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Abstract

A method of controlling the stress state of gaslies with a foupole magnetoanisotropic converter
been suggested. The Arduino hardware and softwlatéopm hasbeen used to enhance the capabilities o
INI-1C basic mechanical stress measuring device. T$terayof remote monitoring for periodic measuremeif
pipeline voltages, accumulation and analysis ofrdmived data has been described in order teigeambjectivi
information for making technological decisions.

Keywords:Arduino, bluetooth, magnetoelastic effect, mairefiies, stress-deformation mill.

Ukraine is a strategically important territory the The urgency of the problem of technical diagno-
transit of gas and oil to European consumers [l§tics of hazardous production facilities is becagnin
However, due to difficult economic conditions,increasingly apparent. There is a tendency to nfimra
construction of new main pipelines is almost undsrw periodic control to continuous monitoring. The main
More than 80 % of main pipelines have reached theieasons for manufacturers to turn to monitoring are
estimated lifetime (30 years). The issue of energy lack of or difficult access to the object during
security of Ukraine and the fulfillment of transpor operation;
obligations towards the countries of Europe reguine high speeds of growth of operational defects and,
reliable operation of national pipeline transportas a consequence, — a long durability of the siract
uninterrupted and high-quality gas transportation tuntil its complete destruction;
consumers in different regions and for export. Safe the consequences of the structure destruction can
operation of objects of gas transmission systems lisad to great material losses and are a signifigskfor
impossible without systematic carrying out of diagtic  the maintenance personnel.
control and investigation of stress-strain state of  Technological piping of compressor stations (CS)
pipelines. is operated in rather difficult conditions — undée

For the operational control of the magnitude anéhfluence of dynamic stresses, re-static loads;ostwn
sign of stresses in the elements of welded metahd erosion wear. In cases where the loads actirijeo
structures without their destruction during thepipeline exceed the design, forced production efrés
manufacture, repair and control of their conditiming  source occurs, which eventually leads to an emesgen
operation, an ultrasonic device was developed T@g To improve the control over the technical
implementation of fundamentally new approaches armbndition, a system of automated control of thesst¥
computerized processing of ultrasonic  wavestrain state was developed and created for conisuo
significantly simplifies the process of diagnosisda monitoring of the change of the controlled paramsete
improves the reliability of the assessment of stresand monitoring.
strain state of the pipeline on complex sectionshef The purpose of the creation of an information-
route, technological pipelines of compressor statio measuring system for the control of the stressrstra
crane units, as well as facilitates the searchtiafss state of the gas pumping unit process piping of the
concentration zones. compressor station is to ensure the reliable afd s
operation of the equipment on the basis of theyasiwl
of information on the state of the system obtaifrech

* Corresponding author: the sensors. The obtained data are analyzed irimesl
cigan@i.ua Assessment of the technical condition of the pipimg

© 2019, lvano-Frankivsk National Technical general and each control section in particulamvaigou
University of Oil and Gas. to control technological process and carry out irepa
Al rights reserved. work on the actual technical condition of the pgpin
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Table 1 — Results of measurements and calculation§ gas pumping unit process piping GPU-3,
of the compressor station "Tarutyno"

6 5 Measurement results Calculated stresses

53 P, Din 5, T, at, at, | o | G| 0y,

O MPa mm mm °C MPa MPa MPa MPa MPa
1 4.03 987.40 16.30 18 -51 47 134.27 16¢ 46D
2 4.03 987.38 16.31 18 12 -4 134.18 136 460
3 4.03 987.04 16.48 18 -118 -102 132.¥5 21y 460
4 4.03 958.34 30.83 17 — 161 68.89 140 340
5 4.03 962.04 28.98 18 116 68 73.58 102 34D
6 4.03 965.36 27.32 17 -157 — 78.32 208 340
7 5.88 507.02 11.49 18 -87 -163 142.71 26% 39D
8 5.88 694.28 12.86 48 -144 -83 174.60 276 46D
9 5.88 693.44 13.28 49 -167 -89 168.87 291 46D
10 5.88 672.68 23.66 49 — 35 91.94 80 340
11 5.88 672.78 23.61 49 — 89 92.15 91 340
13 5.88 491.48 19.26 49 130 74 82.52 114 34p
14 5.88 499.08 15.46 49 -191 2 104.40 260 34p
15 5.88 681.70 19.15 50 35 75 115.12 102 34p
16 5.88 681.58 19.21 50 -4 -191 114.74 267 34p
17 5.88 507.00 11.50 18 -83 -197 142.58 295 390
18 5.88 507.88 11.56 18 18 -220 142.08 316 390
19 5.88 484.68 23.66 47 — -98 66.24 143 340
Estimation of the stresses where n is the overload coefficient equal to for gas
of the "Tarutyno" compressor station pipelines 1.1P is internal pressure in the pipelir;,

