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Abstract. Every year, international scientific
conferences are held in China, dedicated to the
search for high-class talents, the attraction of inno-
vative technologies, the creation of joint ventures in
various fields of science and production. One of the
organizers of such events was the Ukrainian-Chi-
nese Silk Road Center, which, as part of the "One
Belt, One Road" program, regularly conducts online
video road shows between Chinese and Ukrainian
specialists. This time, projects from several
branches of production, including mechanical engi-
neering and robotics, were presented. The best
works are selected for the preparation of grant ap-
plications for research funding in laboratories and
research groups in China, as well as for participation
in the country's production activities.

One of the successful applications was a joint
project of the Kyiv National University of Civil En-
gineering and Architecture and the pipeline diag-
nostics company Zhejiang Yuexin Inspection Tech-
nology Co., Ltd. Doctor of Technical Sciences, Pro-
fessor M.K. Sukach took part in it as the technical
director of the project., specialist in deep-sea tech-
nology. The Chinese side was headed by the pro-
ject's chief manager, company director Jin Hangfei.
The project became one of those selected by the
Ukrainian-Chinese Center and nominated for a state
grant. He won the support of the Beijing High-Tech
Exchange and government funding for joint re-
search. In addition to the scientific component, it
provides an educational program for student train-
ing, PhD training and advanced training of special-
ists in the relevant field.
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INTRODUCTION

At the international conference "China Wei-
hai International Talents, Innovation and Entre-
preneurship Conference", which took place in
the city of Weihai, Shandong province (China),
the reports entitled: "ldentification of working
processes of deep-water equipment” by profes-
sor M.K. Sukach [1] and "Magnetic flux leak-
age detection technology in pipeline”, by the di-
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rector of the company, Jin Hanfei [2] were pre-
sented. They related to the joint program
with Chinese scientific and industrial facil-
ities for the development of marine depos-
its, diagnostics of pipeline transport by de-
termining the leakage of magnetic flows
during operation [3 — 5], assessment of
countries' readiness to develop non-tradi-
tional types of mineral resources. Necessary
steps and staging of seabed study for exca-
vating systems, methods and equipment for
deep-sea research, as well as underground
and underwater pipelines integrity diagnos-
ing questions have been discussed [6 — 9].

The conference was organized by the Hu-
man Resources and Social Security Department
under the patronage of the Municipal Bureau of
Human Resources and Social Security. Repre-
sentatives of many Chinese organizations and
several Ukrainian specialists in educational and
industrial spheres took part in the conference.
Having discussed real production needs, sev-
eral works, which attracted attention by their
technical achievements, have been selected
from among numerous available options. Hav-
ing determined the list of experts and projects
of the road show, the organizers of Ukrainian-
Chinese Center provided recommendations re-
garding preparation work for China's “One Belt
One Road " grant program applications, which
opens up new opportunities for Ukrainian-Chi-
nese cooperation [10].

PROJECT TEAM

According to the "Overseas Talents Pro-
gram”, a joint project of Kyiv National Univer-
sity of Construction and Architecture and Chi-
nese oil industry military-civilian enterprise
Zhejiang Yuexin Inspection Technology Co.,
Ltd., became one of the nominees, as a part of
the “Shaoxing” (2020) long-term project. The
project under the working title: "Industrializa-
tion of pipeline magnetic flux leaks internal
testing technology" is aimed for diagnostics of
the pipelines, that are being designed and also
those, which are currently used.

The international team of the project in-
cluded: Mykhailo Sukach (KNUCA, Kyiv)
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— technical director responsible for the gen-
eral planning of research and development
work and technological development of pro-
ject products; Jin Hangfei (Zhejiang Uni-
versity of Technology) as a general man-
ager, responsible for the day-to-day work of
the entire innovation team; Zheng Li (Har-
bin Engineering University) as a project re-
searcher and State Council special scholar-
ship nominee, responsible for solving vari-
ous problems during the production process;
Chen Ming (Northwest Institute of Tele-
communications Engineering) as a re-
searcher responsible for product manufac-
turing and on-site management; Fang Fei-
zhong (Nanchang Aviation University) as a
senior engineer responsible for the experi-
mental equipment application.

