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The molding process can be divided into five separate steps: plastification, injection, holding, 

cooling, and finally ejection. In the plastic injection molding, the effect factor such as mold 

temperature, injection speed, packing pressure and inhomogeneous cooling under packing 

process affects both the article dimension and physical characteristics. Especially, the packing 

pressure is the most critical factor to affect molded articles quality among the packing 

parameters. In this paper, the CAE simulation considering the molding condition is performed to 

predict the faulty cause which appears in the packing process between cavities of injection 

molding machine. From the results of CAE simulation, the packing phenomena according to the 

product form and the gate position was investigated to improve the article quality and minimize 

the various molding defects. The effect of packing pressure and gate number on the injection 

molding was discussed. 
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NOMENCLATURE 

 

φ: tunnel size 

 

1. Introduction 

 

Generally, the molding process can be divided into 

five separate steps: plastification, injection, holding, 

cooling, and finally ejection. In the plastic injection 

molding, the effect factors such as mold temperature, 

injection speed, packing pressure and inhomogeneous 

cooling under packing process affects both the article 

dimension and physical characteristics. To decrease the 

molding defects, the field of optimal injection molding 

control is an important area for the research of precision 

mold design. For this reason, the CAE simulation such as 

mold flow has been an important tool to predict the 

molding defects, for example when minimizing surface 

defects like shrinkage, sink mark, flash, diesel effect, 

etc.1 Thus, to predict the faulty cause which occurs in 

packing process between cavities of injection molding 

machines, the information such as the physical and 

chemical condition of plastics, the molding condition and 

mold structure are needed for the reliability of CAE 
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results. About this, Malloy et al. reported that it is 

possible to utilize a multi-live feed injection molding 

process to drive post-filling phase fluid flow during the 

packing and and solidification of the cavity. Bushko and 

Stokes presented that the warpage and shrinkage of 

article resulted from inhomogeneous cooling and packing 

pressure.2,3 Also, Polinski et al. presented the effect of 

mold temperature and pressure variation for the 

dimensional stability and shrinkage of plastic article.4-6 In 

the manufacture of precision mold, the flow analysis 

tools such as C-MOLD, SolidWorks Plastics, Simpoe-

Mold and MPI(Mold flow) were used to select the type of 

gate and runner and to obtain the reduction of time and 

cost, effectively. In this paper, the packing phenomena 

according to the product form and the gate position was 

investigated to improve the article quality and to 

minimize the various molding defect and it was compared 

with actual case. Also, the effect of packing pressure and 

gate number on the injection molding was discussed. 

 

2. Experimental Procedure 

 

To obtain the optimized design data of plastic 

injection molding, the CAE simulation was performed by 

MPI(Mold flow) of Autodesk Co. Ltd. First, the 

preprocessor was carried out using 3D cad data, and then 

the injection molding CAE simulation was performed in 

order of the flow, the cooling, the packing, and lastly, the 

deformation analysis was performed. A 3D FEA model 

was constructed using four-node tetrahedral elements. 

Fig. 1 shows the runner gate system, the gate number 

and position of cellular phone case used for the injection 

molding CAE simulation. The thickness of article is 

0.8mm to 1.0mm and the polycarbonate and ABS(Glass 

fiber 10%) was used as raw material. Table 1 shows the 

proposed gate information for optimal flow analysis. As 

shown in Table 1, the gateway, the gate position and the 

gate number of each case were proposed. Tables 2 and 3 

shows the material properties and the boundary 

conditions used in CAE simulation, respectively. 

Generally, the gate position was set a place where 

does not interfere with final shape of plastic article and 

simultaneously trace the gate mark. As mentioned above, 

the proposed gate position also was applied from same 

viewpoint and the gate number was decided with 

symmetric type to achieve homogeneous filling. In this 

study, from the viewpoint of above mentioned, the gate 

number was set with 4ea and 6ea for optimal flow 

analysis. 

 

3. Results and Discussion 

 

3.1 CAE results for injection condition 

From the CAE results of four cases shown in Table 1, 

especially, the Case 1 shows relatively small deformation 

1

2

6

 

Fig. 1 Schematic diagram of gate system for CAE

(Tunnel: 1, 3, 4, 6 and Pin point: 2, 5)  

 

Table 1 Gate information of CAE analysis 

Factor Case 1 Case 2 Case 3
 

Case 4

No.
 

6
 

4
 

4 + 2
 

4
 

Type tunnel tunnel tunnel + pin point tunnel

Size
 

φ 0.8 mm φ 0.8 mm φ 0.8 mm
 

φ 0.8 mm

Runner

length
long

 

short short
 

long
 

 

Table 2 Properties of plastic material 

Factor
 

Value
 

Shrinkage, 3.2 mm
 

0.2 - 0.4 %
 

Dry temperature
 

100 - 120°C
 

Dry time
 

3 - 5 hrs
 

Density
 

1.25
 

Melt index
 

10g/10min
 

Melt temperature
 

295 - 310°C
 

 

Table 3 Boundary condition of CAE analysis 

Factor Value 

Cavity temperature 110 °C 

Injection pressure 160 MPa 

Packing pressure 110 MPa 

Injection time 0.8 sec 

Packing time 1.4 sec 

Cooling time 9 sec 

Cycle time 20 sec 
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in total deformation of X, Y and Z axes by the packing 

pressure control of 70% at primary maximum injection 

pressure of 160MPa. Here, because that the deformation 

of X axis is directly related to the assembly tolerance, 

therefore the deformation of Case 1 was reasonable when 

considering the warpage of Z axis. Generally, from the 

CAE results, considering the deformation directly related 

to assembly, the final dimension of article was good 

when the dimension was smaller than the warpage.  

