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Abstract. The aluminum alloys are ideal material because of their corrosion resistance, recycling 
ability, high specific strength and especially low density for lightweight structures of 
transportation, aerospace, automotive industries. Hot extrusion process is the most used metal 
forming method for obtaining a variety of aluminum alloy profiles. The demand for large cross 
section, multi cavity and thin wall profiles has been increasing with the development of the 
industry and extrusion method is key solution for producing complex profiles with high 
productivity. These profiles are generally extruded by porthole dies. The extrusion process by 
porthole die is complicated and die design has great importance for the quality of the extruded 
product. Design of the porthole die should give optimum material flow and homogenous 
temperature distribution both for obtaining desired profile and eliminating die scrap. The 
measuring the temperature and material flow is not possible for closed die formation and it is so 
important to estimate both material flow, temperature change in the die. For this aim, an extrusion 
simulation of a porthole die for standard aluminum profile was investigated in this study with the 
support of HyperXtrude Inspire Extrude Metal 2019 software, which is specialized for FEM 
calculations of extrusion process. Each step of extrusion process was simulated. Aluminum 
AA6063 material was used for simulations, the process temperature was 4500 °C and punch 
velocity was selected as 5 mm/sec. Finally, the FEM results were obtained and the temperature 
distribution, pressure distribution, billet interface and relative die exit speed results were analyzed. 
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1. Introduction 

The aluminum alloys are ideal material because of their corrosion resistance, recycling ability, 
high specific strength and especially low density for lightweight structures of transportation, 
aerospace, automotive industries. These industries require intricate shapes, large cross sections, 
multi cavity and thin wall profiles. Hot extrusion process is the general used metal forming method 
for obtaining a variety of aluminum alloy profiles with high productivity. These profiles are 
generally extruded by porthole dies. The extrusion process by porthole die is complicated and die 
design phase has great importance for the quality of the extruded product. Design of the porthole 
die should give optimum material flow and homogenous temperature distribution both for 
obtaining desired profile and eliminating die scrap. There are number of studies concerning 
extrusion process using porthole dies. Yu et al. [1] investigated the microstructural changes of the 
product obtained from porthole dies. Some researchers [2-6] studied on the weld quality of the 
extruded product. Jie et al. [7] studied on extrusion defects and optimized material flow for the 
porthole dies. For this aim, they used FEM method and experimental techniques. Qamar et al. [8] 
investigated repairable die defects and related die correction operations in metal extrusion. They 
made a list of definition for defects and their causes, preventive measures, and die correction 
operations. Liu et al. [9] was carried out simulations by HyperXtrude on the extrusion process by 
porthole dies. They proposed die structure modifications for aluminum profiles with small cavity. 
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2. Material and methods 

In this study, an extrusion simulation of a porthole die for standard box profile was investigated 
with the support of HyperXtrude Inspire Extrude Metal 2019 software based on ALE formulation, 
which is specialized for FEM calculations of extrusion process. The main aim was to obtain the 
pressure and temperature distribution in the process for better product quality and longer die 
service life since there are few related studies to be referred for practical applications. So, each 
step of extrusion process was simulated to obtain valuable results to give foresight to the extrusion 
manufacturers to eliminate the wasting resources at the trial and error phase. Moreover, the billet 
interface and relative die exit speed results were analyzed. Aluminum AA6063 material was used 
for simulations, billet diameter was Ø220 mm and billet length was 700 mm, butt length was 
selected as 25 mm. Billet temperature was selected as 450 °C. and punch velocity was set to 
5 mm/s to realize production conditions. The Coulomb friction model was used for the model and 
its value was assumed as 0.3 at the die bearing zone. The tetragonal mesh distribution was applied 
to the model for more accurate results. A standard box profile with the extrusion ratio of 127 was 
used for the FEM model.  

 
Fig. 1. A diagram for extrusion porthole die 

The extrusion is a process which is the material is forced into the die to obtain the desired 
shape of the product. The number of structural profiles can be produced by extrusion process and 
the hot extrusion by porthole die is preferred by manufacturers especially for the complicated and 
hollow sections. Fig. 1 shows the diagram of porthole die for the selected hollow profile. It can be 
seen from the figure that the mandrel part of the die has 4 portholes. Main features are bearing, 
pocket, weld chamber and the porthole which were given in Fig. 2 in detail. The material is forced 
to flow into portholes around the bridges. The portholes balance the metal flow with the suitable 
distribution and the separated streams flow through the ports and enters the welding chamber. The 
welding chamber provides enough volume for material to reweld before the die bearing section. 
Welding chamber are generally preferred for extrusion of softer alloys. Producing hollow sections 
with longer length, thin hollow sections are the advantages of these type of extrusion dies. The 
pocket section is selected for hollow profiles to combine the metal flow before it enters die bearing 
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section. The bearing section gives the profile in the desired shape with highest precision. In 
addition, the die bearing section helps the control frictional condition for homogenized metal flow.  

