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Abstract - This paper explores the application of the cooling techniques and Moldex3D software for simulation of cooling 
system in the injection molding process. The effect of cooling systems as the most important factors in optimization of 
plastic injection molding. Optimization of cooling system plays a significant role in the quality, efficiency, and the cost 
effective manufacturing. The importance of shape, type, and the location of cooling channels using the Moldex3D software 
and good results are achieved. Using numerical simulation tools or combination of analytical and numerical simulation 
approach is one of the intelligent choices applied to modern mold cooling design. 
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I. INTRODUCTION 
 
In a common manufacturing process, plastic 
injection molding is widely used to fabricate a variety 
of products. The injection molding process is a high 
speed, automated process used to produce plastic 
parts with complex geometries and fairly tight 
dimensional geometry. Generally, cooling stage takes 
up more than half of molding cycle. Since the 
cooling time is mainly dependent upon mold 
temperature for a specific plastic material and 
product, mold temperature has a significant effect on 
molding cycle and productivity. The lower mold 
temperature is, the higher molding productivity is. 
However, a lower mold temperature usually means 
lower part quality in conventional injection molding 
(CIM) process. In CIM, mold temperature is usually 
kept at a constant level during the whole molding 
cycle although in fact it fluctuates in a relatively 
small range due to the commonly used continuous 
cooling method by circulating the coolant through 
cooling channels. To achieve rapid solidification of 
plastic melt and acquire high productivity, mold 
temperature should be much lower than the 
transition temperature of the plastic material. Such 
low mold temperature makes it inevitable that 
polymer melt solidifies prematurely in filling stage 
once it contacts the cold mold wall [4]. 
The premature solidification of the polymer melt 
leads to a frozen layer formed at the cavity wall 
during filling, which results in many inherent defects 
on the finally molded products, such as weld mark, 
flow mark, silver mark, large residual stress, and 
short shot. In polymer materials, first polymer is 
heated and melts (melt temperature depends on 
plastic type). After this, it is pushed into the mold 
using high pressure (filling and packing phases). 
After a time to cool down the material due to coolant 
flow (usually water), the mold is opened and the part 

is ejected. The part were finished without any 
additional work, but many factors like material 
properties like mold shape, temperature and 
pressure, etc. act in complex way on the quality 
giving some defects as, for example, shrinkage and 
warpage, which require additional efforts to improve 
process. Shrinkage is the part volume reduction 
associated to material behaviour that it is to say, 
when polymer cools down from melt conditions to 
room temperature. This effect is partially 
compensated using injection pressure, especially 
during packing phase when the cavity is filled. 
Shrinkage continues after the part is ejected because 
polymer molecules can reorder its structures even at 
room temperature. Crystalline materials have greater 
shrinkage values than amorphous, so that process 
conditions always get differences. In both cases, the 
cavity is oversized to get the desired dimensions of 
the part. Nowadays shrinkage prediction is still a 
wide field of research in plastic manufacture [26]. A 
number of factors must be considered while 
designing cooling systems for plastic injection 
molding, such as layout and connections of channels, 
composition of coolant, and pressure drop of coolant 
and runner system. For rapid mold cooling, the most 
efficient and simplest method is to cool the injection 
mold by circulating low-temperature coolant rapidly 
through the cooling channels. 
 
II. LITERATURE REVIEW 
 
E. Saaks at all said that with most manufacturing 
areas, the production time and cost (lead and 
interval) are strongly correlated. The more time it 
takes to produce parts, the higher the cost, and the 
injection molding production industry is often taken 
as the indicator of the cycle with the cooling time. 
Improvement in the cooling system will reduce 
production costs. 
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O. Zollner at all said that the convex areas need 
high cooling because in these parts there is a 
concentration of heat and the concave areas need less 
cooling because the presence of more material helps 
the diffusion of heat in the mold. Therefore, attention 
should be paid to the design of corners and the 
cooling system in these areas. 
Hong- Seok Park at all said that conformal cooling 
channels with the array of baffles improve the 
performance of heat exchanger in the injection mold. 
This will be a practical approach that increases the 
molding quality, reduces cooling time and 
manufacturing cost in injection molding industry. 
Injection molding has been the most popular method 
for making plastic product due to high efficiency and 
manufacturability. 

