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ABSTRACT

One of the promising ways to solve the problem of increasing the service life of welded structures is the development of

welding methods based on the use of pulsed control of en

ergy parameters of the process. The pulsed mode of welding allows

performing a regulated heat input in the welded butt joint zone, controlling the mode of melting the electrode metal, forming
the structure of weld metal and heat-affected zone (HAZ). It was found that with an increase in the frequency of pulsed-arc
welding, it is possible to reduce the width of the HAZ and the region of a coarse grain. Thus, in the case of welding low-alloy

steels, due to the use of technology with a pulsed process,

there is a prospect of reducing the width of the overheating region,

which is important for the cases of repair of pipe wall thinning during remelting of defects in the operating pipeline using a

mechanized method.
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INTRODUCTION

At present, oil and gas-oil equipment and main pipe-
lines become objects of increased danger because of
their technical condition. This circumstance causes
the need in using effective methods of repair. With the
help of traditional welding methods, it is difficult to
solve all technological problems that are complicat-
ed: providing the possibility of regulating penetration
depth in a wide range, welding over increased gaps
and in different spatial positions, joining of metals
and alloys dissimilar in their composition, reduction
of sputtering of electrode metal, increase in the stabil-
ity of arc ignition and its burning [1].

The main problem in welding of position butt joints
of main pipelines is to provide the necessary quality
of root, filling and facing layers and a high level of
mechanical characteristics in a butt to be welded. It is
known that up to 90 % of defects revealed during test-
ing of the quality of welded joints, are associated with
defects in the root layers of welds: undercuts, lacks
of penetration, nonmetallic inclusions, pores [2]. The
main cause for appearance of these defects, except for
a poor preparation of a butt to be welded, is a violation
of welding conditions (welding speed, arc voltage,
current), as well as their inconsistency with the neces-
sary values that provide producing high-quality weld-
ed joints. Traditionally, the used processes of manual
welding can provide the necessary quality of welded
joints only during a careful preparation of a butt to be
welded and the use of high-quality materials.
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The gained experience shows that pulsed methods
of welding process control allow solving the follow-
ing technological problems:

e controlled and directed transfer of electrode
metal [3-5];

e possibility of welding in all spatial positions and
simplification of welding techniques [6, 7];

e improvement of quality of welded joints due to
the greater concentration of the power of the heating
source and the better conditions of primary crystalli-
zation [5, 8, 9];

e reduction of losses on burn and sputtering [4, 10].

The analysis of literature showed that at a pulsed
feeding the weld structure is fine-grained and disori-
ented, and the mechanical properties of welded joints
are higher than in welding with short circuits of an
arc gap [11-13]. The application of pulses allows a
significant increase in the intensity and stability of arc
discharge, the hydrodynamic processes in the weld-
ing pool and the conditions of its crystallization are
changing. The pulsed increase in the pressure of the
arc improves the formation of the weld, the weld bead
becomes fine-rippled and refining of the microstruc-
ture associated with the collision impact of electrode
metal droplets is observed [14-16].

The aim of the carried out investigations was to
determine the impact of welding and frequency f of
the process of pulsed-arc welding on geometric di-
mensions of the deposits and structural transforma-
tions in the HAZ.
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Figure 1. Combination of VACh of power source for realization of a pulsed process of welding (a): 1, 2 — respectively, pause and pulse

current; dynamic VACh (b) and oscillogram of the process (c)
PROCEDURE OF EXPERIMENT

To realize the set task, the power source LET-500
was used. Using additional software, a very flexible
adjustment of most of the power source parameters
can be performed, including the shape of the output
volt-ampere characteristics. The pulsed mode of the
source operation allows operating on two such VACh
indicating the time of operation of each one (Figure 1,
a). The falling regions of VACh (1 and 2) correspond
to the pause and pulse current. During switching be-
tween the characteristics, the value of the welding
current varies to the corresponding value for the actu-
al characteristic (Figure 1, b, c).

For the first part of the experiments, the families
of volt-ampere characteristics VACh No.1 and VACh

20

No.2 were selected (Figure 2, a). The main difference
between the families was in a gradual increase in the
pause current, shifting the falling area 1 to the left
(curve 1) (VACh No.1). In this case, the position of
the curve 2 (VACh No.2) remained unchanged.

