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Influence of electrode wire feed speed on base metal penetration and geometrical dimensions of deposited beads at 
submerged-arc surfacing was studied. Four flux-cored wires of 1.2; 1.6; 1.8 and 2.0 mm diameter were used in the 
experiments. Feed speed adjustment was performed in the range from minimum value Vf.min, at which a stable surfacing 
process can be in place for these conditions, and up to maximum value Vf max = 450 m/h, which was determined by the 
characteristics of the used surfacing unit. It is found that at surfacing with high wire feed speeds, there exists such an 
optimum ratio of feed speed and other surfacing parameters for each wire diameter, at which increase of this speed leads 
to reduction in penetration depth and share of base metal in the deposited metal at rising current of surfacing. Results, 
obtained in this work, were successfully applied at wear-resistant arc surfacing of 3 mm steel sheets, and can also be 
used in selection of modes of arc surfacing of other parts, which to the greatest extent meet their operating conditions, 
and requirements to deposited metal and base metal penetration. 10 Ref., 4 Tables, 5 Figures.
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One of the main characteristics of different methods 
of surfacing is the value of penetration of base metal 
and, as a result, the share of base metal (SBM) in the 
deposited metal. As a rule, in arc surfacing with elec-
trode wires, the share of base metal in deposited metal 
varies in the range of 30–50 %. As a result, in order 
to reach the desired chemical composition in deposit-
ed metal, it is necessary to deposit 4–5 layers. Thus, 
reduction in the value of penetration and SBM should 
improve technical and economic characteristics of the 
arc surfacing process, and the development of mea-
sures for their reducing remains an urgent task [1].

 It is widely known that the quality of the depos-
ited metal formation, its composition and structure, 
as well as penetration depth of base metal and SBM, 
depend mainly on surfacing modes [1–5]. The basic 
parameters of surfacing mode are current value (elec-
trode wire feed speed); polarity and kind of current; 
arc voltage; surfacing speed; diameter (cross-section) 
of electrode material; surfacing pitch; and during sur-
facing of rotation bodies, displacement from the ze-
nith or nadir. Among them, when developing the tech-
nology of arc surfacing of specific parts, the values 
of current and voltage, surfacing speed and diameter 
(cross-section) of the electrode material are usually 
preset [1, 5–8]. Such parameters as kind and polar-
ity of current, the value of electrode wire stickout, 
etc., have a lower influence on penetration depth and 
SBM, shape and sizes of deposited beads [6]. At the 
same time, in the first place the selected mode of sur-

facing should provide a good formation of the depos-
ited metal and a minimum, but sufficient penetration 
of base metal or a previously deposited layer [1].

Among the mentioned parameters of arc surfacing 
modes by electrode wire the current of surfacing has 
highest effect on the depth of penetration of base met-
al and SBM. A growth of current leads to a sharp in-
crease in the penetration depth and formation of high 
and narrow beads (Figure 1) [3]. At the same time, it 
is necessary to remember about the necessary condi-
tion for surfacing, namely, maintaining a stable arc 
process. In order to do that, the electrode wire feed 
speed should be equal to the speed of its melting so, 
that during surfacing no short circuits or breaks of 
welding arc can occur [5, 7].
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figures 1. Effect of arc surfacing mode parameters on bead shape 
[5]: a — current; b — voltage; c — speed
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The current of surfacing is closely related to the 
electrode wire feed speed, and with increase in the lat-
ter, the current of surfacing increases proportionally. 
At a constant surfacing speed this leads to an increase 
in the volume of metal deposited, getting to the sur-
face deposited in a unit of time, which should result 
in changing the geometric characteristics of deposit-
ing beads. In industrial practice, in arc surfacing of 
different parts, the electrode wire feed speed usually 
does not exceed 200 m/h, and the feed mechanisms of 
the most existing surfacing equipment and automatic 
devices are designed for this value, which does not 
exceed 450 m/h [1].

The aim of this work is to study the effect of elec-
trode wire feed speed (current of surfacing) on pen-
etration depth of base metal, SBM and formation of 
deposited beads during arc surfacing.

To study the effect of wire feed speed on penetra-
tion depth of base metal in arc surfacing, a series of 
experiments on surfacing of single beads with flux-

cored wires of 1.2; 1.6; 1.8 and 2.0 mm diameters 
under flux was conducted. The feed speed was con-
trolled in the range from the minimum value Vf.min, at 
which a stable arc process was possible for these con-
ditions, and to the maximum value Vf.max = 450 m/h, 
which, as was mentioned above, was determined by 
the characteristics of the used surfacing installation 
U-653 completed with the power source VDU-506.