 
The decrease of the distance between the cooling 
channel and the product that results in the decrease 
of the cooling time for the solidification. The 
location closest to the cooling channel experienced 
more cooling than the location away from the 
cooling channel. Therefore, it results in a differential 
contraction that causes thermal stresses, warping 
problem. 
V. Senkerik stated that some of the effects directly 
attributable to the location of the door are mold 
venting, warping and contraction and over packed 
and packaged regions. The position of the door 
determines the direction of material flow within the 
cavity. This causes the so-called orientation, that is, 
the alignment of the molecules. Since the properties 
along and perpendicular to a molecule are very 
different. 
 
III. METHODOLOGY 
 
We are use Moldex3D software for optimization of 
cooling system and flow analysis of End Cap in 
injection molding. Moldex3D simulation software is 
the world leading 3D injection molding simulation 
software. It has 3D analysis capabilities, the 
automatic mesh generator, parallel computing, and 
the user friendly workflow. Its complete analysis 
modules also can simulate and visualize various 
molding conditions to solve design difficulties and 
optimize product design. Moldex3D help users create 

3D mesh models efficiently and easily setup a variety 
of simulation conditions, such as gates, runners, 
cooling channels with proper user friendliness and 
efficiency. We are use Moldex3D software for 
optimization of cooling system and flow analysis of 
End Cap in injection molding. Moldex3D simulation 
software is the world leading 3D injection molding 
simulation software. It has 3D analysis capabilities, 
the automatic mesh generator, parallel computing, 
and the user friendly workflow. Its complete analysis 
modules also can simulate and visualize various 
molding conditions to solve design difficulties and 
optimize product design. Moldex3D help users create 
3D mesh models efficiently and easily setup a variety 
of simulation conditions, such as gates, runners, 
cooling channels with proper user friendliness and 
efficiency. The Moldex3D offers designers a 
powerful tool to quickly verify the part design for 
manufacturability so as to avoid the above-mentioned 
molding issues. Plastics designers can utilize the 
unique auto-meshing function to quickly prepare the 
model for analysis. The Moldex3D software helps 
companies to design products without 
manufacturability issues, improve quality and 
efficiency, reduce development costs, and shorten 
time to market. It helps enhance product quality and 
maximize our return on investment. 
 
IV. EXPERIMENT 
 
Injection molding has been the most popular method 
for manufacturing plastic products due to its high 
efficiency and ease of manufacture. The injection 
molding process includes three important stages: 
filling and packing stage, cooling stage and ejection 
stage. Between these stages, the cooling stage is very 
important because it mainly affects the productivity 
and quality of the molding. Normally, 70% - 80% of 
the molding cycle is taken per cooling step. An 
appropriate cooling channel design can greatly 
reduce the cooling time and increase the productivity 
of the injection molding process. On the other hand, 
an efficient cooling system that achieves a uniform 
temperature distribution can minimize unwanted 
defects that influence the quality of the molded part 
such as hot spots, sink marks, differential shrinkage, 
thermal residual stress and warping. 
 
Optimization of cooling channel using Moldex3D 
simulation software is done. In optimization system, 
cooling channels are design in such way that it can 
easily and evenly solidify the material and problems 
due to temperature difference results in shrinkage 
and warpage problems reduces and the quality of 
product also improve. This system is easy to 
understand and meshing of the object can easily be 
done. In optimization system, we also design gate 
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and runner system which also helps in giving good 
results of cooling. Due to optimization system 
cooling time also decreases. 
4.1 Design of Cooling Channels 
We have studied on standard cooling channels and 
we got some results and finally we have conclude 
that results obtained from it does not give good 
quality of product. Hence, we design optimized 
cooling channels in CATIA V5 software. In Catia 
V5 software. We design optimized cooling channels. 
In this one, we are use cooling channels having 
diameter 8 mm and also coolant as water having 
temp. 50°C. We have 8 cooling channels, four on 
core side and other on cavity side. In this design, we 
are insert baffles on core side of cooling channels. 
As baffle is a cooling system component which is 
constructed by inserting a metal plate in the cooling 
channels. The plate forces the coolant to flow up one 
side of the baffle and down the other. The baffle 
interrupts the flow in the cooling channels creating 
turbulence around bends which improves the heat 
transfer capability of the coolent. 

