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Abstract. The microstructure and hardness of the weld joints of DOMEX 700 steel were 
investigated. As a result, the optimization of the parameters of robotic arc welding in the 
environment of protective gases was carried out taking into account the size of the energy per unit 
length. The optimum modes of welding were determined. The size of the deterioration area, where 
there is a decrease in hardness in comparison with the main metal, for a thickness of 6 mm is 
2.36 mm, and for a thickness of 3 mm is 1.51 mm. The parameters of the robotic welding process in 
the arc mode in the environment of protective gases for the investigated thicknesses of the DOMEX 
700 steel were recommended. As a result, the energy-saving conditions for welding performing were 
achieved ensuring the required technological strength. 

Keywords: DOMEX 700 steel; experiment planning; weld joint; microhardness; area of 
hardening; thermal impact zone; high strength steel; microstructure. 

Introduction 
The modern state of integration of industry into the world economy requires the development of 

welding technology for the wide range of alloys and grades of steel. This causes the problems of providing 
not only weldability and service durability, but power-saving conditions as well. In this case, it is important 
to take into account the peculiarities of the process of thermal deformation welding period under the 
certain conditions, since the parameters of welding mode, the techniques of performing certain welded 
joints and structural-phase composition of the metal in the weld are inseparably linked. 

Problem Statement 
To avoid structures worsening the features of weld and to lessen the dimensions of zone of heat 

impact at lowering power inputs on the process performance is the top priority task at welding high-
strength steels. They are especially sensitive to local heating by electric arc and tend to forming so-called 
soft zones in the heat affected zones (HAZ). As a result, lowering the strength characteristics together with 
occurrence of residual stresses can cause the initiation and appearance of cracks during the operation mode 
of a welded construction. 

Review of Modern Information Sources on the Subject of the Paper 
Using high-strength low-alloy steel for the industrial production of metalware causes the 

development of new ways of providing the technological weldability and improving the old ones [1]–[3]. 
In particular, such features as determination and a purpose of parent metal and availability of additional 
treatment for providing special properties; taking into account chemical and phase-structure composition of 
the weld metal; peculiarities of welding techniques; arc spatial position; values and distribution of residual 
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stresses etc. [4]–[8] should be considered here. It is also important that the suitability and possibility of 
additional thermal treatment of weld joints during the process of welding and after it should be considered 
[9; 10]. Therefore, the integrated approach to welding should include all these important factors for 
optimizing the technology and creating energy-saving conditions of the process in general. 

Objectives and Problems of Research 
The aim of the work consists in providing the energy-saving conditions of welding for high-strength 

low-alloy DOMEX 700 steel. It is important that several tasks of the research should be fulfiled, that is, 
optimizing the parameters of welding mode; studying the influence of heating cycle of welding on forming 
the phase-structural metal composition of weld joint; analyzing the dimensions of the heat affected zone. 

Materials and techniques of the experiment 
The high-strength cold-formed Domex 700 MC steel microalloyed with niobium (Nb), titanium (Ti) 

and vanadium (V) (see Table 1) was used during the investigations which allows providing a low content 
of carbon. This steel is characterized by a low amount of inclusions, and is produced by tightly controlled 
thermomechanical rolling [11]. 

Table 1 
Chemical composition of Domex 700 MC steel 

Content of  alloy elements, %  
C Si Mn P S Al Nb V Ti 

0.12 0.10 2.10 0.025 0.010 0.015 0.09 0.2 0.15 

As a result, not only excellent mechanical properties (Table 2), but also good technological 
weldability can be achieved. 

Table 2 
Mechanical properties of Domex 700 MC steel [11] 

Elongation, %  Bending radius Tensile 
strength, 

Bσ , MPa 

Yield 
strength, 

Tσ , MPa 3δ >  mm 3δ <  mm 3δ ≤  mm 3 6δ< ≤  mm 6δ >  mm 

750 - 950 700 10 12 0.8⋅ δ 1.2⋅ δ 1.6⋅ δ 
 
where δ  is metal thickness. 

Data from Table 2 show a good yieldability of this steel, so that it can be bended lengthwise as well 
as along the rolling direction with minimum bending radii. 

