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Summary: A way to obtain the better quality of EN AW 7075 aluminum high-strength alloy by application of electromagnetic field (EMF) during the casting process is presented in this work. In this way, the uniform fine-grained microstructure, and hence the better mechanical properties of the alloy can be achieved. The microstructure and mechanical characterization for samples obtained with and without EMF were performed. The application of numerical simulation for hot forging process, using appropriate software, is efficient and highly useful tool for problem prediction in industrial production, reducing the time and costs in the process of development of new products. The input data of high strength Al-alloy EN AW-7075 is used for simulation because it enables the development of parts with complex dimensions and shape.
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1.
INTRODUCTION 
For engineering the traditional hot forging tools, even with the expert’s experience, it is often necessary to perform testing under operating conditions and redesign certain construction elements. The success of forging depended on experience, as well as trial and error method, but with new designing tools in the area of concurrent engineering, along with new concepts of virtual manufacturing and rapid prototyping, the previous virtual testing and the successful selection of the optimal parameters of the designed tools geometry is enabled [1,2]. A large number of Al-alloys can be forged, from the pure Al alloys to high strength ones. The most commonly forged heat treatable alloy are medium and high strength ones. These materials are very sensitive to forging temperature changes. 
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Low temperatures lead to incomplete recrystallization of deformed and undesirable microstructure. Large grains of inhomogeneous structure lead to poor mechanical properties of forged parts. The increased degree of deformation in different stages of forging increases the strength of forging. In contrast, the increase in forging temperature and treatment time prolongation leads to reduction of strength of the forging [3,4]. Here will be described the detailed characteristics of EN-AW 7075 alloy (AlZnMgCu1.5). Forging temperature of EN AW 7075 Al-alloy is in the range from 320oC to 480oC. The tool must be preheated, in order to avoid thermal stresses. The main problem with forging an Al-alloy is the need for precise temperature maintenance, what significantly affects the deformation speed [4,5]. Forging temperature range is narrow and must be respected. 
2.
EXPERIMENTAL and results
The input data on strain hardening are important for numerical modeling [3]. In contrast to steel, the forging of Al-alloys is very sensitive to the strain rate. These alloys have high strength and are suitable for hot working. Mechanical properties vary depending of the position on the cross-section of the cast billets. Averaged characteristics are: Rm = 470 MPa, Rp = 310 MPa, Ag = 7% and hardness of 115 HB. The chemical composition of the alloy is given in the table below.
Table 1 Chemical composition of the AlZnMgCu1,5 alloy
	Element
	Zn
	Mg
	Cu
	Mn
	Cr
	Fe

	Content % 
	5.51
	2.29
	1.45
	0.13
	0.19
	0.14


Before forging, the tool is preheated at the temperature of 250° C, a piece was kept at a processing temperature of 405-415oC. Forging was carried out in two operations: a preliminary upsetting and final forging, on the electro-hydraulic press LASCO 1600.
2.1
Example of Al alloy forging 
The following analysis provides an example of the axial symmetry of forging parts from the "Peter Drapšin"-Mladenovac company production. The initial piece had dimensions of Ø90 x 216 mm. Forging material  is AlZnMgCu1.5 alloy (EN AW-7075), made in two ways: a classical preparation for hot forming (modification, casting, homogenization, extrusion, heat treatment) and casting process under the influence of electromagnetic fields (EMF) [4-6].

This work outlines the results of the alloy obtained by casting process under the influence of EMF. These alloys have high strength and are suitable for hot working. 

Numerical simulation of the forging process is done with known specialized software Simufact.Forging 11. Geometry pieces are axis-symmetric, and the problem is solved in 2D, which significantly simplifies the analysis. The results are an introduction to the analysis of parts of much more complex configurations. 

In the following image, Figure 1, a distribution of effective strain in the cross section of piece is shown.
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Fig. 1 Distribution of effective strain
Equivalent stress reaches a maximum value of 68.95 MPa at the end of the processing phase of forging, as shown in Figure 2. The greatest deformations are achieved in the central zone of forging, with forming deep profile. Flow within the forging leads to a rise in temperature in its centre. By choosing the optimal values of internal and external radii, flash geometry, as well as providing reliable operating conditions (temperature, speed, lubricant), the requirements for a reliable forging are met.
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Fig. 2 Stress-strain dependencies for different temperatures and strain rates for AlZnMgCu1,5 
3.
CONCLUSION
High-quality structure connected to reliable mechanical characteristics is advantage of high strength hot forged  Al-alloys. Besides, surface quality can also be stressed out. Unlike steel forging, for metal flow process and provision of high-quality microstructure of Al-alloy ingots, it is necessary to control the influence of temperature and deformation speed precisely. By choosing the optimal values of internal and external radii, flash geometry as well as providing reliable operating conditions such as: temperature, speed, lubricant, the requirements for a reliable forging are met. Numerical analysis and application of finite elements method are efficient tools for optimisation of forming process, tools construction and improvement of products quality. When developing parts of complex geometry with high requirements regarding quality, numerical tools and element of so called virtual production, reliable and economically justified designing of optimal technologies of Al-alloys hot forging is made possible.
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