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Abstract: The demand for dissimilar joints of hard-welded steels used in civil engineering and transport is
increasing. An example of this can be welding of pins of high-strength steel 5690 QL (1.8928) with
the arms of a movable platform made of DOCOL 1200M steel from the AHSS group. This joint is difficult
to make properly, due to significant differences in the thickness of welded elements and different chemical
composition of both steels. The diameter of pin is 40 mm. The thickness of the metal sheet used for
the mobile platform arm is 2 mm. Joints of varying thickness and chemical composition may have cracks
in the heat affected zone and in the weld. The purpose of the article is to determine the welding parameters
and the selection of filler materials that will allow to obtain the correct joint without welding defects.
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Introduction

In civil engineering and transport, the demand for welding of new, often difficult-to-weld materials,
including dissimilar joints, allowing for high quality [1+5], is increasing. In order to increase the usability
of the construction of mobile platforms, we are constantly striving to increase their immediate tensile
strength. Welding difficulties arise, among others when making a mixed joint, the pin — the platform arm. In
order to reduce the total weight of the vehicle on the arms of the platforms, high-strength steel grades from
the AHSS group (Advanced High-Strength Steel, e.g. DOCOL 1200M steel) are used, and for pins
— high-strength structural steel (e.g. S690 QL steel) [6].

The article focuses on the welding of dissimilar joints of thin-walled construction of the mobile platform
arms with a pin of a much larger thickness (which is an additional welding difficulty). MAG welding tests
were carried out for elements made of S690 QL and DOCOL 1200M steel used in the construction of mobile
platforms. The joints were subjected to non-destructive and destructive tests. On the basis of the results
obtained, a set of technological parameters of the process was determined enabling to obtain a good quality
joint.

Materials and methods

Due to good mechanical properties, S690 QL steel is becoming more and more widely used, above all
on loaded parts of welded structures, e.g. cranes, moving platform pins, bridges, buildings, tanks, working
at room temperature and reduced temperature. Their high strength makes it possible to reduce the total
weight of the structure [6]. When welding this steel, a reduction in the mechanical properties in the heat
affected zone (HAZ) can be observed. It is recommended to maintain the heat input up to 4.5 kJ/cm [7+10].

Typical applications of DOCOL 1200 steel include advanced lifting devices, such as mobile cranes and
mobile platforms, truck frames, passenger car bodies [5,6]. Table I summarizes the mechanical properties
of 5690 QL and DOCOL 1200M steel. Welding of both steel grades creates difficulties due to the possibility
of delayed cracks, which is influenced by the martensitic structure dominating in both materials [11+13].
Dissimilar joints create additional difficulties due to the difference in chemical and phase composition
as well as different mechanical properties (Tables I and II).
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Table I. Mechanical properties of S690QL and DOCOL 1200M steel [6]

. Yield strength Tensile strength Relative elongation
Material
YS [MPa] UTS [MPa] As[%]
Steel DOCOL 1200M 950 1250 7
Steel S690 QL 690 900 15
Table II. Chemical composition of S690QL and DOCOL 1200M steel [6]
. Element [%]
Material . i .
C Si Mn P+S Ni Al Mo Ti Cr
DOCOL 1200M 0.11 0.2 1.7 0.012 0.1 0.041 0.05 0.025 -

5690 QL 0.19 0.8 1.7 0.019 2.1 0.015 0.72 0.05 <1.5

Steel grades DOCOL 1200M and S690QL are considered as difficult to weld due to the tendency
to crack formation in the weld and in the HAZ, even with the use of preheating [11]. The higher carbon
content in 5690 QL steel significantly increases its strength, but also reduces plastic properties. Alloying
additives, i.e. approx. 2% Ni and 0.7% Mo, are introduced to improve them. DOCOL steel has a high content
of elements, i.e.: AlI>0.03% and Ti> 0.003%, which leads to a significant deterioration in the plastic properties
of the weld. As a consequence, this promotes the appearance of cracks in the weld (less frequently observed
in HAZ) [6]. In the case of S690 QL steel, the Ti content ten times higher than that considered
as the threshold level in structural steels, can promote cracking, especially in combination with a high carbon
content in this steel [6].

The tests included circumferential welding of thick-walled pin (940 mm, L =40 mm) with a thin-walled
arm of a mobile platform (g =2 mm). Butt dissimilar welded joints (t1 =40 mm in S690 QL steel and t2=2 mm
in DOCOL 1200M steel) were made using the MAG welding method (135) in the downhand position (PA)
according to the requirements of EN 15614-1. The shielding gas was a mixture: 82% Ar + 18% CO2 and Ar
(according to EN 14175), two different electrode wires UNION X90 (EN ISO 16834-A G 89 6 M21
Mn4Ni2CrMo) and UNION X96 (EN ISO 16834-A G 89 5 M21 Mn4Ni2.5CrMo) were used. The chemical
composition of filler materials is presented in table III. The preparation of materials for single-pass welding

is shown in figure 1. Prior to welding, preheating was used to dry the components to the temperature of 50
°C.

