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measurement problems due to the structure and propagation of ultrasonic waves in
these systems that must be considered for obtained accurate results. In this paper
we analysis the manner and the effect of welded points in joint systems. For this
aim we specially considered the grounding grids as a joint system and study the
problem of the ultrasonic waves in corrosion diagnosis of this system. The
grounding grids are the most important systems that increasing safety of power
equipment in substations. The conductors of grounding grids usually connected
together by fusion welding or bolts and nuts. But fusion welding make some
problems for corrosion diagnosis of grounding grids and also pipelines while using
ultrasonic technique. The main problem is incorrect results that obtained due to the
interference of ultrasonic waves. This paper presented a new method to eliminating

the effect of fusion welding points by placing the ultrasonic transducers in right
locations. The influence of the soil is considered. Computer simulation results have
shown the effect of this interference in accuracy of the result and effectiveness of
the new method.

1. INTRODUCTION

Occurrence fault and irregular condition in power systems is inevitable, so in order to reduce victims of this
condition such as expensive equipment and employees damages, system instability and etc. some proceeding like
grounding grids have been done. Grounding grids flow the fault currents into the earth to protect expensive
equipment and employees that work with them. The grounding grids usually buried in 0.5m to lm in earth.
Conductors of grounding grid usually made of copper and copper alloys, steels, aluminums [1]. Chemical reactions
in earth, make serious problems for the conductors like corrosion and even sometimes broken which it is affects their
operation and reduces the safety of power systems.

In recent years Researchers presented different methods for detecting and locate the corrosion of grounding grids.
These methods according to the theory of them divided into:
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sclectrical network methods [2], [3]-[6]
esclectromagnetic methods [7], [8]-[11]
eclectrochemical methods [12], [13]

The basic of the electrical network method is assuming grounding grid like a circuit and measuring the resistance
of conductors and accessible ports with flow current into the circuit. According to the operation of the
electromagnetic method and their utility about in contrast magnetic field, they are divided into several categories;
elliptically, parabolic and hyperbola which for study about modeling base on finite element or boundary integral
analysis are effective [14]. In recent years researchers presented a method base on ultrasonic technique with high
precision and sensitivity and also very faster than other methods in large scales, for detecting corrosion. In industry
use this method for inspection oil and gas pipelines. Many studies have focused on guided wave propagation in
structures as means for detection and monitoring of defects and corrosion [17-23]. For connecting conductors in
grounding grids usually using fusion welding or pressing methods. It seems that fusion welding makes some
problems for ultrasonic guide wave technique for corrosion diagnosis in grounding grid such as; wave Interference,
the position of transducers and reducing the detection accuracy.

This paper examined the impact of fusion welding problems in corrosion diagnosis of integrated systems like
grounding grids and present a new arrangement for placing the ultrasonic transducers in these systems for
minimizing the effect of welding points. First a brief introduction of ultrasonic guide wave propagation in cylinders
is given. In the next the influence of welding points in accuracy of detection by ultrasonic waves is discussed.

2. PROPAGATING OF ULTRASONIC WAVES IN CYLINDRICAL SOLIDS

The sound is the most well-known natural phenomena for human beings. The ultrasonic wave4s are similar to
sound waves with a high frequency. They are both travel through a medium. The frequency of ultrasonic waves is
normally above 20 kHz. The velocity of sound waves is depended on characterize, density and the compressibility
of the medium. Ultrasonic waves can propagating in different types. They are divided into:

¢ Longitudinal waves (L)
e Shear waves

e Torsional waves (T)

e  Flexural waves (F)

The displacement field and stress field of ultrasonic guide waves can be written as [24]:

u(x, t) = A(xy, x,)el kxa=wH) .
o(x,t) = 6(xy, x,)elkxs=w) 0

Where coordinate system(x;, x,,x3) , k is circulare wave number, w is circulare frequency and x;-axis points
into the the direction of propagation.

