1 3 7 

9 3 3 2 1 8 

T1 31 28 24 30  
 

T=86 
T2 29 30 26 29 

T3 26 28 36 27 

Excellent level 1 2 3 1 

R 5 2 12 3 

Order of 
excellence 

C>A>D>B 

 

Remarks：Ti is the sum of the experimental results of the i-th level of a factor, and R is the range of variation 

Since the above optimization result, i.e. C3A1D1B2, is not included within the given experimental runs shown in Table 2, it 
is necessary to carry out a further experiment to verify the result. After applying Moldflow simulation analysis, it has been 
verified that the count of weld lines is reduced to be 7, and the overall length of weld lines is also shorter, which means that 
the defect of weld lines has indeed been reduced to a minimum. 

Conclusion 

Through the analysis of the structure of the plastic housing for automobile internal rear-mirror camera and the factors 
affecting the molding quality of the product from the injection molding process, an optimization method taking into account 
both processing conditions and part geometry is proposed, which exploited the orthogonal array experimental design 
approach. The result shows that, by modification of the part thickness and variation of the process conditions, the defect of 
weld lines can been reduced drastically, thereby improving the strength of the plastic housing to ensure the camera is fixed 
firmly to the automobile internal rear-view mirror. The optimization methodology may be applied to other injection molding 
problems as well, where it might be necessary to optimize both the injection molding process conditions and the part 
geometry so as to achieve most promising optimization result. In the future, we shall further conduct a comparative study of 
both optimization methods, namely, one with and one without considering the part geometry as the optimization variable. This 
is not trivial as it is not easy to make two optimization methods comparable, given that not only different number but also 
different type of optimization variables are involved for both situations. 
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