 
 
4.2 Moldex3d Design Steps 
1) Import Model 
Firstly we design end cap in CatiaV5 and then we 
import this file in Moldex3D software. After import 
the file, we can easily analysis of model thickness 
and we can modify the thickness also by using 
Analysis command. We can also check the geometry 
of part and after checking free edges and tany edges 
identify then it can be minimize. 
 
2) Build Runner System 
After import the part then select the step second in 
which we build runner system. In this step, we are 
selecting Gate command in which various types of 
gate and from this we select appropriate gate for 
specific operation. In this system, we have use edge 
gate because advantages of edge gates are ease of 
fabrication, modification and maintenance. 
The Edge Gate is the most common gate design. As 
the name indicates, this gate is located on the edge of 

the part and is best suited for flat parts. Edge gates 
are ideal for medium and thick sections and can be 
used on multi cavity two plate tools. 
3) Specify Cooling System 
The third step in Moldex3D software is Specify 
Cooling System in which we can sketch mold base or 
import mold base from step file. In mold base option 
there is one command called Wizard in which create 
automatic mold base. We set the attribute and set the 
dimensions. Standard cooling system is made in 
Wizard option and optimized cooling system is 
import from CATIA V5 Software. In this step, we 
put length of the mold base as 776 cm and width of 
the mold base as 576 cm. 
 
4) Generate Solid Mesh 
The second last step is generate solid mesh in which 
we are meshing gate, runner, cooling system and 
mold base. After meshing, we modify node seeding 
and set mesh parameter. 
 
5) Export Mesh Model 
As in previous step we mesh a model according to 
required parameters. In this step we have to export 
the file in .mfe format and save the mesh file. This is 
the last step of Moldex3D designer and after mesh 
the file, we are export this file in analysis software. 
 
4.3 Moldex3D Analysis 
In previous steps, we create mesh file in Moldex3D 
designer in .mfe format. This file is import in 
Moldex3D analysis software. First of all we opened 
analysis software after that, 
 Start the new project then click on new run 
option and import the file from Moldex3D designer. 
 

 
 After import the file, then we select material 
ABS Absolac 300 and we check the material 
properties. Absolac 300 is an acrylonitrile butadiene 
styrene (ABS) grade. Possesses high impact strength, 
good thermal stability and low warpage. Exhibits 
good process ability, high flow ability, low molding 
shrinkage and high heat resistance. Is suitable for 
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processing by injection molding. Used in housings, 
parts of TV & VCR, air conditioner parts, vacuum 
cleaners, flush tanks and telephone bodies. As we 
studied all the advantages of this material and we 
finally come to the point as this material is suitable 
for our part. Hence, we select Absolac 300 material. 
 Click on the ‘Next’ button, then select the 
process parameters. We can select default parameters 
or we can edit as per requirement. We are taken 
dimensions which are shown below in figures. 

 
 In this step, we have done project settings for 
simulation and also we select mesh file and material 
file. We have also given maximum injection pressure 
and maximum packing pressure. 
 In this step, we are setting filling time as 3 sec 
and packing time as 12 sec. Also, we given melt 
temperature as 235°C and mold temperature as 
60°C. 
 In this step, we have given cooling parameters 
such as cooling method, initial mold temperature, air 
temperature, Eject temperature, cooling time, Mold-
open time, which is shown in figure. 
 In this step, check computation and run data and 
select Finish option and after that start the analysis. 
4.4 Design of Feed System 
We have used ‘CATIA V5’ software for designing 
feed system (e.g. gate, runner) and after that we 
import this system in Moldex3D designer in which 
simulation done. 
1) Sprue Design :- Firstly, we design Sprue in 
CATIA V5 having parameters are given below, 
D (larger diameter) = 8 mm, d (smaller diameter) = 
3.5 mm, Length =     84.12 mm 

