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Abstract—A study of weld inspection methods in the pipe industry has been carried out. An algorithm has
been developed for processing coordinates and weld profile images, which will allow obtaining processed data
with selected and interesting components and performing the necessary calculations or analysis of the
required information about the controlled object and the quality of weld seams. The selection of equipment
for the effective operation of the weld seam control automation system has been carried out. The TIA Portal
program implements a system for visualizing the technological process of work in two modes: automatic and
manual. The developed automation system will simplify the process of monitoring weld seams of large diam-
eter pipes.
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INTRODUCTION

An important sub-sector of the domestic ferrous
metallurgy is the pipe industry [1, 2]. The scale of pro-
duction and demand for pipe products require effec-
tive automation of production processes. Large diam-
eter pipes (over 500 mm) are produced only by weld-
ing. Depending on the diameter of the pipe, in their
manufacture, welding with straight seams for small
diameters and welding with a spiral seam or welding of
individual sheets for large diameters is used [3–5].
When making welds, contaminants not removed
before welding will affect the continuity of the joint,
which deteriorates the quality of the joint [6–9].
Welding defects such as burning of the surface of the
product, disruption of the shape of the weld bead, and

the presence of undercuts are signs that the welding
mode was not optimal and that the integrity of the
weld may be compromised during operation [10–13].
Therefore, the problem of quality control of pipe
welding is relevant.

There are several methods for monitoring welds
[6, 7, 10, 11]. Some of them are shown in Fig. 1.

The purpose of this work is to develop and study an
automated weld control system to improve the reliabil-
ity and durability of the use of pipe products. The fol-
lowing tasks were solved:

analysis of weld processing in order to obtain coor-
dinates and profile;

analysis and selection of automation tools for the
implementation of a weld control system.
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Fig. 1. Techniques for monitoring welds.
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Fig. 2. Weld seam processing algorithm.
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Fig. 3. Functional diagram of automation of weld inspection.
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WELD SEAM PROCESSING

The processing system shown in Fig. 2, consists of
several sequentially connected blocks, each of which
performs a specific function. This algorithm is neces-
sary to obtain the coordinates and image of the weld
profile. The purpose of the components is as follows:

(1) Amplitude selection filter 1. This filter is used to
isolate signals with certain amplitude characteristics.
It passes only signals whose amplitude is in a given
range, and suppresses the rest. It allows one to separate
the signals of interest from the rest of the noise or
unwanted components.

(2) Filter 2 of frequency selection. This filter serves
for isolating signals of a certain frequency or frequency
range. It suppresses signals at other frequencies, which
allows one to focus on interested signal components.

(3) Block 3 for selecting image fragments. This
block is responsible for selecting the necessary frag-
ments from the overall image. It can perform a number
of operations such as cutting, scaling or transforming
the image to obtain the desired region of interest.

(4) Block 4 for calculating image coordinates. This
block is responsible for calculating the coordinates of
the image, i.e. determining the position and arrange-
ment of objects in the image. It can apply various algo-
Table 1. Elements of the system complex

No. Element

1 Optical sensor (2 pcs.) The first sensor repo
presence of an UST

2 Technical vision system External image proce
3 Programmable logic controller Execution of a given
4 HMI-panel Operator panel for o
rithms and data processing methods to determine the
exact coordinates of objects.

(5) The output of block 4 for calculating image
coordinates is the output of the entire device, which is
collectively connected to the first input of computing
block 5.

All these components in the processing system
operate sequentially, taking input data from previous
blocks and processing them according to the set func-
tions. This allows one to obtain processed data with
selected and interested components and perform nec-
essary calculations or analysis to obtain the required
information about the controlled object and the qual-
ity of welded seams.

DEVELOPMENT 
OF AN AUTOMATED CONTROL SYSTEM 

OF WELDED SEAM
When designing systems of automatization of tech-

nological processes, all technical process on automati-
zation of the process are displayed on the functional
automation diagram, presented in Fig. 3. Basic sensors
and control systems are presented in Table 1.
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Purpose
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Fig. 4. Operator panel for automatic operation.

