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APPLICATION OF PHASED ARRAYS IN ULTRASONIC NONDE-
STRUCTIVE TESTING

Abstract

The object of the research is ultrasonic nondestructive testing. The pur-
pose of the work is to make analytical comparison of the techniques for ultra-
sonic with phased arrays. In the course of research the most promising tech-
niques for ultrasonic imaging with phased arrays was determined according
to analytical study of literature sources. The comparison of these techniques
was conducted by the application of computer simulations which was made
in CIVA software. Results obtained through the simulations were verified via
the real experiment. As a result of research the technique which provides the
most quality imageries of internal structure of testing objects was defined.
Basic structural, technological and technical-operational characteristics: Ap-
plies only to laboratory installation. Degree of implementation: Implementa-
tion of obtained results for the developing of advanced ultrasonic imaging
systems. Application area: development of advanced ultrasonic imaging sys-
tems. Future prospects: the additional example of the inspection further ex-
plores the real world uses of on scale in NDE applications.

Introduction

The utilization of ultrasonic phased array frameworks for non-
destructive assessment (NDE) has expanded drastically lately. Such frame-
works have been utilized for a long time in the field of Non-destructive test-
ing. Non-destructive testing strategies assume an imperative part in surveying
the honesty of solid structures [1]. NDT techniques help distinguish potential
shortcomings or basic insufficiencies early so Nuclear industries can address
them before unnecessary downtime or loss of energy age capabilities happen.
Such strategies guarantee the security of the nuclear power plant and fill in as
verification to government organizations that the organization is proactive in
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their checking and administrative consistence programs. While imperative for
testing of solid structures, ultrasonic strategies are similarly as basic to testing
mechanical frameworks and segments, for example, boilers, heat exchangers
and piping frameworks. Ultrasonic testing can likewise be utilized to check
the uprightness of welds and different kinds of parts, for example, valves and
nozzles. These methods can be connected to an assortment of atomic plant
reviews, including metallic and non-metallic materials. Such testing can be
completed amid new plant development, routine support or when a specific
part is arriving at the finish of its lifecycle. Regardless of the circumstance,
testing and investigation are fundamental to plant operation. Ultrasonic test-
ing can survey the present state of a segment or framework and enable work
force to assess whether it is fit for benefit and the rest of the administration
life. Atomic plants must supply continuous energy to the electrical network.
In any case, safety is of most extreme significance, both that of the overall
population and plant representatives. NDT systems are demonstrated to satis-
fy the two targets. Such procedures additionally meet the objectives of im-
proving unwavering quality of plant assets. New ultrasonic techniques are be-
ing created and utilized as a part of an assortment of uses to accomplish more
precise outcomes to help achieve more accurate results to aids and safe in re-
liable operation. Different NDT methods and techniques have been devel-
oped for monitoring degradation in nuclear industry which includes ultrason-
ic testing etc. Ultrasonic testing plays a vital role in carrying out testing in
very complex structures, for example the Nuclear power sector on BWR and
PWR.

The development of advanced inspection technologies for nuclear power
plant equipment such as phased array ultrasonic testing for inspecting inside
the reactor (submersible ROVs), and guided-wave wall-thinning inspection
of piping. The benefit of utilizing ultrasonic phased array in NDE over con-
ventional single element transducers is the capacity to play out different in-
vestigations without the requirement for reconfiguration and furthermore the
potential for enhanced affectability and scope. Phased array using Plane wave
imaging and Electronic focusing are frequently used to expand the range and
precision of assessment [2]. Flexible arrays and high temperature arrays are
being produced to permit testing of components with complex geometries,
and brutal situations particularly for inside the aviation and nuclear industries
[3]. What's more air coupled exhibits are demonstrating noteworthy guaran-
tee for NDE. In any case, in numerous zones of modern NDE the objective is
static and it is sensible to complete information examination. In the case of
phased array ultrasonic techniques which are used in nuclear industry the
technique of ultrasonic testing is used for pipelines of main circulation circuit
of nuclear power plant with VVER-1000 by using phased array. The phased
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array testing offers significant advantages for ultrasonic phased array of nu-
clear components due to its extended informational content provided by vari-
ous capability [4]. Thus the combination of various scanning techniques in-
creases the flaw detectability. Advances in computer technologies that it is
generally brisk and simple to process a lot of information on a standard com-
puter. The benefits of this approach are expanded affectability to little de-
formities and more noteworthy review scope. The point is first to characterize
the post preparing calculations utilized for different technique by phased ar-
ray. Analytical study and comparison of various techniques of ultrasonic non-
destructive testing has been discussed.