 

2) Runner Design :- After that we design Runner 
(Cold Runner) having overall diameter 8 mm and 
length is  68 mm 

 
 
3) Gate design :- Edge type gate is suitable for part 
hence we select Edge type gate, 
a  -  2.14, 1. 
b –  8, 10 
L – 6.207 mm 

 
 
V. RESULTS AND DISCUSSION 
 
5.1 Standard Cooling Channels 
Filling of pressure is non-uniform so, pressure drops 
at some point which results over packing and 
flashing of melt. The pressure drop is 23.68 Mpa. 
The filling contribution at gate 1 is 41% and at gate 
2 is 59%. Insufficient packing pressure would leave 
plastic parts with bigger shrinkage. Shrinkage 
depends on packing pressure and packing time. 
Packing pressure is between 1.894 to 5.861%. 
Volumetric shrinkage is in between 0.526 to 1.601%. 
Non-uniform volumetric shrinkage will lead to 
warpage and distortion of demolded parts. . Hence, 
warpage, voids or sink marks more in standard 
cooling system.  High volumetric shrinkage areas 
also more possible lead to sink mark or voids. In 
standard cooling the heat transfer is less so the heat 
cooling efficiency is also less. The cooling efficiency 
in standard cooling channel is 6.029%. In standard 
cooling channels, Maximum cooling time is 82.384° 
C. 
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5.2 Optimize Cooling Channels 
Filling of pressure is uniform so, pressure drops is 
reduce and which improve the part quality. The 
pressure drop is 23.43 Mpa. The filling contribution 
at gate 1 is 48.81% and at gate 2 is 51.19%. Packing 
pressure is between 1.157 to 3.471%. Volumetric 
shrinkage is in between 0.697 to 1.290%. As in 
optimize cooling system, volumetric shrinkage is 
uniform which results in reduce in warpage and 
distortion of demolded parts, less warpage and sink 
marks should be avoided.  In optimized cooling the 
heat transfer is more so the cooling efficiency is also 
more. The cooling efficiency in optimized cooling 
channel is 17.027%. In optimized cooling channels, 
maximum cooling time required is 77.169° C. The 
maximum cooling time required to cool the channels 
is less than standard cooling channels system. Hence, 
it increases the productivity and cut down cost 
effectively. 

 
CONCLUSION 
 
 MOLDEX3D simulation software helps to 

overcome all the design problems within time 
and cost constraints and gives us optimize 
design. 

 Design optimize cooling system, gate and runner 
so that it can easily flow the material and 
reduces all the problems during solidification 
and results in produce good product. 

 Uniform temperature distribution can minimize 
unwanted defects that influence the quality of 
the molded part such as hot spots, sink marks, 
differential shrinkage, thermal residual stress 
and warping. 

 The baffle interrupts the flow in the cooling 
channels creating turbulence around bends 
which improves the heat transfer capability of 
the coolent. Optimize cooling channels with 

array of baffles improve the performance of heat 
exchanger in the injection mold. Present cooling 
channels leads to a more efficient & uniform 
control of mold temperature distribution. 

 In optimized cooling channels, heat transfer is 
more so that cooling efficiency is more, which 
results in reducing shrinkage and warpage 
problems. 

 Unequal volumetric shrinkage of material 
throughout the geometry of the part as it cools 
from a melt to a solid state results in warpage 
problem. 

 Cooling time is the more significant parameter 
to reduce warpage, shrinkage and sink mark, 
etc. 

 The optimized cooling channels increases the 
molding quality, reduces cooling time & 
manufacturing cost in injection molding 
industry. 

 A design & optimization of cooling channels in 
cooling an injection- molded component has 
been conducted using virtual prototypes. The 
ensuring simulations shows that it was possible 
to optimize & predict the best location for such 
channels to reduce the cooling time when 
compared to standard cooling channels. 
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