 
Fig. 2. A detailed explanation of sections for extrusion porthole die 

3. Results and discussions 

The model was built in a commercial CAD software and it was uploaded to HyperXtrude 
Inspire Extrude Metal 2019 software. The simulation for the proposed model was carried out with 
a workstation with two Intel Xeon CPU (E5645)-2.40 GHz processors. The obtained results were 
given in Figs. 3-6. 

The Fig. 3 shows the pressure distribution for the different steps of the process. The process 
was divided into four stages according to the punch stroke. At the first phase of the extrusion, the 
pressure value at the portholes was calculated around 270 MPa. However, at the final phase, the 
pressure was about 382 MPa. It could be observed that the pressure distribution of the pocket 
section and on the profile is homogenous and stable for entire process. It results that product can 
be obtained with high precision. 

 
Fig. 3. Pressure distribution of the extrusion process 

The Fig. 4 gives the temperature distribution of the process. The temperature distribution is an 
important parameter for extrusion process when the porthole die was used for the final product. 
The temperature distribution also effects the welding quality of the product. Rapid changes in the 
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temperature and inhomogeneous temperature distribution lead to undesirable welding lines on the 
surface of the product. The both should be foreseen and be avoided at the die design phase. The 
process starts at 450 °C and at the end of the first phase of the process, the calculated temperature 
at the profile was 563 °C. At the end of the process, the calculated value at the profile was 582 °C. 
When the temperature in the welding chamber was examined, it could be observed that the 
calculated temperature is in the range of 500-525 °C at the beginning of the process, while these 
values are in the range of 517-541 °C at the end of the process.  

 
Fig. 4. Temperature distribution of the extrusion process 

 
Fig. 5. Billet interface analysis of the extrusion process 

Extrusion is a continuous process and so, more than one billet according to the customer order 
could be used during the production. Therefore, each billet should be weld to each other otherwise 
there would be tracks on the surface of the product as an extrusion defect. To eliminate this fault, 
the billet interface analysis could be used as a tool to estimate bonding quality of the billets. The 
billet interface analysis is given in Fig. 5. The blue color on the scale bar represents the old billet 
and red color represents the new one. At the beginning of the process (upper left), the new billet 
is about to enter the die. When the punch moves, the new billet enters the porthole and exits from 
the die as a product at the end of the first quarter of the process. The results show that there is no 
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discontinuity on the profile surface or interface. 
Fig. 6 gives the analysis of relative exit speed difference. This analysis is used for estimating 

the deformation and flow of the material during the extrusion in detail. The distortion on the profile 
and flow discontinuities could be predicted by using the results of this analysis. Especially, 
material flow is needed to be homogenous and this analysis gives the differences of the flow speed 
of the material from the average value. The die design could be reconsidered to recover the 
frictional surfaces of the die with the results of this analysis. It can be seen from the figure that 
exit speed of the profile is homogenous and almost is the same for the every point on the main 
metal stream. It can be concluded from the figure that there is no distortion on the profile and the 
product could be precisely extruded. At the porthole and welding chamber sections, the main metal 
stream is seen as blue color. There is a small disturbances at the metal flow which is on the 
entrance of the bearing surfaces and that turbulence on the flow is the result of the balancing the 
metal flow by controlling the friction on the bearing surface.  

 
Fig. 6. Relative exit speed difference 

4. Conclusions 

In order to investigate the extrusion process of a standard structural box profile, finite element 
method based software was used for the study. The change on the main process parameters which 
effects the product quality was investigated. The following conclusions were drawn:  

The pressure distribution was evaluated for the extrusion process. It could be observed that the 
pressure distribution of the pocket section and on the profile is homogenous and stable for entire 
process which means that product could be formed with high precision. 

The maximum temperature was calculated as 582 °C. The temperature range reached in the 
welding chamber was between 517-541 °C. The main welding mechanism between stream welds 
is solid state bonding. It can be concluded that calculated temperature values are suitable for a 
desired welding conditions during the process.  

The research shows that the product quality and dimensional accuracy would be satisfactory 
after evaluating the outcomes of the FEM study.  
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