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POSITION OF THE NEUTRAL SURFACE  DEFORMATION AT BENDING TWO LAYER COMPOSITES

Todic Mladen
, Miletic Ostoja

Summary: The position of the neutral surface deformation, at bending two layer composite is in function: of layers thicknes, mechanical characteristics of the material layers, the position of the base and plakiranog layer relative to the center of bending and degrees of the deformation. However, the mechanical properties of layers and their thickness have a dominant influence. During the process of forming the position of neutral surface is nemonoton, and nemonotost increases with increasing degree of deformation.
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1. INTRODUCTION 

Layered metal laminar composites are growing in the application in science and technology. Commercial production of these composites is possible with the plating technologies and plaquing. Their technology proces intermediate present and products require reliable processes that do not lead to bifurcation of the boundary layers and layers themselves. As a consequence of defects can be caused microcracks which become initial parameter for the degradation of the applied composite products. Before the technological process of layered composites it is very important to know which layer composita can be in the application on the inside, and wich on the outside. Due to the basis of these findings, access technology which processes the composite, will not lead to stratification on the boundary layer and thus in layers of composites, the degradation of the layer thickness and the formation of microcracks. The position of the neutral surface can be described analytically and experimentally.
2. DEFINITION OF POSITION BY ANALYTICAL WAY

For determation of  radius of neutral surface deformation 
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bend radius, on this base we can determine the radius of neutral layer surface  of deformation
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where :
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 thickness two-layer composite of pripremka
After determing the radius of neutral layer of deformation, knowing and the size of the boundary layer of liquid metals, primary and plakiranog 
[image: image7.wmf])

(

r

r

s

s

i

¢

 can be determined the border between  on the elastic and plastic zones 

Intensity of deformation the cross-term cross-section:
· on the outer surface: 
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· on the inner surface: 
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· on the border of clad and the basic layer 
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· the neutral layer stress 
[image: image14.wmf](

)

s

r

r

=

,



[image: image15.wmf]s

j

r

r

r

j

s

ln

3

2

=

i

.
       (5)


The previous equation leads to the geometric size of the intersection of two-layer materials:
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Radius of neutral surface of deformation  we determine  from the condition of stability of volume (ignoring and elastic changes in volume),
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where 
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 thickness of pripremka.

If the expression (10) includes quantity given by the equations (6) and (7), obtaines,
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Substituting expressions (11)  in the equality (5) and (6) obtaines,
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 current thickness of workpiece.
Equation (13) according to the equation (12)  ,



[image: image26.wmf]iu

is

iu

is

e

e

e

e

s

s

u

j

j

j

j

3

3

2

3

2

3

2

-

-

-

÷

÷

ø

ö

ç

ç

è

æ

-

=

.
 
(14)

From the condition of stability of volume the basic layer of the workpiece, we get the radius of a neutral layer of deformation
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where 
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 thickness of the the basic layer of pripremka.
Using expressions (6) and (7) we have,
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that is,
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The term of the current relative thickness of the basic layer is obtaines from equation (18) and (17)
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As with previous volumes in terms of stability of clad layer of the workpiece is obtained
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where 
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 thickness of clad layer pripremka
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Current thickness of workpiece makes current thickness of primary and clad layers
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3. EXPERIMENTS TO DEFINE THE POSITION OF NEUTRAL 

    SURFACE DEFORMATION BY METHODS OF PARALLEL LINES

In order for this method to fin positions of neutral lines of deformation and  positions of neutral line of stress and strain should be conducted lines on lateral surface of pripremka. Lines can be applied using the laser and microscope tool. Lines are perpendicular to the outer surface weight, distance between  the line is about one millimeter and may also be lower. Through three-dimensional and two-dimensional camera in a continuous deformation are, identifyed the current status of inflicted parallel lines until they are straight lines (unless they are making no significant influence of shearing stress to the position of neutral line of plastic deformation).  Processing the recorded position leads to the position of neutral axis of deformation at more layer and single-layer. Strain neutral layer does not change its length of deformation during bending, axcept changes to the curvature which is the result of  bending radius. On the basis of recorded geometric quantities calculated position of the neutral line, in relation to inner workpiece surface. Mathematical dependence can be expressed by the following equation

 
[image: image41.wmf]s

l

l

l

l

s

n

)

'

'

'

(

)

'

(

-

-

=

j








(24)

where:
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, mm - distance from the neutral surface deformation of inner surface of workpiece,
l , mm  – the initial gap in parallel lines on the sample,
l’ , mm – spacing parallel protected line on the inside surface of the work,
l’’, mm - space between parallel lines painted on the outside surface of the workpiece,
s ,  mm – thickness of workpiece.
Display of size of the position and distance of painted lines on the lateral surface pripremka and workpiece during bending double-layer material (composite), Figure 1.
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	                                   a.                           
	                       b.


Fig. 1 Geometrical size of the position and distance of parallel
nanasenih lines on lateral surface of
a. pripremka and b. workpiece

Display of pripremka and workpiece when plakirani layeris on the inside surface, and the outer surface with to inflicted lateral parallel lines at distance one millimeter, figure 2 and 3.
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	Figure 2 Parallel lines applied lateral to the dual-layer preform
(base layer on the inside  side)
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	Figure 3 Parallel lines lateral on a dual-layer preform
(base layer on the outside)


This method can be effectively used to determine neutral position of deformation at bending layered materials of total thickness greater than two millimeters. Below two millimeters application is hampered, and that is greater error  them depends on the accuracy of nano parallel lines and measurement of geometrical size of the workpieces. With increasing thickness of clad formulation plakiranog layers: neutral layer deformation shifts to the side of clad layer, the strain induced by this increasing on the inner surface and is more  increasing due to shifting of neutral layer deformation to the side of clad layers, relative clad layer thinning is reduced and thickened base layer increasing,  but strengthing of clad layers, it slightly deformes and causes great strain of base layer so that the total thickening of base layer exceeds volue of clad thinning as result we get increased strengthening of the wall thickness of workpiece. With increasing strain by strengthening (reduction Ru/s) : neutral layer deformation moves to the side of the center of curvature of bending of greater clad layer thickness neutral layer of the beginning of process of deformation can be found in the clad layer and with more intense deformation neutral layer of deformation gradually changes to the basic layer, the result is to increase strain on the inner surface more rapidly than the outside, clad layer thinning and thickening of the base layer growth,  if Ru/su<2) is thickening of the base layer, then it is gradually increasing when the intensity of stress crosses second boundary condition starts thinning in the layer.
CONCLUSION

The results of theoretical and experimental determination of the position of neutral surface of strains differ in acceptable limits. It is essential before any process of technological bending of layered composite to knowledge of mechanical properties, geometric size of composite layers and the position of layers in the application. Knowing these parameters leads to the stability of technological processes  of composite and its applications. If we do not analyze these parameters before the technology process starts stability can not the predicted. Thus, can not be given a guarantee that it will not occur and emergence of micro-cracks that may affect the application of the product which is made ​​from layered composites.  
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