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Introduction. A problem of providing the necessary functions
of pipe fitting for blockage, control, distribution of the
working medium flows under the most adverse operating
conditions of oil and gas pipelines associated with abrasive
particles, mechanical impurities, hydrogen sulfide, carbon
dioxide and organic acids with sulfate-reducing bacteria, is
considered.

Materials and Methods. High performance properties of
seating surfaces of pipe fittings are provided through
anticorrosive plating of alloyed and high-alloyed metals based
on iron with the addition of chromium, nickel, cobalt and
niobium. The basic weld overlay methods are analyzed: metal-
arc welding, nonconsumable and consumable-electrode weld
facing in shielding gases, submerged arc surfacing.
Advantages and disadvantages of surfacing methods
implemented in recent years are noted: laser, plasma-powder
and plasma-arc methods.

Research Results. Taking into account the automation
capabilities, a high-tech process of robotic anticorrosive
surfacing using a consumable electrode with an additional
filler metal feed to the front welding puddle for shielding the
thermal effect of the arc, is proposed. Industrial application of
the proposed technology requires a set of studies related to
assessing the effect of technological parameters on the quality
of the deposited layers to provide the required operational
characteristics of the fitting.

Discussion and Conclusion. It is proposed to carry out the
above studies using physical and mathematical modeling of
the anticorrosive surfacing, which reduces the time and
number of experiments. Therefore, the primary task is to
develop a mathematical model of the surfacing process with a
consumable electrode with an additional filler wire and

transverse vibrations of the welding burner. Such a model
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Bseoenue.  PaccmaTtpuBaercst  mpoOiema  obecredeHHs
HEOOXOIUMBIX (YHKIHIA TPyOOIPOBOJHOW apMaTypel IO
HNEePEKPBITUIO, PEryJIMPOBAHUIO, PACIPEACIICHUIO ITOTOKOB
paboueil cpembl B KpaifHe HeEOJIArONPHATHBIX YCIOBHSIX
9KCIUTyaTallil He(Tera3oBBIX TPyOOIPOBOIOB, CBSI3aHHBIX C
HaJM4YMeM B YIJEBOJHOM ChIphe aOpa3WBHBIX YacCTHII,
MEXaHHMYECKUX TIPUMECeil, CEpOBOAOPOAA, YIIIEKHCIIOTO ra3a ’
OpPTaHWYECKHX KHCIOT C CYyJIb(aTo-BOCCTAHABIMBAIOLIMMH
OaKTepUSMH.

Mamepuanet u memoOvi. Bplcokne SKCIUTyaTallMOHHbIE
CBOICTBa YIUIOTHUTENBHBIX MOBEPXHOCTEH TPYyOOIpOBOIHOI
apMaTypel o0OecleYMBaeT AaHTHKOPPO3MOHHAs  HAIlIaBKa
JIETHPOBAHHBIX U BBHICOKOJIETHPOBAHHBIX METAIJIOB HA OCHOBE
JKenesa ¢ 1o0aBICHHEM XpoMa, HUKEIsl, KoOaubTa U HHOOHS.
IIpoananu3npoBaHbl OCHOBHBIE METOIBI HAIUIABKH: JyrOBOM
HAIUIaBKK TTOKPBITHIMH  DJIEKTPOJAMH, HEIUIABSIIUMCS |
IUIABAIIAMCSL JJIEKTPOAAMH B 3alIUTHBIX Ta3ax, IyrOBOH
HaraBkk 1o ¢utocoM. OTMeEYeHbl TPEUMyILIECTBa H
HEJOCTAaTKH pealn3yeMbIX B IIOCIEIHHE TOABI CIOCOO0B
HAIUIaBKH: JIA3epHOMH, MIa3MEHHO-TTOPOIIKOBOW M TJIa3MEHHO-
JTyTOBOM.

