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Electric welding in the aqueous medium was wet, developed in the E. O. Paton
Electric Welding Institute, produced by automatic or semi-automatic equip-
ment of the new type gets an increasing distribution when performing weld-
ing, surfacing, repair of ships, port equipment, and oil and gas pipelines.
There is experience in conducting work at depths of more than 200 m. For
this process, special electrode powder type electrode wires are worked out,
which provide high-quality welding in all spatial positions. Semi-automatic
and automatic welding machines are constantly improving. Currently, one of
the main ways to improve the efficiency of equipment and the welding pro-
cess is the use of pulsed supply of electrode wire with controlled motion pa-
rameters. The pulse feed is wicked by welded compound parameters, weld
quality, the possibility of obtaining a qualitative result in the positions of
different from the bottom and much more. An important result of the use of a
pulsed feed is to obtain increased strength of the welded joint. The results of
welding and surfacing in the aqueous medium are wettable depending on the
parameters of the pulses (frequency, amplitude, form).
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Moxpe esneKTpo3BapiOBaHHA Yy BOAHOMY CEPEIOBHUIII, IITO0 po3pobJieHe B iHCTH-
TyTi enexTposBapioBanud iM. O. O. IIaTona, i3 3acTocyBaHHAM cepiiiHOTO aB-
TOMATHUYHOTO a00 HaliBaBTOMATHUYHOT0 00JIafHAHHSA HOBOTO TUIY, Ha0OyBa€e Bce
O1JIBIIIOTO IIOIIMPEHHS NPY BUKOHAHHI 3BapIOBaHHS, HATOILJIEHHS, PEMOHTY
CyIeH, IIOPTOBOTO 00JamHAHHA, HA(QTO- Ta ra3omnpoBofiB. € MOCBiL BeleHH:A
pobit Ha raubmuax mouan 200 m. [y 11H0TO IIPoOIlecy po3pobeHi creriaabai
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€JIEKTPOIHI IPOTHU IIOPOIITKOBOTO TUITY, IIT0 3a0e3MeUyIoTh AKicHe 3BapIOBaHHSA
Yy BCiX IIPOCTOPOBUX ITOJIOMKEHHSIX. 3BapIOBaJIbHI HalliBaBTOMATH Ta aBTOMAaTH
MIOCTiliHO BIOCKOHAJIIOIOTLCA. B JaHMii yac OJHUM 3 OCHOBHUX CIIOCOOiB IIif-
BUINEHHSA e(DeKTUBHOCTU O0JaJHAHHSA Ta IPOIleCy 3BapIOBaAHHSA € BUKOPUCTAH-
HA iMIOyJabCHOI ITOAAYi eJIeKTPOAHOTO APOTY 3 PEryJbOBAaHUMHU IIapaMeTpaMu
pyxy. IMmmynbcHa momaua BiApisHAETbCA IapamMeTpaMW 3BaplOBaHOIO
3’eHAHHS, AKICTIO IIBA, MOXKJIMBICTIO OJeP:KaHHA IKiCHOr0 pe3yabTary y pi-
3HUX IIOJIO}KEHHSX BeJeHHSA 3BapIOBaHHA, BiAMIHHMX BiJ HUKHBOTO Ta iH.
BaxkimnBUM pesybTaTOM 3aCTOCYBAHHS iMITyJIBCHOI IIOAAYi € oep:KaHHA Hif-
BUII[EHOI MIITHOCTM 3BapHOro 3’€aHaHHA. Pe3yjbTaTu 3BapIOBaHHS Ta HATOI-
JIeHHS Y BOJAHOMY CEepeIOBUIITi 3aeKaTh Bil CTYIIeHIO0 3MOUYBaHHS, IO 3aJie-
JKUTH BiJf mapamMeTpiB iMOyabciB (YacToTH, aMILIiTy A1, POPMIU).

KarouoBi ciioBa: MOKpe IIigBOHE 3BAPIOBAHHSA, iIMITyJIbLCHE IIOJaBAHHSA €JIeKT-
POIHOTO APOTY.

(Received March 1,2022; in final version, July 15, 2022)

1.INTRODUCTION

Arc welding in an aquatic environment by mechanized or automatic
equipment is one of the types of welding, which is becoming increas-
ingly distributed in the different spheres of human activity, with prob-
lems inherent in it and various solutions in technical and technological
areas, as well as the choice of electrode materials[1].