is inner diameter of the pipeling;is pipe wall thickness

The feasibility of controlling the stresses of gaxperimentally determined at control points.
pipelines of the gas pumping unit of the comprassso  The measured values of the total stresseand
station "Tarutyn” at least twice a year during thehe calculated values of the ring stressgs were used
maximum load of the compressor station Wag, yetermine the longitudinal stresses defined at the

substantiated on the basis of the experience oique . . .
studies [3]. measurement points. The calculation of the maximum

In separate sections the scheme of placement \6flue of the stress intensity;™ was carried out

points for control of deflected mode of pipelindsgas according to the energy theory of strength

pumping unit process piping (GPU-1, GPU-2 and GU-3 max _\/#
of the compressor station "Tarutyno" is changed. O =\OR+0[~ORT -

The scheme of points placement for control of Stresses o™ were determined and compared
dgf_lected mode qf pipelines of gas-compressor unv'\t/ith permissible yield stresses for tubing matedgl .
piping allows having more complete information on -
character of the intense constructive inclusiongas$- The strength condition thus has the form:
compressor unit in work and modes of operation. oM < Tys.

The methodology of deflected mode control of gas The results of thle measurements and calculations
piping of gas pumping unit of compressor station

§ " : . of gas pumping unit process piping GPU-3, of the
Tarutyno” remains unchanged compared to previous > " :

. . . compressor station "Tarutyno" are shown in Table 1.
studies. The method of processing the results eifl fi ; . .

: : : : . The analysis of the results obtained from the serie
studies, their graphical representation remains .

. : . of measurements and calculations of the stress efat

unchanged, which will allow a comparative analysfis the pipelines of the compressor station pipingfiestto
the results obtained over time from the same posti pIp P PIpIng

and approaches to the analysis. the folllomggr:in stresses in the control cross-secidns

A series of monitoring the stress state of pipeslinethe i.elines ogf the gas bUMDING UnNit Drocess D
by electromagnetic method was carried out twiceary _ , . PIp gas pumping P Difom
(data for 2014). which the measurements were made are smaller than

Ring stresses were determined analytically by th€ys+ thatis, the conditioa < gy is fulfilled.

formula: 2. Maximum loadso;"™ are also smaller thadr,

nP . . L .
Og = Dy , in all control points, taking into account the cgéon

20 mode of the gas pumping unit and the thermal regifme
the pipelines and do not go beyond the voltage gésn
during the measurement period in previous years.
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Figure 1 — Diagram of ring ¢,; and maximum o, stresses at control points of pipelines

3. The greatest stresses occur in the pipelines: The benefits of magnetoelastic sensors are most
GPU-1 - in cross-sections 1, 2, 6, 7, 8, 9, 10, 14Jearly demonstrated when measuring the parameters
15, 16, 17 g™ = 212 — 282 MPa); objects which are being operated in tough envirarime

érolling mills, mine hoists, drilling rigs, steebpes of

GPA-2 — in cross-sections 1, 7, 8, 9, 13, 1 . .
Suspension bridges, etc.).