Pesynomamer  uccneoosanus. C  ydeToM BO3MOXKHOCTEH
AQBTOMATH3AIUY MPEAJI0KEH BBICOKOTEXHOJIOTHYHBIN TPOIIECC
POOOTH3MPOBAaHHOM AHTHUKOPPO3UOHHOM
IUIaBAINMMCS  3JIEKTPOAOM C ToJaueil JIOMOJIHUTENbHOU

HaIlJTaBKH

NPUCAJOYHOH TPOBOJIOKM B IIEPETHIOI0 YacTh CBAapOYHOI
BaHHBI JUISl 3KPAaHUPOBAHHS TEIUIOBOTO BO3JCHCTBHS JIyTH.
[TpoMbllUIeHHOE TIPUMEHEHHE MpPEAIaraeMoi TEXHOJOTUH
TpebGyeT NPOBEACHHUS KOMIUIEKCA MCCIIeIOBAHU, CBSI3aHHBIX C
OLICHKOMW BIIMSIHUSI TEXHOJIOTHYECKHUX apaMeTpOB Ha Ka4eCTBO
HaIIaBISIEMBIX ~ CIIOEB Ui oOecredeHus  TpeOyeMbIX
9KCIUTYaTallHOHHBIX XapaKTePUCTHK apMaTypBl.

Obcysrcoenue u 3axnovenue. BplleykazaHHbIe HCCIIEIOBaHMS
NPEVIOKEHO  BBIMOJHATH €

NpUMEHEHHEM  (H3HKO-

MaTeMaTHYECKOTO MOJICITMPOBAHUS nporecca
AQHTUKOPPO3MOHHON HAIUIAaBKH, COKPAIIAONIET0 BpeMs |
KOJIMYECTBO 3KcmepuMeHToB. IloaToMy mnepBoouepenHoi
3amaueil sABISAETCS pa3paboTKa MaTeMaTHUECKOW MOJENH
npoiecca HAIUIaBKU IUIABSIIIIMCS JNIEKTPOIOM ®
JIOTIOJTHUTEJILHOW MPUCAZ0YHON MPOBOJIOKOH U MONEPEYHBIMU

KOJICOaHMSIMHU HAIIJIaBOYHOM TOPEIIKU. Takas Momens mOmKHA

Machine building and machine science

349



http://vestnik.donstu.ru

350

Vestnik of Don State Technical University. 2019. Vol. 19, no. 4, pp. 349-356. ISSN 1992-5980 eISSN 1992-6006
Becmuuk /lonckozo zocydapcmeennozo mexnuueckoz2o ynugepcumema. 2019. T. 19, Ne 4. C. 349-356. ISSN 1992-5980 eISSN 1992-6006

should virtually reproduce the surfacing process, as well as its BUPTYaJIbHO BOCIIPOM3BOAUTE IPOIECC HAIUIABKH, a TAKXKE €To

thermal cycle followed by calculating the ratio of the structural TEPMUHECKHH UK C MOCTETYIOIIIM PACUETOM COOTHOMICHHS

. CTPYKTYPHBIX COCTABJISIIOIINX HAIUIABICHHOIO MeTalia |
components of the deposited metal and the substrate metal. PYKIYP N
MeTa/uta MOAT0KKH. CHcTeMa ypaBHEHHH MOJENH IOJDKHA

The system of equations of the model should be solved by a pOIIATRCA  CICUMATBHON  KOMIIBIOTEDHOM  MPOrPAMMO.

special computer program. The algorithm presented for IIpencraBieHHbI anropuT™ peLIeHUs AaHHOTO Kiacca 3agad

solving this class of problems will allow us to make a sound MO3BOJINT ~ yCTAHOBUTh  YCTKYIO  B3aUMOCBA3b  MCKIY

connection of the technological parameters of the surfacing L [ C DI DO OO SR

IIOoKasaTeJsIMM ~ Ka4yeCTBa (I)OpMI/IpOBaHI/Iﬂ HarIaBJIICMBbIX

process and the quality parameters of the formation of the
CIIOEB, OMNPENCIUTh MPOrPaMMy HX ONTHMH3ALUH IS

deposited layers, to determine the program for their obecriedeHnss TPeOyeMBIX  OKCIUTyaTaI[IOHHBIX  CBOWCTB

optimization to provide the required operational properties of TpyOOIPOBOIHON apMaTypBbI.

