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1. Introduction

The process of surfacing under a hard flux with two suc-
cessive electrode ribbons is associated with increased heat
addition to the base metal, which leads to an increase in the
amount of welding and slag baths. Under certain conditions,
it promotes the growth of the proportion of the base metal in
the surfaced metal, thereby reducing the level of doping of
the surfaced layer. Control over arc power by the surfacing
mode settings exerts an impact on the steady character of
surfacing process due to changes in the ratio of masses of
the molten metal to slag. Thus, an increase in voltage while
maintaining the magnitude of surfacing speed intensifies
the fluxes of metal and slag along the front of melting that

leads to the formation of an uneven surface of the surfaced
layer, even to that the surfacing bath leaks through a slag
coating. In addition, there is an increase in flux consumption
in the amount of molten slag, which complicates its holding.
An increase in current might lead to slag leaking in front of
electrode ribbons.

At surfacing by two ribbon electrodes, an important role
belongs to the transfer of electrode metal from two sources,
each of which has independent adjustable characteristics.
It is necessary to take into consideration the conditions for
melting and heat transfer for each of the electrodes; they
vary depending on their location in a common welding bath.
A second electrode is surrounded by a larger mass of molten
slag and, in addition, beneath it is a layer of liquid metal cre-




ated by a first electrode. The relevance of work in this field
is to control the formation of a welding bath while taking
into consideration the impact exerted on the base metal by
two independent sources of heat; in this case, the conditions
for heat transfer to each base metal by each electrode are not
equivalent.

2. Literature review and problem statement

At sequential position of two ribbon electrodes, at sur-
facing under a hard flux with a controlled transfer of an
electrode’s metal, a second electrode comes in contact with
a liquid layer, formed by a first electrode, on one side, and an
overheated slag formed in the gap between the electrodes.
This affects the distribution of liquid metal flows in a
welding bath, the parameters of a penetration zone, and the
formation of a surfaced bead. By redistributing currents in
the electrodes, it is possible to adjust the thermal and gas-
dynamic impact of each arc on the molten metal in a welding
bath, thereby ensuring the uniform distribution of its flow
along the entire front of surfacing. [1]. In order to reduce the
likelihood of defects in the form of slag inclusions, undercuts
at the edges of the bead, uneven line of fusing, it is necessary
to change additional technological parameters. That would
make it possible to more flexibly control the formation of a
welding bath and to influence service characteristics of the
surfaced layer.

Paper [2] considered the possibility to increase specific
power and to reduce electricity consumption during heating
at electroslag heating, but it did not identify techniques to
reduce the depth of fusion penetration of the base metal.

Work [3] reported a technique of multi-electrode surfac-
ing [3], which makes it possible to improve the quality of a
surfaced layer by redistributing thermal power from the cen-
ter to the edges of the surfaced bead. However, the described
device does not make it possible to control the composition
of a surfaced joint.

Authors of [4] investigated a possibility to control the
depth of fusion penetration and the portion of the base metal
by changing the mode settings at MIG and TIG-welding
using a wire electrode [4]. For the case of a ribbon electrode,
such opportunities were not explored.

Paper [5] suggest a mathematical model of automatic
control over the processes of arc surfacing using electrode
wires. The research reported makes it possible to predict the
movement and distribution of a heat-mass transfer from the
end side of the electrode, but only when using a wire elec-
trode, rather than ribbon.

Mechanical forced transfer of the electrode metal makes
it possible to not only control quality and geometric param-
eters of welded joints, but also significantly reduce energy
used to add heat into a welding bath. The use of controlled
mechanical electrode metal transfer at surfacing under a
hard flux using a ribbon electrode ensures an improved ef-
ficiency when melting an electrode metal, as well as reduces
energy intensity in the process of surfacing [6].

Study into the feasibility of such a technique for sur-
facing when using two ribbon electrodes [7, 8] showed the
prospects for this method. At the same time, the conditions
for electrode metal melting and its transfer into a welding
bath pool when using two or more electrodes are different
from those when surfacing using a single electrode, especial-
ly at different values for ribbon feed speed. The influence of

these parameters on the transfer of an electrode metal into a
welding bath is still not known.

