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Abstract— The design and manufacturing of die is most 

important aspect in product development process of plastic 

injection moulded components. As in any component the die 

design, cooling channel design and material selection are the 

most important attributes to be carried out with advanced 

tools to eliminate the rejection and rework rate of die which 

is costly. So to meet conformance and reliability of die 

designed we analyzed the die in Solidworks plastics system 

and interpreted the outcomes for the design. 
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I. INTRODUCTION 

Today is the world of use of advance technologies with 

greater accuracies and wider range of variety products having 

multiple applications. Same situation is prevailing in the field 

of plastic injection moulding process with cut throat 

competition in production of varied precise products at low 

cost and less time to market. There is a lot of pressure on 

engineer to design the die with proper tolerances under 

specified considerations so that is fulfils the needs of the 

entrepreneurs and requirements of the customers with high 

degree of performance at acceptance price with control over 

variance at acceptance cost. So to achieve this level, we 

followed preparation of mould in Unigraphics NX 10 with 

standards and required tolerances and then analyzed them in 

Solidworks Plastics 2015 for the flow analysis and cool 

analysis of the die to know the product’s quality response at 

the time of manufacturing. 

 
Fig. 1: Runner Layout of article 

This work encircles various tasks from the designing 

of article with required dimensioning, preparation of mould, 

its components and assembly, selection of mould parameters,  

processing parameters, material selection, cooling channel 

design, analysis of flow and cool of the product, etc. 

according to have maximum products in one article the 

arrangement of layout with minimum variance and nozzle 

diameter were selected. Also there many alternatives were 

tried and analyzed for conformal design of cooling channel 

with different end sections for covering periphery of the 

punch of die.  

II. LITERATURE REVIEW 

From the research papers and the advance developments 

carried out in the field of die designing and use of 

CAD/CAM/CAE software to prepare the mould design and 

analyze the die for cool analysis and the flow analysis of 

plastic in cavity of mould is done. We have gone through 

various articles that have carried out the work on analysis of 

die through Solidworks plastics for interpreting the results for 

knowing the flow of the plastic in cavity. Various analysis 

working software are available in CAE field of plastics 

namely Solidworks Plastics, Autodesk Moldflow, etc.  

There are many techniques adopted for improving 

and maintain the quality of the plastic product manufactured 

by means such as proper material selection, proper selection 

of materials and then the design of cooling channels section 

for cooling of die and product leading to increased life cycle. 

Here is a brief explanation on the works reviewed for the 

analysis of plastic injection die. 

In obtaining the product in required conditions one 

needs to have proper considerations undertaken and selection 

from wide range of the alternatives of the processing 

parameters of the injection moulding process. The range area 

of the parameters was obtained by work of Wong, C. T., 

Shamsuddin Sulaiman, Napsiah Ismail & A.M.S. 

Also there was more confusion in selecting the 

material with its grade in polymer for application of the 

manufacturing the product between Polycarbonate grades, 

polypropylene grades, Acrylonitrile butadiene styrene grades 

to have effective use and longer life, it was than selected 

polypropylene grade with the generic grade through analysis 

in Solidworks plastic software. 

There to solve the problem of the uniform cooling 

and the maintain quality by stabilizing parameters, it was 

important to design the cooling channel. Also there were wide 

range of applications in selections of channel between 

straight, conformal, pulse and normal cooling channel. 

Finally selected the conformal cooling channel for 

application by having best parametric design in it.  

III. DESIGNS AND METHODOLOGIES 

A. Objective: 

We are designing a die for preparation of cup (shown in 

figure) and analyzing the die prepared with the help of 

Solidworks plastics for cool analysis, flow analysis and wrap 

analysis. For maintaining quality through uniformity of 

temperature in die we introduced various cooling channels 

and proposed result for better manufacturing of this die.  



Analysis of Mould Flow for Die in the Plastic Injection Moulding 

 (IJSRD/Vol. 5/Issue 03/2017/182) 

 

 All rights reserved by www.ijsrd.com 701 

 
Fig. 2: Moulded product 

B. Methodology: 

As described above the product requirement is according to 

the figure 2 shown for meeting requirements through plastic 

injection moulding. For the production of article there is 

layout prepared as shown in figure 1, which is optimized 

through various iterations practiced in order to have more 

number of products in a single stroke with better flow of the 

melt plastic.  

Then for the selection of the material there were 

many alternatives between polymer grades of the acrylonitrile 

butadiene styrene, polypropylene and polycarbonate. Then 

filtering of the attributes were carried out according to the 

application of plastic product for the foods and beverages 

considering its working conditions followed from the rules of 

the FDA and FSSAI. Any injection moulding process is led 

by design and material selection process as both of its impact 

constitutes of more than 65% on the product development 

phase. 

Acrylonitrile Butadiene Styrene (ABS), the material 

having opaque thermoplastic natured amorphous polymer. 

the temperature for being liquid state (i.e. having a “glass 

transition”) is achieved at 2210F in ABS plastic. Without 

having significance of the degradation in product material can 

be achieved though heating material up to the melting 

temperature of the ABS and then cooling followed by re-

heating can be carried out. Here without the burning, polymer 

like ABS melts for better moulding and following to 

injection. Having a contrast in grade of this plastics may only 

have heated one time (only in injection moulding process). 

There is a demerit in reheating ABS material that it burns at 

reheat. So it cannot be recycled making a bad characteristic 

of this grade. Also it does not have ordered crystalline form 

of material. 

The form of polymer grade having best properties 

for plastic injection moulding available in the form of the 

pellets at a primary level of issue. This grade of polymer 

possesses very low melting viscosity which helps to flow in 

fluid nature, provides ease to manufacture because of the 

semi-crystalline nature of the polymer. This characteristic 

helps to significantly improve the rate of the material filling 

at which it is being carried out. Some of the parameters such 

as mold wall thickness, holding pressure, melt temperature, 

mould holding time, mould temperature, additives percentage 

and its level are some of the factors which affects the 

shrinkage of the material else its 1-2% which is desired. 