Fig. 5. Operator panel for manual operation.
Visualization system for controlling the system of
ultrasonic diagnostics of pipe welds allows the process
control system operator to monitor the control of the
seam quality, operation of actuators, speed of move-
ment of the platform and rollers. In addition, using the
HMI panel, one can control.

CONCLUSIONS
The automated system of the control of welded

seams of pipe products presented in the paper allows
eliminating the production of pipes with defects due to
efficiency and accuracy of control installation, and
also improving the operating conditions of the system
operator. For the automation system, a functional dia-
gram and weld control algorithm were developed, as
well as an architecture for connecting the main equip-
ment, which indicated the functional affiliation of
each control element. An algorithm for the operation
of the automatic control system has been developed,
and a system operation program and visualization for
automatic and manual operation of the system have
STEEL IN TRANSLATION  Vol. 54  No. 6  2024
been developed. Capital costs for the implementation
of the project will amount to 1774250 rubles. Cost
savings for maintaining and operating the system per
year will amount to 1263915.64 rubles. The net pres-
ent value is expected to be 1195951.75 rubles, and the
profitability index is 1.58. The payback period for the
automated system will be about one and a half years.

FUNDING

This work was supported by ongoing institutional fund-
ing. No additional grants to carry out or direct this particu-
lar research were obtained.

CONFLICT OF INTEREST

The authors of this work declare that they have no con-
flicts of interest.

REFERENCES
1. Tsukanov, A.V. and Litsin, K.V., Development of an

automated system for stack cutting machine of rolling
production, Chernye Metally, 2023, no. 1, pp. 38–43. 
https://doi.org/10.17580/chm.2023.01.06

2. Litsin, K.V. and Belykh, D.V., Elaboration of the load-
equalization system of the electric drive of the main
hoist of a bridge crane, Steel Transl., 2023, vol. 53,
no. 2, pp. 172–175. 
https://doi.org/10.3103/s0967091223020109

3. Strizhakova, N.E., Classification of methods and con-
trol of magnetic-pulse resistance welding process,
Nauchnyy Vestnik Nevinnomysskogo Gosudarstvennogo
Gumanitarno-Tekhnicheskogo Instituta, 2016, no. 3,
pp. 55–59.

4. Korolev, S.A., Belozor, V.E., and Kruglyak, E.A.,
Modern hot crack resistance testing methods for high-
performance welding techniques, Sovremennye podk-
hody i tendentsii razvitiya strukturno-fazovykh, khimiko-
analiticheskikh metodov analiza. Sb. dokl. XV Vseros.
konf. Po ispytaniyam i issledovaniyam svoistv materialov
Test-Mat (Modern Approaches and Trends of Develop-
ment of Structural-Phase, Chemical-Analytical Meth-
ods of Analysis: Proc. 15th All-Russian Conf. on Test-
ing and Research of Material Properties of Test-Mat
Materials), Moscow, 2023, Moscow: Kurchatov Insti-
tute, 2023, pp. 279–294.

5. Terent’ev, E.V., Dragunov, V.K., Sliva, A.P., et al., An-
alytical methods of calculation of electron beam power
for deep penetration electron beam welding, Svarka v
Rossii-2019. Sovremennoe sostoyanie i perspektivy. Tezisy
dokl. Mezhdunar. konf. k 100-letiyu so dnya rozhdeniya
B.E. Patona (Welding in Russia-2019: Current State
and Prospects: Abstracts of the Dokl. of the Interna-
tional Conf. on the 100th Birthday of B.E. Paton),
Tomsk, 2019, Saraev, Yu.N., Ed., Tomsk: Institute of
Strength Physics and Materials Science of the Siberian
Branch of the Russian Academy of Sciences, 2019,
p. 263.