Table III. Chemical composition of filler materials [10]
UNION C, % Sl, % Mn, % P, % Cl‘, % MO, % Nl, % Ti, %

X90 0.10 0.8 1.8 0.010 0.35 0.6 23 0.005
X96 0.12 0.8 1.9 0.010 0.45 0.55 2.5 0.05
t2

Fig. 1. a) shape of welding groove; b) weld geometry

Filler materials were selected due to the similar chemical composition to welded steels. Noteworthy
is the addition of chromium in electrode wires, which is not introduced into DOCOL 1200M steel, but in S690
QL steel it is up to 1.5%. The electrode wires used differ mainly in the Ti content, which is characterized by
high affinity for oxygen, nitrogen and carbon [6]. Similar welding values were used for both electrode wires.

In order to determine the proper value of the welding heat input with literature recommendations [6,7],
tests of circumferential welding of the pin to the platform arm were carried out for three values of
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the welding speed: 20 mm/min, 30 mm/min and 40 mm/min. Other welding parameters in each test were
adopted at the same level: the wire diameter was 1.0 mm, arc voltage 19 V, welding current 115 A. The DC
source was connected with (+) on the electrode.

Welded joints were subjected to non-destructive (NDT) and destructive tests, such as:

e visual tests (VT) of welded joints were performed with an eye armed with a magnifying glass at 3x
magnification — tests were performed according to the requirements of EN ISO 17638, evaluation
criteria according to EN ISO 5817;

e magnetic particle tests (MT) — tests were carried out according to EN ISO 17638, tests were
assessed according to EN ISO 5817, REM - 230 magnetic flaw test device was used;

e radiographic tests — tests were carried out according to EN ISO 15614-1. Type of radiation source —
SMART 200;

e examination of the microstructure of specimens digested with Adler's reagent using a light microscope
(LM);

e hardness measurement (HPO 250 hardness tester, HV10 method).

Research results

The results of non-destructive tests are presented in table IV. Heat input has a big impact on the
correctness of the made mixed joint. No cracks in the weld were noted for the welding speed of 30 mm/min.
Only for these connectors the quality level B according to PN EN ISO 5817 was obtained. The image quality
was W18 according to EN ISO 19232-1.

Table IV. NDT assessment of mobile platform welded joints
Welding speed  Welding speed =~ Welding speed

Electrode wire ) . .
20 mm/min 30 mm/min 40 mm/min

UNION X90 Cracks in the weld No cracks Cracks in the weld

UNION X96 Cracks in the weld No cracks Cracks in the weld

Due to the result of non-destructive tests, only joints made with a welding speed of 30 mm/min were
subjected to destructive tests.

Metallographic tests

Metallographic specimens were made for mixed joints made with both electrode wires (UNION X90
and UNION X96). The specimens were etched with Adler's reagent, observations were carried out on
a Reichert light microscope. In both cases, the weld’s structure was very similar — martensite dominated.
A typical structure of the MAG connector made with the use of UNION X90 electrode wire is shown in figure
2.
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Hardness measurement
The hardness measurements in joints were carried out on metallographic specimens. The results are
shown in table V.

Table V. Hardness distribution in dissimilar welded joints

Electrode
. DOCOL 1200M S690 QL
wire
NM1 HAZ1 Weld HAZ2 NM2
UNION X90 397 314 376 380 257
UNION X96 399 311 407 381 258

After comparing the results obtained, it can be stated that due to the similar hardness value of DOCOL
1200M steel and the heat affected zone on the S690 QL steel side, UNION X90 electrode wire is better for a
given pair of materials. Uniform distribution of hardness throughout the entire welded joint promotes crack
resistance. In this case, the hardness of the weld is similar to the hardness of the heat affected zone, which
may be due to the lower content of alloying elements of the electrode wire such as C and Cr (Tab-
le III). The average weld hardness of 407 HV10 obtained with UNION X96 wire is too high and can cause
joint breakage that occurs when using incorrect welding heat input (Table IV).

Summary

In civil engineering and transport, the demand for the use of mixed joints of high-strength steels with
steels from the AHSS group is increasing. 5690 QL steel and DOCOL 1200M steel are increasingly used
materials for structures used in the construction of mobile platforms. The mixed joint of these steels
is prone to welding cracks. In order to make the correct connection of the elements of the mobile platform, it
is important to carefully select welding parameters. In addition to choosing the gas mixture, type of electrode
wire and voltage parameters, it is important to determine the appropriate welding speed. In the first part of
the study, mixed joints with a different heat input were made, which allowed to select the most appropriate
value for it, at which no welding defects and incompatibilities were observed. The possibility of making the
correct mixed joint has been confirmed by non-destructive testing. Then the weld’s metallographic structure
was assessed and hardness measurements along the joint were made. Non-destructive and destructive tests
have shown that the most appropriate way to make a dissimilar joint from S690 QL steel with DOCOL 1200M
steel is to use MAG welding as a mixture of protective gases Ar+18% COx, electrode wire UNION X90, which
allows obtaining a joint without defects and welding incompatibilities and obtaining hardness on a
comparable level in the entire joint, i.e. 380 HV10 on average.
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