(o™= 215 - 268 MPa); The transformer magnetoelastic converters meet
GPA-3 — in cross-sections 1, 2, 3, 7, 8, 9, 13, 1@he requirements of high operational reliability the
17 (o™= 208 — 316 MPa). measurement of mechanical voltage in the main

It is suggested to install a system for remot@'pe“_ﬂ?s' inciol f . f toelasti
monitoring of the stress-strain state at the powits € principie ot action of ~magneloeiastic
éransducers is based on the change of the magnetic

maximum voltage. The practical significance of th - . .
obtained results is to use the developed flexigttesn permeapﬂﬁyu of ferromagnetic un(_jer the Impact of
mechanical stresss (magnetoelastic effect), which

for determining the voltages of the main pipelines, . . - :
which is intended for conducting periodic measunetsie ansgs in them due to the influence on the ferrarasig .
of the voltages, accumulation and analysis of thBO_d'eS of mechanical forces P (tensile, contracting

obtained data in order to provide objective infotiora tW|st!ng). Thus, In a magqetoelasuc converter, V\_’e
for making technological decisions. obtain the following chain of transformations:

An autonomous stationary multichannel system for > ¢ > #—>RM—2Z [6]. .
Measurements are made in the surface layer from

determining the stress state of pipelines usingerete . . .
: : : .5 to 1.5 mm thick. The error of measuring volage
information storage device allows for ermanen? .

9 b estimated at 12-15%. At the current level of

determination of voltages with periodic information . .

removal. This level of system allows full autornatiof devﬂoﬁm?”t’ the ma@iﬂet'ctmethOdt I? usletd to céat&té

the determination of the stressed state of thelipime quaiitatively assess (he stress state. IS base
calibration curves, correlation ratios and coeffits

which allows to monitor dangerous areas in realetiml. kina th idual st d th | f th
without any restrictions, being at a considerali¢atice Inking the residual stresses and the values ot the
magnetic characteristics of the material.

from the location of the transducers. o . .
The principle of action of magnetoelastic and

Four-pole  magnetoanisotropic  converter is Aanetoanisotropic  converters is  based on  the
recognized as the most suitable for use on the manfy ' P! v !

pipelines. It does not require special surface gaon magnetqelastic effect. The converters are two nhiytua
[4]. Measurement of electrical parameters, used R)erpendmular U-shaped magnetic conductors, one of

determine the voltages, was performed with the bélp which h_ouses_ the excitgtion winding and the other t
INI-1C device. measuring windings (Fig. 2). The converters use the

anisotropy of magnetic properties that occurs ia th
Magnetoanisotropic method of mechanical ferromagnet when loaded by an external force.
In the absence of measurable force, the sensor

stresses measuring R, ; S i
Control of metal stress-strain state in industria'Tnalterlal is isotropic, the magnetic field lines dot

conditions is carried out by technical means, wlich Intersect the plane of _the secondary wmdmg and
based on different physical methods (acousti€: P- ¢ 1S Mot given (Fig. &). Under the action of
electromagnetic, magnetic, etc.) [5]. rhechanical stress that arises from the apphcaﬂbn.
The principle of work of magnetoelastic sensors i xternal forpes to. a sensitive element, its mdlteria
based on the use of the magnetoelastic effectysiqat ecomes anisotropic. . .
phenomenon that consists in changing the magnetic The measured force P, creating a mechanical

properties of ferromagnetic materials under theaaohp voltage N the magnetic circutt, reduce_s the magnet
of mechanical forces. conductivity in the vertical direction and increase the

horizontal. The magnetic induction vector thus teda
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Figure 2 — Transformer magnetoelectric converter (pand circuit diagram (b)
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a) in the absence of mechanical effort, b) in thpliaation of external forces
Figure 3 — Power lines of the magnetoelastic conuer

the power lines are distorted (Fighg trying to travel In paper [8] a monitoring system aimed at
most of the way in the lightest direction, and EMF preventing accidents at main gas pipelines, oitligs,
E2 = f (P) is given in the secondary winding. Theammonia pipelines and preventing environmental
magnitude of the electromotive force is determibyd pollution is described. The monitoring system icles:
the angle of rotation of the magnetic inductionteec complex of equipment, techniques, software and is
which in turn depends on the measured force. intended for the following tasks: measurement of

The effect of deformation of the field causes dlighmechanical stresses in the pipeline on a potentiall
changes in inductance, but leads to a significaahge dangerous area, transmission of the received datzet
in the flow of the two windings. server of the operator, graphical display of therant

The output signal of transformer magnetoelastistress distribution in the cross sections of theelpie,
converters depends on the relative position of itgraphical display of changes in the pipeline timents.
magnetic circuit relative to the direction of menital The IFNTUOG is conducting research to develop a
voltage. Changing the sign of the mechanical veltagsystem of continuous control of the modes of opemat
causes the change of tlPC sign of the converter. of the main pipeline to control the stress-strdatesby
Transformer magnetoelastic converter allows tmagnetic and anisotropic method. The authors have
determine both the magnitude (Fig.a@ and the developed a laboratory sample to remotely transmit
direction (Fig. 4b) of the mechanical voltage. system status information.