We indicate that hand-made arc wet welding with the use of special
electrodes, as well as a method where the venue of work is localized by
special devices (caissons) with water to pump water from the place of
welding. In the latter case, manual and mechanized welding using con-
ventional electrode materials are used. Wet manual arc welding is low
and does not provide the desired quality of work. Welding under water
in the caisson is very expensive and limited to use.

In E. O. Paton Electric Welding Institute, it was developed a method
of mechanized wet-type welding with the use of submersible electrode
wire supply devices. To implement this method of welding, a number of
technical means have been developed—semi-automatic colours. The
development of special powder electrode wires and technological tech-
niques of their use is performed.

Developed at the E. O.Paton Electric Welding Institute Powder
Wire (diameter of 1.2—-2.0 mm) allows you to ensure stable burning of
the arc and the preparation (on low carbon and low-alloy structural
steels) of welded compounds, equal main metal. The wire is practically
no analogues and to date is the main electrode material for semi-
automatic and automatic, which are used for wet underwater welding.

Among the proposed designs of submersible devices can be allocated:

— with the placement of the feed node in the insulating-lubricating
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fluid, and the entire feed system—in the aqueous medium;

— with the placement of the entire semi-automatic, including the
source of the welding current, in the submersible unit.

Based on the above proposals in the E. O. Paton Electric Welding In-
stitute developed a number of semi-automotive mats. The highest dis-
tribution was semi-automatic A-1660, A-1450, PSh-141 and PSh-156.

Currently, semi-automatic arc welding of arc welding appeared in
the Russian Federation, which practically repeat the developments of
the E. O. Paton Electric Welding Institute of the 70s last century. Be-
hind rubbles, as far as we know, the mechanized and automatic welding
under water-wet gesture is practically not applied. The exception is
PRC, where based on contractual relations with E. O. Paton Electric
Welding Institute develops techniques and technology of mechanized
welding under water-wet method. Mechanized welding in an aqueous
medium using powder electrode wires found quite widespread use [2,
3]. In the process of developing this welding method, interesting and
very useful areas of its use were proposed with the provision of appro-
priate technical means to implement mechanized welding with a wet
method. Among them, for example, the following:

—welding of the underwater part of ships and shipping ships (body
formation) [4];

— a specialized mechanized device for welding under water pipes;

— automated welding for sealing compound pipes, including at high
depth on oil and gas objects and when creating complexes with thermal
pumps [5];

— welding and cutting during emergency rescue work in the aquatic
environment;

—automated welding at large depths wusing coordinate-
programmable systems based on computerized controls and regulation;

— use of mechanized and automatic equipment for recycling cutting
under water, including when closing the used oil and gas wells.

Some of the systems are used on industrial facilities. For example,
the machine for welding plugs inside the pipes developed in the E. O.
Paton Electric Welding Institute successfully operates at 230 m
depths. Part of the developments need to be improved.

2. BASE PROBLEMS AND SOLVES OF ITS

The problem with the use of mechanized and automated technologies of
arc methods of underwater welding with a wet method and equipment
for them really exists and at present. However, only individual specific
tasks were previously solved, the results of which to some extent satis-
fied manufacturers. However, as known, universal solutions in tech-
nical and technological systems do not exist, so it is important to find
such solutions to this problem that would generally fully meet the re-
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quirements.

One of the significant problems for submersible assemblies of the
SIS-topic of the supply of electrode wire of mechanized equipment and
systems of welding displacement of automatic equipment for wet un-
derwater welding is the reliability of the bots of DC drive electric mo-
tors with a collector-brush node. In the development of E. O. Paton
Electric Welding Institute, this problem has been solved using under-
counter electric motors—stepping industrial production and special
valve electric motors, the use of which with computerized control and
regulation gives additional advantages [6]:

— small dimensions, mass and inertia, including due to the lack of
need to use mechanical gearboxes (feed roller directly on the motor
shaft);

— the possibility of programming the movement of the electrode wire
with a sufficiently high frequency.

That testing is the setting of the task or the coordinate movement of
the welding tool on the plane or in space.

Special attention should be paid to constructs in which the assem-
blies of the submersible block are placed. In the latest semi-automotive
constructions for underwater welding, the electric motor is concluded
in a stainless-steel compensator with a pressure compensator, and the
system of feed rollers, made of special steels, is protected from conven-
tional corrosion and electroerosion with special means. The overall
body is formed from plastic, which is usually used in the construction
of yachts and other small vessels. One of the latest semi-automatic de-
velopments in a strong plastic case with an outer drive based on a high-
generable step electric motor is shown in Fig. 1. Such semi-automatic
can be operated in fresh and salt water at depths of up to 40 m, i.e., the

Fig. 1. The semi-automatic latter generation (with an open lid) for underwater
welding with wet method.
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depths where diver-welders can work. In addition, besides welding, us-
ing special electrode wires, it is possible to conduct effective cutting of
the metal.