Fig.1 shows the displacement fields of a cylinder caries these three types of modes (L,T,F) for a frequency of
100 kH.The longitudinal and torsional waves are the most suitable waves for cylindrical structures due to some
problems like difficulty to change when different modes presented and irritable shape of waves and propagation of
them.

The velocity of longitudinal waves in the materials defined as:

c= [ 3)

Where u, A are the elastic constants of the material. A wave's group velocity is defined as the velocity at which the
overall shape of the wave amplitude propagates through space. The phase velocity of a wave is the rate at which the
wave's phase propagates in space. The dispersion curves for a cylindrical aluminum alloy with a radius of 2mm are
shown in Fig.2. Red lines represent longitudinal modes, blue lines flexural modes, and black lines torsional modes.
As shown in Fig.2, 1(0,1) is a good wave at 600kH since it is the fastest wave at this frequency. As a result, it is one
of the reasons why normally luanguadaual modes are proposed for SHM.
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Fig. 1. Displacement fields for different modes of propagation (L, T,F) in a cylindrical structure [24]
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Fig. 2. Dispersion curves for a cylindrical aluminum alloy waveguide with radius of 2mm; (a) frequency versus wavenumber; (b)
group velocity versus frequency [25]

3. INFLUENCE OF FUSION WELDING

A grounding grid is formed by many conductors that connected together in equal calculated spacing. As we said,
the conductors generally connecting together by fusion welding or bolts and nuts as shown in Fig.3.Fusion welding
is a generic term of welding process that relay on melting to join materials of similar composition [16]. Fusion
welding has been a key factor in creation of modern civilization. Arc, laser beam, induction, chemical methods,
oxyfuel and solid reactant are the different types of fusion welding. Principally an ultrasonic guide wave system
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consist of two generally parts such as the software and the hardware parts. The hardware part consist of: Pulse
generator, Transmitter circuit, Ultrasonic sensor, Receiver circuit, computer processing. Fig.4 show the elements of
the software and hardware parts. The position of the receiver is determined by the structure of the considered
medium. So it has an important role detection measurements.in this case we locate the receiver in two places. First
at the end of the rod and then near the transmitter. For first case the first echo that appears is the end of the rod echo
and after that welded point echo and beginning of the rod echo and second echo. If a fault occur in the entire of the
rod the fault echo must be appears between the end and beginning of rods echo. For second one (the receiver is
placed with transmitter) again we see the welded point echo and after that the end of the rod echo. Again Similar to
the previous model if a fault occur in the entire of the rod the fault echo must be appears between the end and
beginning of rods echo. So the most important note is consider the special structure of the medium to place the
sensors with the minimum interferences and noises.

Fig. 3. Two type of connection of conductors of grounding grids; (a) Bolt and nuts; (b) fusion welding
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Fig.4. general block diagram of the system

We spouse that a piezoelectric transducer s fixed in the beginning of a conductor rod with two welding points in
1/3 and 2/3 of the rod length. When the ultrasonic waves sent to the conductors, the waves are propagating in other
connected conductors due to the welding points. In physics, interference is a phenomenon in which
two waves superpose to form a resultant wave of greater, lower, or the same amplitude that it is usually refers to the
interaction of waves that are correlated or coherent with each other, because they come from the same source with
the same frequency. The mode of interference of waves is shown in Fig.5. As we can see when the transmitter sent
to ultrasonic waves to the conductor, a part of the waves propagated in the right and left hands of the conductors
because of the welding points. According to the fig.5, we consider the path of the waves in three colors. So we named
paths as: A blue path, B black path and C the orange path. In Fig.5 ultrasonic waves propagating in different
directions in entire of the system. Each welded point make interference .This is because of the system integration
and the constant velocity of ultrasonic waves in the used material.