Under the action of the measured force applied to  The purpose of this work is the development of an
the sensing element, a voltage proportional to thaformation and measuring system to monitor the
measured force appears in the output winding of thedressed state of pipelines, which ensures theptiece
sensor. As the force direction changes, the phafieeo and transmission of data in a continuous mode, upon
output voltage changes. request and availability of data, implements the

Mechanical voltage sensors using transformeeception and forwarding of SMS by event and remote
magnetoelastic converters, differ in simplicity ofcontrol, as well as can perform permanent data uyack
construction, high output power, accuracy ofoa memory card. The block diagram of the infoiorat
measurements, stability of characteristics, lowtiag and measuring system is presented in Fig. 5.
high reliability [7].
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Figure 4 — Functional dependencies of the magnetastic anisotropic force converter
phase &) and output voltage b)

Magneto - INI-1C Adapter, converting Arduino
isotropic »  voltage bipolar signal to unipolar »| platform
sensor meter
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Figure 5 — The block diagram of the information andmeasuring system
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Figure 6 — Oscillograph chart of the output signabf the INI-1C meter (a) and
the signal at the input of the ADC b)

As a basic measuring device electromagnetic Figure 8 shows the developed board of this
voltage meter INI-1C was used. The design of thmodule. An amplified signal of 0-3 V amplitude edf
device provides the outputs of the signal generatal to the input of the Arduino analog-to-digital contes
the information signal, proportional to the meclcahi (channel AQ). The algorithm uses the principleighal
stress on the back panel. The task of joining MlellC  scanning, that is the signal is first digitized ahored in
output signal with an Arduino analog input was that a memory array, and then a synchronization search i
10-pole analog-to-digital converter (ADC) requiras performed, followed by information being displayed.

unipolar signal in the operating range 0-5 V, while In the first version of the information and
output signal from the INI-1C meter is bipolar withmeasuring system, the obtained digitized data was
a + 100 amplitude mV (Fig. 6). transferred to Excel (Fig. 9).
With this set of data, you can determine the
Hardware and software spectrum of the signal by decomposing it to a Feouri
To work with the INI-1C base unit, the authorsseries.
developed an adapter that converts a bipolar sighal For the operational control, another option was

a unipolar signal with a normalized voltage to @per chosen — by time impulses from the comparator ef th
the Arduino analog-to-digital converter within 0317 V. output signal (Fig. 10), the information was presdrin
The circuit diagram and its modeling in CircuitMake the usual conditional units accepted for the device
are shown in Fig. 7. (INI-1C, since it was possible to compare the dafta
both previous measurements and current) (Fig. 11).
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The data from the Arduino card is transferred for further processing in Excel
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Figure 10 — Comparator and output signal pulses
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1 - INI-1C mechanical stress meter, 2 — magnetsedropic sensor, 3 — analog adapter, Arduino Nano modul
5 — Bluetooth HC-05 module, 6 — laptop, 7 — screehffom a mobile phone screen

Figure 12 — Mechanical Stress Information and Measement System on Arduino Platform
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Noncontact measurement signal transmission from  [3] Shlapak, LS, Linchevsky, MP & Sarkisov, VO 2014
Arduino to an Android phone was developed using© the issue of stress-strain state of the gaingipf gas
Bluetooth connection [9]. Arduino module PumMping unit of "Tarutyn" compressor statio@il and Gas

; ; ; Industry of Ukraineno 3, pp. 44—-48. (in Ukrainian)
programming [10], as well as its own algorithms,swa . N
implemented in the Arduino IDE v.1.8.7 integrated0 [4] Tsyganchuk, VV & Shiapak, LS 2018, ‘Investigati