There are studies on the effect of temperature on an
increase in the likelihood of corrosion and wear in high
pressure vessels. There is an issue on improving the quality
of the applied corrosion- and wear-resistant coatings in in-
dustry. Economic factors will not typically make it possible
to manufacture nodes from a solid highly-alloyed material.
As aresult, there is the need to use low-alloyed or unalloyed
base materials with a high-alloyed shell. It was proposed to
use electroslag welding to apply coatings upon large surfaces
using ribbon electrodes. As a result, a continuously melting
electrode is melted and fused to the substrate. That leads to
a significant overheating of edges of ribbon electrodes [9].
Therefore, using the proposed technique for restoring work-
ing surfaces is not rational.

Paper [10] suggests a technique to control the quality
and properties of an anti-corrosion layer at electroslag weld-
ing by using a device for magnetic agitation of liquid metal
in a welding bath. The application of such a device involves
additional consumption of electricity to operate it.

That necessitates further research into development of a
resource-saving technology of surfacing by two ribbon elec-
trodes where the introduction of an additional mechanism
ensures the controlled transfer of an electrode’s metal. This
would improve the quality of a surfaced layer and reduce
specific consumption of electrical energy per a linear meter
of the surfaced bead.

3. The aim and objectives of the study

The aim of this work is to determine the impact of sur-
facing mode settings on the parameters for penetrating a
base metal and the stability of penetration when applying
a resource-saving technology for surfacing by using two
ribbon electrodes.

To accomplish the aim, the following tasks have been set:

—to design a device for surfacing under a hard flux by
using two ribbon electrodes with a controlled migration of
electrode metal from the electrodes’ side ends;

—to investigate the effect of technological factors on
the properties of an anti-corrosion layer, surfaced by two
electrode ribbons with a controlled mechanical transfer of
the electrode metal;

—to identify a possibility to improve a melting factor
for ribbon electrodes at surfacing under a hard flux with a
controlled heat-mass transfer by varying the oscillation fre-
quency of ribbon electrodes’ side ends.

4. Design of a device for surfacing using two ribbon
electrodes

We have designed a device for surfacing by using two rib-
bon electrodes with a controlled mechanical transfer, which
makes it possible to change the feed speed ratio of the first
and second electrodes in a wide range. The device consists
of two pairs of feeding rollers 3, 3’, 4, 4’ (Fig. 1), arranged
sequentially along the movement of a welding head. Torque
between the pairs of rollers is transmitted by gears 5 and 6,
whose transmission ratio defines the feed speed ratio of rib-
bons 1 and 2. Imposing the reciprocating movement of end
sides on the uniform feed motion of electrodes is carried out



by cam 7, located between the electrodes at the output from a
feeding device and periodically twisting the ribbons at angle
a. When the cam rotates at angle =, a ribbon electrode due
to its elasticity returns to the starting position, while its end
executes the return movement from a welding bath, which
facilitates the discharge of a drop into the bath. That makes
it possible to enable the controlled heat-mass transfer into a
welding bath and, accordingly, controlled fusion of ribbon
electrodes and the distribution of thermal energy through-
out a welding bath, which makes it possible to improve the
quality of surfaced products by using a simple and reliable
device.

Fig. 1. Device for surfacing by using two ribbon electrodes
with a controlled heat-and-mass transfer of electrode’s
metal: 1, 2 — ribbon electrodes; 3, 3’, 4, 4 — feeding,
pressing rollers; 5, 6 — gears, 7 — cam mechanism

This structure makes it possible to optimize the pa-
rameters for a pulsed mechanical transfer and prevent the
deformation of ribbon electrodes, to ensure the alternating
reciprocation of the ribbon electrodes’ ends at optimal fre-
quency and amplitude. That provides for the optimal size of
a surfaced bead, while reducing the consumption of an elec-
trode’s metal for loss and overheating, and, respectively, the
energy used for melting, thereby ensuring a resource-saving
technology of surfacing.

