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Abstract: 

Now a days there is a demand in plastic products, plastic industries are growing rapidly. Hence 

plastic injection moulding process begins in manufacturing of complex shapes. Melted resin is 

injected into a mould and solidifies to form a moulded product. A mould is manufactured on 

CNC machine to make plastic product by injecting molten plastic into the mould. Polypropylene 

material is used to make the plastic product. Polypropylene is the world's second most widely 

produced synthetic plastic and also recyclable. Before manufacturing mould the best gate 

location is one of the important criteria in mould design. Plastic advisor simulation tool was 

used for the analysis of the gate location with least defects and with no material waste as 

compared with conventional trial error method on production floor. From filling times, the cycle 

time of product can be calculated for finding the best gate mechanism. In this project an analysis 

has been performed by taking varying gate locations for a plastic product and the best 

parameters also found to get good quality product. Part programme is also written to machine 

the mould on CNC. 
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Introduction 

The consumption of plastics has grown dramatically and consequently. Most plastic is not 

biodegradable and will survive in the environment for hundreds of years. The best way to limit the 

plastic waste is to reduce, reuse and recycle. One way to recycle the waste plastic is by plastic 

injection moulding method.  Plastic recycling is the process of recovering scrap or 

waste plastic and reprocessing the material into useful products. Since the vast majority of plastic 

is non biodegradable, recycling is a part of global efforts to reduce plastic in the waste stream, 

especially the approximately eight million metric tonnes of waste plastic that enter the Earth's 

ocean every year. This helps to reduce the high rates of plastic pollution. Plastic recycling includes 

taking any type of plastic, sorting it into different polymers and then chipping it and then melting 
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it down into pellets. After this stage, it can then be used to make items of any sort such as plastic 

chairs and tables. 

Literature Review 

MohdJamsheed et al [1] focused on Design and Analysis of an automatic plastic injection mould 

for production of CAM BUSH in 2015. Autodesk Mould Flow Insight software is used for 

analysing the component .To see the possible defect and optimize the design to achieve the 

maximum outcome of the product with minimum cycle time in each production cycle.  It can be 

learnt that how to analyse and compare it with simulation results. 

Marton Huszar et al [2] presented an approach of how warpage (i.e. part deflection) and injection 

pressure of an intricate geometry could be minimised by selecting an optimal thermoplastic 

material and injection gate location in 2015. The effects of materials selection and gate location 

with respect to reduction in warpage and injection pressure were presented. The analysis utilised 

a case study that demonstrated a step-by-stepmethodology to discover the complex relationship 

between the parameters mentioned above. It can be learn that how Sustainable injection moulding 

can be done and The impact of materials selection andgate location on part warpage and injection 

pressure. 

Satoshi Kitayama and Shinji Natsume [3] dealt with the application of computer-aided engineering 

integrating with statistical technique to reduce warpage variation depended on injection molding 

process parameters during production of thin-shell plastic components in 2014. This approach tries 

to strike the balance amongst low costs, high efficiencies and good accuracy. The validation 

process via experimental data further ensures the quality of works. It can be learnt that how to 

reduce warpage of thin plastic components.  

Babur Ozcelik and Ibrahim Sonat [4]  had studied the cell thin shell phone cover produced with 

polycarbonate/acrylonitrile butadiene styrene (PC/ABS) thermoplastic were decided as a 

modelWhile the warpage analyses were done in 2009.Four injection parameters were used. These 

parameters are melt temperature, mold temperature, packing pressure and packing time. After 

getting the warpage values, the effect of each injection parameter on each material was examined. 

It can be learnt that how to optimize the parameters for Warpage and structural analysis of thin 

shell plastic in the plastic injection molding. 
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Material holder is designed by using pro-e tool. PTC Creo, formerly known as Pro/ENGINEER, 

is a 3D CAD/CAM/CAE feature-based, associative solid modelling software.  The dimensions of 

the product part design was taken as length= 50mm, breadth 25mm , height 15mm and diameter 

of the groove is taken as 16mm. 

 

Figure 1: Modelling images of pro-e 

Before proceeding to injection machine and mould design, this part was analysed and simulated 

by using Part Advisor software. From the analysis and simulation we can define the most suitable 

injection location, material temperature and pressure for injection.  Plastic part was drawn in 

3dimension (3D) view by using Pro-Engineer (Pro/E) parametric software. That 3dimension part 

was imported to mold flow plastic adviser to analyse suitable injection location. 

These days, simulation software can accurately predict the fill patterns of any part. This allows for 

quick simulations of gate placements and helps finding the optimal location. Problem that can be 

avoided by performing flow analysis early in the design stages are, sink mark, air traps, shrinkages, 

and blush and flow marks. The procedure for mould design always starts with the cavity by testing 

options for gate positions, optimizing moulding conditions within the cavity, then using that gate 

layout and making corrections, until the cavity conditions are acceptable. Then, using these 

conditions the procedure addresses upstream tasks, such as defining runner dimensions. In this 

procedure, optimizing moulding conditions is a key part of the design process. Once the gate 

position has been fixed and the moulding conditions established, the flow rate, melt temperature, 
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and required pressure in the runner system are determined. In other words, the cavity analysis 

determines a specification for the runner design. Once the filling of the part has been optimized, 

the cooling system for the part can be analysed. 