pipeline fitting.
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Introduction. Russia has not only the largest resource base, but also huge experience in the creation and
operation of its infrastructure. The most important infrastructure element is an extensive network of pipelines for
transporting oil, gas and their products since oil and gas fields in Russia and their consumers are geographically spaced
over vast distances [1]. This requires solving a number of tasks, the first of which is management of the delivery of
hydrocarbons to consumers. However, operational dispatch control of the flow of raw materials in pipelines is
impossible without appropriate fittings. The essential shutoff and control functions of oil-and-gas valves are provided
by its stop valve, which, depending on its application, creates conditions for shutting off, regulating, distributing the
working medium flow through changing its flow area.

According to the technique of stopping the flow and the design features of the stop valves, all types of pipeline
valves are classified into valves, gate valves and ball valves. Their structural differences (Fig. 1) are clearly shown in
[2]. Valve assembly, as a rule, consists of two contact elements - a seat and a flapper.

a) b) ¢

Fig. 1. Design features of stop valves of pipeline equipment: a) throttle; b) flapper; ¢) ball valve [2]

In throttles (Fig. 1, a), the flapper moves along the medium flow; in gate valves (Fig. 1, b), the flapper moves
perpendicular to the work medium flow; in taps, the blocking element rotates around the axis of the device
perpendicular to the medium flow. Depending on the revolutional shape, valves are conical, cylindrical and ball. The
operation diagram of ball valves is shown in Fig. 1, c. As a rule, the seal in the gate is carried out according to the
“metal-metal” scheme. Notice that ball valves are the ones that provide the minimum resistance to flow in the open
position, have a higher opening/closing speed, and a longer uptime [3].

The transportation of crude hydrocarbons is characterized by high pressures both in the pipelines and in the
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pipe fittings. In addition, the production and processing of hydrocarbons is invariably associated with the transportation
of raw materials containing abrasive particles and solids through pipeline systems. The transported medium may also
contain hydrogen sulphide (H,S) and carbon dioxide (CO,). Besides, during the transportation of crude oil, condensate,
containing organic acids and sulphate-reducing bacteria, may form on the contact surfaces of the valve. Currently, the
gas liquefaction industry is rapidly developing, where all processes occur at extremely low temperatures. Low
temperatures also create certain problems when operating valves.

Materials and Methods. Considering the listed operating conditions, the design of the stop valve should
exclude jamming of the valves and provide their resistance to corrosion and hydroabrasive wear. Often, such
requirements are provided by surfacing with wear- and corrosion-resistant materials. However, many problems of
import substitution of such products are restrained due to the unresolved issues regarding the implementation of
surfacing processes. This actualizes the need for improving technologies for anticorrosive surfacing of sealing surfaces
of pipeline valves.

It is known that body parts and the stop valve components of the pipeline valve are made of unalloyed, alloyed
and high alloyed steels, the blanks for which are obtained through rolling, casting or stamping [4]. The initial data
determining the selection of specific materials for the reinforcement are the conditions under which it will be operated.
Important is the change in the properties of the metal during long-term operation. It should be noted that in the
manufacture of parts and assemblies of pipe fittings, cheaper unalloyed steels are often used, and the required
anticorrosive properties of the sealing surfaces are provided through surfacing of alloyed and high alloyed metals.
Therefore, surfacing is currently a priority in providing the required operational properties of sealing surfaces of valves.
Depending on the operating conditions of the fittings, iron-based surfacing materials with the addition of chromium,
nickel, cobalt and niobium are used.