. . f the interrelation between physical and mechanica
environment. Figure 12 shows the laboratory layafut characteristics of ferromagnets on the basis ofre@mglastic

the developed information and measurement systém. sensors of mechanical stresse€il and Gas Power
Engineering no 2(30), pp. 32-39. (in Ukrainian)
Conclusions [5] Non-destructive control: Directory: In 7 voluse
2004, edited by V.V. Klyueva. Vol. 6: In 3 books. d&o 1:
Mechanical Stress Information and Measuremerdagnetic control methods / V.V. Klyuyev, V.F. Muzbky,
System for pipelines encompasses a number of msduf-S- Gorkunov, V.E. Shcherbinin. Book. 2: Opticahirol /
that so far have made up a whole complex of hargwal-N- Filinov, A.A. Ketkovich, M.V. Filinov. Book. 3:Rad|q
solutions: an analog module for convertingpipolar wave control / V.. Matveev. Moscow, Mechanical

. . . : Engineering. (in Russian
signal of the base unit of a universal mechanitaiss g [6] ITSry((I:hynu AiM ) Nowytsky, PV & Levshyna, ES

meter into a digital one, a digital module on aml#ino 1975 Electrical measurements of non-electrical quarsitie
platform the Bluetooth channel, the converter mmgnt 4th ed, Moscow, Energy. (in Russian)

unit on the pipeline. The software calculates the [7] Zhadobyn, NE 1985Magnetoelastic converters in
dependence of the signal change on the mechanisalp automationShipbuilding, Leningrad. (in Russian)

effort using a sampling of multiple measurement [8] Determination of stress state of welded main

statistics points and is displayed on the monitor dipelines by magnetic and anisotropic methddxt]: Thesis
smartphone screen. for the Degreg of Candldgte of SC|ences: 05.03:%rgey
Minakov; National Technical University of UkraineKyiv
Polytechnic Institute”. Kyiv, 2012. (in Ukrainian)
[9] Petin, VA 2015, Projects using the Arduino
[1] http://www.naftogaz.com/www/3/nakweb.nsf/0/ controller, St. Petersburg. (in Russian)
DDO0A8D483883B3E4C22583900050AD0C?0OpenDocument [10] Monk, S 2017 Programming Arduino: Basics of
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Ha OCHOBI MarHiTONPY>XHUX AaTYMKIiB MeXaHiYHMX HaNpyXeHb

'B. B. Hucanuyk, UI. C. lHInanax, ‘0. M. Mameicnxie, °IT. 4. Cuoop
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lsano-Dpanxiecoruii HayioHarbHUL MexXHiuHUL yHieepcumem Hagpmu i 2asy;
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2 Gisuxo-mexaniunuii incmumym im. I'. B. Kapnenxka HAH Yxpainu,
eyn. Haykosa, 5,/Iveis, 79060,Vkpaina

3anponoHOBAaHO METOJ KOHTPOJIIO HAIPYKEHOTO CTaHy Ta30MpPOBOJIB i3 YOTHPHUIIOIIOCHUM MarHiTOaHi30-
TPOMHUM TiepeTBOproBadeM. [lisi PO3MIMPEHHS MOXJIHMBOCTEH 0a30BOT0 BUMIPIOBAJIBHOIO MPHIALy MEXaHIuHHX
Hanpyxeap MHU-111 BukoprcTaHo amapaTHO-IporpaMuy miatdopmy Arduino. OmucaHo cHCTEMY JAUCTAHIIIHHOIO
MOHITOPHUHTY IS TIEPiOAMYHUX BUMIPIOBaHb HANPY)KEHb MaricTpaJibHUX TPYOONPOBOIiB, HAKOITMYEHHS Ta aHAJI3y
OJIep KaHMX TaHUX 3 METOIO HaJaHH 00'€KTHBHOI iH(hOpMAIIii IIsl MPUAHATTS TEXHOJOTIYHUX PIllICHb.

Kutouosi cnoBa: Arduing, macicmpanshi mpy6onpoeoou, MacHimonpyjiCHuil eghexm, MexaniuHi HAnPYICEHHsL,
MOHIMOpUHE.
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