Various techniques for ultrasonic imaging with phased array

One of the biggest advantages of phased array application is the possi-
bility to obtain the imagery of the internal structure of controlled object in
one position of ultrasonic transducer. The benefits of phased array frame-
works incorporate the capacity to perform electronic scanning of the ultrason-
ic beam, which can decrease review times by eliminating or diminishing the
need move the probe. The unwavering quality of examinations can likewise
be enhanced by decreasing the need to move the probe [5]. Phased arrays
permit a wide range of spectrum of inspection that enhance execution, for in-
stance, sectorial scanning and focalization after reflection off the back sur-
face of the test specimen. The most progressive phased array system include
tools, for example, dynamic-depth focusing. With real-time imaging, investi-
gations are easier to perform and the quality of the estimations is additionally
significantly moved forward. Since a large number of signals are caught and
shown immediately, the battle that administrators regularly have in finding
and visualizing defects on the screen is enormously reduced. More, the quan-
tity of false alarms is diminished due to decreased administrator reliance, and
information recording and traceability are made strides. The three general
approach by ultrasonic imaging with phased array are as follows:

Electronic focusing (EF)

Total focusing method (TFM)

Plane wave imaging(PWI)

Results and discussion

In order to confirm the results obtained via the computer simulations re-
al experiment was conducted. The equipment which was used was as close as
possible to parameters applied in simulations. Testing specimen is rectangu-
lar in shape which is made up of steel. The type of the flaws in steel block is
side drilled holes. According to the specimen each of the flaw has the follow-
ing coordinates.
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The data registered by the electronic unit was used as initial data for the
algorithm which was implemented in Matlab. For the experimental results
verification computer simulation in CIVA was conducted with the parameters
close to conditions of experiment.

Total focusing method was implemented in Matlab. The data obtained
through the experiment conducted through experiment is compiled into data
which is then fed in Matlab. Sampled data and simulated data were used as
an input data for the algorithm. The output of the image obtained through ex-
perimental and simulation setup is shown in Figure- 1&2 respectively.

Fig. 1. Left: Experimental result; Figure — 2 Right: Image: Simulation result

It can be seen that the Array Performance Indicator esteem is fundamen-
tally diminished when utilizing focusing, in execution total focusing method.
Note that the most extreme execution for the total focusing method happens
when the probe is situated just past or in the near field length of the aperture.
This is known as natural focus point of a plane transducer and is the point at
which the signal is generally clear. It can likely to be seen that Total focusing
method is noteworthy.
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Table 1
The array performance indicators for each flaw obtained via simulation and exper-
iment is provided with difference.

Flaw Experimental API Simulation API Difference, %
A 1,114 1,106 0,722
B 1,032 1,013 1,911
C 1,354 1,365 -0,806
D 1,834 1,881 -2,531

This work has presented total focusing methods for ultrasonic imaging
with phased array by two approaches. First is the experimental Array Perfor-
mance Indicator and second is the simulation Array Performance Indicator
with differential flaw are presented in the above table from the data acquired
with a steel block containing side drilled holes. Results obtained through
simulation and experiment are much closer and there not much difference be-
tween them. So we can accept that the results obtained through simulation is
acceptable.

