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ABSTRACT 
 

This paper introduces the theoretical method to determine the micro residual stresses in materials. The 
micro residual stresses generated during loading processes in such, drilling, welding and pressure. The hole 
drilling method is one of the most used semi-destructive techniques for residual stress analysis of mechanical 
parts. In the presence of non-uniform residual stresses, the stress field can be determined from the measured 
relaxed strains using several methods, but the most used is the so called integral method. This method is 
characterized by some simplifications that lead to approximate results especially when the residual stress varies 
abruptly. In this paper the calculation procedures based on the Newton-Raphson method for the determination of 
zeroes of functions is presented. 
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Introduction 
 

The principle of stress measurements by means of different techniques is very clear one. Neutron or X-ray 
diffraction is used as a mean to determine the lattice spacing of specific stack of crystallographic planes, as a 
function of the orientation of such planes in the specimen axis system 

(Price et al., 2006; Dongqiang et al., 2007; Benz et al., 2004; Raduta et al., 2005; Talamba & Stoica (2005) 
and Zerbst et al., 2005.) .The properties of metals matrix, hardness, ductility, hard phase, hardness, composition, 
shape and the interfaces between them govern the properties of the entire microstructure. Due to the fact that, 
the mechanical and the physical properties of the constituents differ micro residual stress (σ11) are generated 
during welding or drilling process. These are inhomogeneouly distribution between the metal matrix (σ11mm) 
and the hard phase (σ 11HP), this cause the internal strains results in fact from the residual stresses. The method 
to calculate the residual stresses is hole drilling method, which is one of the most methods used semi-destructive 
techniques for the analysis of the residual stresses in mechanical components (Raduta et al., 2005; Boljanovic et 
al., 2006; Gubeljak et al., 2007; Krishnapillai & Jones, 2007; Savaidis et al., 2007). In the case of stresses not 
uniform in the thickness, a hole of radius equal to R is drilled in various steps, up to the maximum depth zM and 
the relaxed deformations are recorded and subsequently the residual stresses can be calculated using the hole 
drilling method equations  

The purpose of this work is to analyze the micro residual stress state within the microstructures. 
 

Introduce to the Method: 
 
The relationship between stresses and strains given as follow: 

        (1) 
being 

        (2.3) 
 
where ε1 and ε3 are the strains in material measured by the points 1 and 3 of  the rosette, σ1 and σ3 are the 

stresses acting in the same directions, z is the depth of the hole, F(Z,z), is the influence function, which depends 
on the geometry of the analyzed component, and it can be determined from the finite element method or the 
boundary (Beghini et al., 2006). Practically, the stresses are evaluated up to a maximum depth zM=Rm/2. The 
function P(z) can be determine with many methods like, integral method, the Spline method  and the power 
series (Beghini et al., 2006 and Schajer & Prime, 2006). In each method, the P(Z) stresses are approximated by 
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a function P′(z) whose parameters are determined from the difference between measured strains p(z) and 
calculated strains from eq.(1). The equation becomes as follow: 

             (4) 
 
By introducing P′(z) the stresses are minimized to a discreet number of properly chosen depth zj. The 

integral is based on the assumption that the stress acting between two levels zj-1 and zj is equivalent to a 
uniform stress, i.e. a stepped function P′ (z) is considered in the power series method (Hoffman, 2001; 
Martinsson, 2003; Hansen, 2002; Price et al., 2006 and Timbrel et al., 2004) 

The approximating function P′(z) is a polynomial of proper degree, usually not higher than 3. In the spline 
method the P′(z) function is a spline whose number of polynomials and degree is assigned. The coefficients of 
the spline are determined by solving a linear system given by the integral equation in correspondence of the 
extremes of the polynomials of the spline. As also shown in, in each of the proposed methods, the p′(z) 
deformations evaluated by eq.(4) do not coincide with the experimental p(z) deformations, apart from the levels 
zj in correspondence of which the parameters of the approximating functions have been evaluated, and a 
difference between evaluated deformation and the experimental ones defined as: 
 

             (5) 
 
Finally in this paper, the iterative Newton-Raphson method is used to correct the P′(z) function so that the 

difference between the p′(z) and p(z) strains in the whole field is minimized in all the field. 
 