Since the main requirement for corrosion-resistant surfacing is its resistance to hydrogen sulphide cracking and
carbon dioxide corrosion, this requirement is met through a reasonable selection of materials, surfacing techniques and
their modes. Currently, when surfacing pipe fittings, metal-arc welding, non-consumable surfacing with filler wire,
mechanized welding in shielding gases and submerged arc surfacing are most common [5]. The listed surfacing
technologies have both a number of advantages and certain disadvantages. The stick electrode surfacing is characterized
by a significant number of defects requiring additional costs for their elimination. Manual argon-arc surfacing that
provides the highest quality of deposited layers is characterized by relatively low productivity. For its implementation,
highly qualified welders are required. Mechanized surfacing with a consumable electrode in a shielding gas
environment is more productive, however, it is difficult to control the heat input and the ratio of the substrate and
electrode material fractions. In addition, all of the above technologies are characterized by the melting of the base metal
and significant thermal impact on it, which is a major fault. Notice that when implementing any techniques of manual or
mechanized surfacing, it is impossible to obtain uniform thickness of the deposited layer. Submerged surfacing has
limitations, since it provides surfacing of only simple, almost flat surfaces.

Improving productivity and the quality of work performed provides automation of the surfacing processes.
Automatic surfacing with a non-consumable electrode with filler wire feed provides the process continuity with
efficient regulation of the substrate metal fractions in the overlay. In this case, constant monitoring of the non-
consumable electrode condition is required, since when its working surface is worn out, the melting ability of the arc
decreases sharply. In turn, with more efficient automatic surfacing with a consumable electrode, even with the addition
of a filler wire [6], it is more difficult to provide a minimum penetration of the base metal.

In recent years, coatings on pipe fittings are performed by laser and plasma surfacing with filler metal in the
form of a powder or filler wire [7, 8], FLSP. Laser surfacing has a number of advantages, as it provides minimal
thermal effect on the substrate. A significant disadvantage of laser surfacing with an additive in the form of a powder is
its irrational use, since it partially does not fall under the laser beam and remains unused. In case of using filler wire,
there are problems with its melting due to the requirements for accuracy of guidance under the beam. Unfortunately,
plasma-powder surfacing has similar problems with the use of powder materials. Replacing the powder with a filler
wire creates problems for its absorption by the surfacing puddle. Combined plasma-arc surfacing is characterized by the
complexity of synchronous control of heterogeneous heat sources. As noted by a number of authors, under FLSP,
increased porosity and characteristic chips of the sprayed metal are often observed.

Therefore, for the anticorrosive surfacing of pipeline valves, new technical solutions that use technologies and
automation tools that have already been tested in practice are required. Now in the park of industrial robots in the
industrialized countries, the majority are robots that reproduce the movements of human hands during working
operations. The application of such robots to displace the welding torch could not only lower the qualification
requirements, but also reduce their subjective influence on the quality of operation [9].
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Research Results. Given the automation capabilities, a high-tech process of robotic anticorrosive surfacing
using a consumable electrode with an additional filler metal feed to the front welding puddle for shielding the thermal

effect of the arc (Fig. 2) could be such an advanced way.
dy

Y1

Fig. 2. Diagram of surfacing using a consumable electrode with filler wire feed and transverse oscillations of the burner:
1,, I are currents of the main and additional arcs; R is the radius of the arc torch; s is the thickness of the substrate;
dy, vrare the diameter and wire feed speed; Y,7,, 7 are parameters of transverse vibrations; L,S are melt and overlay