Surfacing with all four flux-cored wires was car-
ried out at a constant speed of surfacing Vs = 27 m/h. 
The arc voltage also remained constant during surfac-
ing with a wire of the same diameter: for the wire with 
a diameter of 1.2 mm it was 22 V; for the wire with 
a diameter of 1.6 mm it was 24 V and for the wires 
with a diameter of 1.8 and 2.0 mm it was 26 V. The 
appearance of specimens after surfacing is shown in 
Figure 2.

In the process of surfacing, the values of wire feed 
speed and the value of current, which corresponded 
to the first ones, were fixed. From deposited billets, 

figures 2. Appearance of specimens after surfacing using wires with the diameter: a — 1.2; b — 1.6; c — 1.8; d — 2.0 mm
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transverse macrosections were manufactured, on 
which the width and height of deposited beads, pene-
tration depth were measured, as well as SBM was cal-
culated. Macrosections of cross-sections of deposited 
beads and their dimensions are given in Tables 1–4.

Based on the obtained data, the dependences of 
the effect of electrode wire feed speed on penetration 
depth of base metal (Figure 3) and SBM (Figure 4) 
were plotted. It was established that with an increase 
in electrode wire feed speed, the height of deposit-
ed bead increases, penetration depth and also the 
width of bead varies slightly (Figure 3, Tables 1–4). 
At the same time, with the increase in the diameter 
of the applied flux-cored wire, these dependences 
grow. Thus, for example, for the wire with a diameter 
of 1.2 mm, an increase in the wire feed speed from 
210 to 405 m/h leads to a growth in the height of the 
bead by 1.3 times, and for the wire with a diameter of 
2.0 mm, the same parameter in the same range of feed 
speeds is increased by 2.4 times, which is associated 
with a proportional increase in the volume of deposit-
ed metal per a unit of the bead length.

At a gradual increase in the wire feed speed, and, 
consequently, in the value of welding current from the 
minimum possible value, at which a stable process 

Table 1. Effect of wire feed speed on the formation of deposited 
beads and penetration depth of base metal in surfacing using the 
wire of 1.2 mm diameter

Vf,

m/h

Is, 
А

Dimensions of 
deposited beads, mm γ0, 

%
Macrosections of 

cross-section of beads
width height depth

210 110 5.9 1.6 0.87 33

260 130 7.6 1.7 0.91 34

310 150 7.8 1.9 0.68 29

360 160 7.9 1.9 0.92 31

405 170 8.1 2.1 1.13 33

450 190 8.5 2.2 1.17 31

Table 2. Effect of wire feed speed on the formation of deposited 
beads and penetration depth of base metal in surfacing using the 
wire of 1.6 mm diameter

Vf, 
m/h

Is, 
А

Dimensions of 
deposited beads, mm γ0, 

%
Macrosections of 

cross-section of beads
width height depth

175 170 6.7 1.6 1.24 41

210 190 7.1 2.1 1.45 38

260 220 8.2 2.3 1.85 40

310 260 7.8 2.5 2.49 46

360 290 7.4 3.6 2.21 35

405 320 9.9 3.5 3.04 40

450 350 8.5 3.9 4.6 47

Table 3. Effect of wire feed speed on the formation of deposited 
beads and penetration depth of base metal in surfacing using the 
wire of 1.8 mm diameter

Vf, 
m/h

Is, 
А

Dimensions of 
deposited beads, mm γ0, 

%
Macrosections of 

cross-section of beads
width height depth

175 200 9.9 1.7 1.74 48

210 240 10.9 1.9 1.86 45

260 280 9.9 3.2 3.04 45

310 310 9.7 3.3 3.35 46

360 330 9.3 3.6 2.99 38

405 360 9.3 3.7 2.70 38

450 390 8.7 3.8 3.74 39
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is observed, to the maximum value, provided by the 
feed mechanism of the installation, a slight decrease 
in SBM is noted for almost all the diameters of the 
tested wires (Figure 4). This is explained by the fact 
that with an increase in current and the wire feed 

speed at a constant surfacing speed, the growth rate 
of the area of deposited metal significantly exceeds 
the growth rate of the penetration area, and the depos-
ited beads obtain a «mushroom-like» shape. This is 
especially peculiar during surfacing using flux-cored 
wires with a diameter of 1.6 mm and more.

At the same time, it was established that in surfac-
ing using the wire of each diameter, a certain range 
exists, where the proportionality of wire feed speed 
effect on penetration depth is violated. In this range, 
with increase in the feed speed (at rising current), a 
decrease in the penetration depth occurs (Figure 3, 
dashed areas).

This dependence is the most significantly pro-
nounced in surfacing with a wire of 1.2 mm diameter. 
In case of surfacing at the electrode wire feed speed 
Vf = 310 m/h, not only a decrease in penetration depth 
by 25 % is observed as compared to surfacing at a 
feed speed Vf = 260 m/h, but also the minimum val-
ue of penetration (0.68 mm) for the entire investigat-
ed range of wire feed speeds are observed. Also, for 
surfacing with a wire of 1.2 mm diameter at the feed 
speed Vf = 310 m/h, the SBM is characterized by a 
decrease from 34 to 29 %, which is also the minimum 
value for the whole investigated range.