Butt-welded joints of the elements with thickness of 3 mm and 6 mm were investigated. They were 
obtained on a bench tester by using a Panasonic welding robot (Volk Weld). Cutting of rectangular plates with the 
dimensions 250 mm×150 mm was performed with the use of Trumpf 5030 laser cutting machine. As a filler 
material, the wire EN ISO 16834-A: G 69 4 M21 Mn3Ni1CrMo of 1 mm in diameter was chosen along with gas 
mixture М21 (80% Ar + 20% CO2) according to Ukrainian State Technological Standard ISO 14175:2004. 

Before welding, the elements were immobilized with the use of manual mechanical clamps and tack 
welds (Fig. 1). 

The use of robot welding enables eliminating the influence of such a subjective human factor as the 
qualification of a welder and providing tight control of rate of energy input of the process. It also allows 
obtaining the uniform chemical composition of the weld joint along its axis. 

The investigation of microstructure of the weld joint was performed on the microsections produced 
by cutting the weld joint across the weld into templates and further grinding and polishing them according 
to a standard technique. For etching the microsections a 4% solution of HNO3 in the ethanol was used. 
Microstructures were investigated with a metallurgical microscope MИM – 8Мзі with a 1000x 
magnification range. The prepared microsections being investigated, hardness was measured by the 
Vickers hardness test pressing a diamond pyramid at the load of 10 kg, as well as at 100 g while using a 
micro-hardness tester ПМТ-3. 

Lviv Polytechnic National University Institutional Repository http://ena.lp.edu.ua



Optimization of Welding Modes for High-Strength Low-Alloy DOMEX 700 Steel 49 

  
a b 

Fig. 1. Preparing the elements for welding: a – location on the bench tester; 
 b – tack welds performed by the welding robot 

The optimal parameters of the mode were set basing on planning and performing the series of 
sequential experiments. The technique shown in specialized literature [12; 13] was performed on the base 
of a full-factor experiment. As a response function (Y), the dimensions of the heat affected zone of the 
weld joints were accepted. For this, the macrostructure analysis of the templates cut mechanically from the 
middle part of welded plates was carried out. In addition, the following qualitative features of obtained 
joints were analyzed: forming the back of weld, occurrence of electrode metal splashing and its magnitude, 
possible welding defects, residual welding deformations. After welding, visual inspection including the 
measurement of the dimensions of all plates was performed (Fig. 2). These characteristics are not a part of 
the response function, but they influenced the set of mode parameters based on the expert evaluation, since 
they have an effect not only upon the construction workability, but also on the ergonomic characteristics of 
the product in general. 

Heat effect of the process was also studied on the series of single short welds according to the 
developed plan of the experiment. It made it possible to determine the arc power and the conditions of heat 
sink quite accurately by the width of the zones of heat tints (Fig. 2). 

Such key elements of arc process as arc voltage (Х1), welding speed (Х2) and welding current (Х3) 
were accepted as impact factors. Their values and possible range of changes are shown in Table 3. 

Table 3 
Factor values and range of their changes during welding the plates of different thickness 

Arc voltage, V (Х1) 
Welding speed, mm/sec 

(Х2) 
Welding current, A (Х3) Impact factors 

 
Data 

δ = 3 mm δ = 6 mm δ = 3 mm δ = 6 mm δ = 3 mm δ = 6 mm 

Main level 18 24 9.7 5.0 125 200 

Change range (∆xi) 3 3 3.3 0.55 5 20 
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Fig. 2. Visual inspection of experimental templates 

Below, the plan of experiment [12; 13] containing the record of all factor combinations or their parts 
in the encoded form (so-called design matrix) is shown (Table 4). 

Table 4 
Design matrix for the experiment including three factors for plates of different thickness 

Y, mm 
Experiment number Х1 Х2 Х3 

δ = 3 mm δ = 6 mm 
1 +1 +1 +1 1.7 2.6 
2 -1 +1 +1 1.6 1.9 
3 +1 -1 +1 2.7 3.9 
4 -1 -1 +1 2.3 2.5 
5 +1 +1 -1 1.6 2.1 
6 -1 +1 -1 1.5 1.6 
7 +1 -1 -1 2.6 2.7 
8 -1 -1 -1 2.2 1.9 

Possible negative effects occurring due to the wear of current-carrying nozzle (weld current 
oscillation), slipping of wire in wire feed rollers (voltage oscillation), imperfection of positioning and 
moving (welding speed) were not recorded. 

The results of the investigation show that the best forming of weld joint was obtained in experiments 
№ 2, 5 and 6 for templates with thickness of 3 mm, and № 2, 6 and 8 for templates 6 mm thick. However, 
if the qualitative factors of the process based on the performed expert evaluation are taken into account, it 
is advisable to address the data of the experiments 2 and 8 for the templates 3 and 6 mm thick respectively. 