Information about the leader of the pro-
ject: M.K. Sukach is a Department of Con-
struction Machinery professor at Kyiv Na-
tional University of Construction and Ar-
chitecture. He is engaged in teaching and
scientific research in mechanical engineer-
ing and measuring technology, an expert in
converting and storing magneto-electrical
signals of pipe-laying robots. He published
more than 650 scientific and methodical
works, including 20 monographs, 340 arti-
cles, 40 manuals and textbooks, 30 author
certificates and patents for inventions
(Fig. 1). He is a current member of the
Academy of Engineering Sciences of
Ukraine, a member of the National Commit-
tee on Theoretical and Applied Mechanics,
a member of the Presidium of the Academy
of Construction of Ukraine, a foreign mem-
ber of the Polish Academy of Sciences.
Awarded the medal of the Ministry of De-
fense of USSR "Excellent in military con-
struction”, has a certificate of honor of the
Ministry of Education and Science of
Ukraine, the silver medal of the Academy of
Construction of Ukraine for the best publi-
cation in the field of construction science
(2015), the winner of KNUCA competition
"Best in professional and scientific activi-
ties" (2017), certified as high-level talent,
category A (Zhejiang, China, 2022).
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Fig. 1. Information about the leader of the project (begin)
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He graduated from Kyiv Engineering and
Construction Institute with a degree in elec-
tromechanical engineering, defended his
candidate's and doctoral theses, received the
title of associate professor and professor at
the department of construction machinery of
KNUCA, where he works till now. He cur-
rently performs the duties of the technical
director of the project entitled: "Industriali-
zation of pipeline magnetic flux leaks internal
testing technology".

Here are some of his main publications:
Working processes of deep sea machines (mon-
ograph, 2004), Trench excavator for opening
underground pipelines (patent of Ukraine No.
42389), The method of laying cables along the
bottom of rivers and shallow reservoirs (patent
of Ukraine No. 67382), Transfer of innovative
technologies (monograph, 2014), Modernization
of a two-section chain trencher (monograph, 2015),
Construction machines and equipment (text-
book, 2016), Fundamentals of technology
transfer (textbook, 2020) etc.

The base production facility of the project is
Zhejiang Yuexin Inspection Technology Co.,
Ltd, which is located in the beautiful ancient
capital of the Yue Kingdom and the ancient city
of Xishi — Zhuji, bordering Hangzhou in the
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north, Shaoxing in the east, and Yiwu in the
south. This is a professional enterprise that spe-
cializes in the detection of underground space
and non-destructive testing.

This company is positioned as a professional
enterprise for non-destructive testing and intel-
ligent transformation of oil depots. Its technical
scope includes: services for detecting under-
ground spaces, services for internal inspection
of MFL main pipelines, four services of con-
ventional non-destructive testing (RT / UT /
MT /PT), as well as services for conversion and
modernization of digital oil fields and intellec-
tual oil storages (Fig. 2).

The company cooperates with the Aerospace
Science and Technology group and the 35th Re-
search Institute of the Aerospace Scientific and
Industrial group. In cooperation with these
groups, they established the Zhejiang Yuexin
Research Institute of Underground Research,
an engineering laboratory for the detection of
magnetic flux leakage in the pipeline and other
technical support. Zhejiang Yuexin Inspection
Technology Co., Ltd is a growing Chinese mil-
itary-civilian integrated enterprise. Currently
they have 125 workers, 85 of them have rele-
vant certificates (12 of them have certificates of
non-destructive control special equipment of
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Fig. 2. Certified technologies of Zhejiang Yuexin
Inspection Technology Co., Ltd

the third level, 48 of them obtain certificates of
non-destructive control of the second level).
The company has 35 sets of X-ray machines, 10
sets of ultrasonic flaw detectors, 5 sets of mag-
netic powder flaw detectors for detecting mag-
netic flux leaks in pipelines and other auxiliary
devices.

