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Abstract: Responding to the frequentoccurrence of sink index defects in injection molding 

process of frame-structured and thin-walled plastic products with grid, this research is carried 

out to find the optimal injection molding process parameter settings in which the minimum sink 

index will be expected. In this research, a 3D model of the air-conditioning frame was built, 

after which the injection system and cooling runners were designed. Then numerical 

stimulation was run on Moldflow, followed by the use of a L16(45) orthogonal array with 

injection time, mold temperature, feedstock-melt temperature, the relative packing pressure, 

packing time as design variables. Range analysis and variance analysis were then carried out 

before the optimal process parameters combination was obtained, with a sink index of 2.159%. 

The effectiveness of the proposed operation was confirmed by validating experiment 

afterwards, providing an attracting prospect for production of framed thin-walled plastic 

product in the future. 
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1. INTRODUCTION 

 

The quality of plastic product is determined by the material property, mold structure, and the 

injection molding parameters, with the last as the most decisive factor. In practice, filling and 

the movement of the molten feedstock is proved to be hard in injection and molding of complex 

frame-structured and thin-walled plastic products with grid. Sink marks are found in ribs, 

protruded areas or segregation regions, and affect the strengths and surface outlook. Hence, 

minimizing sink index defects and enhancing the surface quality of the above-mentioned 

product become the focus of researches home and abroad. Recent decades have witnessed 

numerous studies and progress made on this issue. In attempts to reduce the times of 

experimenting and speed up the cycle of the injection molding process on complexplastic 

products like air-conditioning frame, numerical stimulating method is commonly utilized to 

analyze the sink marks, the index of which predicts the probability of its occurrence. 

Erzurumlu and his colleagues (4) studied the effects of different process parameters, structures 
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and layout of strengthening ribs on the sink index or other deformations like warpage. 

Selecting significant factors including mold temperature, feedstock-melt temperature, packing 

pressure as process parameters and PC/ABS, POM, PA66 as feedstock, they applied Taguchi 

experiment and obtained the optimal sink index combination.Mathivana (5-6) and other 

researchershave confirmed these four process parameters as well as the ration between the 

thickness of the mold wall and the ribs as sink mark-related factors by using the design of 

experiment and genetic algorithm, after which they identified the order of the significance of 

these factors in affecting the sink indexupon running the orthogonal array and Finite Element 

Combination. Guo, with his teammates, studied triangle panel and reported the minimum sink 

mark depth by applying the experiment design and genetic algorithm. However, few researches, 

so far, have conducted on the surface quality of frame-structured and thin-walled injection 

molding product with grid. Problematic melting in segregation regions and insufficient 

compensation of molten feedstock are likely to lead to sink mark defects, like flashing or weld 

lines, yet this problem could be addressed by adjusting the injection process parameters. 

In the light of previous studies, this research studied on the air-conditioning frame. Numeric 

simulation and a L16(45) orthogonal array within which injection time, mold temperature, 

feedstock-melt temperature, the relative packing pressure, packing time were selected as 

design variables and sink index as assessing factor were used, and thenbased on the range 

analysis and variance analysis, the effects of these variables on sink index were determined 

before the optimal process parameters combination was obtained. The proposed research 

method and conclusion is expected to provide a brand-new way of studying the surface quality 

of injection molding products. 

 

2. ALGORITHM MODEL OF AIR-CONDITIONING BUILT ON NUMERIC 

ANALYSIS  

 

2.1 Structure analysis and the grid design of air-conditioning frame 

 

Air-conditioning frame refers to frame-structured and thin-walled injection molding products 

with grid. It measures 854.3mm by 268.2mm by 195.2mm and the thinnest part 3.55mm, the 

thickest part 13.2mm. These data were imported into Pro/E basing a 3D model of the 

air-conditioning frame, which was then exported in STL form. This STL model was afterwards 

introduced into Moldflow, an injection simulating software. With the option of “double-layer 

grid” selected, numeric analysis was run and it was concluded that there were 42,683 triangle 

units in this grid model, the matching rate of the grid reached 87.6%, and no contorted or 

multiple edges were found, as given in Fig.1. With a view to the size of the air-conditioning 

frame, a model was designed with one cavity and PolyrexPH-60 HIPS was chosen as frame 

material to correspond to the needs of performance pre-determined in air-conditioning. 
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Fig.1 The model of air-conditioning with grid 

  

3. PROCESS PARAMETERS OPTIMIZATION 

 

