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Abstract. Injection molding is a widespread manufacturing technology for mass production of polymeric parts. Conventionally, fused polymers 

are injected at high pressure in a metallic mold. This tool is typically characterized by high manufacturing costs and times, making the injection 

molding process not affordable for small batches or prototypal applications. Additive Manufacturing represents a practical solution to cut down 

tooling costs and times of molds and inserts. In this work, FDM (Fused Deposition Technology) has been considered as candidate technology to 

produce polymeric inserts for injection molding. Considering the commercially available filaments for FDM, a PEI (Polyetherimide) grade has 

been selected as tooling material for the injection of a part made of Polypropylene. The PEI grade represents a good compromise between 

manufacturing costs and thermo-mechanical properties required for the application. The PEI grade has been characterized with DSC (Differential 

Scanning Calorimetry), DMA (Dynamical Mechanical Analysis) and compression tests. The data gathered were used to set up 2D simplified 

thermo-mechanical finite element analyses, simulating the response of the PEI inserts subjected to repeated injection molding cycles. The 
simulations confirmed that the PEI grade is a good candidate tooling material but the progressive tool heating could lead to prolonged cooling 

time of the Polypropylene part . Finally, some PEI inserts were 3D printed with FDM and tested in a real injection molding machine  injecting 

POM. In total, 20 POM parts have been injected correctly without relevant damaging of the PEI inserts.   
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1 Introduction 

Injection molding is one of the most widespread manufacturing process to produce polymeric parts. Typically, molds for mass 

production are realized with tool steel, ensuring long tool life. The main drawback of such rigid tool is related to the time and costs 

required for their production, making difficult to overcome the tooling costs in case of prototypal production or small batches [1].  

Rapid Tooling was born with the aim of reducing production costs and time, but also for the increasing need of customization 

of products. Rapid tools are typically obtained through AM (Addittive Manufacturing) thanks to the possibility of obtaining 

complex shapes and topologically optimized structures with high flexibility. The main drawback is that these parts are typically 

characterized by a porous structure, limited geometrical accuracy, anisotropic properties and rough surfaces [2].  

One of the most versatile, economic and flexible AM technology is FDM (Fused Deposition Modelling). In FDM a preformed 

polymeric filament is melt and deposed in a fused form through a fine print head called nozzle [3]. 

Most of the commercial FDM devices are used with ABS or PLA, but a large variety of polymers is commercially available in 

the market. Depending on the complexity of the part, some supporting structures might be required. Also, post-processing treatments 

like surface finishing or thermal treatments could be necessary [4]. 

 

Chua et al. in their work (Ref. [4]) reported an example of ABS moulds employed for wax injection molding at pressures and 

temperatures of 1.38 MPa and 66 °C respectively. Similarly, Masood et al. (Ref. [5]) realized inserts starting from a composite 
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experiments must not be considered as validation tool of the previous simulations but only as confirmation of the thermal stability 

of the PEI. 

The 3D printed inserts contain all the typical features of a conventional metallic mold (Fig. 8): the sprue, the runner, the gate, 

the cavity, guiding holes, cooling channels, holes for ejector pins, and a conical hole to mount the metallic sprue bushing.  

The sprue bushing is the element used to connect the female insert to the nozzle of the injection molding machine and allows to 

converge the flux of fused polymer into the sprue. Moreover, by means of the metallic sprue bushing, the PEI is never in a direct 

contact with the nozzle of the injection molding machine, thus avoiding thermal degradation issues.  

Both the inserts have been 3D printed with a growing direction parallel to Z axis (Fig. 8). This direction was chosen in order to 

have the best surface quality in the cavity but this requires the presence of supporting material for the guiding holes and for the 

cavity for the sprue bushing (Fig. 9). The cooling channels did not require any supporting structure. The FDM process parameters 

and printing strategy used are the same of the ones reported in Paragraph 3. 

 

Fig. 8: a) Solid view of the movable insert. b) Internal features of the movable insert. c) Front view of the movable insert. d) Solid view of the fixed insert. 

e) Internal features of the fixed insert. f) Front view of the fixed insert.  The maximum thickness of the cavity (i.e. of the molded part) is 1.5mm.  
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Fig. 9: Left: supporting structures (green) and PEI insert (brown), highlighting the presence of internal features. Right: upper and lower view of the 

supporting structures (green) and internal features (yellow) of the fixed insert.  

The process parameters used to inject the POM are reported in Table 3. During the process, the cooling system was active and 

water was pumped into the cooling channels at a pressure of 5 bar. 

Table 3: Process parameters used in the injection molding process.  

 Melt temperature 

[°C] 

Initial mold 

temperature [°C] 

Injection 

time [s] 

Packing 

time [s] 

Cooling 

time [s] 

Cycle 

time [s] 

Packing 

pressure [MPa] 

Value 225 20 1 2.5 4 13 25 

 

The inserts were mounted in an injection molding machine and during the process, the injection pressure and the maximum 

clamping force were measured, resulting respectively equal to 50 MPa and 200 kN. The inserts were tested initially with the cooling 

system active (water circulating at 5 bar). Because of capillarity, the pressurized water circulating in the cooling system after few 

injection cycles permeated through the inserts emerging on the external surfaces. Despite the 100% infill used during the FDM 

process, the permeation of water indicated the presence of residual porosity in the tools. This unexpected problem can be easily 

solved by turning-off the cooling system or applying a thin and compact coating on the surfaces of the cooling channels . 

In this case the inserts were tested again with the cooling system inactive, producing consecutively 20 POM parts (Fig. 10-c).  

 

 

Fig. 10: a) Some POM residues present on the surface of the movable insert. b) Damage observed in the fixed part while dis -mounting the tool. c) Molded 

part without the sprue (mechanically removed). The molded part covers an area of 75 mm x 55 mm. The maximum thickness of the molded part is 1. 5 mm.  

At the end of the 20 molding cycles, a small damage at one corner of the fixed part was observed (Fig. 10-b). The damage was 

already present before dis-mounting the insert, indicating a possible damage due to the high clamping force. 

As consequence of the FDM printing process, the surface of the tools is not completely smooth, resulting into a rough surface 

of the molded part (Fig. 10-c). This made difficult for some parts the ejection from the mold.  