C. Design and problems identifications: 

There is an identification at problem at earlier stage of the 

product flow analysis. The problem occurred consists of 

having variations in temperature from 160-2200C 

approximately at the end of filling identified in measuring the 

flow central temperature. 

It is proving to be harmful for the product and the 

mould both by reducing quality, life cycle, strength of 

materials, and lead to loss of production and failure of the 

design of the product and production. 

 
Fig. 3: Flow central temperature at the end of fill 

Also there was an another problem identified for the 

variance in having the cooling hindering the uniformity in 

temperature at end of cool in flow. It is an important factor 

reducing the part quality and material strength, leading to loss 

of the production.  

 
Fig. 4: Flow temperature at the end of cooling 

D. Solution methodology: 

To solve the problem of the temperature variance that hinders 

the part quality and the life of product and die can be solved 

by using the proper selection of material selection grades, 

selection of optimum processing parameters, operating 

conditions, and design of the cooling channel section design. 

Because the control of the variance in response is root cause 

of all factors that hinders product development. 

So to overcome the problems we have gone through 

many design of making the sections of the cooling channel 

section design followed by analysis of various iterations of 

the flow and cool analysis helping to know the response at the 

end of the production.  

 
Fig. 5: Part temperature at the end of cooling 

The temperature variance has put on control by 

means of introducing a straight cooling channel which 

reduces the temperature variance and led to the control of the 
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part temperature up to the 450C approximately, which is 

desired at the end of cooling. This section has cooling of 

water line section above and below the part covered 

straightly. 

 
Fig. 6: Mould temperature at the end of cooling 

There is a problem raised at the end of the analysis 

of the having the straight section cooling channel design for 

cooling of the mould and product. There is not the desired 

level of acceptable temperature range obtained, but varies 

from the range of the 40-650C temperature at the end of 

cooling in die, which leads to decreased life of the die and 

subsequent products and also increasing the maintenance of 

the product mould, which isn’t desirable. 

Then the alternative for cooling channel design were 

observed between straight, scaffold, conformal, pulse, etc. to 

obtain the cooling according the material geometry. So to 

obtain it the peripheral section of conformal cooling was 

designed that encircled the problem eradication and better 

option was brainstormed. The proposed design for the 

solution of counter problem to design is as shown in figure 7. 

 
Fig. 7: Temperature at end of cooling (conformal cooling) 

Here we can see easily that cooling channel had 

covered peripheral geometry of the product through the 

punch so that the cooling is maintained uniformly. The figure 

7 shows temperature at the end of cooling of the cycle in the 

product. 

Which reveals the temperature control to the range 

of approximately 300C temperature, which is desirable at 

acceptable cost. 

IV. RESULTS AND DISCUSSIONS 

As we have been working for the solution of the problem in 

controlling the temperature of the product and mould at the 

end of fill, end of cool and at the end of the cycle to have 

better run(flow) and cool results. It is obtained in having the 

figure 8. 

 
Fig. 8: Mould temperature at cooling end (Conformal 

cooling) 

The result is showing that the mould is also having 

lower range of variance at the end of cool. Figure 8 shows 

that bottom edge is having fine cooling punch with respect to 

the straight cooling channels, which is appropriate to accept 

for production. 

There is also time consideration at the time of design 

phase of the product, which needs to be optimized as much as 

possible. So focus on various iteration to carry out the 

reduction in cycle time by varying other variables is shown in 

table 1. 

The results for cycle time variations are as follows; 

For the product, the article with some of the 

considered parameters we tried to find out the results for the 

cycle time results by different conditions of mould 

temperature, melt temperature, ejection temperature, coolant 

temperature, part thickness and from that we derive the result 

of cycle time with designed cooling channel. 

Here some of the parameters are taken as constant, 

that are not varied, they are, 

Polymer: polypropylene 

Part thickness: 1.8250 mm 

Mould material: P20 

These are the some of the results that are derived by 

mold flow analysis in Solidworks plastics by variable inputs 

for cycle time of production. 

The table is having the different range of the 

working melting temperature conditions, coolant temperature 

conditions, ejection temperature conditions in degree 

centigrade, part thickness of product in mm and cycle time of 

product in second with various iterations carried out.  

The results having case 2 is the optimum case to be 

selected in production of this product having advantageous 

and ambitious level of system which is desired at the 

development phase stage. The cycle gets completed in just 

13.52 seconds with having melt temperature of 2050C.  

Ca

se 

Melt 

temperat

ure (oC) 

Coolant 

temperat

ure (oC) 

Ejection 

temperat

ure (oC) 

Part 

thickn

ess 

(mm) 

Cycle 

time 

(Secon

ds) 

1 205 30 60 1.82 14.21 

2 205 35 80 1.82 13.52 

3 210 30 60 1.82 15.56 

4 210 35 85 1.82 16.05 

5 220 30 65 1.82 16.01 

6 220 35 85 1.82 17.52 

7 230 30 65 1.82 16.32 

8 230 35 90 1.82 20.41 

Table 1: Cycle time variation 
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V. CONCLUSION 

Finally, we are able to conclude that by the use of conformal 

cooling channel and having section favorable to the periphery 

of the article, there the maintenance of the temperature is 

achieved by having an advantage of improved quality of 

product, improved life cycle of the die, lower cost of 

servicing die, required strength achieved. 

The conformal cooling channel section has proved 

us better for meeting the requirements of the specifications 

covering moreover 80% of the time in cooling phase of the 

cycle of plastic injection moulding process. 
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