As a result of performed investigations, the following parameters of the process of robot welding 
with the use of electrode wire 1.0 mm in diameter were determined (Table 5). 

Microstructural analysis. Microstructure of different zones of weld joint, heat affected zones and 
parent metal was investigated (Fig. 3). The microstructure of parent metal contains a ferritic matrix with 
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the deposition of special carbides of molybdenum, vanadium and titanium (Fig. 4). Its hardness is, at an 
average, 270 HV. In the heat affected zone, two areas were revealed: the area of recrystallization of cold-
worked parent metal (Fig. 5) and the area of total recrystallization (Fig. 6). On the area of recrystallization, 
such phenomena as rest, recovery, polygonization and initial recrystallization take place and cause the 
decrease in hardness to 220 HV. On the area of total recrystallization, which was heated over Ас3 to the 
austenite state, special carbides are dissolved and then, while cooling, the transformation of austenite to 
ferrite takes place. In this zone, microstructure is ferrite-carbide, and the size of ferrite and carbide grains 
gradually increases with the increase in temperature while approaching to the weld joint. The hardness in 
this area is somewhat higher in comparison with the recrystallization zone and approaches 240 HV, but in 
all cases, it is lower than in parent metal on average by 30 units. 

 

 
Fig. 3. Diagram of butt weld: WJ – weld joint; ZHI – zone of heat impact;  

TRA – total recrystallization area; RA – recrystallization area; PM – parent metal 

  
Fig. 4. Microstructure of parent metal  

(DOMEX steel 700 (× 300)) 
Fig. 5. Microstructure of recrystallization area of a heat 

affected zone in the weld joint (× 300) 

On the fusion zone, which by its chemical composition is the transition zone from heat affected zone 
to the weld joint, some undesirable phenomena, as carbide or martensite structures and cracks can occur, 
but no such defects were detected in the investigated templates (Fig. 7). 
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Microstructure of the weld joint has an obviously columnar pattern. At the boundaries of previous 
austenite zones having had columnar pattern, ferrite is noticed to appear. In the weld joint besides the 
ferrite phase, carbide deposition can be observed (Fig. 8). 

Therefore, the microstructure in all zones of weld joint is considered as the mixture of ferrite and 
carbide phases, which are different from each other in size and amount. 

 

  
Fig. 6. Microstructure of the total recrystallization area 

of a heat affected zone in the weld joint (x 300) 
Fig. 7. Microstructure of the fusion zone (x 300) 

 

Fig. 8. Weld microstructure (x 300) 

The dimensions of areas of total recrystallization and recrystallization were measured on all 
investigated templates with an incremental step of 50 μm. Depending on welding modes, their dimensions 
for a thickness of 6 mm are in the range from 1.6 to 4 mm, and for a thickness of 3 mm – from  
1.5 to 2.7 mm (Fig. 9). 

The investigations of microstructure and hardness of weld joint between DOMEX 700 steel 
templates definitely indicate that in the heat affected zone the hardness is slightly lower comparing with 
carbon steels and low-alloy steels, which is caused by the absence of hardening structures such as 
martensite or bainite in it. Instead of them, there is a ferrite-carbide structure there, as in the parent metal. 
In this zone hardness is lower than in parent metal, since its strengthening is lower than one created during 
previous cold forming. 
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Conclusions 
The phase-structure composition of metal of weld joints made for high-strength low-alloy DOMEX 

700 steel was investigated. It has been shown that the heating cycle of welding causes the creation of soft 
zones while forming the ferrite metal structure containing carbide inclusions. The dimensions of the soft 
zone are determined by the arc power during the robot welding process. 

The optimization of the parameters of robot arc welding in shielding gases with taking into account 
the value of energy input was carried out. For optimal welding modes, the size of a heat affected zone (soft 
zone), where the decrease in hardness in compare with parent metal is observed, is 1.9 mm for a thickness 
of 6 mm and 1.6 mm for a thickness of 3 mm. 

The parameters of the mode of robot arc welding process in the medium of shielding gases for 
investigated values of DOMEX 700 steel thickness were recommended. As the result of their 
implementation, the energy-saving conditions for welding with providing the necessary technological 
hardness are achieved. 

 

 
Fig. 9. Graph of distribution of micro-hardness of weld joint 
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