3. Study into the influence of technological factors on
the properties of an anti-corrosion layer

The surfacing was carried out on plates of steel St3 the
size of 35%280x400 mm at a reverse-polarity direct current,
using the 60x0.5 mm ribbons Cr25Ni22NMn4Mo2 and
Cr25Ni13NbTiAl under the fluxes OF-10 and AN-26P.
Surfacing mode parameters varied in the following range:
surfacing current /=900+1,400 A, arc voltage U=28+40V,
surfacing velocity v,=5+6.2:103 m/s, gap between the
electrodes is §=10+16 mm, the ratio between feed speeds of
the first and second electrode is k=01,/09=0.42+0.79. A gap
between ribbons was due to the thickness of a copper-made
current supplier. By using overlays of various thickness on
the current supplier, we changed a gap magnitude over the
examined interval. Change in the feed speed of ribbons was
enabled by the interchangeable pairs of gears 5 and 6 (Fig. 1)
with a teeth ratio within the range of factor &.

The study was conducted at the self-propelled head
A-874N with an attachment for surfacing under a hard flux

using two ribbon electrodes with a controlled transfer of
electrode’s metal. The oscillation frequency of ribbon elec-
trodes f changed by controlling the rotation drive of the cam
mechanism. The source of welding current was the rectifier
VSZh-1600. The extension of ribbon electrodes was 60 mm.
During our experiments, we registered the geometric dimen-
sions of penetration and surfacing zones, quality of forming
a surfaced layer, the presence of non-welded sections, under-
cuts, and other formation defects (Fig. 2—4).
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Fig. 2. Influence of surfacing current and arc voltage on the
joint’s geometrical dimensions: a — surfacing current /;
b — arc voltage U; k=0.5; /=35 Hz

To determine the dependence of penetration parameters
for a base metal on the feed speed ratio of ribbon electrodes, we
performed surfacing using the ribbons Cr25Ni22NMn4Mo2
with a cross section of 60x0.5 mm under the flux OF-10 under
the following mode parameters. Surfacing current I=1,200 A,
arc voltage U=32 V, surfacing velocity v,=5.6-10" m/s, a gap
between the electrodes 6=12 mm. The ratio of feed speeds of
the first and second electrodes (at the unchanged total cur-
rent magnitude) changed using interchangeable gears with
values: £={0.33; 0.40; 0.46; 0.5; 0.54; 0.6; 0.62; 0.66}. The
research results are shown in Fig. 5.
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Fig. 3. Influence of surfacing current and arc voltage on the
share of a base metal in the surfaced metal: @ — current of
surfacing /£ b — arc voltage U; k=0.5; /=35 Hz
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Fig. 4. Influence of basic parameters at surfacing on
geometrical parameters of the welded joint: a — surfacing
velocity v,; b — gap between ribbons 3; ~=0.5; =35 Hz

More control over the depth of penetration can be
achieved by managing a transfer of the electrode’s metal.
Control is enabled by regulating the rotation frequency of
the cam sandwiched between ribbons. Imposition of oscilla-

tions on the ribbons’ ends, the speed of their feed, and using
an additional inertia force to discharge drops into a welding
bath, decreases their overheating. In this case, the magni-
tude of inertial force depends on several parameters. The
oscillation amplitude of ribbon electrodes’ ends is related to
the magnitude of eccentricity and the distance between the
ribbon electrodes, as well as the mass of drops of the elec-
trode’s metal, whose magnitude is determined by the cam’s
frequency of rotation. We have studied an oscillation fre-
quency range of ribbons within f/=30+70 Hz, defined as im-
portant to control the transfer of an electrode’s metal [6-8].
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Fig. 5. Influence of electrodes’ feed speed ratio coefficient k
on the penetration parameters of base metal

Fig. 6 shows results of our study into the influence of pa-
rameters for the forced transfer on the magnitude of a melt-
ing factor at surfacing using 2 ribbons Cr25Ni22NMn4Mo2
with a cross section of 60x0.5 mm under the flux OF-10.
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Fig. 6. Dependence of a melting factor on the surfacing mode
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The process of surfacing when using two ribbon elec-
trodes, even when applying the fluxes recommended for arc
welding, occurs partially as the electroslag process, because
a certain percentage of current is shunted by the molten
slag. This helps reduce the depth of penetration and reduces
the share of a base metal in the surfaced metal (Fig. 3). This
makes it possible to obtain the surfaced metal with the re-
quired chemical composition as early as in the first or second
layer, in contrast to the single-electrode surfacing where it is
required to apply from 3 to 5 layers.

