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There are numerous methods of the technical diagnostics that allow controlling conditions of material or

construction. One of such promising methods is the method of measuring Rayleigh waves. The effectiveness of this
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method based on the fact that acoustic waves used in it are related to the structure of material, and characteristics
of the structure change when material defects are appearing. Moreover, such a method allows distinguishing
among strains of 1% (macro) and 2™ (micro) types due to the changes occurring in the speed of ultrasound

depending on the loading level. The result shows that such a method can became an effective diagnostic tool of

non-destructive control for materials.
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1. INTRODUCTION AND THEORETICAL MODEL

Technical diagnostics of machinery and constructions operating over the
long period time is an urgent issue in the industries of rail-road, automo-
bile transportation, and oil and gas-refining in the Russian Federation.
In addition to this, there is a number of industries in Russia where tech-
nical control over the conditions of material is a continuous necessity
as, for example, in the aviation industry and atomic energy. There are
numerous methods of the technical diagnostics that allow controlling
conditions of material or construction: measurements of elasticity con-
stants or modulus of elasticity; measurements of elastic wave speed by
impulses and resonance methods; measurements of relative speed for
one longitudinal and two transverse waves by electromagnetic-acoustic
method; the acoustic strain measurements, acoustic emission, and oth-
ers. One of such promising methods is the method of measuring Rayleigh
waves [1].

The effectiveness of this method based on the fact that acoustic waves
used in it are related to the structure of material, and characteristics of
the structure change when material defects are appearing. Moreover,
such a method allows distinguishing among strains of 1% (macro) and 2™
(micro) types due to the changes occurring in the speed of ultrasound
depending on the loading level. The ultrasound speed, measured direct-
ly during the stretching deformation of metal samples, depends on the
structure of material, nature of deformation and the strain of deforma-
tion [2].

One of the serious problems occurring during the assessment of strained
conditions for the load-caring constructions is the issue of residual
strain arising, for example, from the process of welding. In this work we
research the possibilities of acoustic methods to determine the residu-
al strain originating during the welding process in the areas of welding
seams of tee joints made from the steel Cor-Ten A and the steel A 568 M,

which are widely used alloys in Russia.

Almost all metals reveal the following pattern of the ultrasound speed
dependency on deformation. The dependency process consists of three
main stages. During the first stage, the speed of ultrasound increases
with the incensement of the loading, which correlates to the elastic part
of deformation. During the second stage, the ultrasound speed decreas-
es, this indicates that the plastic-elastic phase of deformation is occur-
ring. Third stage results in the drastic decrease in the ultrasound speed,
which marks the plastic deformation of metallic constructions.

The situation with two unknowns occurs when measuring the ultra-
sound speed on the initial stages of deformation for the steel alloy A
568 M, because the elastic stage of deformation causes the increase of
the ultrasound, and the plastic-elastic stage causes its decrease Figure 1
demonstrates experimental dependency of loadings levels on the speed
of ultrasound for examined steel alloy. The solution for this problem can
be the following. For the initial part of the curve ¢(V,), we found the cor-
relation dependency. For this purpose, we measured the dependency of
ultrasound speed V, for of examined alloy on the tension ¢ under the
stretching deformation for the elastic stage [3].

o, = a + bAV

Where AV, =V —V,and V, - the speed of ultrasound in the reference
sample of examined alloy with the equal temperature of experiment, and
a, u b, are the constants.

Also, notice that the correlation needs to be determined using the incre-
ments of speed, not its absolute value. Otherwise estimations lose their
accuracy because there is no possibility to measure an absolute value of
the ultrasound speed in the process of deformation.
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Then, for the second part of dependency o(V,), we need to determine the
correlation between the speed of the ultrasound and the deformation of
plastic-elastic areas (II—Figure 2):

o, = a,+ bAV;

Now solving these two linear equations together, we are receiving a
summative value of strains occurring in the moment of measurement in
the particular area of construction.
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Figure 1: Dependency of ultrasound speed change and strain on defor-
mation in elastic and plastoelastic stages in steel A 568 M.
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Figure 2: Dependency of residual strains around the welding seal of tee
joint for electrode OK 48.00, OK 48.04 SMAW in steel Cor-Ten A.

2. EXPERIMENT RESULTS

Experiments were conducted using the equipment “INSTRON-1185"
under conditions specified in the document “ISO 6892:1998 Metals.
Methods of tension test”. We also used the device ASTR that measures
auto-circulation with the accuracy of 10~ In the course of experiments
we determine the dependency of the strain change on the ultrasound
speed during the elastic and plastic-elastic stages of deformation. The
correlation coefficients in such measurement are ranging between 0.95-
0.92 and the strain around the welding seal is estimated based on these
coefficients [4].

In our experiment we measured the distribution of the strain around
the tee joint welding seals. Electrodes OK 48.00, OK 48.04 SMAW “ISO
2560\E 51 5B 120 20H” were used to perform the welding process. The
strain was measured at least three times for each point, with points sit-
uated 0.5 mm apart from each other. Figure 2 demonstrates the depen-
dency of residual strains around the areas of welding seal. It indicates
that values of the strain are the largest around the welding seals of tee
joint, but they became the smallest on the edge of the tee joint. These val-
ues and distribution of the strain vary for the different types of welding
electrodes. This phenomenon may be explained by the heterogeneity of

the welding itself and by the differences in the electrode influence. How-
ever, despite the distinction in the welding electrode, strains in the weld-
ing seals are always distributed symmetrically along the tee joint [5].

Conducted research indicates that the electrode OK 48.00 SMAW, used
for the welding process generates tee joints with residual strains around
the seal with homogenous and uniform distribution on the left and right
from the joint. When measurements are conducted directly on the metal
of the seal, one can obtain correlations that determine the transient
strength of the operating machinery seal to the point of breakage and
allow assessing the durability of the seal.

For more detailed predictions of the welding seals characteristics in the
operating machinery, we conducted model experiments to determine
the residual and actual strains around the welding seals of tee joints
with different types of welding electrodes in the steel Cor-Ten A. Figure
3 represents an epure of strain changes around the welding seal for the
different distances from the bottom run of welding. One can see that the
strain distribution is significantly heterogeneous. The value of strain al-
ters depending on the type of using electrode.

When loading is applied to the experiment, the operating characteris-
tics of the seal changed. Figure 3 demonstrates dependency of the ultra-
sound speed changes on the applied loading around the tee joint in the
steel Cor-Ten A. The measurement of ultrasound speed was performed
under the loading of the tee joint by the 4-point turn method. This figure
indicates that the strain remains unchanged under the loadings below
100 mPa and begins to grow after that. Such characteristics demonstrate
good quality of the tested welding seal.
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Figure 3: Changes of ultrasound speed on loading value in the area of
thermal influence of welding seal (tee joint, steel Cor-Ten A).

3. CONCLUSION

Based on the overall discussion of experiment, we can conclude that
such a method can became an effective diagnostic tool of non-destruc-
tive control for materials.
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