Generally the goal is to design the cooling system of the mould to uniformly extract heat from the 

part. This will minimize the cycle time while producing high quality parts. Even though filling and 

packing are closely related, packing is best optimized after the cooling analysis. The packing and 

compensation phases are dominated by heat transfer, while filling is dominated by fluid flow. The 

cooling analysis provides an accurate picture of how the part's heat is extracted, so it is best to 

optimize the packing of the part after the cooling. The final step is to determine the warpage of the 

part. When the part is properly analysed in the previous steps, the warpage analysis is a 

confirmation that the part and process optimization is well done. The gate position should produce 

a balanced flow front within the part, with no underflow or over packing effects. The methodology 

adopted for locating different gate locations of the plastic product is first the diagram of the output 

product required with dimensions is obtained by using pro-e software and impart the 3D image 

into plastic mould flow advisor software by giving suitable inputs and changing the different gate 

locations the best gate locations can be found. 

 

 

Figure 2: Model of material holder with different gate location 

The material chosen for analysis was polypropylene. The appropriate material properties are 

already there in the plastic advisor’s extensive database of Pro/E Plastic material. The mechanical 

properties for polypropylene are good. The material is stiff, and the properties are kept over a wide 
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temperature range. Therefore, PP is the commodity plastic with the lowest density. With lower 

density, mouldings parts with lower weight and more parts of a certain mass of plastic can be 

produced. Polypropylene is reasonably economical. Polypropylene has good resistance to fatigue. 

In producing a part by plastic injection moulding a well-designed gating system is very important. 

Because filling time place a crucial role in mass production of components. So four types of 

injection locations are selected as shown in the above figures. At 180 degrees melt temperature, 

50 degrees mould temperature and 45 MPa processing conditions the filling times are tabulated 

below along with figures by mould flow adviser. 

 

 

Figure 3:Injection location at one corner end 

 

Figure 4: injection location at middle of big side 
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Figure 5: injection location at middle of small side 

 

 

Figure 6: injection location at  two side end 

The above four images are shows the filling time at different location of gate location. injection 

location at  two side end  having minimum filling time i.e, 7.497 sec. 

Not only filling time but also good quality of the product is also an important factor. So lot of 

iterations have been done to find optimized parameters by moldflow adviser tool.Analysis was 

done to find minimum pressure that plastic will be filled in the cavity at 20, 25, 30, 35, 40 and 45 

pressures respectively at 180°C respectively. At 45 MPa pressure the cavity was filled and plastic 

flow is as shown in the figure 
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Figure 7: plastic flow in injection process. 

As well as Analysis was done at 45 MPa fixed pressure and at different temperatures like 

180,190,210,216 and 220.20C. At 220.2°C melt temperature of plastic with 88.5% of high quality 

and 11.5% of medium quality obtained. Finally optimization parameters are noted as Melt 

temperature is 220.2 ̊ C ,Injection pressure is 45 MPa, Mold Temperature is 50 ̊ C, Pressure drop 

is 6.7 Mpa and Fill time is 7.49 sec. 

Finally after found the best operation parameters, required mould shape is manufactured by CNC. 

In this paper, Two rectangular plates with dimensions of 135X75X25 and 135X75X25 are taken. 

All the dimensions are in millimetres. Material taken for mould is Tool steel A2. These are 

machined on CNC machine according to the cavity dimensions and by the analysis considerations.                                      

 

Figure 8: Male fit of the mould after machining 
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Figure 9: Female fit the mould after machining. 

After mould is manufactured, polyproprelene specimen is prepared and shape is Rectangular 

(50X25X15). The specimen is shown in below image. Brinell hardness test is conducted on the 

specimen to find out the hardness.the out put results are plotted in table as shown below.  

 

Figure 10: Specimen before testing  

Applied 
load(kg) 

Diameter 
of the 
ball(mm) 

Depth of 
indentation(mm) 

      
BHN 

500 10 0.21 67.82 

500 10 0.26 61.24 

500 10 0.24 66.34 

Table 1: BHN at different locations 

BHN for the polypropylene material after testing is 65.1. 

Compression test is used to determine ultimate compressive strength of the material. When a 

material is subjected to compressive loading, the relationship between stress and strain is similar 

to that obtained for a tensile loading. the out put results are noted as (1)The maximum load at 
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compression fracture starts at 570kg. (2) The maximum compressive load at specimen fails at 800 

kg. (3)The compressive strength  is 42.66 kg/mm2. 

Conclusion  

Mould flow plastic adviser is a good tool to analyse plastic flow, filling time, temperature, pressure 

and pressure drop etc before proceeding to injection machine and mould design. From the analysis 

the most suitable injection location, material temperature and pressure for injection were found 

and also mould was manufactured. The plastic product was made according to the analysis result. 

And better quality product was made. Tests like Compression test and Brinells hardness test also 

conducted on the produced plastic product. The mould that was prepared can also be used further 

to produce the plastic product using other recyclable plastics like polyethylene, polyvinylchloride, 

and polystyrene. 
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