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Abstract. In this work computations of a temperature field are carried out during multi-
pass Gas Metal Arc Weld surfacing of a cuboidal steel element taking into account heat of
the melted electrode material. The results are presented in the form of temporary and
maximum temperature distribution in the element’s cross-section and thermal cycles at
selected points.
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1. Introduction

The basis for welding processes is the usage of a concentrated moving heat
source, which causes temperature field changeable in time and space. In the model-
ing of a temperature field of welding processes, its single-distributed heat source
model is generally assumed, reflecting the direct impact of the electric arc on the
surfaced object. The shape of the fusion lines during arc weld surfacing exhibits
shape irregularity that is difficult to restore by means of the description of the tem-
perature field obtained by using analytical method and the single-distributed heat
source model. The necessity of the adoption of a bimodal heat source model in the
analytical description of the temperature field is therefore essential, which was
presented in [1]. In modelling of the temperature field during multi-pass surfacing
by welding, one has to take into account changes of temperature caused by the
application of consecutive welds (temperature increases with successive passages
of the electrode as well as the cooling of already applied welds and areas previous-
ly heated), including the overlapping of melted areas (overlaps). The analytical
description of the temperature field during multi-pass arc weld surfacing taking
into account heat of the melted electrode material was presented by authors in the
previous work [2].
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2. Example of computations

Computations of a changeable in time temperature field for a surfaced plate of
length 0.4 m, width 0.2 m and thickness 0.05 m are conducted. Thermal properties
of welded subject material and electrode are determined by a = 8-10° m?s,
C,=670JkgK, p=p.=7800 kg/m’, and L = 268 kJ/kg. Numerical simulations of
the temperature field are conducted during application of five welds of length
0.2 m in the middle part of plate (coordinate of welds beginning x, = 0.1 m).
Volumetric heat source with Gaussian distributed power densities are characterized
by zy; = 0.005 m, 5, = 4.5 s, zg;= 0.005 m and 7y, = 4.5 s. The sum of heat powers
corresponds to power obtained with welding parameters U = 24.3 V, [ = 232 A,
n = 0.6, used in welding trials using the GMA method conducted by Klimpel
etal. [3].

a)

E

C

o

k9]

[0]

2]

1]

1]

O -0.005

[}

—

(o)

g -0.01

T 007 0.075 008 0.085 009 0095 01 0105 011 0115 0.12 0.125 0.13

Width of cross section [m]

b)

E

c

o

ke}

(0]

12}

12}

172}

O -0.005

[&]

is]

% 0.01

F 007 0075 008 0.085 009 0095 01 0105 011 0115 012 0.125 0.13

Width of cross section [m]

¢)

E

C

o

k9]

[0]

2]

1]

1]

O -0.005

[}

—

(o)

g -0.01

T 007 0.075 008 0.085 009 0095 01 0105 011 0115 0.12 0.125 0.13

Width of cross section [m]

Fig. 1. Temporary temperature field in the cross-section during the application of 1st
weld at time: a) 1 s, b) 2 s, ¢) 3 s after the passage of the electrode
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In the calculations are assumed: welding velocity v = 0.007 m/s, diameter of
electrode wire d = 1.2 mm, the wire speed v, = 0.013 m/s, the parabolic shape of
weld face [4] of height 4, = 2.77 mm and width w,, = 11.93 mm, the initial temper-
ature of the electrode 7, = 373 K (the contact temperature of wire with welding
head) and the temperature 7;, = 2773 K. Welding overlap is obtained assuming the
distance between axes of particular welds equal to 8 mm.

In Figures 1-3 temporary temperature fields are presented in the fragment of
cross-section (x = 0.2 m) during the application of the first, second and the fifth
weld. During the application of the first weld (Fig. 1), isotherms have an irregular
shape symmetrical with respect to the vertical axis of weld. Subsequent passages of
a heat source cause the accumulation of heat in the material and deeper heating
along with the application of next welds (Figs. 2 and 3).
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Fig. 2. Temporary temperature field in the cross-section during application of 2nd weld
attime: a) 1 s, b) 2 s, ¢) 3 s after the passage of electrode
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In the Figure 4 the temperature field on the surface of the welded object during the
application of the first weld (for time 15 s, electrode coordinates x = 0.2 m,
y=10.084 m) is presented.
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Fig. 3. Temporary temperature field in cross sections during application of 5th weld at
time: a) 15, b) 2 s, ¢) 3 s, d) 4 s after the passage of electrode
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Fig. 4. Temperature distribution on the surface of element (z = 0) during application of
1st weld for time = 15 s (position of electrode y = 0.084 m, x = 0.2 m)
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Fig. 5. Temperature distribution on the surface of element (z = 0) during application of
3rd weld for time ¢ = 83 s (position of electrode y = 0.1 m, x = 0.2 m)
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. 6. Temperature field in longitudinal section in the axis of 3rd weld (y = 0.1 m) during
application for time ¢ = 83 s (position of electrode x = 0.2 m)
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Fig. 7. Maximum temperatures in the subsequent cycles (x = 0.1)

Temporary temperature fields during the application of the third weld (for time
t = 83 s, electrode coordinates x = 0.2 m, y = 0.1 m) in longitudinal sections in the
axis of this weld and on the surface of surfaced element (z = 0) are presented in
Figures 5 and 6, respectively.

Whereas maximum temperatures in the subsequent cycles in the cross-section
(x = 0.1 m) are presented in Figure 7.

Isotherms of critical temperatures allow one to determine characteristic heat
affected zones (Fig. 8). Solidus temperature 1766 K determines fusion line, while
temperatures 4; = 993 K and 4; = 1108 K determine austenitic transformation
zone: partial (between A; and 4;) and full (above A4;). For selected points of cross
section (cf. Fig. 8), whose coordinates are presented in Table 1, are determined
welding thermal cycles (Fig. 9).
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Fig. 8. Heat-affected zones in the cross-section
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Fig. 9. Welding thermal cycles at points 1-6
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Coordinates of selected points of cross-section

No. of point Coordinates (y, z) [mm]
1 86, 2.775
2 101, 0
3 104, 0
4 104, -5
5 101, -8
6 100, -13

4. Conclusions

Table 1

The adopted model enables determination of a temperature field, heat-affected
zone (HAZ), including partial and full transformations and fusion zones, as well as
analysis of thermal cycles at any point of arc weld multi-pass surfaced element.
Results of numerical simulations indicate significant influence of the heat of weld

on temperature distribution in fusion and full transformation zones.
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