In the work, the pulsed-arc process with a frequen-
cy f =100 Hz and a duty cycle C = 2 was used. The
input energy Q for each experiment (Table 1) was cal-
culated by the formula:

mean mean

\Y

W

n

where v is the welding speed (m/h), n =10.7; 1 _ is

the mean welding current, which is calculated by the
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Figure 2. VACh family for PAW performance in order to determine the dependence of geometric dimensions b, h from: a — welding

modes|_, U
mean

formula known for pulsed-arc processes, namely,
|

mean’

mean = (Ipulse 1:pulse pause pause) ( iMITyIIbCY ause)
In order to determine how fvrequency f of the

pulsed-arc process that occurs with short-circuits,
affects the geometric characteristics h and b, the
experimental studies were conducted. For this
purpose, to the pulsed power source, VACh No.1
and VACh No.2 were introduced (Figure 2, b), the
welding speed was v, = 30 cm/min, the feed of
welding wire was v, = 6.4 m/min. After setting
up, deposits on the plate at a frequency f = 5, 10,
25,37,50, 75 and 100 Hz were performed. In order
to avoid thermal effect from the preliminary depo-
sition, each subsequent deposition was performed
after cooling of the plate to 20 °C. The indicated
parameters provided the following welding mode

. = 202-205 A, U__ = 21.5 V. This, in accor-
dance with the formula, allowed obtaining the heat
input at the level Q = 6.0-6.2 kJ/cm.

Table 1. Received modes of a pulsed-arc process at different po-
sitions of VACh No.1

VAChNo.1| I A |U_ . V| Qklem |v, cm/min|v ., m/min
la 187 22 5.760
1b 200 23 6.440
1c 225 25.4 8.036 30.0 68
1d 230 29.2 9.402
Table 2. Mechanized welding modes
f‘ mean’ Umean’ Q’ Vwire’ Vw‘
Hz A \Y kJ/em | m/min | cm/min Note
3 203 21.8 6.195
5 203 21.6 6.139
10 198 22.2 6.153
25 207 21.1 6.115 64 30.0 PAW
37 198 22.3 6.181
50 205 21.0 6.027
- 200 22.1 6.188 6.4 30.0 | Stationary

; b — frequency f of the process (description 1, 2 see in the text)

To detect the influence of PAW frequency f on the
width and microstructure of HAZ of welded joints,
the experimental part of the work envisaged carrying
out deposits on the plate of 09G2S steel with pulses of
3,5, 10, 25, 37 and 50 Hz frequency. In order to com-
pare the obtained results, surfacing using the conven-
tional process of mechanized arc welding in a mixture
of Ar + CO, was additionally performed. To conduct
the experiments, the volt-ampere characteristics were
selected, depicted in Figure 2, b, providing pulsed-arc
and conventional (Figure 3) process of welding.

The modes of mechanized welding (1 ., U__ ) by
the wire Sv08G2S of 1.2 mm diameter in a mixture of
Ar + CO, for both processes were determined using
the computerized information and measuring system
IMS 2007 (Table 2). The heat input Q for each exper-
iment was determined by the formula.

After the completion of deposits on the plate of
12 mm thickness, the sections for metallographic

U,v
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Figure 3. Volt-ampere characteristic of power source to perform
mechanized welding by stationary process
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Figure 4. Oscillograms of pulsed-arc processes: a — with short circuits (for I =187 A); b — without short circuits (for | . =225A)

examinations of weld and HAZ metal were made. The
hardness of the HAZ and the weld region was mea-
sured on the microhardness meter M-400 LECO.

As a result of data processing from oscillograms,
it was found that a gradual increase in the value of the
pause current causes an increase in the mean weld-
ing current, which increases the power of the process.
Given that the rate of welding wire feed remains un-
changed, a more intensive melting of the metal on the
electrode end and the elongation of an arc gap occur.
An increase in the mean welding voltage can be ob-
served. A change in the pulsed-arc process with short
circuits on a process without short-circuit is also ob-
served (Figure 4).

At the histograms of the arc voltage, this is reflect-
ed by the presence of instant values in the range of
U, .= 3-10 V (Figure 5, a), which is characteristic
for short circuits, and by their absence as compared to

PAW on a “long” arc (Figure 5, b).

RESULTS OF INVESTIGATIONS
AND DISCUSSION

Adjustment of VACh No.1 from the position 1a to the
position 1d leads to an increase in the value of the
heatinput Q=f(1 _  U__)withthe respective chang-
es in geometric sizes and shapes of deposited beads
atv,, = const, v =const. It was established that an
increase in the pause current leads to an increase in

U and this is ultimately reflected on the growth

mean’
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Figure 5. Histogram of instant values of arc voltage at a pulsed-arc process: a — with short circuits for I = 187 A); b — without

short circuits (for I =225A)

in the width of the beads b with a corresponding de-
crease in the penetration depth h (Figure 6).

The influence of the heat input Q =f(I ., U )
of the pulsed process on the mean value of the pene-
tration depth h and the width b of the beads is shown
in Figure 7.

An analysis of the results of measurements of the
width of the deposits and the penetration depth showed
that an increase in the value of frequency f from 5 to
100 Hz does not lead to a change in geometric dimen-
sions. The most significant influence of the frequency
f affects the amount of ripples of the beads: with an
increase in f to 100 Hz, the amount of ripples decreases
(Figure 8). This is associated with the fact that a rapid
switching of the operation of the pulsed power source
from VACh No.2, which is responsible for the maxi-
mum energy level of the process, to VACh No.1, which
determines the minimum energy level, does not lead
to a significant cooling of molten metal. The thermal
mode of the pool is approaching a quasi-stationary
state, which is characteristic of conventional welding
with short circuits without a pulsed effect.