To study chemical composition of the surfaced metal, we
performed a two-layer surfacing using two ribbons of the
above-specified grades with a cross section of 60x0.5 mm.
The mode parameters are as follows: current is 1,150-1,200 A



(direct, reverse polarity), arc voltage is 30+32 in, surfacing ve-
locity is 5.6-10 m /s, distance between the electrodes is 12 mm.
The results of a layer-wise spectral analysis of the surfaced
metal are given in Table 1. It should be noted that the process
of surfacing in both cases was mainly the arc process.

Table 1
Chemical composition of the electrode and the surfaced metal

An increase in the velocity ratio factor k enhances the
role of a second electrode in the shape-formation of welding
bath and stabilization of the liquid metal flows throughout
its volume (Fig. 5). That contributes to the alignment of a
fusion line, to an increase in the angle of transition from
the base metal to the surfaced metal (140+150°) by
increasing the width of a roller and reducing the depth
of penetration, as well as promotes a better formation

An analysis of a layer-to-layer change in the content of
basic alloying elements, given in Table 1, confirms the feasi-
bility of a surfacing process using two electrode ribbons to
obtain the required properties of a surfaced metal as early as
in the second layer.

6. Results of studying the influence of basic parameters
for surfacing mode using two ribbon electrodes on the
formation of a surfaced bead

It was established that the geometric parameters of
surfacing and penetration zones depend directly proportion-
ally on the magnitude of surfacing current and arc voltage
(Fig. 2). Increasing the size of a penetration zone leads to a
respective change in the share of a base metal’s contribution
(BM) (Fig. 3), though this dependence is less pronounced.
Increasing the velocity of surfacing leads to a more pro-
nounced decrease in the depth of penetration and in the
share of contribution, which can be attributed to an increase
in the arc’s heat used to melt the flux (Fig. 4).

This is explained by that the essential role for the pene-
tration zone settings in most cases belongs to a first ribbon
electrode. The arc of a second electrode does not directly
affect a base metal, but only through a liquid layer, induced
by the interaction of the arc of a first electrode, which is why
increasing the arc’s power of a second electrode at increase in
the feed speed affects mainly the heat transfer into a welding
bath and the area of a surfacing zone.

Changing the value for a feed speed ratio factor changes the
influence of each of the electrodes on the formation of a pene-
tration zone, a hydrodynamic environment in a welding bath
and, respectively, the formation of a surfaced bead. Increasing
the speed of the first electrode’s feed leads to an increase in
the depth of penetration and the share of BM contribution; at
the same time, a growth of the liquid layer beneath the second
electrode reduces its penetrating capacity, especially at the
edges of the bath. As the center of the bath is much overheated,
an increase in the depth of penetration occurs mostly along the
center of the joint, in the zone of active flow of a liquid metal.
That leads to the uneven formation of weld lines, with the pos-
sibility of formation of slag inclusions and flows in the regions
of slow motion of the liquid metal. In this case, the height gain
could be uneven along the length of a joint, contain thickenings
and cavities at the surface of a surfaced bead.
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Fig. 7. Physical appearance of ribbon electrodes after
surfacing at value A=0.62 (a, ¢) and k=0.5 (b, d):
a, b — first electrode; ¢, d — second electrode

b

Fig. 8. Macrostructure of fusion line of the surfaced
rollers, x4: a — k=0.62; b — k=0.5

7. Discussion of results of studying the surfacing using
two ribbon electrodes with a controlled transfer

The device that we designed makes it possible, by chang-
ing the ratio of feed speeds of the first and second electrode,
to achieve a controllable heat-mass transfer into a welding
bath. This leads to the controlled melting of ribbon elec-
trodes and distributes heat energy in a welding bath. The
result is an increased quality of surfaced products owing to
a simple and reliable resource-saving device.