The Proposed Method: 
 
The P(Z) function is approximated by a P′(Z) function given by n polynomials Pi(Z) of jM degree, within 

the field zi−1≤Z≤zi, with i=1÷n: 
 

          (6) 
 
The unknown ai,j coefficients in equ.(6) will determine by iterative through Newton-Raphson (NR) method 

(18) the initial choice of the following parameters will be required; the number of polynomials n, the maximum 
degree of the polynomials jM and the coordinates of every polynomial zi, with i=0÷n. The strains P′(Z) can be 
determine as follow   

 

     (7) 
wich becomes as follow 

           (8) 
where 

           (9) 
being 

         (10) 
 
To avoid errors the function F(Z,z) exisists in equ. (4), can be rewritten as, 

         (11) 
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Each function with ai,j coefficient for each the n polynomials of  P′(Z) function, can be defined from the 
following equation: 

           (12) 
Where, the ai,j coefficient can be obtained by the NR method (14)    
By introducing the ai vectors, which contain the ai,j coefficients related to the i-th polynomial, the 

determination of the zeros is the following: 

          (13) 
Where  q is the number of the iteration and Δai is the vector of the corrections can be obtained from the 

following relationship: 

           (14) 
 
where Ji and Hi are the Jacobian vector and the Hessian matrix of the Ei functions respectively, its 

components are given by the partial derivatives of the Ei functions as follows: 

           (15,16) 
equations. (12) and(15) rewritten as 
 

          (17) 
 
From eq. (11), the derivatives of the e(z) function can be written as 
 

      (18) 
and eq.(17) becomes 
 

         (19) 
Hessian matrix can be simply obtained as 

         (20) 
For fixed number of the polynomials n degree of the polynomials jM and the coordinates of the extremes of 

the fields of definition of the polynomials zi, the ai,j coefficients are calculate  in the followings steps: 
1. The Ii,j(z) functions are evaluated by eq.(9), 
2. The elements of the Hessian matrix are evaluated by eq.(20), 
3. For simplicity, first attempt values of the ai,j coefficients set to 0, 
4. The iterative procedure to determine the ai,j coefficients for each polynomial Pi, is solve in the following 

steps: 
4.1. the e(z) and E functions are evaluated by eq.(11) and (12); if the value of E or the variation of E with 

respect to the previous step is lower than a pre-defined low value the iteration is stopped, 
4.2. the elements of the Jacobian vector are evaluated by eq.(19), 
4.3. the correction to be assigned to the ai,j coefficients are evaluated by eq.(14), 
4.4.the new values of the ai,j coefficients are obtained increasing those of the previous step by eq.(13). 
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Numerical Analysis And Discussion: 
       
Generally theoretical as well as modeling work is an important aspects in many branches of science 

according to their wide applications (Ibrahim et al., 2012; Elhaes et al., 2012; Ibrahim et al., 2012). This work, 
manly depends on simulated residual stress distribution, where stressed rod were pending with E= 200 GPa, ν = 
0.3, the theoretical strain distribution P (z) has been evaluated using the influence function Fig (1) represented 
the strain distribution P (z) and P′ (z) distribution obtained by the NR method. The calculated strain distribution 
P (z) and strain distribution obtained by the NR method are shown in fig. (1). 
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Fig. 1: p (z) theoretical strains relative to the residual stresses  

 
The shot pending residual stresses theoretical P(z) distribution and P′(z) distributions obtained by the 

proposed method and the integral method, using theoretical strains, where noisy strains  adds to the theoretical 
strain shown in fig. (2). Then the noisy strains where fitted as shown in fig. (3), 
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Fig. 2: Theoretical P(z) distribution and P′(z) distributions obtained by the proposed method and the integral  
            method using theoretical strains ■-Integral curve,  ♦-  NR curve,  ●- Theoretical curve 

 
 



3597 
J. Appl. Sci. Res., 8(7): 3593-3599, 2012 

 

0.5 1.0 1.5
-150

-100

-50

0

50

fig. 3.

P
 (

M
P

a )

h  
Fig. 3: The P′(z) shot peening function obtained using smoothed 
            ■- Integral curve,  ♦-  NR curve, ●-Theoretical curve 
 

0.5 1.0 1.5
-150

-100

-50

0

50

P
(M

P
a 
)

h  

0.5 1.0 1.5
20

40

60

80

100

120

P
(M

P
a 
)

h  
 
Fig. 4: P(z) function obtained by 0 degree polynomials:  
            a) shot peening case, b) linear stresses distribution 
             ■-Integral curve,   ♦- NR curve,   ●-Theoretical curve 
 
 



3598 
J. Appl. Sci. Res., 8(7): 3593-3599, 2012 

 

The results obtained by proposed method are shown in fig. (4-a), while those obtained by integral method 
shown in fig. (4-b) . It is obtained from the fig. (4) that, the proposed method are better than those obtained by 
integral method.  

In this paper the new method has been introduced to evaluate the non uniform residual experimental strains. 
It mainly based on the approximation of the residual stress distribution by a proper amount of polynomials of 
proper degree whose unknown coefficients are determined using Newton- Raphson iterative technique. The 
proposed method is simpler and more precise than other method, where the results becomes good enough and 
P′(z)  stress function is very well with theoretical values. 

 
Conclusion: 

 
There is difference between the theoretical and experimental calculations, which were done using the Cairo 

Fourier Diffractometer Facility (CFDF), because the CFDF diffractometer needs to computerized sample table 
to adjust the sample position in a precise and accurate way. 
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