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Abstract— This paper presents the analysis and simulation 

of mold filling for acrylonitrile butadiene styrene (ABS) and 

polypropylene (PP) materials in injection molding using 

MOLDFLOW software. The main objective is to study the 

effects of mold filling on both materials and to compare the 

different factors of both materials. In order to understand the 

mould filling process to fabricate plastic parts, both thermal 

and mechanical properties of the injection molding process 

are studied through moldflow simulation. 

Key words: Injection Moulding, Design, Moldflow Analysis 

I. INTRODUCTION 

Plastic industry is one of the world’s best ever growing 

industries, ranked as one of the few billion-dollar industries. 

Almost all components that are used in everyday life involve 

the usage of plastic and most of these products can be 

produced by plastic injection molding method [1]. Plastic 

injection molding process is a well-known manufacturing 

process to create products with different shapes and 

complex geometries at low cost. 

Injection molding is considered the most 

spectacular process for mass production of plastic parts. 

Today, around 30% of manufactured plastic goods rely on 

injection molding, which are based on the injection of a 

fluid plastic material into a closed mold. The use of plastics 

has become increasingly important as weight, cost and 

quality are standard points to stay competitive in the 

industry. Besides that, plastics can be molded into extremely 

complex shapes, good dimensional accuracy making them 

suitable to be used in high technology products[2]. 

Injection molding operations can also sometimes 

be quite a challenge for the designer for designing a mold 

that will produce products with less defects as plastics easily 

tend to have a fill time, shrinkage, weld lines and air traps. 

Currently, the process of trial and errors required at the 

tryout stage can be reduced through the CAE by simulation 

resin flow pattern and predicting possible defects that can be 

avoided by improving flow balance with the proper 

selection on gate location [3,4,5]. 

Designing an optimal plastic injection mold 

requires several tasks to be performed. Preliminary part 

design and part modeling is the first to be completed; with 

respect to the product requirement and specifications. The 

next important task is simulation analysis to identify the best 

gate locations for the part which eventually shows the best 

design for the mold. In this research, the use of CATIA[6] 

and MOLDFLOW[7] applications are completely used to 

determine the best gating location for the plastic part. 

II. PART DESIGN AND MODELLING 

Design of the mould filling test specimen to be used in 

plastic injection mould is the main problem that exists in a 

product with thin shell feature. The actual part was first 

measured and the data recorded; the part model then was 

created in CATIA by using the Sketcher Workbench, the 

dimensions of the specimen were 120 mm in length X 50 

mm in width X 1 mm in thickness in the Part Design 

module. Fig.1. shows the original part and the solid model 

of the part that was developed by using CATIA software 

and imported to moldflow software for analysis and 

simulation. The mould filling testing specimen, the material 

used for producing the mould filling test specimen was 

acrylonitrile butadiene styrene (ABS) and polypropylene 

(PP). 

 
Fig. 1: Mould filling testing specimen produced simulation 

of Mould Filling in Injection Moulding 

Placing a gate appropriately is the most critical 

factor in determining the quality of the part. Either the gate 

location on the part may be preset or the analysis may result 

in two or three choices.  The optimum gate locations may 

need to be examined by running the filling analysis for best 

gate locations. Blue area represents the best gate locations 

for the part. 

III. MOLD FILLING ANALYSIS RESULT 

A. Fill Time Result 

The fill time result shows the progression of the material 

into the cavity. One of the aims in selecting gate location is 

to ensure the flow paths in the cavity to fill uniformly [8] 

and filling to be completed as rapidly as possible. Fig. 2. 

shows the fill time result. The fill time for the first case is 

0.9818 seconds which is lower compared to the other, 1.077 

seconds. 

 
Fig. 2: Fill time analysis results for (a) ABS and (b) PP 
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IV. TIME TO FREEZE  

The time to freeze indicates the time required for the resin 

polymer to reach the solid state. This will affect the cycle 

time for the part. Parallel freezing time and fast cooling is 

desired as these affect the product properties and cycle time. 

As shown in Fig. 3, the time to freeze for the first case is 

11.41 seconds while second case recorded 11.16 seconds. 

 
Fig. 3: Freezing Time Analysis results for (a) first case and 

(b)second case 

A. Maximum Pressure in Cavity Result 

The maximum pressure that should be used is under the 

limit of the molding machine. The pressure distribution 

should be balanced much like the fill time with little over 

packing and uniform pressure distribution during packing. 

The pressure and fill time plots should look very similar so 

there is little or no underflow in the part. Figure 4. shows the 

pressure result. The pressure (at the end of filling) for the 

first case is 64.29 MPa and for second case is 27.86 MPa 

which indicate the lower pressure built up in the PP. 

 
Fig. 4: Analysis of Maximum pressures in the cavity for (a) 

first case and (b) second case 

B. Shear Stress  

Shear stress at wall occurs at the frozen or molten layer 

interface. This is the location in the cross section where the 

shear stress will be the highest. The shear stress within the 

part should be below the material limit specified in the 

material database.  

C. Modeling and Analysis of Mould Filling in Injection 

Moulding 

Shear stress should be kept to a minimum because it can 

cause warping of the surface, blemishes and reduction in 

strength of the part. A higher injection pressure is an 

indicative of an occurrence of higher shear rate and shear 

stress level [6]. As shown in Fig. 5., the maximum shear 

stress at wall for the first case is 31.10 MPa and for second 

case it  is 31.22 MPa. 

 
Fig. 5: Shear stress results for (a) first case and (b) second 

case 

D. Air Traps Result 

The result will show air traps that might possible to develop 

in the part during filling. Air traps should be eliminated by 

using several approaches such as changing the wall 

thickness, gate locations or injection speed. Figure 6 shows 

the visualization of the air traps that might develop in the 

part. Air traps indicate the presence of surface defects such 

as burn marks, blemishes and short shot [6]. 

 
Fig. 6: Air trap results for (a) first case and (b) second case 

E. Volumetric Shrinkage Result 

The volumetric shrinkage indicates the volume reduction of 

the element expressed as a percentage due to packing of the 

part. The higher the packing pressure the lower the 

shrinkage. Fig. 9. show the volumetric shrinkage result. The 

maximum percentage of volumetric shrinkage for the first 

case 31.10% which is the lower when compared to the other; 

with 31.22%. 

 
Fig. 9: Volumetric shrinkage results for (a) first case and (b) 

second case 

V. CONCLUSION 

Table I shows the summary of the results for both cases to 

determine the best optimized mold design. In terms of 

production time which is the time taken for complete fill 

plus the time to freeze, the first case needs the total time of 
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12.3918 seconds, while the second case needs a total time of 

12.237 seconds. This shows that the second case has the 

fastest production time. From the results, we can also see 

that the ABS has the lower maximum pressure in cavity 

(27.86 MPa) and shear stress at wall (31.10 MPa) is lower 

than PP. 

For air traps and weld lines defects, the second case 

also proved to be the best design as it had low defects than 

the other. Result for the clamp force was better for PP 

although the maximum volumetric shrinkage was higher 

than the ABS. 

Mold Filling 

Analysis 
ABS PP 

Fill time 
0.9818 

seconds 

1.077 

seconds 

Time to freeze 
11.41 

seconds 

11.16 

seconds 

Max. pressure in 

cavity 
64.29 MPa 

27.86 

MPa 

Max. shear stress 

at wall 
31.10 MPa 

31.22 

MPa 

Air traps HIGH LOW 

Max. volumetric 

shrinkage in cavity 
31.10 % 

31.22 

% 

Table 1: Summary of the results of mold filling analysis 
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