According to the authors, this surfacing technique has sufficiently broad processing capabilities for regulating
heat input and penetration in a wider range, since it provides the use of operating time for controlled droplet transfer of
electrode metal [10] and the creation of optimal conditions for melting the filler wire [11]. In addition, the possibility of
delivery of nanostructured additives, studied now a lot, through the filler wire will improve the microstructure and
properties of the weld deposit. It is clear, the best assimilation of the filler wire by the surfacing puddle will provide its
concurrent heating. As noted in [12], for the formation of wider layers in a smaller number of passes at a low integrated
surfacing speed, it is preferred to use transverse oscillations of the burner. Such vibrations will reduce the likelihood of
the formation of quenching structures that initiate manifestations of corrosion. However, only high-tech technology-
intensive enterprises that seek to strengthen their advantages in a competitive environment can make full use of such
developments [13]. Unfortunately, the industrial application of the proposed anticorrosive surfacing of sealing surfaces
of pipeline valves is hindered by a host of unsolved problems (Fig. 3).

Problems of industrial use of consumable electrode surfacing with
filler wire in the manufacture of pipeline equipment

v ¥

Problems of implementing the proposed Problems of providing anti-corrosion properties
surfacing technology of deposited surfaces

Problems of visual monitoring over the Exclusion of stress sulphide cracking

surfacing process

Difficulty of maintaining the optimum Carbon dioxide minimization
melting electrode stickout

Problems of the filler wire entry into the Elimination of scuffing when moving |
desired puddle area valves
Null data on surfacing parameters Providing the required mechanical ]
tolerance properties of deposited surfaces
- Null data on the impact of the thermal Minimization of % of the base metal | |
cycle on surfacing and HAZ content in the weld metal
Development of a theoretically grounded methodological and software-mathematical |

framework for analysis and forecasting of the sealing surfacing quality

Fig. 3. Problems of industrial application of consumable electrode surfacing with an additional filler wire
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To solve the above problems and implement successfully the proposed anti-corrosion deposition process, it is
necessary to develop a theoretically grounded methodological and software-mathematical framework for analysing and
predicting the quality of deposited surfaces. The solution to the optimization problem of the proposed surfacing
technology is complicated by a large number of parameters: speed of surfacing and wire feed, its diameter, voltage and
arc current, amplitude, period and shape of vibrations, initial temperature of the substrate. Quality indicators are also
important: size and shape of the deposited layer, penetration depth and thickness of the surfacing, chemical composition
of the deposited metal, properties of the deposited layer. It should also be taken into account that the optimization of
surfacing technology requires a large number of experiments, in most cases, very complex and expensive.

Currently, among modern research techniques of welding and surfacing processes that reduce the time and
number of experiments, physical and mathematical simulation is distinguished. The efficiency of surfacing processes
based on computer modeling is shown in a number of papers [14, 15]. Thus, in the paper [14], the hardening surfacing
through physical and mathematical simulation was analysed. Modeling determined the optimum penetration depth and
width of the surfacing puddle at which mixing of the deposited metal is minimized. Unfortunately, this work did not
consider the conditions for guaranteed maintenance of a base metal content of less than 2—5% in the final layer.

The tasks of the surfacing technology development by computer engineering analysis methods were formalized
n [15], which considered the technology of plasma deposition of copper rings on steel tube blanks with transverse
plasma torch vibrations. However, this work results are not applicable for anticorrosive surfacing of coatings, and the
process itself differs significantly from the consumable electrode surfacing.

When surfacing steels containing refractory metals on low- and medium-alloy steels, it is difficult to avoid the
formation of quenching structures and cracking. Statistical models described in [16, 17] provide estimation of the
probability of the formation of quenching structures. Approaches and results of these studies can be partially used to
assess properties of the deposited metal and substrate.

