
1. Introduction

An analysed element is made of a metal wire mesh joined 
on the circumference with a steel frame. The metal wire mesh 
is made of the steel wires of S235 type with a diameter ranges 
d = 2,5 ÷ 3,2mm, and sizes of the mesh 40 x 40mm. The size 
of the frame is 1000 x 4000 mm and 1000 x 3000mm, and was 
made of a structural section of S235 steel of a square cross 
section 35mm, and thickness of the wall 2,5mm. Joining wires 
of the metal wire mesh with the structural section is made by 
means of section fillet welds 15mm long by the MAG method 
in automated conditions using robots. Elements used in 
welding are folded and blocked in the frame of the positioner 
cooperating with robots. 

The key issue is to obtain a straight element i.e. a welded 
metal wire mesh with the frame in the process of an automated 
welding on the automated line. The core of this issue is 
a symmetry of a geometric position, and actually a symmetry 
of a moment of inertia of a cross section, and a symmetry of 
a pattern of stresses caused in the process of welding, and 
locked-in stresses left in the used materials. An asymmetry 
of above sections will cause considerable deformations in the 
elements, the greater an asymmetry of sections is, the bigger 
deformation in the elements will become. Deformations will 
appear in those areas of the element, where an asymmetry 
will appear. An important issue can be metallurgical process 
[17,18] and other properties of the materials [19-21]. Figure 1 
presents a cross section of the metal wire mesh with a frame in 
a place of joining particular elements of a considered problem. 

In order to obtain a straight element certain operations 
can be done:
•	 the use of straightening after a process of welding, 
•	 the use of  a pre-distortion of the main element before 

welding, 
•	 the use of a balanced thermal influence on the opposite 

side of the element just opposite of the weld  

Fig. 1. A scheme of a cross-section of a metal wire mesh with 
a frame in the place of joining: a) with a distribution of axes of 
inertia on the section, b) with a distribution of axes of inertia on 
the section, and the weld causing stresses, c) with a distribution 
of axes of inertia on the section, and the stresses which cause 
deformations of an element

2. Possible options of an assembly

It is possible to use different options of an assembly in 
order to obtain an established goal due to accepted general 
assumptions of the technology of making welded metal wire 
mesh with frames. Table 1 presents a general characteristics of 
possible options of an assembly.  

Presented methods of an assembly require adapting 
a construction of an assembly stand, and using appropriate 
equipment, as well as preparing technological devices of 
a chosen process depending on the particular type [4]. In order 
to reduce an influence of a thermo-mechanical effects caused 
by made welds, it is vital to reduce their length and sections 
[5-16].

A proper choice of parameters can be implemented by 
analytical methods (not very precise taking into account present 
level of knowledge), or in a practical way – experimental 
(require doing numerous tests in the conditions close to the 
real ones), and in the mixed analytical-experimental methods 
(often give the best results).  
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3. Purpose and the scope of technological tests

The purpose of technological tests was to evaluate the 
size of deformation of welded metal wire mesh with the frame 
in the simulation conditions similar to automated welding 
capabilities. Tests were done by using welding capabilities 
of symmetrical (simultaneously by two welders in a proper 
sequence) in the manual conditions with proper parameters for 
these conditions. Tests were done on one type of metal wire 
mesh of the size of the wire d=3,2 mm, and the mesh 40x40 
mm welded with the frame made from the structural section 
35x35x2 mm, and a size 1000x3000 mm. 

4. a description of technological tests

test 1
A test of surfacing by welding two-sided structural 

section as a simulation of welding a metal wire mesh with 
the structural section with a simultaneous balanced heat input 
on the opposite side of the frame. A purpose of the test was 
to check a possibility of using the MAG method of welding 
with a simultaneous heating of an element on the opposite side 
by the balanced heat input, and the same linear energy – this 
method appeared to be the most favourable for an automated 
welding. This test was done on the structural section of the 
square section of 35x35x2, and the length 240 mm. Five 
surfacing welds, which are transverse in a sequence on both 
sides of the structural section with a scale about 25 mm, were 
made. Above welds kept a symmetry of geometrical system, 
and a heat input into the element. As a result, any deformation 
was observed in the structural section right after finishing the 
test, as well as 24 hour later. The results of the test were given 

in the figure 2, where figure 2a shows the structural section 
from the side of surfacing welds, and 2b provides a view on 
the transverse surface of the surfacing welds. Pictures were 
taken 24 hours after making surfacing welds. In order to make 
an evaluation of rectiliearity of an element simpler, there 
are straight red lines on both sides of surfacing welds as the 
reference lines in the figure 2b. 

