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Abstract: In welding elements of the supporting structure of the means of transport, attention is paid to 

the high strength and good plastic properties of the welded joint. In the construction of transport means, 

DOCOL 1200M steel from the AHSS group is increasingly used due to their high tensile strength of steel 

at the level of 1200 MPa. The welds have much lower strength than the native material. In this paper,  

it was decided to check the weldability of DOCOL 1200M steel with the use of micro-jet cooling. A 

positive effect of micro-jet cooling on the mechanical properties of joints made on DOCOL 1200M steel 

was observed. A positive effect of micro-jet cooling on the mechanical properties of welded joints made 

of DOCOL 1200M steel has been observed. 
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Introduction  
In civil engineering and in means of transport, AHSS steels play a major role [1÷5]. In order to increase 

the usability of the elements of the vehicle supporting structure, it is aimed to increase their strength while 

maintaining the weight of the vehicle. The use of new materials, such as AHSS steels, entails technological 

changes associated with joining these elements. First of all, classic welding methods do not give the desired 

results in the form of obtaining durable and at the same time high-strength welded joints, whose tensile 

strength would be close to the values obtained for the native material. The analyzed structural elements 

made of AHSS steel have a strength of up to 1200 MPa, which is about 40% higher strength than the 

strength of welds obtained in the MAG process. It was decided for the first time to check whether the 

newly developed technology using micro-jet cooling is suitable for welding DOCOL 1200M steel and will 

affect the usable quality of welded joints and, above all, improve the tensile strength of the welds obtained 

[6,7]. This article aims to present selected test results and their analysis leading to the selection of welding 

parameters of the newly developed technology for joining thin-walled structure of mobile platform 

elements made of AHSS (Advanced High-Strength Steel).  

The presented technology uses micro-jet cooling applied immediately after the welding process.  

This type of cooling has so far been used during the welding of unalloyed structural steels and aluminum 

alloys from the 1xxx, 5xxx and 6xxxx groups. Welding with micro-jet cooling of these materials gave positive 

results [6], however, the cooling parameters differed depending on the type of welded materials. When 

welding unalloyed steels, it was possible to achieve a significant increase in fine ferrite content in the weld, 

which translates into high impact strength of the joint at reduced temperature. In welding aluminum alloys, it 

was possible to fragment the weld structure, which allowed to obtain better mechanical properties of the 

joints. So far, no attempts have been made to use the process of welding with micro-jet cooling for joining 

steel of the AHSS group [7]. 

Materials and methods 
High-strength DOCOL 1200M steels are increasingly used in civil engineering and transport due  

to their high tensile strength up to 1200 MPa. The strength of a weld made using the MAG method is much 

lower ‒ at 700 MPa [8,9]. Relative joint elongation is at the level of 5% [10,11]. When welding DOCOL 

1200M steel, it is recommended to limit the heat input during welding to 0.5 kJ/mm [12,13]. In order to 
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improve the weldability of steel, it is proposed to introduce cooling that promotes martensitic 

transformation [14]. Table I presents the mechanical properties of DOCOL 1200M steel. 

Table I. Mechanical properties of DOCOL 1200M AHSS steel [15] 

Steel grade 
Yield point 
Rel [MPa] 

Yield point after 
quenching and 

tempering 

Tensile strength 
Rm [MPa] 

Elongation 
R80 % 

 min max min min max min 

DOCOL 1200M 950 ‒ 1150 1200 1400 5 

 
Steels from the AHSS group are considered difficult to weld because the heat affected zone is prone to 

cracks. This is the effect of the dominant martensitic structure of steel [10÷12]. Table II presents the chemical 

composition of DOCOL1200M steel used to build means of transport. 

For the welding of DOCOL 1200M steel, UNION X90 electrode wire was selected (EN ISO 16834-A  

G 89 6 M21 Mn4Ni2CrMo) with the following chemical composition (Table III). The chemical composition 

of DOCOL 1200M wire and steel was similar. 

 

Table II. Chemical composition of DOCOL 1200M steel [14] 

Steel grade C% Si% Mn% P% S% Al% Nb% Ti% 

DOCOL 1200M 0.11 0.20 1.70 0.010 0.002 0.040 0.015 0.025 

 

Table III. Chemical composition of fillet material UNION X90 [14] 

 C% Si% Mn% P% Cr% Mo% Ni% Ti% 

UNION X90 0.1 0.8 1.8 0.010 0.35 0.6 2.3 0.005 

 
The joined material was made of non-chamfered DOCOL 1200M steel sheets with a thickness of 2 mm. 

The welding parameters were as follows: the diameter of the electrode wire was 1 mm, arc voltage 19 V, 

welding current 115 A, welding speed 360 mm/min, weld with a single-pass character. According to 

literature data, 82% Ar + 18% CO2 was selected from the shield mixtures for the MAG process [15]. The 

selected shielding gas gave the best results when welding steel from the AHSS group (no cracks in the joint 

and proper weld mechanical properties). Immediately after welding, micro-jet cooling (Fig. 1) was used 

with helium or argon with the following parameters (for both tested gases):  

• micro-jet diameter: 60 µm and 70 µm, 

• cooling gas pressure: 0.6 MPa and 0.7 MPa. 

The gas was dosed by a membrane injector, shown in figure 1, coupled to the welding head.  

