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Summary: Bending industrial processes of complex elements inevitably require analysis of stress and strain in the contact zone of tools and materials if an accurate geometry and fast implementation. One of the effects that inevitably accompanies the elastic springback of the folded parts. Residual stresses always conditioned by changing the geometry of the finished part after leaving the tools that must be included in the construction tool positions that directly affect the final geometry. Knowing the springback value and its analysis by finite element method greatly facilitates the entire design process technology in both simple and highly complex finished components.
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1. INTRODUCTION 
Modern industry final processing of metals means a large series and mass production of high quality ready-made elements. Most frequently, their production and their final place of installation is not at a single location so that the production and assembly processes that take place fully independently. In such conditions, linking them to strict tolerances and minimal deviation that must ensure that the final product meets the most stringent requirements in terms of accuracy and quality for the end user. Sheet metal forming today meet highly complex geometrical requirements both in plane (2D) and in the space (3D) that are imposed before the finished products. The springback effects in large deffine accurate and geometry final product which concern more notice [1]. This effects has the most complex and challeging issue in metal forming process that occure when the sheet metal is removed from the tools or the formed part tends to return its original shape. Many researchers have improved a model of large strain plasticity to predict more precisely the springback effects during the bending and deep drawing process [2].

There are several technological values that can control the springback in deformed sheet such as blank material properties, tooling configuration and die radius, chemical structures and process conditions [3]. 

Non-linear finite element method is a real mathematical tool for analyzing the stress state in the sheet metal forming to plastic strain. The choice of appropriate finite element at the beginning of the analysis should provide the ability to monitor continuous deformation and side effects such as elastic straightening deformed metal structure. Besides the above mentioned methods of scientific research are directed towards analysis of the microstructure and the disturbance of the level of grain which can be used for the explanation of the many effects on the macro scale [4,5]. This paper presents an analysis of the correction of the elastic non-linear finite element method, which has been successfully used and provides good results.
2. INDUSTRIAL APPLICATION AND STRESS ANALYSIS PROCESS
A true example of the modern auto industry, other means of transport, household appliances and white goods, etc. When it comes to the auto industry, we see that the big companies on a global scale to solve a very simple way. Product development, research, manufacture and test prototypes remained the privilege holder brand name. Mass production of nearly all components and assembly moved to different parts of the world, constantly seeking better and more favorable conditions for its launch.
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Fig. 1 Sample of industrial application bending technology
In such conditions all of the constituent elements, simple or very complex geometry required high accuracy and quality in order to end the participants could process very easy and quick to master the technology of joining and assembly (Fig. 1). This is particularly noticeable in the plastic deformation of the sheet metal where the element in one strain to recognize, various processes which are made by the complex plane and spatial forms. 
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Fig. 2 Springback effect and ideal bending process
An inevitable occurrence in sheet processing technology elastic correct that at complex surfaces and shapes must be included in the design of the tools. The inevitable subsequent displacement in the plane or the space can be very large, complex and uneven so that the final part may have incorrect geometry or be completely unusable.

The analysis of the finished elements is very easy to recognize the technology of the whole process. In the case of constant cross sections to be achieved by simple bending technologies. The plastic deformation of bending according to the type of stress state may be in a clean area of the plastic, when the bending takes place through small radius, and when they occur and the compressive stress in the perpendicular direction by the thickness of the sheet. Deformations that accompany this type of bending in the tangential and normal direction or may occur and deformation in the radial direction by the thickness of the sheet. If bending over larger radius, the elastic plastic field, the biggest stresses in the tangential direction does not cross the border beginning of plastic flow and there is no deformation in the perpendicular direction to the thickness of the sheet.
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Fig. 3 Stress analysis in tangential and radial cross section at bending technology
With the effect of hardening, which is always present, the stresses in the tangential direction of more growth so that the outer fibers suffer even greater tensile stress or internal pressure even higher stresses.