Fig. 2. A view of a surfacing by welding sample: a) from the side of 
surfacing welds, b) from the transverse side

Surfacing welds were made in the manual conditions 
of welding with a use of the MAG method, and a standard 
process with a dip-transfer arc of a current parameters range 
from 110 to 115 A, and the voltage of an arc ranges from 
17,5 to 17,7 v. An inverted device with a current range 400 
A was used to do tests. Filler materials were used such as the 
G3Si1 electrode with a diameter 1,0mm, and shielding gas as 
the M21 mixture with 82% of argon and 18 % co2 content 
[1, 2, 3]

test 2
Test no. 2 was done as welding a metal wire mesh with 

the frame keeping the symmetry of the system alongside 
the axe of the metal wire mesh in non-automated conditions 

TAblE 1
Possible options of an assembly 

no. Aims to obtain Requirements comments 

1 •	 an assembly of straight elements in 
a flat rigid device,

•	 welding by the MAG method in 
automated conditions, 

Preparation of detailed technological 
conditions of welding: linear energy of 
a process, sequence of making section 
welds,

An element after welding will require 
straightening 

2 •	 an assembly of pre-distorted 
elements in the rigid device with a 
curvature fitted into the element,

•	 welding by the MAG method in 
automated conditions

Preparation of  detailed technological 
conditions of welding: linear energy of 
a process, sequence of making section 
welds,

An element after welding will be 
straight, repeatability of an element is 
required

3 •	 an assembly of straight elements 
in a device allowing to give an 
adjustable pre-distortion,

•	 welding by the MAG method in 
automated conditions

Preparation of  detailed technological 
conditions of welding: linear energy of 
a process, sequence of making section 
welds,

An element after welding will be 
straight, series of types of elements 
possible to make 

4 •	 an assembly of straight elements in 
a flat rigid device,

•	 welding by the MAG method 
in automated conditions with a 
simultaneous heating of the element 
on the opposite side by a balanced 
source of heat, and the same linear 
energy, 

Preparation of  detailed technological 
conditions of welding: linear energy of 
a process, sequence of making section 
welds, and the parameters of heating 
by the balanced source of heat, 

An element after welding will be 
straight, series of types of elements 
possible to make
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bearing in mind appropriate sequence and parameters 
of welding. The test was done in order to specify the size 
of deformation in one-sided welding conditions without 
a possibility of balancing a symmetry of the system by an 
additional source of heat for the structural section of the 
frame. The test was done for the metal wire mesh of the wire 
d=3,2 mm and the mesh 40x40 mm welded  into the steel 
structural section of the square section equals 35x35x2, and 
the whole frame 1000x3000 mm. The test was done on the 
welding stand shown in the figure 3, which allows to fix 
welded elements by the manual clamps, and a simultaneous 
welding by two welders according to the previously accepted 
sequence, and the same parameters that were used previously. 
A sequence of welding alongside the frame was accepted 
in the central zone starting from the centre alternately into 
the ends with a sequence every fifth wire. while, in the end 
zones every fifth wire was surfaced by welding in a sequence 
starting from the central zone into the end of the frame. After 
completing the first series of welds, another series every 
fourth wire according to the same rules was made, and than, 
again until all the joints were made alongside the frame of 
the metal wire mesh. After making joints alongside the frame 
of the metal wire mesh, the joints at the ends of the frame 
according the rules accepted for the central zone were made. 

  
Fig. 3. A view of the welding stand for welding metal wire mesh: 
a) a stand with fixed elements by the manual clamps, b) during 
a welding test 

As a result of an experiment, after a few minutes from 
the end of a welding test there was a deformation on the 
longitudinal section of deflection equals f=6 mm (a view of 
a measurement fig. 4), and after 24 hours from the end of the 
test deflection increased till f=10 mm

Fig. 4. A view of an element during measuring a deflection after 
a couple of minutes from the end of the test (f=6 mm)

Test 3
The next test was done on a pre-distorted element with 

a deflection in the central zone fu=8mm using appropriate 
pads, and in the side zones (1m distance from the ends) 6mm. 
All other conditions of an assembly, sequence and welding 
parameters were repeated from the previous tests. 