Conclusion

This work has exhibited various post-processing algorithm for use in
non-destructive testing of ultrasonic imaging with phased array which in-
cludes three methodologies. They are Plane wave imaging, Total focusing
method and Electronic focusing. The analytical comparison of techniques for
ultrasonic imaging with phased arrays was done by two methods one is by
Computer simulation and other was done by analysis on literature reviews.
The execution of every algorithm was contrasted by evaluating its capacity
with image. Tentatively this approach was carried out from Omm to 10mm.
Simulation was performed using various techniques through CIVA applica-
tion. Results were obtained, as we find that Plane wave imaging is not effec-
tive with the increase of the angle between the flaw and central line of the
probe which will result in poor quality of imaging. Electronic Focusing and
Total Focusing Method doesn’t have such problem. But for Electronic Focus-
ing the physical focusing of the point is necessary. In Electronic Focusing the
results are obtained only in the point of focusing. In this case, effect of devia-
tion of flaw and position of flaw should be studied. For this purpose we do
additional simulation where we can increase the distance and position of the
flaw and focusing. It has been demonstrated that the best execution of the ex-
hibit was accomplished utilizing a Total Focusing Method in which the beam
1s engaged at each point in the objective region. The results obtained through
is a proof that Total Focusing Method is good compared to other methods.
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An experiment was carried out to find flaws in the specimen through Total
Focusing Method, we use an ultrasonic transducer to scan the specimen
through various position according to the flaws. From information procured
with a steel block containing side drilled holes, we have demonstrated the
Total focusing method through an experiment. Data was obtained which is
then compiled and processed. The output was received after the processing of
data sampling for each step, once the data is compiled. We plot the graph and
analyse it to find the flaws in the specimen. Comparing the results obtained
by Array Performance Indicator through experiment and simulation there is
not much deviation for values. Taking in account of Total focusing method
describes about the experimental Array Performance Indicator and simulation
Array Performance Indicator along with the difference. The Total Focusing
Method is productive for near field imaging and far field imaging where oth-
er two procedures used to have a dead zone or not clear imaging. In addition,
the Total focusing method has a more computation time contrasted with
plane wave imaging and electronic focusing. This approach has some bound-
less plan suggestions for future NDE array systems. Currently, the environ-
ment for nuclear power is undergoing a major change and the ensuring of
plant safety and reliability is becoming increasingly important as expecta-
tions for nuclear power generation grow. Phased array plays a vital by devel-
oping more advanced inspection technologies in non-destructive testing tech-
nologies. According to literature reviews we have defined the techniques
which are considered for ultrasonic imaging with phased array. Comparison
of techniques was done by literature review. Total Focusing Method enables
inspection to be performed in more realistic and reliable ways in nuclear in-
dustry. It is concluded that total focusing method is the most promising
method according to the results obtained.

Acknowledgement

We would like to thank the Department of Philosophy for the opportuni-
ty given us to present our knowledge in this conference. And also, our appre-
ciation goes to the School of Nuclear Engineering of the National Research
Tomsk Polytechnic University for their encouragement and support in
providing the needed resources during our work. A special thanks goes to
Professor Loyko Olga Timofeevna for sharing and impacting us with enor-
mous knowledge in the field of Philosophy and trust in us to provide and per-
form excellently.

558



Science as a vocation and career

REFERENCES

1. Ultrasonic arrays for monitoring cracks in an industrial plant at high
temperatures / Kirk KJ, McNab A, Cochran A, Hall I, Hayward G //
IEEE Transactions on Ultrasonics Ferroelectrics and Frequency Control.
—1999. -46(2). —p. 311-9.

2.  Experimental study of phased array beam steering characteristics / Clay
A, Wooh S-C, Azar L, Wang J-Y // Journal of Non-destructive Testing
and Evaluation. — 1999. — 18(2). — p. 59-71.

3.  Mendelsohn Y. Simulations of phased array ultrasonic imaging trans-
ducers / Wiener-Avnear // E Ultrasonics. —2002. — 39(9). — p. 657-66.

4.  Which transducer array is best / Angelsen BJ, Torp H, Holm S, Kristof-
fersen J, Whittingham T // Eur J Ultrasound. — 1995. — 2. —p. 151-64.

5. J.Wiklund. Study of the generation of different types of ultrasonic
waves in thin plates / A schlieren // Eighth world conference on NDT. —
1976. —vol. 10. — p. 187-92.

Hizbullah (Pakistan)

Don State Technical University, Rostov-on-Don

Scientific adviser: Paskhalova Vera Andreevna, senior lecturer

SCIENCE AS A VOCATION AND CAREER

The word “science” probably brings to mind various different images: a
thick textbook, white lab coats and microscopes, an astronomer peering
through a telescope, a naturalist in the rainforest, Einstein's equations scrib-
bled on a chalkboard, the launch of the space shuttle, bubbling beakers. All of
those images reflect some aspects of science, but none of them provides a full
picture because science is a much broader term, which has thousands of dis-
crete facets. Science today refers to a system of acquiring knowledge. A sys-
tem that uses observation and experimentation to describe and explain natural
phenomena. The process of science is a way of building knowledge about the
universe-constructing new ideas that illuminate the world around us.

Man, powered by his imagination and inquisitive character, has won-
dered the mechanisms of nature since time infinite. This quest for the truth,
the ways in which his surrounding works, has led to many scientific discover-
ies and innovations. Since the art of making fire and creating handcrafted
tools, our civilization has come a long way. Science is making advances at an
amazing rate. From telephones to the Internet, calculators to computers, cars
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