6. Nedbai, E.V. and Kolganova, E.N., Increase of effi-
ciency of welds inspection means on the basis of mag-
netic nondestructive inspection method, Aktual’nye



526 LITSIN, BELYKH
problemy inzhenernykh nauk: materialy VI ezhegod.
Nauch.-prakt. konf. prepodavatelei, studentov i molodykh
uchenykh Severo-Kavkazskogo federal’nogo universiteta
Universitetskaya nauka–regionu (Actual Problems of
Engineering Sciences: Proc. 6th Annu. Sci. and Pract.
Conf. of Teachers, Students and Young Scientists of the
North Caucasian Fed. Univ. Universitetskaya Nauka-
Region), Stavropol, 2018, Tesera, 2018, pp. 472–474.

7. Antipov, V.S., Vasil’ev, V.D., and Udralov, Yu.I., Ra-
diographic inspection of the weld seams: Test parame-
ters, Russ. J. Nondestr. Test., 2006, vol. 42, no. 2,
pp. 106–110. 
https://doi.org/10.1134/S1061830906020069

8. Pilyugin, S.O. and Lunin, V.P., Determining the prob-
ability of detecting f laws in weld joints by phased-array
ultrasonic testing, Russ. J. Nondestr. Test., 2016, vol. 52,
no. 6, pp. 332–338. 
https://doi.org/10.1134/S1061830916060085

9. Tymkiv, N.N. and Davydov, V.M., Magnetic resonance
methods for nondestructive testing of welds joints of
reservoirs of petroleum products, Uch. Zametki Tik-
hookeansk. Gos. Univ., 2020, vol. 11, no. 2, pp. 24–27.

10. Gorshkova, O.O., Innovations in welding production
based on Industry 4.0 principles, Sovrem. Naukoemkie
Tekhnol., 2023, no. 3, pp. 29–33.

11. Butorin, D.V., Livshits, A.V., and Filippenko, N.G.,
Automation of control processes of phase and relax-
ation transformations in polymeric materials, Inf. Sist.
Tekhnol., 2017, no. 1, pp. 44–53.

12. Kalinin, A.G., Ilyin, S.A., Andreev, V.A., Semenova, L.A.,
Andreeva, T.V., and Vasiliev, P.A., Parameter monitor-
ing and control of the friction stir welding process, Avtom.
Sovrem. Tekhnol., 2022, vol. 76, no. 4, pp. 158–161. 
https://doi.org/10.36652/0869-4931-2022-76-4-158-161

13. Litsin, K.V. and Belykh, D.V., Development of visual-
ization system for oxygen supply machine, Steel Transl.,
2022, vol. 52, no. 10, pp. 956–960. 
https://doi.org/10.3103/s0967091222100059

14. Singh, M.K., Rao, V.S., Mahto, M., and Jain, P.K.,
Axially partitioned dual band magnetically insulated
line oscillator, IEEE Trans. Plasma Sci., 2022, vol. 50,
no. 5, pp. 1198–1205. 
https://doi.org/10.1109/tps.2022.3165939

15. Litsin, K.V., Baskov, S.N., and Morkovnik, D.A., A
model of automated mold f lux feeding into the crystal-
lizer of a continuous casting machine, CIS Iron Steel
Rev., 2023, vol. 26, pp. 33–38. 
https://doi.org/10.17580/cisisr.2023.02.05

Translated by Sh. Galyaltdinov

Publisher’s Note. Allerton Press remains neutral
with regard to jurisdictional claims in published maps
and institutional affiliations. 
AI tools may have been used in the translation or
editing of this article.
STEEL IN TRANSLATION  Vol. 54  No. 6  2024


	INTRODUCTION
	WELD SEAM PROCESSING
	DEVELOPMENT OF AN AUTOMATED CONTROL SYSTEM OF WELDED SEAM
	CONCLUSIONS
	REFERENCES

		2024-11-01T15:47:01+0300
	Preflight Ticket Signature




