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Sub surface residual stresses in thick multi-pass stainless steel butt welded joints were measured by dry
ring core technique. To accomplish the task of dry ring coring, special tools were developed such that
machining induced stresses were negligible. Established equations, analytical methods and regression
correlations were used in the measurement. A database of mathematical relations of residual stress val-
ues was also developed using the response surface methodology. A 3-D finite element (FE) model was
used to prepare the residual stress field data at the different stress ratios at various depths of the welded
joints. Further, this data was used to develop the regression equations as well as to determine the cali-
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1. Introduction

Manufacturing processes like welding, rolling, casting and
machining introduce the residual stresses in the engineering com-
ponent. The nature and magnitude of residual stresses depend
upon the various factors like processes, process parameters, con-
straints and material properties. Techniques like Sectioning
method, Blind hole drilling, Ring core method, X ray, Neutron
diffraction are used for the determination of locked-in residual
stresses and their orientations [1,2] in engineering components.
However, for the measurement of macro residual stresses, stress
relaxation techniques using mechanical and electrical sensors are
preferred. Such techniques have been proved to be more accurate
in measuring locked in residual stress compared to nondestructive
methods such as by X-ray diffraction method. Blind hole drilling
technique is one of the widely used stress relaxation technique
[3,4]. However, the blind hole drilling method is generally used
for measuring residual stresses up to 1.5 mm depth. Moreover, cal-
culation of residual stresses using blind hole drilling method is
associated with possibility of error that arises due to yielding of
the blind hole outer surface and stress concentration effect of
multi-point cutting tool [5]. Error estimation of such technique is
a major concern in accurate estimation of residual stress.
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Ring core method is a semi destructive method used for the
measurement of uniform and non-uniform locked-in sub-surface
residual stresses in the materials. Unlike the blind hole drilling
process, in ring core method, an annular ring is cut concentrically
around the strain gauge rosette in the successive depth of cut,
resulting the separation of core from the material. Thus the resid-
ual stresses presented in the core are released due to the material
removal around it, resulting the deformation of core. This deforma-
tion is measured in the terms of relieved strains by the strains
gauge rosetteat the core. Although this process produces much
more damages to the specimen than blind hole drilling process,
the residual stresses can be measured at greater depth, generally
up to 5-7 mm. This method is also less susceptible to error due
the material cutting which is more severe in hole drilling method
[6].

Civin and VIk [7-9] studied the effect of various factors during
ring core method like model width, length, thickness and cutting
tool radius on relaxed strains corresponding to applied pressure
in simulation by FEM. Authors also determined the calibration
coefficients used in the analytical evaluation of residual stress by
ring core method in both uniaxial and biaxial state of stress [8].
Researchers also worked on the determination of principal residual
stress and their orientations by incremental strain method [9].
Vaclavik et al. [10] studied the residual stress measurement by ring
core method. They determined the calibration coefficients using
the full scale model (having the core, inner radius 7 mm and outer
radius 9 mm in the middle of outer surface of model) by FEM sim-
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Nomenclature

K; & K, calibration coefficients

Oy yield strength

ox & Oy stresses in X & Y directions respectively
oL & o7 longitudinal & transverse residual stresses
€ strain

z depth

de/dz strain derivative

d; Trepan tool internal diameter
do Trepan tool outer diameter

E Young modulus

\Y Poisson ratio

ISM incremental strain method
OD/ID  outer diameter/inner diameter

ulation. Results obtained by the ring core analysis were also com-
pared with hole drilling method [10]. Hu et al. [11] proposed the
ring core method with 3D digital image correlation technique for
the measurement of residual stress. This method was validated
with conducting the uniaxial compression test [11]. Nau and
Scholtes [12] developed the application tool for evaluation of resid-
ual stress by ring core or hole drilling method using the finite ele-
ment (FE) modeling. Recently, the ring core method was explored
by Menda et al. [13-16]. The authors worked on different simula-
tion approaches by analyzing the ring core models using commer-
cial finite element codes. Calibration coefficients were determined
for simulation approaches by using the integral and differential
method and respective errors were compared in their work [13].
Authors also studied the effect of milling cutter geometry by pro-
viding the slope at the bottom of teeth of mill cutter [14]. Similarly
the influence of specimen model geometry was investigated by the
authors as reported in the literature [15]. Barsanti et al. [17] pro-
posed integral method for ring core technique by using the har-
monic axi-symmetric FE model. Yazdi et al. [18] studied the
residual stresses in quenched parts to assess the quenching for fati-
gue life calculation. It was found out that the residual stresses due
to quenching were compressive at the surface while tensile at the
middle of part [18]. Beghini et al. [19,20] proposed the incremental
strain distribution methodology to determine the residual stress
distribution. Authors also studied the residual stresses in cladded
plates by the incremental strain distribution method [20].

Ring core method is advocated for sub-surface residual stress
measurement. However, electric discharge machining (EDM) based
trepanning operation for ring coring is cumbersome and time con-
suming. Investigators have therefore opted for dry ring core
method to avoid trepanning operation by EDM. While doing dry
ring core method, care has to be taken to avoid possible machining
stress that may be induced in the workpiece which leads to inaccu-
racy in measurement. From the literature review, it is noted that
authors worked on the feasibility of dry ring core technique such
as determining the calibration coefficients, determination of prin-
ciple stresses, measurement of stresses in the shaft component
etc. However, work involving application of dry ring core method
for determining sub-surface residual stresses in multi-pass thick
SS 304L butt welded joints is rarely found in literature. In certain
critical applications, stress relieving operations of SS 304L welded
joints are not recommended as it may lead to precipitation of chro-
mium carbide at the grain boundaries resulting the formation of
chromium depleted zones which deteriorates the weld properties.
Further, it is undesirable to have high residual stresses in stainless
steel welded joints. So it becomes necessary to determine the
residual stresses. The aim of the research work was to measure
sub-surface residual stress in thick SS 304L butt welded joints.
Through FE modeling, a data base was also created for a range of
biaxial applied stresses. This data base was used for the determin-
ing the calibration coefficients for analytical solution and to pro-
vide the direct solution in the form of mathematical relations to
determine the residual stresses.

2. Formulations of ring core method

Incremental strain method (ISM) is common practice followed
to analytically evaluate the residual stresses by ring core method.
ISM is based on the incremental difference between the relieved
strains de measured at the top of core after a particular depth
increment dz. Incremental strains de measured by the stains
rosette for a particular depth increment dz, are not influenced by
the previous depth steps and stresses in the perpendicular direc-
tions of the measuring grid [9,13]. In ISM, calibration coefficients
K; and K; are to be determined with respect to depth of cut for a
particular type of milling cutter geometry. Eqs. 1-3 show the stres-
ses in the directions a, b and c of three elements stains rosette
[9,10]. Fig. 1 shows the schematic of orientations of measuring
grids a, b and c in strain rosette.
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where %“ , %&% are the strains derivatives measured in respective

directions of strain rosette.For the biaxial analysis, calibration coef-
ficients K; and K, can be described by Eq. (4-6).
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Fig. 1. Schematic of ring core technique with three elements strain rosette.



Download English Version:

https://daneshyari.com/en/article/5006605

Download Persian Version:

https://daneshyari.com/article/5006605

Daneshyari.com


https://daneshyari.com/en/article/5006605
https://daneshyari.com/article/5006605
https://daneshyari.com