As a rule, first implemented in sheet metal forming to the latest operations, technologies punching get the necessary functional open. Very often it comes to large areas of finished elements that require the tools of large dimensions with very small deviations in the plane and space.
3. FEM ANALYSIS OF BENDIG PROCESS AND SPRINGBACK EFFECT

This example shows a simulation of the sheet bending process. A sheet is bent by deforming it with a punch into a die. In the sheet forming terminology, it is also called tool bending or bending in mold. This example demonstrates the forming and springback of the sheet.

The sheet of workpiece is modeled with 3200 finite elements and 3840 nodes. The punch and die are modeled as rigid bodies. The initial model is shown on Fig. 4. There are a total of three contact bodies in the problem. Contact body 1 is the deformable sheet. Body 2 is a velocity controlled rigid surface and models the punch. Body 3 is also a rigid surface and represents the lower die.
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Fig. 4 Initial model for FEM analysis
The analysis used the sheet that is made of pure metal and was modeled with finite element that have the 4-node isoparametric quadrilateral plane strain element type 11 is used with the constant dilatation option.
In this simulation the sheet is assumed to be isotropic. The Young’s modulus is 2.1 ( 106 N/mm2 and the Poisson’s ratio is 0.30. The initial yield stress is 380 N/mm2. The workhardening behavior is input using the "workhard" model definition option data.
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Fig. 5 Curve of stress - strain
The boundary conditions along the x direction are enforced by setting a zero x displacement boundary condition on all nodes at the center line of the sheet. The boundary conditions along the y direction are enforced through the contact option.

Table 1

	Parameters
	Model Definition Options
	History Definition Options

	ALL POINTS 

ELEMENTS 

END 

LARGE STRAIN 

SETNAME

SIZING

TITLE
	CONNECTIVITY

CONTACT

CONTROL

COORDINATES

END OPTION

FIXED DISP

ISOTROPIC

SOLVER

WORK HARD
	AUTO LOAD

CONTINUE

MOTION CHANGE

TIME STEP


Shear friction is assumed with a coefficient of ( = 0.10. The relative velocity below which a node is assumed to be sticking to a contact surface is set to be 1 mm/s. The nodal reaction force required to separate a contacting node from its contacted surface is assumed to be 0.1 N/mm2. The iterative penetration procedure is invoked in this analysis.
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Fig. 6 FEM model for bending technology
The convergence control is governed by a relative displacement increment norm. The maximum allowed relative change in displacement increment is set to 0.10.

The loading is done by moving the punch (contact body 2) along the negative y direction with a speed of 15mm/s, for one second using 120 increments.

The motion direction of the punch is reversed at the end of 120 increments by prescribing a speed of 15 mm/s along the positive y direction for an additional 60 increments. In this loadcase, the gradual release option is used to release the workpiece from the punch. With this, the contact forces between the workpiece and the punch at the end of the 120th increment are linearly ramped down to zero over the next 60 increments. Also, the contact table definition is altered so that the workpiece which springs back cannot come back into contact with the retreating punch. In the unload load case, the controls used allow for a nonpositive definite system and displacement checking is switched to relative / absolute checking to facilitate convergence. The deformed shape is shown for increment 50 in Fig. 7.
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Fig. 7 FEM model for bending technology, increment 50
The deformed shape is shown for increment 120 in Fig. 8. For the next 60 increments, the punch moves upward and the sheet springs back. The final deformed configuration after springback is shown in Fig. 9.
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Fig. 8 Lower position of the upper tool
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Fig. 9 Finished part with springback effect
4. CONCLUSION
The performed analysis shows that the process of bending the elastic prediction correcting the finite element method can greatly assist in defining the tool construction and its dimensions in the loaded state. This is the only way to avoid the known methods tray and out, which takes a lot of time and greatly increases the price of new product development. For simple geometry of the finished part of it and can be avoided or complex constructiones curved profile in the area asking for corrections in several levels that can not be easily defined. Comprehensive evaluation of effects of the elastic correction indicates the possibility that this method guarantee the high quality and the success of the next technological phases as the final product assembly. 
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