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Abstract. The evaluation of residual stresses using Ring-Core method requires complex analysis of
the acquired strain values. The development is based on ASTM Standard E837-08 for hole-drilling
method, but the specific approach for Ring-Core is needed. The input data sets obtained from strain
gage rosette are categorized by proposed uniformity test. The influence of geometric parameters of
the specimen on this test and subsequently on the both uniform and nonuniform calculations is
considered.

Introduction

The Ring-Core method is a semi-destructive method for determining residual stresses inside the
material. Relieved strains are measured by the strain gage rosette attached on top of the specimen
during the notch creation. Created annular groove has following parameters: D;=14mm -inner,
D,=18mm -outer diameter and maximum milling depth z=5mm [1, 2]. The milling procedure is
divided into small step increments and the corresponding strain values are recorded at each milled
step.
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Fig. 1 Attached strain gage rosette K-RY51-5/350 at the top of the isolated core

When measuring the residual stresses of unknown principal directions, three functions of the
relieved strains in the dependence on the milled depth are obtained from the strain gage rosette (e.g.
K-RY51 from HBM). These three functions with material properties (Young’'s modulus E,
Poisson’s number p) and geometric parameters of tested specimen represent the input data for
evaluation of the particular residual stress components. Evaluated residual stress can be uniaxial or
biaxial, with homogenous or nonhomogeneous distribution over the milled depth.

Determination of the residual stress field uniformity in the dependence on different geometric
parameters of the specimen is described in this article. The research was done by the simulation
methods using finite element method (FEM). The material parameters in all proposed simulations
were the same (E=210GPa, p=0,3).

Simulation model

It is obvious from hither-to published scientific works that to evaluate magnitude, direction and
sense of residual stress of any kind, it is sufficient to determine universal calibration coefficients
from a simple model [1, 3, 4]. Therefore, a cube model of sufficiently large parameters was chosen
to avoid the influence of the model’s geometrical boundaries on the relieved strains. To save the
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calculation time, only a quarter model of cube was used (dimensions of quarter model: 50mm x
50mm x 100mm). Fig. 2 shows the simulation model with the annular notch and measuring grids of
the strain gage rosette. Simulated measuring grids represent the real strain gage rosette XY 51 which
is sufficient for simulating the residual stresses of known principal directions. The symmetry
fixtures and fixed point A withdraw all degrees of freedom.

quarter model

notch
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Fig. 2 Quarter simulation model

Model activation. Residual stress in simulation is represented by known stress activation with the
same deformation changes of the model. There are two types of model activation: activation of
outer faces of the model (Fig. 3a), suitable for quick and accurate uniform stress simulations. In
case of nonuniform stress distributions, loads placed on the inner faces at each milled step of the
annular groove (Fig. 3b) are more suitable.
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Fig. 3 Two types of loading the model

Uniformity test

The standard ASTM E837-08 [5] describes the judgment of residual stress field uniformity in
hole-drilling method. Similar approach is used for the Ring-Core method. The above mentioned
model is loaded by a uniaxial uniform state of stress (5;=60MPa, 5,=0MPa), according Fig.3a.
Subsequently three functions of relieved strains are acquired from measuring grids (&,, &, &; a,b,c
represent three measuring directions) and corresponding combination strains p, g and are calculated
using Eq. 1-3. Each set of combination strains p and the larger of ¢ and ¢ are expressed as a
percentage of their values at the maximum specified milled depth. Fig. 4 shows the plots of these
percent strains versus scaled depth (z/D;).

p=(ecte,)/2 (1)

q=(gc'8a)/2 (2)
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t=(e.+¢€,-2¢,)/2 3)

relleved strains [%]

b

Fig. 4 Graphical limits of the function p and ¢

If the waveforms of functions p, g (¢) of any kind of residual stress field are between the
graphical limits shown in Fig. 4 (£3%) then the stress field passes the uniformity test. It means that
particular residual stress components are uniform over the milled depth. Simulations of different
model’s geometric characteristics has shown the minimal model dimensions are 20mm x 30mm x
40mm for using graphical limits from Fig.4. If any dimension is smaller, other limits have to be
determined.

This graphical test is not a sensitive indicator of stress field uniformity. Specimens with
significantly non-uniform stress fields can also yield percentage relieved strain curves substantially
similar to those in Fig. 4. However it is a good indicator for using an integral evaluation method.