Results of research into the influence of oscillation
frequency of ribbon electrodes have demonstrated that the
maximum increase in a melting factor occurs when the fre-
quency of oscillations is in the range of 45-55 Hz, regardless
of other mode settings (Fig. 9). That leads to an increase in
the efficiency of melting ribbon electrodes within 20-25 %.
For known surfacing techniques, such a growth would
require either special technological patterns: using a filler
material, fluxing additives, or an increase in the arc capacity.
These techniques are energy-inefficient and costly. There-
fore, application of the surfacing technique that employs
two ribbon electrodes with a controlled heat-mass transfer
is effective.

Melting factor

30 40 50 60 f,Hz
Oscillation frequency

Fig. 9 Influence of oscillation frequency on melting factor:
1—F~1,300 A, U=34V;2— 1,200 A, U=32V;
3—F1,000 A, U=30V;4— F900 A, =28V

Thus, at mode parameters’ values I=1,300 A, U=24 V,
and /=50 Hz, a melting factor reaches values that are char-
acteristic of the electroslag surfacing (26.7+27.5 g/Ah).
This fact can be explained by a more uniform distribution of
thermal energy throughout the width of a ribbon electrode
and the mirror of a welding bath at an increase in its average
temperature, by lower values for the overheating of drops
and losses of energy to discharge drops into the crater.

It should be noted that a certain role in this process also
belongs to a rather high value for the arc voltage, because
at such values there is a growth in the amount of melted
flux and in a slag bath volume, resulting in a corresponding
increase in the shunt current. The consequence of this phe-
nomenon is an increase in the share of the electroslag process
and the intensification of heating the molten slag at a “wet”
extension of electrodes.

The proposed surfacing technique using two ribbon
electrodes is recommended when using ribbon electrodes

with a width from 40 mm to 100 mm and a thickness from
0.5 mm to 1.0 mm for both corrosion-resistant steels and
low alloy steels.

A possible disadvantage of the proposed surfacing tech-
nique is a possibility to apply a given device only for a limited
range of used thicknesses.

It is therefore appropriate to continue the study into
the application of ribbon electrodes whose thickness ex-
ceeds 1.0 mm when restoring articles with large thicknesses.
The specified technological challenge could be resolved by
utilizing a controlled heat-mass transfer without bending a
ribbon electrode. Thus, design of the device would require
improvement in the future.

8. Conclusions

1. We have designed a device for surfacing by using two
ribbon electrodes with a controlled mechanical transfer,
which makes it possible to change the ratio of feed speeds
of the first and second electrodes over a wide range. That
provides for the controlled heat-mass transfer into a welding
bath. And, consequently, the controlled fusion of ribbon
electrodes and the distribution of thermal energy through-
out a welding bath that makes it possible to improve the
quality of surfaced products by using a simple and reliable
resource-saving device. This design allows the optimization
of parameters for a pulsed mechanical transfer and prevents
the deformation of ribbon electrodes, it ensures an alter-
nating reciprocation of ribbon electrodes’ ends at optimal
frequency and amplitude. This provides for the optimal size
of a surfaced bead with a possibility to reduce consumption
of an electrode metal for losses and overheating, as well as
the energy used to melt, and to ansure a resource saving
technology of surfacing.

2. The process of surfacing when using two ribbon elec-
trodes, even when applying the fluxes recommended for arc
welding, occurs partially as the electroslag process, because
a certain percentage of current is shunted by the molten
slag. This helps reduce the depth of penetration and reduces
the share of a base metal in the surfaced metal, which makes
it possible to obtain the surfaced metal with the required
chemical composition as early as in the first or second layer,
in contrast to the single-electrode surfacing where it is re-
quired to apply from 3 to 5 layers.