DETECTION OF PIPELINE
DEFECTS

Problem. Magnetic flux leaks detecting
technology is the most widely use d method of
oil and gas pipelines research [11 — 14] (detec-
tion of magnetic flux leaks of terrestrial pipe-
lines has 95% of the market share, while ultra-
sonic and sonar detection has only 5% of the
market share). Currently, domestic and foreign
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inspections of pipelines rely mainly on the de-
tection of magnetic flux. The magnetic flux
leakage detector is sensitive to such defects as
narrow cracks, which are perpendicular to the
pipeline, but can not effectively detect narrow
cracks, whic are parallel to the pipeline. At the
same time, the distance between the defect and
magnetic pole, level of magnetization, speed of
operation and distance of the sensor ads — all
these factors may directly affect testing results.

Main contents. On the basis of axial type
magnetic flux leaks detection technology [15 —
19] we proposed a circular technology of mag-
netic flux leaks internal detection. It is based on
the magnetic circuit finite element modeling
technology. This circular magnetic flux leakage
detection method relies on a magnetic field,
which is distributed along the pipeline (in cir-
cles). It has potential advantages for detecting
and quantifying axial defects [20 — 23]. Finally,
the technology of detecting magnetic flux leaks
in the axial mode and the technology of detect-
ing magnetic flux leaks in circular mode are
combined to form a two-way composite tech-
nology of detecting magnetic flux leaks, which
realizes comprehensive detection of pipeline
defects (Fig. 3).

Idea of the project. Choosing proper mag-
netization parameters is the key to a successful
application of circular type magnetic flux leaks
detection technology. Finite element modeling
technology is used to study the correlation be-
tween the distance between the defect and mag-
netic pole and the magnetic leakage signal, gen-
erated by this defect, in order to determine the
permanent magnet size parameter. In addition,
the magnetic flux leakage signal is calculated
using the calculation, in order to overcome the
problem of magnetic flux leakage signal,
caused by magnetic field coverage defect close
to magnetic poles zones. The technology for
magnetic flux leaks circular detection is opti-
mized for the structure of toroidal magnetizer.
Electromagnetic yoke receives 4 groups of
symmetrical ring structures. Generated mag-
netic field lines are perpendicular to the axial
direction of the pipeline, each line forms inde-
pendent loop.
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Fig. 3. Pipeline magnetic flux leakage testing
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Implementation of the project. Intelligent
data analysis technology for two-way detection
of magnetic flux leaks: the complexity lies in
the algorithm of data registration and pro-
cessing, consisting of two-sided different meth-
ods of excitation and physical differences,
which must be connected to the two-sided mag-
netic circuit using double triaxle data, double
position signal difference and other multidi-
mensional information. Data transformation
and feature extraction, fusion sampling, estab-
lishing implicit functional relationships, fuzzy
set decision making, and other algorithms to
achieve high-fidelity defect inversion (Fig. 4).

Fig. 4. Implementation of the technology for de-
tecting magnetic flux leaks in pipelines

Work planning. Project work stages are as
follows: implementation of simulated modeling
of the design of magnetic circuit for detection
of magnetic flux leaks and implementation of
optimized product design (06.2020 — 12.2020);
application and verification of the effectiveness
of diagnostics by actual measurements and im-
plementation through the sale of product design
solutions (06.2020 — 12.2020); application and
verification of the effectiveness of diagnostics
by actual measurements and implementation

18

through the sale of product design solutions
(01.2021 — 12.2021); improvement of equip-
ment and advancing of domestic and interna-
tional projects (01.2022 — 12.2022); optimiza-
tion and renewal of the magnetizer structure,
improvement of the sounding system (01.2023
— 12.2023); continuing research and develop-
ment of new products, technological innova-
tions and promotion and application of new
technologies (01.2024 — 05.2025). The project
budget is 270 million RMB.

