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Abstract. The study results are provided for the electropotential converter signals interacting with two
closely spaced parallel surface cracks. The measurement scheme was studied with transducer electrodes
placed at the vertices of the rectangle. Study results are important for depth measuring of the surface cracks

of stress-corrosion origin.

1 Introduction

The depth of surface cracks refers to one of the most
significant parameters that determines the technical
condition of the metal objects of responsible use. To
measure the depth of single cracks, the electropotential
method has been successfully applied [1, p. 498-502].
This method is based on current passage through the
defective area and recording voltage between the
potential electrodes. The crack depth is evaluated by the
relative change in voltage during transition from the
defect-free area (voltage Uj) to the identical defective
area (voltage U,). The value U* = (U, - Uy) / U, depend
on metal specific electric conductivity. To exclude the
metal magnetic permeability effect on measurement
result, the transmitted current is chosen to be constant
[2]. In addition to the measured value — crack depth h,
U* value is also affected by such parameters as crack
length ¢, thickness T of the controlled section, surface
curvature, crack plane deviation from the plane
orthogonal to the surface of the controlled object. The
influence of these factors and methods for measuring the
crack depth h with the appropriate adjustment are
considered in [3-6].

Known studies refer to measuring the depth of single
cracks. At the same time, in practice, it is often
necessary to measure the depth of surface cracks that
form a network on the surface of a controlled area. This
problem is typical for zones with cracks of stress-
corrosion origin.

2 Selection of electropotential converter

When measuring the depth of surface cracks, the current
and potential electrodes of the electropotential converter
(EPC), usually [1, 2], are set along a single line (Fig. 1)
perpendicular to the plane of the crack. Hereafter, we
will call similar EPC as linear for short. It is not possible
to apply linear EPCs in measurements within the crack
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network zone if the distance between adjacent cracks is
comparable to the cracks depth. This is due to the fact
that to ensure an acceptable measurement error, the
distance between the current electrodes should be several
times greater than the measured depth of the crack [3].
However, in this case there will be more than one crack
between the current electrodes which makes the
measurements impossible. Due to this limitation the
measurements using electropotential method in the
cracks network zone are not applied in practice.
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Fig. 1. Electropotential converter with placement of
electrodes along the line (“linear” EPC).
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To address this issue it is advisable to use the
arrangement of the electrodes at the corners of the
rectangle (Fig. 2). Hereafter, we will call for short the
similar electropotential converters as rectangular. The
use is known of the rectangular EPC for measuring the
specific electric conductivity [2, 11], creep of metals in
the welded joints zone [7] and depth of single cracks [8-
10]. EPC advantages include a large relative sensitivity,
which is important, for example, in the measurement of
cracks of shallow depth [8], as well as the possibility of
placing electrodes in areas with a cylindrical surface
shape [9].
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Fig. 2. Electropotential converter with placement of electrodes
at the corners of the rectangle (“rectangular” EPC).

The rectangular EPC advantages with respect to the
measurement of cracks network zone is that the pairs of
current and potential electrodes can shift relative to each
other without approaching adjacent cracks. In this case,
as shown in [9-10], the range of possible measurement of
the cracks depth is changing. In other words, increasing
the distance ARTP between pairs of current and potential
electrodes for a rectangular EPC (Fig. 2) leads to the
same effect as an increase in RT distance for linear EPC

(Fig. 1).

3 Study of the adjacent crack effect on
stress introduced by a surface crack
with a measured depth

The performed analysis shows the expediency of using
rectangular EPC to measure the depth of surface cracks
in the cracks network zone. To determine the possibility
of measuring the depth of the surface crack in the cracks
network zone by the finite elements method (FEM), the
theoretical calculations were carried out in accordance
with the geometric design model shown in Fig. 3.

Fig. 3. Geometric design model of interaction of the
rectangular EPC with two cracks parallel to each other.

To estimate the effect of an adjacent crack with a depth
h*, on signal recorded when placing a rectangular EPC
above surface crack with a depth of /4%, the calculations
were carried out for a variation of the distance b*;,
between the cracks planes and their depths. As an
illustration Fig. 4 shows the voltage dependence U*,
EPC, located above the crack with a depth of #*; in a
function of depth 4 *, of the adjacent crack for a number
of b*;, values for AR*rp =1, {1*={(,*=20, T — 1. In
Fig. 4-a the value #*; = 0.8, and in Fig. 4-b — h*; = 2.
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Fig. 4. Dependence U*; = U*; (h*,, b*,,) for a rectangular
EPC placed above crack with a depth of /*; and effect of an
adjacent crack with a depth of 2*, for AR*;p =1, {; = ¢,"= 20,
T—w:a—ath',=0,8,b—ath"=2.

It can be seen from these functions that the adjacent
crack effect increases monotonically with its increasing
depth and decreasing in distance between them. At the
same time, with increasing in depth 42*; of the main
crack, the effect of the adjacent crack increases in
absolute value, and decreases on the relative crack.

Calculations show that for distances b*;, comparable
to AR *7p between close-in-depth cracks, the effect of the
adjacent crack is large enough. For example, at a value
of b*;,=1and h*, = h*,= 0.8, the voltage U*, increases
by 50% due to the effect of the adjacent crack. Taking
into account the non-linearity of the dependence U*; =
U*; (h*; this will lead to more than 100% error in
measuring the depth 42 *; of the crack.

Thus, for a reliable measurement of the crack depth
in the cracks network zone, it is necessary to take into
account the mutual effect of adjacent cracks. This effect
depends both on the parameters that are known or can be
measured: lengths £; and ¢, of each crack, distance b*,,
between them, metal thickness 7 in the controlled
section, inter-electrode distances, and unknown depths
h*; and h*, of adjacent cracks.

The cracks depth of can be determined by measuring
the voltages U*; and U*, on each of the cracks taking
into account all the above-mentioned influencing
parameters. This statement can be illustrated by the
diagrams shown in Fig. 5-6.
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Fig. 5. Functions U*; = U*; (U*,) for rectangular EPC
interacting with two cracks at b 1,=0.8, AR =1, £,"= £,"= 20,
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Fig. 6. Functions U", = U", (U") for rectangular EEC
interacting with two cracks at b 1,= 1.6, AR =1, £,"= 6= 20,
T—o.

They show the measurement results for voltages in
U*,; and U*, axes for a set of crack depths #*; and /%,
with other fixed parameters indicated under the figures.
The diagram in Fig. 5 is constructed at a normalized
distance b*;, = 0.8 between the cracks, and diagrams in
Fig. 6 — at b*;, = 1.6. The given diagrams show that with
increasing distance b*;, between cracks, their mutual
effect decreases, which leads to the fact that the lines of
the diagram become more linear, and their slope relative
to the corresponding axis decreases.

4. Conclusions

To measure the depth of closely spaced parallel cracks, it
is advisable to use an electropotential converter with
electrodes placed in the corners of a rectangle
(rectangular EEC).

To determine the depth of each of the two cracks
effecting each other, it is necessary to measure the input
voltage when placing the electropotential converter over
each of the cracks, measure the distance b;, between
them and their lengths ¢; and ¢,, and use the previously

calculated  multidimensional
interpreting.

Multidimensional dependencies should be calculated
for a set of depths /#*; and /*,, as well as the effecting
factors b;;, ¢; and {,, determined by direct
measurements.

In a particular and practically important case of
measuring the depth of long cracks, the recorded signals,
with an acceptable error, can be interpreted using the
pre-calculated diagrams U*; = U*; (U*,) calculated for
a number of values of b*;,.

dependencies ~ when
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