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Abstract  In injection molding process, improving the 
part quality by reducing the warpage is an issue, especially 
with the thin-walled product. In this paper, the injection 
molding process was applied to a rectangular plate of 150 
mm x 30 mm. The part thickness was varied from 1.0 mm to 
2.5 mm. Three types of material as polypropylene (PP), 
acrylonitrin butadiene styrene (ABS), and polyvinyl chloride 
(PVC) were selected for observing the influence of volume 
shrinkage ratio on the warpage. Then, different weight ratios 
of CaCO3 (10%, 20%, 30%, and 40%) additive were mixed 
with the PP material and then, the mixture was molded. The 
result shows that the volume shrinkage ratio of plastic 
material has a strong influence on the part warpage with the 
thickness of 1.0 mm, 1.5 mm, and 2.0 mm. However, with 
the thickness of 2.5 mm, the different warpage under three 
types of plastic is not strongly. With the CaCO3, the result 
shows that the more the CaCO3 additive, the lesser is the part 
warped. However, with a thickness of 2.5 mm, the CaCO3 
has a negative influence on the warpage. In addition, this 
research was achieved by both simulation and experiment. 
The comparison shows that the simulation result and 
experiment result agree well. 
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1. Introduction 
Nowadays, plastic materials have a wide application in 

industry and in common products. Significant advantages of 
plastic could be listed as light weight, resistance to corrosion, 
ease of manufacturing, and shaping. Based on these 
properties, plastic material can be used in industry in fields 
such as electronic, mechanical, aerospace and aviation. In 
the trend of lighter, smaller, and thinner product, the plastic 
part is increasingly difficult to manufacture. Therefore, a lot 
of researches had been done with the aim of improving the 
accuracy of plastic processing. 

In the field of plastic processing, injection molding is one 

of the most popular process. In injection molding process, 
the raw material is heated to the melt stage, then, the melt 
material is pressed into a closed cavity for shaping. After that, 
the melt volume is cooled down by the heat transfer between 
the melt and the mold material. When the part reaches the 
ejection temperature, two-half molds open, and the plastic 
part is ejected from the mold. By this process, the plastic 
product is manufactured from the raw material. However, for 
satisfying the higher requirement from the customer, the 
injection molding has to be researched to improve the part 
qualities such as accuracy, surface glosses, and strength. One 
of the main requirements is the part warpage, which must be 
reduced to increase the accuracy of product. 

For researching about the part warpage in injection 
molding, the C-Mold software was applied to observe the 
case of intelligent materials processing [1]. With the 
researches of optimization [2 – 4], the ANOVA methods and 
Taguchi optimization technique were used to decide the 
injection molding parameters. This research shows that the 
packing pressure is the most important element, which effect 
on the part warpage. In contrast, the structure of the mold is 
also assumed to affect the shrinkage and the warpage of the 
part [5]. The result of these papers shows that the gate 
location has a strong influence on the warpage. By design the 
gate location that has a shorter flow length, will undergo less 
warpage [6]. In addition, the other study found out that the 
barrel temperature [7], mold temperature [8], and melt 
temperature [9, 10] also have the influence on the warpage, 
especially with the thin-walled plastic product. 

In contrast, the additive material method was presented as 
a solution for increasing the part hardness; therefore, the 
shrinkage and warpage also reduce. Yu et al. [11] and Song 
et al. [12] have done numerical analysis on a thin-walled part 
which has a fiber reinforced thermoplastic material by the 
Moldflow software. These papers had been done with 
different fibers size and ratios. The result shows that a higher 
fiber ratio with longer fiber length has a positive effect on the 
part warpage. In other paper, magnesium was added into 
ABS and ABS/PC (polycarbonate) material [13 – 15]. In this 
research, the effect of magnesium shows an improvement on 
the warpage; however, the ratio of magnesium still needs a 
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more detailed research. Leroy et al. [16] and Zhil’tsova [17] 
have conducted studies for determining the most appropriate 
condition for a thin-walled part. To consider the shrinkage 
and warpage problems, a cell phone was selected as a 
research model, and mold temperature, melt temperature, 
packing pressure, and injection speed were taken as the 
injection parameters. As a result of experiments, packing 
pressure was found to be the most influential parameter.  

According to above researches, with the same plastic 
material, there are many elements which effect on the part 
warpage, as well as part quality. So, in this paper, for 
observing the effect of volume shrinkage on the part warpage, 
three types of plastic material were used. The plastic 
materials are PP, PVC, and ABS. After that, the CaCO3 will 
be mixed with PP material with the ratio change from 0% to 
40%. In addition, because the thickness of plastic product is 
often varied from 1.0 mm to 2.5 mm, hence, four types of 
part thickness were researched with different material and 
CaCO3 ratio. In this paper, the Moldflow software will be 
applied for simulation. During experimentation, the injection 
molding system was built with the same parameters as in 
simulation. For finding the effect of material, part thickness, 
and CaCO3 ratio on the part thickness, the simulation and 
experiment result will be collected and compared. 