As a result, a deflection in the central zone (on the distance 
of about 1m) about 1mm was obtained, and in total on the 
entire length of the element (3m) about 6mm (a measurement 
was made after a couple of hours after finishing welding).

test 4
Test no. 4 was done after a detailed analysis of the 

previous test. As a result a correction of a pre-distortion 
for the central zone fu=10mm was made, and in the side 
zones 6mm pads were left. A sequence of welding was also 
modified, taking into account the same scheme as for the 
central zone. welding parameters were similar as in the 
previous tests. 

As a result a deflection on the entire length of the 
element was equal to about 4-4,5 mm (a measurement was 
made after a couple of hours after finishing welding), and 
the deflection in the central zone was not observed. The 
total deflection was focused at the ends of the frame of the 
structural section. 

test 5
In the test no. 5 a correction of a pre-distortion was 

made resigning from the central zone, whereas in the side 
zones about 900mm from the ends of the frame 10mm pads 
were used. All other conditions related to the sequence and 
parameters of welding were used as in the test 4. cooling 
longitudinal sections from inside by a compressed air was 
an additional modification, until their complete cool down. 
cooling was made from the end of the welding process, and 
with the elements blocked by the pressure system. 

As a result the deflection on the entire length of the 
element was equal to about 5 mm (a measurement was made 
after cooling and taking out the element). Similarly, like in the 
previous test  a total deflection was focused at the ends of the 
frame, and in the central zone (this time widened and equals to 
about 1200mm) deflection was not observed. 

5. summary and recommendations 

Taken tests revealed numerous vital elements which 
have an influence on the size of deformation in the process 
of welding metal wire mesh with structural sections. The key 
conclusions are as following:
1. There is a complete possibility to eliminate deformations 

using a rule of a balanced heat input into a welded 
element what was proved by the test no. 1. This type 
of solution requires choosing an appropriate additional 
source of heat, and synchronizing it with the source of 
welding. 

2. There is a possibility to reduce a deformation significantly 
(up to a couple of mm) by applying a proper technology 
of welding, i.e. a sequence of sections of welds made, 
and well chosen welding parameters what was proved by 
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the test no. 2. The rule is that the welds should be the 
shortest, and their cross-section should be the smallest. 
Robotized welding conditions completely guarantee 
above conditions. 

3. There are additional possibilities to reduce a pre-
distortion by using slight initial deformation e.g. up to 15 
mm, and cooling a structural section only from the inside, 
and during an operation of a pressure system what was 
proved by the tests 3 to 5. 

4. All conclusions can be taken into account in a designed 
process of welding of these elements on the robotized 
stand with a use of welding robots. 

There are numerous factors which have an influence on 
the final result for a designed process of welding of the metal 
wire mesh with frames in robotized conditions. They are as 
following:
1. A position of the structural section of the frame – 

repeatable position of longitudinal weld, the best from the 
centre of the frame.

2. Proper conditions of the grinding of the element after 
welding, because a process of grinding causes stresses, 
and therefore deformation of the element. It can be 
additionally used to straightening the element, and not 
enlarging a deformation. 

3. A proper storage of the metal wire mesh, the best in the 
reversed position, not to make a deformation bigger. 

Another important advantage of the newly proposed 
process can be the use of modern low-energy MAG welding 
technology in a variation of a so-called cold arc. Using this 
method will be possible to limit the heat input to the material 
during welding, and therefore should occur less deformation 
of the welded component. Therefore, in this way it will 
be possible to reduce deformation. In order to verify and 
confirm the effectiveness of this method, it is essential to 
carry out a comparative test. For this purpose, welding tests 
should be performed using the classical method of welding 
namely the MAG method, and a new variety of cold arc on 
prepared elements of the metal wire mesh or on specially 
prepared samples which are compatible with real elements. 
Tests must be done under the same conditions with the 
most preferred parameters for both processes and subject 
to the same assessment. only a very positive end result 
will be a justification for the introduction of a new method, 
which will require an increased funding and high purity 
surface of the welded elements to minimize a tendency to 
generate incomplete fusions. Therefore, the proposed test is 
necessary both technically and economically before making 
the right decision about the implementation of new low-
energy technology in a variation of the cold welding arc.
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