Investigation of the effect of the PAW frequency
f on the width and microstructure of HAZ of weld-
ed joints showed that the structure of the deposited
weld metal is ferritic-perlitic with separate regions of

5 mm 5 mm

5 mm

Figure 6. Macrosections of deposits performed at different VACh
No.1: a — positions 1a; b — 1b; ¢ — 1c; d — 1d

a preeutectoid ferrite on the boundaries of crystallites.
Regarding HAZ, the analysis as in the cases of PAW,
as well as in a stationary arc showed that almost the
same types of structural components are formed on
a region of a coarse grain. Therefore, in general, the
structure of this region in all specimens is ferritic-per-
litic with different modifications of ferrite: ordered
by a second phase, Widmanstatten, polyhedral (Fig-
ure 9). In the specimens that were produced during
PAW with the frequencies f = 37, 50 Hz and by sta-
tionary welding mode, the structures of bainite were
additionally revealed.

The size of grains in the region of HAZ overheat-
ing grows with an increase in frequency f. Therefore,
for f = 3, 5 Hz, grain size number amounts to 7-8
(Dy, = 22-30 pum); at f=10Hz — 7 (Dy, = 30 pm);
f=25,37 Hz— 6,7 (D, = 30-44 um). For f=50 Hz
and the stationary process of welding, the grain size
number amounts to 6 (Dgr =44 pum).

Measurement of microhardness HV1 in different
zones showed that a gradual increase in frequency f does
not lead to significant changes in the mean values of mi-
crohardness on the region of a coarse grain (Figure 10).

A mean value of microhardness for f = 50 Hz is
approaching to such that is obtained in welding by
a stationary arc. In the analysis of these results, it
seems that with an increase in the PAW frequency f,

b, mm; h, mm
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Figure 7. Dependence of penetration depth h and width b on heat
input Q =f(l_, U ) of a pulsed process
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Figure 8. Influence of frequency f of a pulsed process on the section of beads (a); ripples of deposited metal (b)

the effect of impact on the HAZ metal approaches the
process of welding with a stationary arc.

In relation to one more index — the width of HAZ,
the results of metallographic examinations showed
a gradual, slight decrease in the total width of HAZ
with an increase in frequency f to 50 Hz (Figure 11).

A similar trend is observed also in the region of
coarse grains in HAZ. However, as compared to the
stationary process of welding, the width of this re-

gion decreases more significantly — by 25-30 %.
Thus, in the case of welding low-alloy steels, due
to the application of technology with a pulsed pro-
cess, there is a prospect to affect the width of the
region of HAZ overheating at different values of fre-
guencies and relatively low values of the heat input
Q (6.0-6.2 kJ/cm). From a practical point of view,
this allows reducing the share of an unfavourable,
low-ductile area of overheating, which is important

Figure 9. Microstructure (x200) of over-

~ heating HAZ region of deposit, produced
- with varying frequency f of a pulsed-arc

- d —25; e — 37, f— 50; g — stationary
arc; h — structure of base metal
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Figure 10. Impact of PAW f frequency on the distribution of mi-
crohardness HV1 in different regions of HAZ: 1 — coarse grain
region near the fusion line; 2 — region of coarse grain near the
region of recrystallization; 3 — weld near the fusion line

for the cases of repair of wall thinnings in the pipes
during remelting of the defects in the operating pipe-
line using mechanized method.

CONCLUSIONS

1. It was established that a gradual increase in the
pause current due to the displacement of a falling
VACh region at an unchanged rate of electrode wire
feed leads to an increase in the arc voltage and, as
a consequence, the pulsed-arc process with short cir-
cuits changes to the process without short circuits.
In this case, an increase in the width of beads by
3040 % with a corresponding decrease in the pene-
tration depth by 25-30 % is observed.

2. An increase in frequency from 5 to 100 Hz does
not affect the geometric parameters of the weld. How-
ever, a decrease in ripples is observed.

3. It was shown that a change in the PAW frequen-
cy almost does not affect the structural components
on the region of coarse grain of HAZ, which also co-
incide with a specimen, welded applying stationary
welding modes. Also no significant changes in the
values of the average microhardness on the region of
a coarse grain is observed.

4. It was established that an increase in frequen-
cy has a direct proportional effect on the size of the
grains in the region of HAZ overheating. Thus, as the
PAW frequency increases from 3 to 50 Hz, the size of
grains in the HAZ overheating region increases from
8 (Dglr =22 um)to 6 (D =44 um).

5. It was established that an increase in PAW fre-
guency allows reducing the width of HAZ and the re-
gion of a coarse grain. In this case, a decrease in the
width of the region of a coarse grain is more signifi-
cant and reaches 25-30 % at a frequency f= 50 Hz.
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