 

Figure 1.  Model dimension 

2. Simulation and Experiment Work 
In this paper, the warpage of injection molding product 

was researched under different plastic materials, part 
thicknesses, and weight ratios of CaCO3 additive. In the 
process, firstly, research was conducted on three types of 
plastic materials, i.e., PP, ABS, and PVC by simulation and 
experimentation. After that, the CaCO3 was mixed with PP 
material under four weight ratios with the value of 10%, 
20%, 30%, and 40%. In all the cases of this research, the 
part dimension was 150 mm ×30, and the part thickness 
varied from 1.0 mm to 2.5 mm, as shown in Figure 1. The 
warpage was calculated by simulation; then, the result was 
collected for comparison and discussion. The meshing 
model used in simulation is show in Figure 2. All 
simulation cases were studied by the Moldflow software 
with a total number of 105,562 elements. In simulation, the 

melt cavity, the runner system, and the cooling system were 
built. The 1-D element type was applied to the cooling 
system, and the tetra element type was used for the other 
part as melt cavity and runner system. In addition, for each 
case of simulation, only one cavity is modeled and studied. 
This helped to increase the accuracy of numerical study and 
reduce the simulation time. 

 

Figure 2.  Simulation model 

 

Figure 3.  Cavity plate for experimentation. 

By experimentation, a mold structure was built by the 
stainless steel 420. The cavity plate was manufactured with 
two cavities, as shown in Figure 3. Each cavity was used for 
one type of the part thickness. Therefore, in this research, 
with four values of the part thickness, two cavity plates 
were made. In the molding process, one side of cavity was 
prevented at the runner. Therefore, by one injection 
molding cycle, only one cavity was filled. This solution fits 
with the simulation model as shown in Figure 2. For 
measuring the part warpage, each case was operated with 
about 20 cycles. Moreover, when the system was stable, 10 
samples were collected. After that, each sample was 
measured, as in Figure 4. The average value was calculated 
and used for comparison with other cases. 
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Figure 4.  Warpage measurement 

Table 1.  Materials and Molding parameter [22] 

General parameters 

Cooling time 15 s 

Filling time 1 s 

Packing time 10 s 

Packing pressure 80% 

Polypropylene (PP) 

Mold temperature (20 °C  80 °C) 40 °C 

Melt temperature (200 °C  280 °C) 200 °C 

Density 0.92889 g/cm3  

Volume shrinkage 2.5% 

Polyvinyl chloride 
(PVC) 

Mold temperature (20 °C  40 °C) 30 °C 

Melt temperature (150 °C  250 °C) 200 °C 

Density 1.1981 g/cm3  

Volume shrinkage 0.4% 

Acrylonitrin butadiene 
styrene (ABS) 

Mold temperature (25 °C  80 °C) 52 °C 

Melt temperature (200 °C  280 °C) 240 °C 

Density 1.0541 g/cm3  

Volume shrinkage 0.5% 

 
3. Results and Discussions 

3.1. Effect of Volume Shrinkage on the Part Warpage 
with Different Part Thickness 

In this paper, the part thickness is varied from 1.0 mm, 
1.5 mm, 2.0 mm, and 2.5 mm and was used for both 
experimentation and simulation. In addition, to verify the 
effect of volume shrinkage of material on the part warpage, 
three types of materials were applied. They are PP, PVC, 
and ABS. The properties and molding parameters of these 
materials are shown in Table 1. According to these data, the 
PP has the volume shrinkage of 2.5%, which is much higher 
than PVC (0.4%) and ABS (0.5%). The comparison of these 
three materials shows the effect of volume shrinkage on the 
part warpage. In addition, for comparison of the numerical 
results, the simulation and experiment are set with the same 
parameters. However, due to the different properties of each 

material, the molding process took the common value of 
every parameter for doing the simulation and the 
experiment. These parameters are mold temperature and 
melt temperature. The mold temperature was taken as 40 °C, 
30 °C, and 52 °C for PP, PVC, and ABS, respectively. The 
melt temperature was set at 200 °C, 200 °C, and 240 °C for 
PP, PVC, and ABS, respectively. 

Figure 5 shows the molded part with different thickness. 
These parts were used to measure the warpage with the 
measuring method, as shown in Figure 4. In this paper, by 
experiment, each case has 10 samples for measuring. Then, 
the average value was used for comparing and discussing. 
In addition, for a new case, the molding process continued 
for 10 cycles to ensure that the system reaches to the stable 
stage. 

After the completion of the simulation and experiment, 
the result of warpage was collected and compared. These 
results were shown in Figure 6. According to this result, it 
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was found that the warpage was significantly influenced by 
the thickness and the plastic material. In general, when the 
part thickness increases from 1.0 mm to 2.0 mm, the 
warpage of PP material is higher than PVC and ABS. These 
results could be explained by the influence of the volume 
shrinkage. For PVC and ABS, the volume shrinkage is only 
0.4% and 0.5%, respectively. However, with PP material, 
the volume shrinkage is much higher, i.e., of the value of 
2.5%. Thus, after the completion of the molding process, 
the PP part has a larger shrinkage, and the result is that 
there is greater warpage in the PP part. This result is right 
when the part thickness increases from 1.0 mm to 2.0 mm. 