It was also noted that the larger the wire diameter, 
then a decrease in penetration depth is observed at the 

Table 4. Effect of wire feed speed on the formation of deposited 
beads and penetration depth of base metal in surfacing using the 
wire of 2.0 mm diameter

Vf, 
m/h

Is, 
А

Dimensions of 
deposited beads, mm γ0, 

%
Macrosections of 

cross-section of beads
width height depth

175 250 11.7 1.7 1.94 51

210 290 11.9 1.9 2.34 50

260 320 12.0 2.3 2.57 48

310 350 10.2 2.6 3.32 48

360 380 8.8 3.7 3.4 42

405 410 9.2 4.4 3.6 38

450 450 9.7 4.7 2.57 37

figures 3. Effect of wire feed speed on penetration depth: shading 
indicates the area of decreasing penetration depth with increasing 
current

figures 4. Effect of feed speed of electrode wire of different di-
ameters on SBM

figures 5. Appearance of 3 mm thick steel sheet prepared for sur-
facing (a) and a fragment of deposited sheet (b)



19ISSN 0957-798X THE PATON WELDING JOURNAL, No. 3, 2019

SCIENTIFIC AND TECHNICAL                                                                                                                                                                                                    

                                                                                                            

higher feed speed. Thus, for the diameter of 1.2 mm, 
this effect is pronounced at a feed speed of 310 m/h; 
for the diameter of 1.6 mm — at 360 m/h; for the di-
ameter of 1.8 mm — at 405 m/h; and for the diameter 
of 2.0 mm — at a speed of 450 m/h.

However, in this case the values of current den-
sity J, at which this phenomenon is observed, are in 
a narrow range for all the investigated diameters of 
electrode wire: for the diameter of 1.2 mm the current 
density is J = 136 A/mm2, for the diameter of 1.6 mm 
J = 144 A/mm2; for the diameter of 1.8 mm J = 142 A/
mm2, and for the diameter of 2.0 mm J = 143 A/mm2. 
The average value of current density for all the diam-
eters is J ≈ 140 ± 4 A/mm2. Obviously, in this case, 
the favourable heat balance of the surfacing process is 
established, in which the growth in the area of depos-
ited metal is higher than the growth in the area (depth) 
of penetration. The results obtained in this work are 
protected by the patent of Ukraine [9].

Surfacing at increased flux-cored electrode wire 
feed speeds was successfully applied in wear-resistant 
arc surfacing of 3 mm thick steel sheets. It is known 
[10] that one of the main problems in surfacing sheets 
of such a thickness is the probability of arising burn-
outs in the process of surfacing.

Surfacing of sheets with the dimensions of 
3×200×300 mm was performed with a flux-cored 
wire of 1.2 mm diameter under the flux at the mode: 
Vf = 310 m/h (I = 150 A), U = 22 V, Vs = 30 m/h, 
overlapping of the neighbouring beads is ≈ 50 %. To 
reduce deformation of sheets in the process of sur-
facing, a device with a cooled copper table was used, 
on which the sheets were fixed with the help of hold-
down straps. The appearance of the sheet prepared for 
surfacing and fixed in the fixture is shown in Figure 5, 
a; and the appearance of a fragment of a deposited 
sheet is shown in Figure 5, b. The control confirmed 
the quality formation of deposited metal and the ab-
sence of surfacing defects in the form of burn-outs, 
pores, cracks and other defects.

conclusions

1. In arc surfacing using high wire feed speeds, for 
each diameter of the wire such an optimal ratio of val-
ue of feed speed and other surfacing parameters exist, 

at which its increase leads to a decrease in penetration 
depth and SBM at a rising current of surfacing.

2. The values of current density J, at which a de-
crease in penetration depth is observed, for all inves-
tigated diameters of electrode wire are in a narrow 
range: for the diameter of 1.2 mm, J = 136 A/mm2; for 
the diameter of 1.6 mm, J = 144 A/mm2; for the diam-
eter of 1.8 mm J = 142 A/mm2 and for the diameter 
of 2.0 mm J = 143 A/mm2. The average value of the 
current density for all diameters is J ≈ 140 ± 4 A/mm2. 
In this case, a favourable heat balance of the surfacing 
process is established, in which the growth in the area 
of deposited metal is higher than the growth in the 
area (depth) of penetration.

3. The results of investigations were successfully 
used in the development of technology for wear-resis-
tant arc surfacing and of 3 mm thick steel sheets under 
the flux. The control confirmed the quality formation 
of deposited metal and the absence of surfacing de-
fects in the form of burn-outs, pores, cracks and other 
defects.
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