In the technique and technology of arc welding, the main direction
of improvement in the present time is the use of impulse algorithms for
the functioning of the main active equipment systems. In particular,
inverter sources with impulse formation of output parameters, includ-
ing synergistic ones, are widely used.

Recently, the development of modulation methods with modulation
of modes and selected (partially based on theoretical surveys with the
solution of the formation of the formation and crystallization of the
weld metal, partially based on experimental studies) frequency and
wellness of the modulated parameters, are obtained. Such a technolo-
gy, for example, turns out to be applied with underwater arc welding
with a wet method when performing vertical compounds, the execution
of which represents a certain complexity, both on the formation of the
seam and the quality of the metal. Figure 2 shows an example of per-
forming the surfacing of structural steels in an aqueous medium on a
vertical plane with a powder electrode wire with parameters: current—
170-180 A; voltage—26—-27 V.

The feed rate is modulated with time: the pulse—0.6 s and pause—
0.4 s. The process is carried out by the feeding mechanism with any
types of drive electric motors, both collective and unbattotor, includ-
ing stepper and valve with modulation frequencies 0.2—2.0 Hz.

=

Fig. 2. The vertical plane under water rollers and voltage oscillograms U and
current I when surfacing with modulation of wire feed speed: 1—formulation
without modulation; 2, 3 are rollers with modulation with different direc-
tions of processing.
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The application of the process with the modulation of the feed rate
of the electrode wire allows solving the welding task on the vertical
plane to obtain the formed rollers. Such a process, according to metal-
lographic studies, has practically no significant effect on the structure
of the weld metal obtained in the aquatic environment. This, in our
opinion, is a consequence of an increased rate of crystallization of the
deposited metal in an aqueous medium in comparison with welding in
atmospheric conditions.

Investigation of the process of underwater welding with a wet meth-
od using the sources of the inverter welding current having the ability
to generate current pulses with controlled parameters, noticeable ef-
fects, as far as we know, did not give, in particular, by changing the
metal seam or roller metal structure. We believe that this circum-
stance can be explained by special high-speed conditions for crystalli-
zation of the metal of the seam.

Recently, relying on the study of electrode wire supply systems, as
well as the latest developments in the field of electrical engineering
and computerized management, considered as complete mechatronic
systems, is being developed for pulsed in duct, according to a specific
electrode program in semi-automatic agents and arc welding machines.
In addition, the automatic welding is developed and used by an outer-
leaf drive based on serially produced stepper and specially designed
valve electric motors with a computerized control system, which allows
you to implement practically to any electrode of the electrode wire. At
the same time, the recent electric drive is provided by frequency, well
and amplitude pulsed power wire with maximum frequencies 50—60
Hz. The specified electric drive was studied as part of automatic and
mechanized equipment during welding—surfacing in an aqueous me-
dium was wet.

It is of particular interest to obtain vertical and horizontal welds on
a vertical plane with sufficient characteristics for the formation and
quality of the weld metal. The use of a pulse supply of electrode wire
with efficiently selected parameters allows you to solve this task. With
a pulsed supply of electrode wire with rationally selected parameters, a
controlled transfer of the electrode metal is implemented according to
the principle: each pulse corresponds to the transfer of a molten metal
drop of a certain size. Acceleration, which in pulsed movement is at-
tached drop, contributes to accurate transportation of the drop in the
molten bath, which is very effective when conducting a process on the
vertical plane. The features of the transfer of the electrode metal dur-
ing underwater welding with a wet method with the use of pulsed feed
require a separate consideration.

Figure 3 shows samples of rollers deposited in an aqueous medium
using a pulsed wire supply with different characteristics of the pulse
movement, but with almost the same current values, voltage and pro-
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Fig. 3. Rolls that are welded in an aqueous medium using a pulse feed.

cess speed. The current and voltage of the arc process is 160—-170 A and
26—28 V, respectively. The speed of surfacing is 10-12 m/h.

It can be noted that the formation of rollers is significantly more
evenly filled, has a more regular character. An important is the possi-
bility of fairly intensive influence on the parameters of the rollers:
width, amplification, the depth of the regulation. Characteristic mi-
cro-fluffs of some rollers presented in Fig. 3 are given in Fig. 4.