 
Figure 5.  Injection molding part with PP material. 

 
Figure 6.  The variation of warpage with different part thickness and 
plastic materials. 

In addition, in this range of part thickness, the thicker 
plate has a smaller warpage. This result could be explained 
by the rigidity of the plate. With the increase of the plate 
thickness, the rigidity improved. It means that, when the 
part was ejected from the mold, the rigidity will help to 
reduce the warpage. However, with the thickness of 2.5 mm, 
all material types have the same warpage, it is 

approximately from 0.4 mm to 0.5 mm. It is clearly seen 
that the warpage with the PP material still shows 
improvement, but the ABS and PVC was had the negative 
influence. For PP material, the warpage was reduced from 
0.824 mm to 0.344 mm. For ABS and PVC, the warpage 
was increased from 0.068 mm to 0.376 mm and0.164 mm 
to 0.442 mm, respectively. This result can be explained by 
the relation between critical rigidity and the shrinkage. For 
PP material in the case of 2.0 mm, because the rigidity is 
not enough for reducing the shrinkage; therefore, with the 
thicker plate as the case of 2.5 mm, the lower warpage will 
be obtained. In contrast, in ABS and PVC material, with the 
thickness of 2.0 mm, the rigidity was enough to defend the 
shrinkage. So, with the thicker plate, or with the bigger 
plastic volume, the warpage will be created mainly by the 
unbalance shrinkage due to different temperatures between 
the core and cavity plate [1, 6, and 8], and between the 
inside and outside of the part [5, 7]. 

 

Figure 7.  The variation of warpage with different part thickness and 
CaCO3 additive. 

3.2. Effect of CaCO3 on the Part Warpage with Different 
Part Thickness 

In this paper, for observing the effect of the additive 
material on the warpage, the CaCO3 was mixed with PP 
material under the weight ratio of 10%, 20%, 30%, and 40%. 
Then, the injection molding process was carried out. The 
same with above cases, for each case of CaCO3 ratio, the 
molding part was collected with 10 samples; then, the 
warpage was measured and compared. In this paper, the 
variation of warpage with different part thickness and CaCO3 
ratios by simulation result is shown in Figure 7 and 
compared with experimentation result in Figure 8. In general, 
with the CaCO3 additive, the warpage was reduced greatly. 
More the CaCO3 ratio, the more reduction in warpage was 
observed. This result could be observed easily with the 
thickness of 1.0 mm, 1.5 mm, and 2.0 mm. However, in the 
case of 2.5 mm, the CaCO3 has the negative effect on the part 
warpage when compared with the case of pure PP material. 
The positive of CaCO3 can be explained by the rigidity effect. 
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More the CaCO3 ratio, the more is the rigidity that the part 
will have [18, 19]. So, in this research, when the ratio of 
CaCO3 increases, the part rigidity improved; thus, this effect 
will help to reduce the warpage of the plate in the period of 
the part ejection in the injection molding process. In contrast, 
the CaCO3 additive also has some disadvantages in injection 
molding process, one of them is the reducing melt flow 
behavior. With the CaCO3 additive, the viscosity of plastic 
material increased; thus, the melt flow was harder in the 
filling step, especially in the packing step, also, the 
compensation was significantly reduced [20, 21]. So, this is 
the main reason for the negative effect in the case of 2.5 mm. 
Because for the thicker part more material is needed to be 
compensate for the packing step; thus, the CaCO3 additive 
was reduced this step. Hence, the result of the compensation 
for the in-mold shrinkage is not enough. And the final result 
is the raising of warpage in all case of CaCO3 additive. Even, 
in the case of 2.5 mm thickness, the pure PP material is the 
best case, due to the easy compensation in the packing step. 
In addition, with the comparison between simulation and 
experiment, as in Figure 8, it was found that the simulation 
and experiment agree well. 

 

 

 

 

 

Figure 8.  The comparison of simulation and experiment with different 
CaCO3 ratio and multi part thickness 
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4. Conclusions 
In this study, we perform research on the warpage of a 

rectangular plate with different part thickness, plastic 
materials, and CaCO3 ratios. By using both the simulation 
and experiment, the warpage was observed with these 
following conclusions: 
 With the part thickness of 1.0 mm, 1.5 mm, and 2.0 

mm, the ABS and PVC material have a smaller 
warpage due to the lower volume shrinkage. 
However, with the thickness of 2.5 mm, the 
difference of warpage between these materials is not 
clear. 

 With the ABS and PVC material, the warpage will 
reduce when the thickness increases from 1.0 mm to 
2.0 mm, however, due to the volume shrinkage and 
the freeze layer, it will increase when the thickness 
continuously rises to 2.5 mm. 

 By adding CaCO3 the PP material under different 
ratios, the warpage of the plate had been affected 
strongly. However, with the 2.5 mm thickness case, 
the warpage tend to increase as to the packing step 
needs more material for compensating the shrinkage. 
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