Application potential. According to 2019
data, the length of global oil and gas storage and
transportation by region is: in the Asia-Pacific
region 242.7 thousand km, in the Middle East
and Africa 205.0 thousand km, in Russia and
Central Asia 294.0 thousand km, in Europe
280.0 thousand km, in North America 845
0,000 km, in Latin America 79,600 km. Total -
1946.3 thousand km. At the same time, the mar-
ket for internal diagnostics of pipelines is
$23.356 billion.

CONCLUSION

The technology of detecting circular leakage
of magnetic flux is the threshold for entering the
international market. Wise application of this
technology can destroy foreign monopolies and
open up the international testing market. At the
same time, it will significantly improve the
safety of existing and under-construction pipe-
lines, play an indispensable role in the preven-
tion of underwater pipeline leaks, and will also
have broad prospects for application in the mar-
ket as a whole.
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PETYJISPHO TPOBOJIUT OHJIANWH-BHIEO POY/I-IIOY
MEXJy KHUTAHCKMMU W YKPAaWHCKHMH CICIHAIU-
cramu. Ha 3T0T pa3 ObUIH NMPEJICTABICHBI POCKTHI
W3 HECKOJBKUX OTpaciiell MpPOH3BOJICTBA, B TOM
qrcie MAIUHOCTPOCHUSI U POOOTOTEXHUKH. JIyd-
e paboThl OTOMPAITMCH IS TOATOTOBKU TPAHTO-
BBIX 3aBOK Ha ()MHAHCHPOBAHHE UCCIICJIOBAHUHN B
1ab0PaTOPUSAX U UCCIICIOBATENbCKUX rpynnax Ku-
Tasl, a TaKXKe JUIsl YIaCTHs B POU3BOJICTBCHHOM Jie-
STEBHOCTH CTPAHBI.

OnHOM M3 YCHEIIHBIX 3asBOK CTaJl COBMECTHBIN
npoekT KueBckoro HalmoHABHOTO YHUBEPCHTETA
CTPOUTENLCTBA U APXUTEKTYPhl H KOMITAHUH TI0 JTU-
armoctuke TpybompoBogos Zhejiang Yuexin In-
spection Technology Co., Ltd. JlokTop TexHuue-
ckuxX Hayk, mpodeccop Cykad M.K. mpunsin B HeMm
y4acTHE KaK TEXHUYCCKHUI PYKOBOJIUTENb IPOCKTA,
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CHEIHMAITUCT 0 TITyOOKOBOJHOW TexHuKe. Kuraii-
CKYIO CTOPOHY BO3TJIaBHII TIIaBHBINA MEHEDKEP MPO-
ekTa, qupekTop kommannu L [3uap Xaudoit. [IpoekT
CTaJl OJHUM U3 HOMHUHHUPOBAHHBIX YKPAMHCKO-KH-
TalCKUM IIEHTPOM Ha TOCYJapCTBEHHBIN rpaHT. OH
TTOJTyYHIT TTOAep KKy [IeknHCKO#M OMpX U BBICOKHX
TEXHOJIOTHI ¥ TOCYIapCTBEHHOE (DMHAHCHPOBAHUC
COBMECTHBIX HccaenoBanuil. Kpome HayudHO# co-
CTaBIIAIONIEH, NpPEeAyCMOTpeHa oOpa3oBaTelbHas
IporpaMMa IMOATOTOBKH CTY/IEHTOB, aCIIMPAHTOB U
MOBBIIICHUS KBATU(UKAIIUN CIEIUATUCTOB COOT-
BETCTBYIOIIETO PO

KiioueBble ciioBa: n3MepuTensHOE 000PYHO-
BaHHE, 30HIMPOBAHUE, HEPA3PYIIAIOIINE HCHBITA-
HUS, MATHUTHBIN [TOTOK, UHTEJUICKTYadbHasl TEXHO-
JIOTHSI.
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