3.1 Design of variables and assessing measures 

 

The sink mark defects F is affected by n factors. y={y1, y2, y3, …, yn}, and F= F=f(y1, y2, y3, …, 

yn), Five factors, namely the injection time, mold temperature, feedstock-melt temperature, the 

relative packing pressure, packing time, were decided as design variables so as to take the 

influence of process parameters on sink index into full consideration. Sink index, denoting the 

ration between the depth of the sink mark and the thickness of the mold wall where it covers, is 

regarded as the assessing measure for shrinkage, warpage or other deformation in 

air-conditioning frame.Based on material property, injection condition, productivity, the 

effects of the range of single parameter on sink index and indices recommended by Moldflow, 

the selected design variables in this study and the range of them were set as follows: the 

injection time A is 1.2-2.4 seconds, mold temperature B 30-45℃, feedstock-melt temperature 

C 200-300℃, relative packing pressure D 65%-75% (relative packing pressure is the percent of 

packing pressure on the maximum injection pressure), packing time E 7-13 seconds. 

 

3.2 Orthogonal array experiment 

 

Orthogonal array testing (Taguchi method) is an effective technique, when the number of 

inputs to the system is more than one and they are affected at multi-levels, allows for a fraction 

of tests replacing the exhaustive testing of every possible inputs at all levels to the system. The 

aforementionedfive design parameters were assigned with four levels respectively, presented 

in Table 1.  

 

 

 

 

 

 

 



Volume 4 Issue 5 2016 

557 

Table 1 Four-level five factors Orthogonal Array 

 

parameters 
Injection 

time A/s 

Mold 

temperature 

B/℃ 

feedstock-melt 

temperature C/℃ 

relative 

packing 

pressure 

D/% 

packing 

time 

E/s 

Level 1 1.2 30 200 65 7 

Level 2 1.6 35 210 75 9 

Level 3 2.0 40 220 85 11 

Level 4 2.4 45 230 95 13 

 

Note: Relative packing pressure refers to the percent of packing pressure on the maximum 

injection pressure, with the latter automatically obtained in numeric simulation theoretically. 

 

3.3 Data collection and data analysis 

 

Table 2 Orthogonal array treatment and results 

 

Run 
Process parameters

Sink index /%
A B C D E

1 1 1 1 1 1 3.642 

2 1 2 2 2 2 3.713 

3 1 3 3 3 3 3.770 

4 1 4 4 4 4 3.936 

5 2 1 2 3 4 3.337 

6 2 2 1 4 3 2.520 

7 2 3 4 1 2 4.882 

8 2 4 3 2 1 4.769 

9 3 1 3 4 2 3.792 

10 3 2 4 3 1 5.047 

11 3 3 1 2 4 3.108 

12 3 4 2 1 3 3.811 

13 4 1 4 2 3 4.052 

14 4 2 3 1 4 4.111 

15 4 3 2 4 1 3.697 

16 4 4 1 3 2 2.882 

 

A L16(45) orthogonal array was run in this study. As illustrated in Table 2, the first treatment 

A1B1C1D1E1 denoted, during the experiment, the injection time was 1.2s, mold temperature 
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was 30℃, feedstock-melt temperature was 200℃, relative packing pressure was 65% and 

packing time was 7s. Each treatment was replicated for three times, and each time the 

maximum sink index was obtained. The table 2 presented the average value of sink index on 

three runs.  

 

3.4 Range analysis 

                     

Table 3 Range analysis on experimenting data 

 

Mean 
Injection 

time /A 

Mold 

temperature /B

feedstock-melt 

temperature /C 

relative 

packing 

pressure 

/D 

packing 

time 

/E 

M1 3.7653 3.7058 3.0380 4.1115 4.2888 

M2 3.8770 3.8478 3.6395 3.9105 3.8173 

M3 3.9395 3.8643 4.1105 3.7590 3.5383 

M4 3.6855 3.8495 4.4793 3.4863 3.6230 

Range 

R 
0.2540 0.1585 1.4413 0.6252 0.7505 

m  3.8168     

 

A range analysis was run on data in table 2 and the results were shown in table 3. Mi(i=1,2,3,4) 

equals the mean of sink index at the level of i, m equal the mean of the sink index of all 

variables at all levels, and R equals the deviation between the maximum and the minimum of 

the mean of sink index of a single variable at different levels. To reveal the effects of input 

parameters on sink index more effectively, the level of experimenting variables was set as 

x-axis and the mean of the sink index at all levels was y-axis, thus the correlation between 

levels of variables and the impacts they exerted upon on assessing factor was shown, as 

depicted in Fig. 3.  