Integral evaluation method

Integral evaluation method assumes that residual stress at each milled depth is influenced by
previous steps. Therefore this method is suitable for nonuniform residual stress field evaluation. If
i=1,..,n is the step number, then three relieved strain functions apply the following:

Exi= Z}zl &ij » (direction k=a,b,c), 4)
where relieved strains g; depend on the residual stress acting in the layer j at the step i. The

principle of determinig the residual stresses components is shown in Fig. 5 [1, 5].
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Fig. 5 The principle of the integral method [1]

Subsequently, it is possible to determine the influence coefficients a;;, b;. The determination is
based on the Ajovalasit’s work [6] with some equations modifications. Biaxial symmetrical state of
stress 6,=6,=40.z+100 [MPa] was simulated to obtain the matrix a. Coefficients a;; are determined
like:
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Egpy 1
aijoi]':lll (5)
To determine coefficients b; the unsymmetrical state of stress 6;=-6,=40.z+100 [MPa] was
simulated to get:

E
bij = ;1 -Eaij- (6)

Using Eq. 4 and subsequently Eq. 1+3 the combination of stresses represented by P, Q and T are
calculated:

_ Ep
T A+’ ™)
E.
Q=< 3
E.t

The magnitudes of residual stress componenets are determined as follows:

o1 ,=P+ /Q2+T2. (10)

The adequate influence coefficients were determined for eight optimized steps, proposed by
Zuccarello [7]:

Tab. 1 Influence coefficients a;; and b;
z[mm] -a;
i=1 | 06 | 00481
i=2 | 105 | 00771 | 00382
i=3 | 145 | 00999 | 0.0582 | 0.0339
i=4 | 185 | 01174 | 00719 | 0.0497 | 0.0316
i=5 | 23 | 01322 | 0.0836 | 0.0613 | 0.0473 | 0.0322
i=6 | 28 | 0.1444 | 0.0930 | 0.0703 | 0.0575 | 0.0481 | 0.0304
i=7 | 35 | 01541 | 0.1007 | 0.0777 | 0.0657 | 0.0593 | 0.0477 | 0.0338

i=8 | 50 | 01615 | 0.1064 | 0.0829 | 0.0716 | 0.0668 | 0.0578 | 0.0545 | 0.0396
=1 i= i=3 i= i=5 i=6 =7 =8

z[mm] -bi;
i=1 0.6 0,0442
=2 | 105 | 00706 | 0,0355
i= 145 | 0,0983 | 0,0535 | 0,0320
i=4 | 185 | 01263 | 0,0721 | 0,0473 | 0,0310
i=5 23 0,1585 | 0,0925 | 0,0644 | 0,0474 | 0,0331
i=6 2.8 0,1929 | 0,1149 | 0,0820 | 0,0641 | 0,0512 | 0,0327
i=7 35 0,2356 | 0,1425 | 0,1042 | 0,0840 | 0,0724 | 0,0544 | 0,0372
i=8 5.0 0,2987 | 0,1833 | 0,1367 | 0,1142 | 0,1027 | 0,0858 | 0,0758 | 0,0460
j=1 =2 =3 j=4 j=5 j=6 =7 j=8

Such set of universal coefficients is, however influenced by the geometric parameters of the
specimen. Therefore the influence of the specimen’s thickness, width and length on the method
applicability was the main part of the research. The previous research of incremental method [8] at
the authors” workplace showed, the minimal specimen’s dimensions are 30mm x 40mm x 50mm for
residual stress evaluation using universal set of calibration coefficients. Now the minimal
specimen’s dimensions for using the integral method are considered.

The influence of specimen’s thickness. To determine how the different thickness influences the
coefficients, the proposed quarter model of the cube was used with the same uniform uniaxial state
of stress as for uniformity test determination. The thickness of the specimen was changing from
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10mm to 50mm with the increment 10mm. Waveform changes resultant residual stresses for
specimens with the thickness greater than 50mm are already negligible. Fig. 6 shows the
recalculated residual stresses in the dependence on the milled depth z according to Tab.1 and Eq.10.

From the results it is obvious that the minimal specimen’s thickness for using universal set of
influence coefficients by integral evaluation method is 30mm.
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Fig. 6 Recalculated residual stresses o; and o, for different thicknesses

The influence of specimen’s width. Similarly, the minimal specimen’s width for using universal
set of influence coefficients was determined. According to Fig. 7, it is S0mm.
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Fig. 7 Recalculated residual stresses o; and o, for different widths

The influence of specimen’s length. By comparing the recalculated values of the resulting residual
stresses for different specimen” lengths, the minimum length was set to 50mm.
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Fig. 8 Calculated residual stresses o; and o, for different lengths
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Summary

The residual stress evaluation by the Ring-Core method requires detailed analysis of all input
parameters. Acquired functions of relieved strains in the dependence on the milled depth, material
properties and geometric characteristics of the tested specimen subsequently determine the adequate
calculation method. The judgment of residual stress field uniformity was proposed and the influence
of specimen’s thickness, width and length was considered. To be able to use universal uniformity
test, the tested specimen has to be greater than 20mm x 30mm x 40mm. If the input data doesn’t
pass the uniformity test, it is recommended to use the integral calculation method. New universal
influence coefficients were calculated. The determination of these coefficients includes also the
influence of material properties. The influence of the specimen” dimensions was researched. If the
thickness is greater than 30mm, width and length are greater than 50mm, it is possible to use
universal influence coefficients for determining residual stress though only under given conditions.
Otherwise, it is necessary to determine new set of coefficients. Considering the previous results for
incremental method, it is obvious that choosing the adequate coefficients according to the geometric
characteristics of the tested specimen have a great influence on the accuracy of the evaluated
residual stresses. The research of the Ring-Core method continues with the focus on increasing the
accuracy of nonuniform residual stress evaluations.
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