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ABSTRACT

Background: Residual stress always exists on any kind of welded area. This residual stress
can cause the welded material to crack or fracture. For many years, the hole-drilling method
has been widely used for measuring residual stress. However, this method is destructive.
Nowadays, electronic speckle pattern interferometry (ESPI) can be used to measure residual
stress with or without the hole-drilling method. ESPI is an optical nondestructive testing
methods that use the speckle effect. Mechanical properties can be measured by calculation
of the phase difference by the variation of temperature, pressure, or loading force.
Methods: In this paper, the residual stress on the butt-welded area is measured by using
ESPI with a suggested numerical calculation. Two types of specimens are prepared. Type I
is made of pure base metal part and type II has a welded part at the center. These speci-
mens are tensile tested with a material test system. At the same time, the ESPI system was
applied to this test.
Results: From the results of ESPI, the elastic modulus and the residual stress around the
welded area can be calculated and estimated.
Conclusion: With this result, it is confirmed that the residual stress on the welded area can
be measured with high precision by ESPI.

Copyright © 2015, Published by Elsevier Korea LLC on behalf of Korean Nuclear Society.

1. Introduction (including gravity), or other sources of residual stress, such as

a thermal gradient [1]. They may be created by manufacturing
Residual stress, or internal stress, is usually defined as the processes such as casting, rolling, welding, heat treating,
stress that remains in mechanical parts that exist in the bulk or forging, or may occur during the life of a structural
of a material without the application of an external load or mechanical component [2,3]. The magnitude and
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distribution of residual stresses are highly significant and need
to be quantified since the mechanical behavior of different
materials will be affected when they are present.

There are a number of different methods for measuring
residual stress. These methods can be divided into two parts,
the destructive method and the nondestructive method [4].
Hole drilling, ring coring, deep hole drilling, the slitting
method, and the contour method can be included in the
destructive method, whereas X-ray diffraction, neutron
diffraction, magnetic method, ultrasonic method, and
optical methods are included in the nondestructive method.

The hole drilling method is the most widespread technique
for measuring residual stresses. This technique involves
monitoring the strains generated by the relieved stresses
when a small hole is drilled into a stressed material. These
strains are usually measured by means of strain gage rosettes.
However, it has some practical and economical drawbacks.
For instance, the hole must be drilled in the center of the
rosette since misalignments can cause significant errors. This
method is also a destructive testing method.

The difficulty can be overcome using optical techniques.
Among them, electronic speckle pattern interferometry (ESPI)
is a technique that is very attractive in optical metrology not
only for its noncontact nature but also for its relative speed.
This is mainly due to the use of video detection and digital
image processing [5,6]. The application of digital techniques in
ESPI allows the automation of the data analysis process,
which is usually based on the extraction of the optical phase
distribution encoded by the generated correlation fringes.
From these data, in-plane displacement fields can be
measured over the whole surface of any rough object without
making contact with it. Unwrapped phase distribution is
useful because it allows direct whole field evaluations of re-
sidual stresses [7,8].

In this paper, deformations of the base metal and welding
part of butt-welded specimens are measured by using in-
plane displacement sensitive ESPI. Young’s modulus of base
metal and the welding zone are determined from the result of
ESPI. The residual stress distribution of butt-welded speci-
mens can also be estimated from the strain profile of ESPI and
Young's moduli. This is contrasted with other analysis
methods. The presented method offers an improved speed of
evaluation due to the elimination of the surface preparation
time of the hole-drilling technique.

2. Materials and methods
2.1. ESPI

Laser has high coherence characteristics as two or more
waves can be interfered in the coherence length. When an
optically rough surface of an object is illuminated by a
coherent laser beam, the beam is scattered in all directions.
These scattered laser beams are interfered by each other and
the intensity of each point on an image obtained by a charge-
coupled device camera varies randomly. This phenomenon is
well known as the speckle effect. ESPI measurement using a
laser uses this speckle phenomenon so that the displacement
of an object by the deformation can be measured.
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Fig. 1 — Schematic of in-plane displacement sensitive
interferometer.

Fig. 1 shows a schematic of an in-plane displacement
sensitive interferometer. Two laser beams are illuminated
with the same angle 6 on the surface of an object at the same
time. Iluminated beams form the speckle pattern on the
surface of an object, and these speckle patterns are interfered
to form another speckle pattern. This pattern is formed by
the phase difference of illuminated beams. When the path of
the laser beam can be traced, the relationship between the
laser beam and the phase can be shown as follows:

A¢:61—62:477rdx sin 0; (1)

where: 6; = optical path length of beam 1; 4, = optical path
length of beam 2; 2 = wavelength of a laser; d, = x-axis
component of sensitivity vector d; and 6; = angle between
illumination direction and normal direction to surface.

The path of a laser beam between the laser source and the
image plane or charge-coupled device camera in one direction
is shown in Fig. 2. In Fig. 2, d is the sensitivity vector of this
interferometer and 6; is the angle between the illumination
direction and the normal direction to the surface of an
object; 04 the angle between the sensitivity vector and the
normal direction to the surface of an object, and 6, an angle
between the viewing direction and the normal direction to
the surface of an object. As an interference fringe pattern is
formed by ¢, and 4,, the optical path lengths of the two
beams and the phase difference can be written as Equation 1.
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Fig. 2 — Optical path difference as the object deformation.
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