Research methods 
After welding of 2 mm thick sheets of DOCOL 1200M steel using micro-jet cooling, non-destructive 

(NDT) and destructive tests were carried out. As part of the non-destructive testing, visual tests (VT)  

of welded joints were performed both with and without micro-jet cooling. The tests were performed with 

an eye equipped with a magnifying glass at 3× magnification (three times) according to the requirements  

of PN-EN ISO 17637, evaluation criteria according to EN ISO 5817. Additionally, a magnetic-particle  

test (MT) was carried out. The tests were carried out according to PN-EN ISO 17638, the assessment was 

carried out according to EN ISO 5817 using a REM-230 magnetic flaw detector. As part of destructive 

testing, it was decided to check the tensile strength of the welded joints tested and to analyze their 

microstructure. Tests for the mechanical properties of the joint were made on the ZWICK 100N5A testing 

machine. 
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Fig. 1. Micro-jet injector with welding head 

Research results and their analysis 
Macroscopic and magnetic-particle tests showed that all analyzed welds were made correctly, the 

results of visual and magnetic-particle tests were positive. This indicates that the welding parameters 

selected are appropriate for welding DOCOL 1200M steel and allow joints to be made without surface 

defects such as cracks and microcracks. In order to characterize the mechanical properties of the joint, tests 

were carried out on the ZWICK 100N5A testing machine. The test results (average of three measurements) 

are given in table IV. 

Table IV. NDT assessment of welded joint in movable platform  

Micro-jet 

cooling 

Micro-jet 

diameter, 

µm, 

Micro-jet 

pressure, 

MPa 

Rm, 

MPa 

Re, 

MPa 

A5, 

% 

none ‒ ‒ 758 452 6.3 

argon 60 0.6 805 520 6.8 

helium 60 0.6 830 538 6.9 

argon 60 0.7 815 524 6.8 

helium 60 0.7 835 541 7.0 

argon 70 0.6 828 540 6.9 

helium 70 0.6 838 544 7.1 

argon 70 0.7 821 530 6.9 

helium 70 0.7 832 541 7.0 

 
The data in table IV shows that micro-jet cooling is very beneficial. Joint strength increased from  

758 to 842 MPa using helium micro-jet cooling. The most important benefit of using micro-jet cooling is the 

increase in A5 relative elongation from 6.3 to max. 7.1%. It was noted that helium is the more preferred gas 

used for micro-jet cooling. Helium cooling is more effective due to the much higher thermal conductivity of 

helium (0.152 W/(m·K) compared to argon (0.017 W/(m·K). The analysis of array data shows that the 

method of cooling the joint must be carefully selected. There is a limit value for increasing the intensity of 

micro-jet cooling, exceeding of which begins to deteriorate the mechanical properties of the welded joint. 

The best results were obtained using the following parameters of micro-jet cooling:  

• gas: helium,  

• micro-jet diameter: 70 µm;  

• gas flow rate: 0.6 MPa.  

The microstructure of the cross-section of the weld with the dominant area with martensitic structure 

is shown in figures 2 and 3. The joint shown in figure 2 is dominated by the martensitic structure. Coarse-

grained ferrite and bainite traces are noticeable. The presence of coarse-grained ferrite in the weld is 

undesirable and translates into poorer plastic properties of the joint (relative elongation is 6.5%). Figure 3 

shows martensite and fine-grained ferrite. It is a more favorable structure that allows obtaining better 

plastic properties (relative elongation is at the level of 7%). It has been observed that the ferrite in the 

helium-cooled joint is clearly fine-grained compared to the MAG joint without micro-jet cooling. It is 

believed that this structure may have an impact on increasing the service life of the joint.  
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Fig. 2. Microstructure of DOCOL 1200M steel welded joint obtained by MAG with 82% Ar + 18% CO2 without  

micro-jet cooling 

 
Fig. 3. Microstructure of DOCOL 1200M steel welded joints by MAG with 82% Ar + 18% CO2 under helium micro-jet 

cooling (dimention of micro-jet: 70 µm; gas pressure: Micro-stream diameter 0.6 MPa 

Summary 
The development of civil engineering and transport put new requirements for designers. There is  

a growing demand for the development of new welding processes that allow welding of new materials, 

often difficult to weld. Difficult to weld AHSS steel [16,17] is an increasingly used material in the 

construction of means of transport. Its high strength is almost 35% greater than the strength of the MAG 

welded joint. The relative elongation of AHSS steel conventionally made with MAG or laser [16,17] 

(without micro-jet cooling) is at a low level, as evidenced by the low plastic properties of the joints. 

Therefore, new solutions are sought to guarantee the improvement of weldability of thin-walled AHSS 

steel structures. For this purpose, the micro-jet cooling process was developed (its parameters were 

selected) and it was used during the welding of DOCOL 1200 M steel by the MAG method. 

As a result of the use of micro-jet cooling, higher durability of the joint was obtained in comparison  

to classic joints made using the MAG method. After welding with argon and helium micro-jet cooling,  

non-destructive testing did not reveal any welding defects and incompatibilities, which proves the 

possibility of using the analyzed welding process for joining the DOCOL 1200 M steel. 

As a result of the research, it was found that the most beneficial micro-jet gas used for cooling after the 

MAG welding process of DOCOL 1200 M steel is helium. As a result of using helium as a micro-jet gas with 

a pressure of 0.6 MPa and a diameter of micro-jet: 70 µm, a joint with increased tensile strength of 830 MPa 

was obtained, which constitutes almost 70% of the strength of the native material. Welding of DOCOL 1200 

M steel with the MAG method using helium micro-jet cooling allows for a noticeable increase in the 

relative elongation of the joint compared to the result obtained without cooling from 6.3 to 7.1%. 
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