It was good for real injection mold manufacturing 

indicated in Table 4(Case1). The left/right value of each 

axis shows that of shrinkage or the warpage. 

Figs. 2 and 3 shows the results of mold flow pattern 

and injection pressure with the proposed gate information 

indicated in Table 1.  

  

(a) Case 1 (b) Case 2 

  

(c) Case 3 (d) Case 4 

Fig. 3 Comparison of injection pressure with gate system 

 

As shown in Fig. 3, the Case 1 which consists of 6 

tunnel type gates only shows the injection pressure of 

161MPa and relatively homogeneous pressure condition 

than other cases. In case of the Case 2 with the gate of 4 

tunnels, the injection pressure was 176MPa and it was 

highest among 4cases. 

Figs. 4 and 5 show the comparison results of 

shrinkage deformation along the X axis and Y axis on the 

packing pressure obtained by CAE simulation of each 

case, respectively.  

Fig. 6 shows the comparison results of warpage 

deformation along the Z axis resulting from shrinkage of 

X and Y axis. The warpage is affected by many different 

parameters in the injection molding process.  

Especially, when using conventional design of the 

cooling system, the most important parameters has been 

identified as packing pressure, mold and melt temperature, 

packing time, and to some extent, cooling time.7-10 

The warpage of Case 1 shows the reverse direction of 

Z axis. The warpage direction of Case 2 was normal.  

The warpage of Case 3 which consists of 4 tunnels 

and 2 pin points showed the normal direction of Z axis, 

and the warpage value was highest among all cases in 

spite of the same injection pressure of Case 1. 

Table 4 Deformation results by CAE analysis 

No 
Deformation(mm) 

X axis Y axis Z axis 

Case 1 0.11/0.10 0.16/0.13 0.12/0.12 

Case 2 0.09/0.09 0.17/0.12 0.21/0.18 

Case 3 0.08/0.08 0.19/0.13 0.38/0.24 

Case 4 0.13/0.12 0.16/0.12 0.10/0.11 

 

 

 

(a) Case 1 (b) Case 2 

 

 

(c) Case 3 (d) Case 4 

Fig. 2 Comparison of mold flow pattern with gate 

system 
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0.11 0.10

 

0.09

0.09

 

(a) Case 1 (b) Case 2 

0.08 0.08

 

0.13 0.12

 

(c) Case 3 (d) Case 4 

Fig. 4 Comparison results of shrinkage for X axis 

 

0.16

0.13
 

0.17

0.12
 

(a) Case 1 (b) Case 2 

0.13

0.19

 

0.16

0.12
 

(c) Case 3 (d) Case 4 

Fig. 5 Comparison results of shrinkage for Y axis 

 

The CAE result of Case 4 with four gate number 

shows the injection pressure of 161MPa and that the 

direction of warpage was normal.  

As mentioned above, from the CAE results of Case 1, 

2, 3 and 4, it shows a marked difference in the shrinkage 

and warpage deformation. 

0.12

0.12

 

0.18
0.21

0.21

 

(a) Case 1 (b) Case 2 

0.24

0.38

 

0.11
0.10

0.10

 

(c) Case 3 (d) Case 4 

Fig. 6 Comparison results of warpage for Z axis 

 

In Case 3, the shrinkage and warpage deformation 

along the X, Y and Z axes shows 0.08/0.08(㎜), 

0.19/0.13(㎜) and 0.38/0.24(㎜), respectively. Among the 

deformation along 3 axes, especially, the shrinkage along 

the X axis is very important when considering the 

product form in this study. As shown in Fig. 4, the 

deformation of Case 3 along the X axis, 0.08/0.08(㎜) 

was excellent among all cases when considering the 

assembly dimension along the X axis, whereas the Case 1, 

2 and 4 shows wide difference with 0.11/0.10(㎜), 

0.09/0.09(㎜) and 0.13/0.12(㎜), respectively. 

On the other hand, for the analysis of deformation 

along the Z axis, the deformation of Case 3 increases 

rapidly with increase of the packing pressure shown in 

Fig. 6(c). This shrinkage and warpage deformation along 

the X, Y and Z axes resulted in the increase of Z axis 

warpage with increase of the packing pressure. Likewise, 

the incorrect packing pressure affects non-uniform 

packing pressure in cavity. Finally, it occurs that the 

quality problem such as a distortion, sink mark and a 

dimension degree. Therefore, the role of packing pressure 

maintains a constant cavity pressure and decreases the 

residual stress of plastic parts. 

 

4. Conclusions 

 

In this study, for the injection molding CAE 

simulation, the mean wall thickness of 1.0 mm is applied 
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to the plastic molded article; it can be estimate the 

contents of fault such as a deflection and shrinkage 

according to the variation of packing pressure from the 

results of CAE simulation. 

After the analysis of cavity filling process by using 

the injection molding CAE program, the coordinate of 6 

gate position to minimizing the fault by packing pressure 

was proposed with the importance of optimized gate 

position for actual injection molding. 
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