 

3.5 Variance analysis 

 

Variance analysis is used to show the influence of process parameters on sink index in a 

percentage. The equation (1) shown below explained variance analysis used in this study, in 

which SSE denotes the mean deviation, Mi (i=1.2.3.4) denotes the mean of sink index of each 

variable at the level i. m denotes equal the mean of the sink index of all variables at all levels, 

and SST denotes the sum of SSE, presented in equation (2). The ration between SSE and 

SSTwas P, as equation (3) explained.  
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The SSE, mean square and P were obtained after running these three equations, results of 

which are displayed in Table 4 below. 

 

Table 4 Variance analysis of experimenting data 

 

Factors 
Average deviation 

/SSE 

Degrees of 

freedom/f 

The mean square 

(SSE /f) 

Influence 

degree/P/% 

A 0.0386 3 0.0129 2.19 

B 0.0166 3 0.0055 0.94 

C 1.1631 3 0.3877 65.92 

D 0.2082 3 0.0694 11.80 

E 0.3379 3 0.1126 19.15 

Total 1.7644 15   

 

According to the results displayed in Fig.3, Table 3 and Table 4, when HIPS was used as 

process material, the effects of process parameters on sink index were described as follows: 1. 

Feedstock-melt temperature exerted the most significant impacts on sink index. As 

feedstock-melt temperature rose, the sink index increases and surface quality declined. 2. 

Packing time had the second significant impacts on sink index. As packing time increased, the 

sink index dropped before it rebounded and reached the minimum at the 11 seconds. 3. Relative 

packing pressure was ranked the third in affecting the sink index. As relative packing pressure 

increased from 65% to 95%, the sink index went down continually and fell to the lowest point 

at the packing pressure level of 95%. 4. Injection time was the fourth significant factor in 

influencing the sink index. As it was extended, the sink index increased and then went down, 

reaching the bottom at 2.4s.  5. The least significant factor in affecting the sink index was mold 

temperature, as increase of the former led to rise of the latter first and minor falls later. Sink 

index reached the minimum at a mold temperature of 30℃.  
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4. NUMERIC SIMULATION OF OPTIMIZATION OF PROCESS PARAMETERS 

AND VALIDATING EXPERIMENT 

 

4.1 Numeric simulation of optimization of process parameters 

 

According to Fig. 2, when c11s, i.e., the A4B1C1D4E3 is the optimal process parameters to 

minimizing sink index. 

 

 
 

Fig. 2 figure of A4B1C1D4E3 combination 

 

The sink index obtained from figure 4 was 2.159%, which was the minimum and the optimal 

one of all sink indices collected from all treatments in orthogonal array, confirmed the validity 

and effectiveness of the Taguchi method. 

 

4.2 Validating experiment 

 

The optimal process parameters proposed above were then applied into injection molding test, 

the sink mark depth resulted from which measured between 0mm and 0.07mm. The ration 

between the maximum of sink index, namely 0.07mm, and the thinnest part of mold wall 

(3.5mm) was 2.0% , and that between the maximum of sink index, namely 0.07mm, and the 

thickest part of mold wall (13.2mm) was 0.53%. In other words, the range of the sink index was 

[0.53%, 2.0%] in this setting, the surface clearness, concurrently, met the production standard, 

shown in Fig. 3. 
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Fig. 3 Air conditioning face casing injection samples 

 

5. CONCLUSION  

 

(1) Numeric simulation and Orthogonal Array were applied to test different impacts of process 

parameters on the sink index on air-conditioning frame in this study. Range analysis and 

Variance analysiswere run after then to obtain A4B1C1D4E3, the optimal process parameters 

setting in which injection time was 2.4s, mold temperature was 30℃ , feedstock-melt 

temperature was 200℃, relative packing pressure was 95%, and packing time was 11s. Time 

spent on experimenting models was greatly reduced by adopting this method. 

(2) The order of significance of injection molding process parameters on sink index of 

air-conditioning frame are as follows: feedstock-melt temperature, packing time, relative 

packing pressure, injection time, mold temperature. 

(3) The sink index of air-conditioning frame reported in the optimal process parameters setting 

is 2.159 % and has been validated through injection molding test. This proposed optimization 

suggests a new way to produce frame-structured and thin-walled plastic products with low-cost 

and superior-quality. 
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