It should be noted that the tendencies of changes in the geometric
sizes of the deposited rollers correspond to those obtained when surfac-
ing under normal conditions, although less pronounced, which is gen-
erally explained by a significantly higher cooling rate of the liquid
bath.

Special attention is paid to the qualitative analysis of the metal
welded in an aqueous medium, which was carried out based on the

ERILARLINARRARINY

Fig. 4. Microsection of rollers, weld-using control pulses of supply electrode
wire.
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study of microcycles of cross sections of rollers, strength (mechanical)
characteristics, roller metal composition and the near-view zone. In
practically all the parameters, the electrode wires that are welded with
pulsed supply exceeds the rollers obtained using the conventional feed
with the trends of improvement characteristic with the processes ob-
tained on open spaces during welding-surfacing with a pulsed powder
electrode wire. However, there are differences. For example, the vol-
ume fraction of non-metallic inclusions in the metal roller metal de-
creases only after increasing the frequency of feed pulses, which can be
seen on the graph. Figure 5 obtained in experimental studies.

This again, it seems to us, is associated with the peculiarities of the
characteristics of the crystallization of the weld metal and the nearby
zone in the aquatic environment. Some improvement in the mechanical
properties of the seams obtained under comparative welding studies
using the conventional and pulsed supply of electrode wire with con-
trolled parameters, the graphs shown in Fig. 6.

These results indirectly confirm the fact that in the metal of seams
or appliances in the aqueous medium of rollers using the pulsed supply
of electrode wire, a change in the crystal structure associated with
some disorientation of crystallites occurs. This process is less intense
than it happens under normal conditions, which, as already noted, is
associated with the special conditions for cooling the liquid bath in wa-
ter.

It should be noted that most of the positive effects of the pulsed sup-
ply of the electrode wire are noticeably manifested at a certain increase
in the frequency of the pulse movement.

It is well known that high-quality welding with minimizing defor-
mations of various types is possible if minimal thermal investments in
the implementation of the process are provided. The welding with a

% wvolume fraction
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Fig. 5. Graphs for the presence of non-metallic inclusions in the metal of the
faces when surfacing with different ways of supplying the wire.
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Fig. 6. Regulations between the pre-cases of fluidity and time resistance.

pulsed supply of electrode wire is characterized by low energy con-
sumption, which in combination with intensive cooling provides small
deformations of the weldable structure, in particular from thin-leaf
materials.

Welding methods with pulsed power wires are constantly being im-
proved and developed. Some of them, according to our beliefs, based on
the experience of studying the development of such systems, can be
successfully applied to implement highly efficient welding in aquatic
environment of structures with different spatial positions.

To the number of promising welding methods with a pulsed supply
of electrode wire applicable in an aqueous medium, include:

— sharing a pulse feed and modulation of modes (current and weld-
ing voltage of both synchronization and without synchronization of
influences);

— use of a new welding method with dosage supply of electrode wire;

—synchronized by a certain algorithm. Pulse effects of pulsed filing.

New welding methods with the application of new development.

Technical means make it possible to largely improve both the results
of the arc process, and ensure the new quality of the equipment—to re-
duce its mastery characteristics and increase its reliability, which is
very important for the equipment of underwater welding.

Each of the indicated new methods of underwater welding with the
use of an adjustable pulsed supply of electrode wire can solve a certain
complex of tasks when conducting a water welding process with a wet
method, while in most ways almost any type of welding current source
can be applied, including the easiest constructions and WHO capabili-
ties.

It should be noted that electric drives with computerized valve and
stepper electric drives are used to equip welding and adjustment sys-
tems in automated equipment for underwater welding with a wet
method.
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3. CONCLUSIONS

1. To date, several different semi-automatic with powder self-
protecting electrode wire are wet, but the highest distribution of both
general purposes, and to solve specific tasks, equipment with an isolat-
ed feed knot, whose cavity is filled with insultingly lubricating liquid.
2. The semi-automatic and machine guns for underwater welding are
constantly improved, and the main direction of their improvement is
the use of electrode wire supply systems with controlled pulse motion
parameters, the rational choice of which provides possible highly effi-
cient welding in the lower and vertical positions with the possibility of
regulating the geometric sizes of seams and rollers, obtaining a com-
pound with improved mechanical characteristics.

3. The complexity of the use of pulsed technologies when welding in an
aqueous medium was wet, both due to pulsed algorithms for the func-
tioning of the sources of the welding current and due to the pulsed
supply of the electrode wire lies in the high cooling rate of the weld
bath, which significantly exceeds the speed under normal conditions.
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