Discussion and Conclusions. The above examples show that existing advances in computer simulation of
welding and surfacing processes cannot solve the problems of industrial implementation of the proposed technology for
corrosion-resistant surfacing. Therefore, the primary task is to develop a mathematical model of the anticorrosive
consumable electrode surfacing with an additional filler wire and transverse vibrations of the welding burner. The model
should provide virtual reproduction of melting electrodes of the specified diameters at given feed speeds, the formation
of a puddle under the heat and force impact of the arc and the flow of electrode droplets, as well as the reproduction of
the thermal cycle with the subsequent calculation of the ratio of the structural components of the deposited metal and
the substrate metal. The system of equations of the model can be solved by numerical techniques, for which purpose a
special computer program should be developed. Such a program should provide the reproduction of multilayer
surfacing considering its typical dimensions of the deposited layers (Fig. 4), which requires modeling the sequence of

their laying.
H
»__- _W

hi|H

a) b)

Fig. 4. Typical dimensions when surfacing with bead welds (a)

and with transverse vibrations (b): 1 ... 4 are roller numbers, V,, is burner travel direction; B is puddle width; b is arc pitch;
h is penetration depth; H is deposition height; S, F, M are areas of surfacing, melting of the previous roller and melt of the substrate

The simulation validity, compliance with experimental data, is a challenge. An adequate model can assess the
effect of parameters on the quality indicators of the formation of weld beads, primarily, on the chemical composition,
geometry and mechanical properties of each weld bead.

Fig. 5 shows the sequential algorithm for solving problems on determining parameters of the anticorrosive

consumable electrode surfacing with an additional filler wire.
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Analysis of the conditions for minimizing force and thermal effects of the arc on the base
metal and deposited metal of the previous layers
(Optimization of heat and mass transfer, at which the melting depth of metal and substrate of
the previous layers is minimal, is carried out)

V

Determination of the filler wire melting parameters when it is fed to the front puddle
(Conditions for partial shielding of the arc force and thermal effects by the filler wire, angle
and point of entry, feed rate, are established)

V

Characterization of the puddle formation with a minimum metal input from previous
layers and HAZ dimensions
(Determination of surfacing modes providing the required dimensions of the weld beads, their
chemical composition, minimizing the occurrence of property damages)

V

Generalization of established patterns in a unified physical and mathematical model of
the surfacing process and its identification
(The generalized model considers the melting conditions of the electrode and filler wires,
the sequence of deposition and interface layers)

V

Formation of technical requirements for the technology of consumable electrode
surfacing with additional filler wire and the needed equipment for its implementation
(Technical requirements consider validated surfacing modes, parameter deviation tolerance,

operational requirements for equipment)

V

Fig. 5. Sequential algorithm for solving problems on optimizing the process of consumable electrode surfacing

Practical implementation of the proposed algorithm will provide establishing a clear relationship between the
anticorrosive surfacing process parameters and the quality indicators of the deposited layer formation, determining the
program for their optimization to maintain the required operational properties of pipeline valves. In turn, the
determination of optimal surfacing parameters will help to form more reasonable demands for the proposed surfacing
technology and the selection of the necessary robotic equipment for its implementation.

Undoubtedly, in the near future, such a systematic approach will help to solve the identified problems in the
development and implementation of the technology of pipe valve sealing surface consumable electrode welding with an
additional filler wire, which will guarantee the needed operational properties of such an important regulatory element of
oil and gas equipment.

Conclusions

1. An advanced way to provide the required operational properties of pipeline valves with a significant increase
in the surfacing productivity and quality during its manufacture is the introduction of anticorrosive surfacing
technologies using a consumable electrode with the supply of an additional filler wire.

2. For the industrial application of the proposed deposition technology, it is required to conduct a series of
studies aimed at assessing the impact of process parameters on the quality of formation of the deposited layers and
maintaining the needed operational characteristics of pipeline valves.

3. Existing methods for modeling surfacing processes cannot solve the problems of industrial introduction of a
consumable electrode facing technology with an additional filler wire. This condition necessitates the development of
an original mathematical model of the surfacing process providing its virtual reproduction under the puddle formation,
as well as the thermal deposition cycle with the calculation of the ratio of the structural components of the deposited

metal and the substrate metal, the chemical composition of the deposited layers.
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