3. Results of research into the influence of oscillation
frequency of ribbon electrodes have demonstrated that the
maximum increase in a melting factor occurs when the fre-
quency of oscillations is in the range of 45-55 Hz, regardless
of other mode settings.
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Hageodeni pe3yromamu excnepmnozo 00caionceHHs apme-
daxmy icmopii XIV-XV cmonimv — 3010mozo enemenmy
wam MOH20bCLK020 60ina. Ompumani pesyaovmamu 00360-
AAOMb 6CMAHOBUMU 03HAKU ABMEHMUMHOCMI ICMOPUMHUX
nam’amox i3 3010ma 0an0zo0 XpoHoJLo2iMH0ozo nepiooy.

Byno docnidxwceno mikpocmpyxkmypy npeomema npu
soinvuenni 10—-20 kpam i euneneno 3nauny aamKicmos ma
kpuxxicmov memany. Ipu 36invumenni y 150-200 xpam eusne-
JIEHO CcucmeMu MPiWUH 3 NOMPIUHUMU MOUKAMU, OKpeMi
KasepHu ma xaeepro3nuil xapaxmep 3namy. Kpim mozo,
BUABIIEHO BEJUKY KIAbKICMb 0UCAOKAULE NOPUBie ma caidig
meuii Memany Ha noeepxui 6upody, a maxoic caiou incmpy-
Menmis, AKi euxKopucmosysanucs 0as #ozo uuuwenns. Ilpu
s0invuenni y 2000 xpam éuseeno ékpail ckaaony mopgo-
J102i10 Memany 3 YUCAEHHUMU KABEPHAMU, A MAKOIHC NOBEPX -
HI0 4ACMK0B80 PO3UUHEH020 Memany, aAKka 30epizae KoHmypu
opesnix noopanum.

Bcmanosneno, wo 6invuw 2nuboki wacmunu cnaagy wacm-
K060 30epeeu c6ill xXiMiunuil cKkaao, i emicm 30a0ma ¢ HUX
cknadae nume 62-80 %, a cnaaé na nosepxui apinyeas-
¢ NPUPOOHUM CROCOBOM, Tl MaAKUM YUHOM, 6Micm 3070ma Y
HooMmy eusnawueca y mexcax 81-98 %. Taxooic 6 Ginvw 2nu-
00KUX HacmuHax cnaasy KoHueHmpayii cpidaa € niosuwenu-
MU NOPIBHAHO 3 NOBEPXHECUMU WAPAMU, OCKINLKU CROTYKU
cpibaa € 6invu XiMinHo AKMUSHUMU U 6UHOCAMBCS 3 NOGEPX-
Hi ni0 0i€10 3068HIMHIX YUHHUKIE.

Busnaueno nepenix o3nax, axi ceiouamv npo asmenmuu-
Hicmb npedmema, il AKi 00HO3HAUMHO BUABAAIOMBCS 3 OONO-
M0O2010 eNIeKMPOHHO20 MIKPOCKONY, A MAKodiC 3a pe3yavma-
mamu 00caioHceHb XIMIMHO20 CKAA0Y nosepxHi apmedaxmy
emiciunum memooom. Bucnosneno oymxy wooo edexmue-
HOCMI BUKOPUCMAHHSA eSIeKMPOHHOT MIKPOCKONii 8 eKcnepm-
Hill po6omi 0 niomeeporceHHs aemeHmuUHOCmi, 6UAGIEH -
HA 03nax nidpobxu ma caidie pecmaepauii apmedaxmis i3
30J10mMux cna1aeie

Kntouosi cnosa: enrekmponna mMikpockonis, Mikpocmpyx-
mypa cnuaey, 03HAKU A8MEHMUMHOCMI, ICMOPUUHI nam’sm-
Ku i3 3o10ma
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ent phases and push out impurity elements from their own

crystalline lattices [1]. Under normal atmospheric pressure

Most substances change their chemical composition and

and temperatures, due to climatic factors, this process takes

structure over time, as well as enter the chemical interaction
with the environment. This, of course, applies to alloys of
gold, which gradually recrystallize, decompose into differ-

place over the millennia. That is why the detection of attri-
butes of its course is important as they serve the indicators
for proving the authenticity of ancient history artifacts, for