3.1 Simulation model and results

This simulation model examined the influence of fusion welding on corrosion detection with ultrasonic guide
wave technique using COMSOL Multiphysics 4.2. There are two situations considered for conductors: (a) without
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welding point and (b) with two welding points. The diameter of all conductors is 20mm with length Im from copper
with density 8700 kg/m”3 and speed of sound 4700 m/s. A piezoelectric transducer from leadzirconate-titanate with
density 7500 kg/m”3 and speed of sound 4650 m/s used for send longitudinal waves into the conductor. The
transducers placed in Z=0 . A 40kH sin wave 2.9 V with time step (0, 0. 000001, 0.002) inducted to the transducers.
The manner of propagating of ultrasonic waves is shown in Fig.6 and Fig.7 shows the incoming ultrasonic waves
pressure received by the receiver in time for two different models.

Ultrasonic wave
interference

100

50

-

'a -2uU U 20U

Fig. 6. the manner of propagating of ultrasonic waves in t = 0.003 s

According to the wave curve obtained from receiver we can see that in grids, which have two fusions welded
points, the curve of the incoming wave is completely different due to the wave interference. In fact, interference's
effects come from ultrasonic waves that propagated from one source, but they take different paths up to the
interference point. In the model (a) the end of the rod echo appears by reflected waves from the end of the rod and
after this the second echo propagating into the body of the rod by the transmitter.

In defect diagnosis by ultrasonic guide wave technique the fault echo must be clearly appeared between the first
and end of the structure echo. If there is a fault occur on the pipe in the model (a) we can see the fault echo between
0.0002s and 0.001s .In the model (b) we have distinctive echoes that reach to the receiver in different paths that have
been marked in Fig.7. There is a big problem to the model (b) because it is impossible to detect the defect in presence
of other annoying waves that reach to the receiver by other paths and welded points. The phase differences of these
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waves can be measured by determining different paths that the wave taken from Source to interference point. When
the path difference is a real multiplication of the wave length like n\, where n is a natural number, the waves have
constructive interference. In other hands, when the path differences are a fractional multiplication of the wave length
like a/b A, then the waves have been devastating interference. According to these results, we conclude that, for
obtaining the accurate results from ultrasonic waves in corrosion diagnosis of grounding grids or other joint systems,
there is maximum just one welding point must be there between the receiver and the transmitter. In using ultrasonic
guide wave method for detecting corrosion in grounding grids, the position of transducers and receivers must be
such a way that fusion welding points have minimum effect on accuracy of detection results.
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Fig. 7.ultrasonic wave pressure in time for two models; a) without fusion welding b) with fusion welding
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4. DISCUSSION

According to these results, we conclude that, for obtaining the accurate results from ultrasonic waves in corrosion
diagnosis of grounding grids or other joint systems, there is maximum just one welding point must be there between
the receiver and the transmitter or placing the sensors in such a way that any welded point does not affect the
results.so in using ultrasonic guide wave method for detecting corrosion in grounding grids and any joint system ,
welding points must have minimum effect on accuracy of detection results. For this aim we presented a new manner
of placing transducers which shown in Fig.9. We placing he transmitter and receiver in the welded point. In this
new arrangement of sensors we can monitoring 4 conductors connected to the welded point without any annoying
echoes and noises. Fig.8 shows the obtained results for this new method. We send the ultrasonic waves in to the
body of 4 adjacent conductors by the welded point and obtained the reflected signal from the positions marked in
Fig.9. As we can see there is no interference point between the transmitter and receiver. The locale of possible error
echoes is shown in Fig.8. By this new arrangement the main problem of using ultrasonic guide wave for joint system
with welded joint like grounding grids is solved and we can monitoring the entire of the grounding grid system with
accurate results.
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Fig. 8. ultrasonic wave pressure in time for placed sensors in nearby welded point
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Fig. 9. the manner of placing of ultrasonic sensors
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5. CONCLUSION

This paper examined the impact of fusion welding in corrosion diagnosis of continues systems especially
grounding grids and also other integrated systems when the ultrasonic technique used for detect the defects.
Simulation results using COMSOL Multiphysics 4.2 shows that, when there are fusion welding points between the
transmitter and receiver in an integrated system, the interference phenomena of the ultrasonic waves occur which its
effect verify and accuracy of the results. Also this paper presented a new arrangement of placing sensors in grounding
grids to minimizing the effect of fusion welding points.
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