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ZONE OF DEFORMATION AT MULTI-LAYER MATERIALS

Mladen Todic
, Ostoja Miletic

Summary: Modern structures, parts and components for various devices require new materials that can withstand complex stresses, chemical, and physical activity. For these materials must be carried out various technological processes of processing. In addition to production and resistance of these materials to chemical action, special attention should be paid to the processing technology to the final mounting position in the structure. Particular attention should escort them to the intensity of the residual stress and the size of cracks that can lead to distortion of structural integrity in their application. The paper discusses the impact: the geometric parameters of the workpiece and the tool, the position of layers deformation degree and intensity of deformation at the double layer. 
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1. INTRODUCTION 
Bending is one of the most common operation metal forming process. Often bending combined with the plastic covers of separation and drawing. Bending can be done in several ways using special tools for machining systems with discontinuous or continuous process operation. When bending machining systems with discontinuous process forms are called. U, V and Z folds. The same procedures apply in bending multi-layered materials. Bending is a nonmonotonic process at deformation processing of materials, ie. neutral line tangential stress (tangential stress intensity is zero) changes its position relative to the bending radius. In the single-layer material, if the ratio ru / s <10, moving neutral line dependes from this relationship, however at the multilayer material position depends on the mechanical properties of the material, the position of these layers in relation to the bending radius and the radius of bending. Angle bent zone Figure 1, ie. the zone in which it came to plastic deformation of metals depends on the position of the metal layer, the geometric size of preparation, mechanical properties of the material layers, radius and bending angle.
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Figure 1. The corners of deformation as a function of layer materials and their position
Bending of the strip b>(3-5)s, (b-width strep), s=s1+s2. 
2. POSITION neutral LAYER stress and strain
The neutral layer strain takes position in the function of the mechanical characteristics of the material layers, thick layers of relative bending radius, the position of the layers in relation to the radius of bending etc. In the zone of deformation appear normal, tangential and axial stresses. The neutral layer shear stresses can take a position in any layer or on their border. The position depends on the mechanical properties of the material, thickness and the degree of deformation. Radial stresses on the outer and inner surface of the profile have a value of zero. In Figure 2 gives a possible current position of the neutral layer. That position is changing with increasing degree of deformation, and the starting position occupied in the function of the mechanical properties of layers and layers of geometric characteristics (thickness and position in relation to the bending radius). 
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Figure 2. The position of the neutral layer in relation to the material layers.
The ratio of the major strains and stresses in a cylindrical coordinate is defined with
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where:
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 - stresses and deformations in the tangential, radial and axial direction 
E* - moduls of elasticity
( - Poisson 's coefficient.
Deformations in the axial direction can be ignored in planar deformation
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The intensity of deformation is determined by the equality 
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wherein 
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 are major deformations.

2.1. The intensity of deformation in the zone of deformation
The intensity of deformation depends on the degree of deformation, mechanical properties of layers of material and thickness of the layers in position relative to the center of bending radii. A special influence has mechanical characteristics of layer materials and their differences. The bigger the difference between them, the position of the neutral axis of deformation dislocates in layer with higher mechanical properties or a layer which has a larger absolute value. The intensity of deformation should be calculated on the outside, the inside surface and the surface of the boundary layers:
· On the outer surface
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· On the inside surface

[image: image15.wmf]u

o

iu

R

r

e

ln

3

3

2

=


· At the border of layers
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wherein:

(o- radius of neutral layer strain
Rs- radius of the outer surface
Ru- radius of the inner surface
Rg- radius of boundary surface layers.
The radius of the neutral layer of deformation is determined from the conditions of stability volumes
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wherein ho is thickness bimental (dual layer) tape.
2.2. The influence of the position of the layers on the strain
It is very important at the deformation of a double-layer material layer which is located on the inside of the zone, its thickness, mechanical properties and degree of deformation. Angle strain in a double-layer material is a function of the position of the neutral zone. The boundary layer has one value and from its limit value comes to its changes in growth or decline in the function of the differences of mechanical properties of materials and layer thickness.  When the intensity of the stress cross the border Rm material layer leads to thinning of the layer or is increasing its thickness, ie, the appearance of significant local deformation, image 3.
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a.




b.

Figure 3. Deformation of the cross section of the double layer
This phenomenon limits the degree of deformation and it is a function of mechanical characteristics of the material layer and its position relative to the bending radius.
3. Experimental research
Experimental studies were performed on a dual layer composite material with layers Al99 / X5CrNi18-10. The thickness of Al 99 is 3.9 mm and the thickness of steel X5CrNi18-10 is 1.4 mm. Bending is performed on V-profile with the rt 6 mm. The intensity of deformation on the outside in the inner surface is shown in Figure 4 and 5.
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Figure 4. The intensity of the deformation of the outer and inner surface
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Figure 5. The intensity of the deformation of the outer and inner surface
The angle of deformation in two-layer material has two values. When the layer X5CrNi18-10 on the outer corner deformation increases from the neutral surface to interior and when X5CrNi18-10 on the inside of the angle of deformation increases outward. When the intensity of the strain on the inner or outer reaches border of  Rm then comes thickening or thinning of the layer whose mechanical properties have lower intensities figure 3b.
When designing the technological process of bending bilayer material, it is essential to know which layer needs to be to bending radii and which is out. This defines the position and the lower value of the relative bending radius.
4. CONCLUSION 

Flexural bilayer material in which the mechanical properties are quite different,  strain can not be done with higher level and not to come to occurrence of local deformation of the layer whose mechanical properties are significantly lower compared to the second layer.  Angle strain changes its intensity and direction as a function of the position of the layers in relation to the bending radius. Mechanical properties of layers and their thicknesses affect the size of the angle deformation and its direction. The degree of deformation depends on the mechanical properties and the position of the layers relative to the center bending radius and the position of the neutral axis deformation. If the degree of deformation increases across the border of Rm material layer then comes to the appearance of local deformations of these layers, it is particularly apparent on material whose mechanical properties are significantly lower absolute values (Figure 3a and b). On the neutral position of the layer has a significant impact deformation strength of layer material and its position in relation to the bending radius. Experimental studies have confirmed the theoretical considerations ie. to a significant impact on relative bending radius has a position layer relative to the center of bending and greater difference mechanical properties of the material.
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