Tomasz Wegrzyn, Bozena Szczucka-Lasota

[@)ev-ne |

Welding of Thin-Walled Mobile Platform Structures

Made of Steel DOCOL 1400M

Abstract: Because of their high immediate tensile strength and significant fatigue
strength, DocoL steels (belonging to advanced high-strength steels (AHSS)) are
increasingly commonly used in the fabrication of mobile platforms. The welding
of the above-named steels is difficult due to the fact that the dominant structure
is martensitic. As a result, the welding of such steels requires both experience
and high qualifications. The tests discussed in the article aimed to identify ap-
propriate welding parameters as well as to determine the effect of such process
parameters as welding rate, the method of bevelling and the application of pre-
heating on the quality of the joints obtained in the process.
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Introduction

The past 10 years have seen the application of
high-strength steels (HSS), such as s 700 mc or
960 QL, in the fabrication of vehicle elements (e.g.
mobile platforms). However, the strength of the
above-named steels (9oo MPa) is insufficient in
terms of advanced mobile platforms [1-3]. The
aforesaid situation necessitates the develop-
ment and implementation of increasingly resist-
ant materials such as DocoL steels. Because of
their high immediate tensile strength (up to 1500
MPa) and, at the same time, high fatigue strength
(400 MPa in relation to 2 million cycles of chang-
ing loads), the DocoL group steels are enjoying
increasingly high applicability [4]. Steel DocoL
1400M, characterised by high tensile strength,
is used mainly in thin-walled structures, mak-
ing it possible to reduce the total weight of vari-
ous means of transport. Steel DocoL 1400M can

be joined using universal welding methods in-
cluding gas-shielded metal arc welding (GmMaAw),
manual metal arc welding (MMAw), tungsten
inert gas welding (T1G) or laser beam welding
(LBW) [5-7]. However, according to its manu-
facturer, steel DocoL 1400M is characterised
by limited weldability. The reason for the above-
named situation results from higher contents of
Al and Ti (in comparison with those in unalloyed
structural steels) and the dominant presence of
the martensitic structure, which, combined with
the high hardness of all the joint areas, makes
the steel susceptible to various types of cracking
[8-9]. In addition, the welding of steel DocoL
1400M adversely affects its mechanical proper-
ties. The tensile strength and unit elongation of
the steel are nearly by twice lower than those of
the base material. Reference publications contain
little information concerned with the welding of
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steel DocoL 1400M. The primary recommenda-
tion is that welding linear energy should not ex-
ceed 5kJ/cm [2]. Due to the necessity of reducing
the content of hydrogen in the weld, particularly
when welding thicker high-strength steels, it is
necessary to apply dryout heating [9]. The major
welding-related issues accompanying the joining
of steel DocoL 1400M include the obtainment
of joints characterised by strength comparable
with that of the base material and appropriate
plastic properties [6, 10-11].

Test material

The material used in the tests was steel DocoL
1400M. The mechanical and chemical proper-
ties of the steel in the as-received state are pre-
sented in Table 1 and 2 respectively.

Table 1. Mechanical properties of steel DOCOL 1400M

Yield point R,, Tensile Elongation A5,
MPA strength R, %
MPa
1155 1380 7.3

Information contained in Table 2 reveals
that steel DocoL 1400M contains fifteen times
more titanium and significantly more alumini-
um than unalloyed structural steels. As regards
steels of the DocoL group, the total content
of Ti and Nb should not exceed 0.45%. Steel
DocoL 1400M is also characterised by a very
low sulphur content (0.002%) (Table 2). Such
a chemical content enables the obtainment of
high strength without compromising favoura-
ble plastic properties (cf. Table 1).

Tests concerning the weldability of steel
DocoL 1400M involved the use of a 3 mm thick
sheet, the MaG welding method and the clas-
sical Ar + 18% CO, gas shielding mixture. It
is recommended that the DocoL group steels
should be welded using primarily two filler
metal wires, i.e. UNION x96 and UNION X9o0.
The chemical compositions of the recommend-
ed filler metal wires are presented in Table 3. In-
formation contained in Table 3 indicates that
the differences in the chemical compositions
of both filler metal wires were small and con-
cerned with:

— contents of carbon, titanium and chromium
— affecting the strength of the joint,

— contents of nickel and molybdenum - affect-
ing the plastic properties of the joint.

It should be noted that the content of silicon (ef-

fecting strength) in both wires was four times

higher than that in steel DocoL 1400M.

The filler metal wire used in the tests was
the UNION x90 wire, characterised by the lower
content of carbon. The tests focused primarily
on the effect of welding linear energy and pre-
heating on the quality of test joints.

The parameters of the MmaG welding process
were the following:

— diameter of the UNION x90 filler metal wire:
1.0 mm,

— arc voltage: 20V,

- welding current: 118 A,

- DC source (+) on the electrode.

The assessment concerning the weldability of
a thin-walled welded joint (3 mm x 200 mm X

Table 2. Chemical composition of steel DOCOL 1400 7]

Steel C% Si% Mn% P% % Al% Nb% Ti%
grade
DOCOL
1400M 0.17 0.2 1.4 0.009 0.002 0.04 0.015 0.025
Table 3. Chemical composition of the filler metal wires [8]
UNION C% Si% Mn% P% Cr% Mo% Ni% Ti%
X90 0.10 0.8 1.8 0.010 0.35 0.6 2.3 0.005
X96 0.11 0.8 1.8 0.010 0.45 0.65 2.45 0.007
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400 mm) required the determination of an ap-
propriate welding rate (investigated rates being
270 mm/min and 370 mm/min) and the man-
ner in which test sheets were bevelled before
welding (V-groove or square butt weld prepa-
ration). The V-groove joint preparation per-
formed at an angle of 60° involved the making
of two beads. The welding of the test sheets not
subjected to bevelling required the making of
a single-run joint. In both cases, the welding
process was performed using a ceramic back-
ing strip. The welding rate was changed in order
to identify the effect of welding linear energy
(one of the most important process parameters)
on the properties of the test joints. The weld-
ing process was performed automatically using
an EWM Phoenix welding machine and a fill-
er metal feed rate of 4 m/min (without specific
welding current and arc voltage wavelengths).

The tests also involved the verification wheth-
er the preheating of the thin-walled structure
was justified.

Tests

The joints were subjected to the following tests:
1. non-destructive tests (NDT):

o visual tests (vT) performed in accordance
with the requirements of the PN-EN 1s0
17638 standard (assessment criteria in ac-
cordance with EN 150 5817), magnetic par-
ticle tests (MT) performed in accordance
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with the requirements of the PN-EN 150
17638 standard (assessment of the tests
was performed in accordance with EN 150
5817); the tests involved the use of an REM
230 magnetic defectoscope;

2. destructive tests:

> tensile tests performed using an INSTRON
3369 testing machine,

o bend tests involved the 3 mm thick speci-
mens and the following parameters: speci-
men width b = 20 mm, specimen thickness
= 3 mm, mandrel diameter d = 14 mm,
spacing between supports d+3a = 31 mm
and a bend angle of 180°. The bend tests
involved 5 measurements (corresponding
with the number of the specimens) of each
specimen (both on the weld root and weld
face side); the tests were performed using
the aforementioned INSTRON 3369 testing
machine.

Each test was followed by the selection of spec-
imens. Only the specimens free from defects
and welding imperfections were qualified for
subsequent tests.

Test results and analysis

The non-destructive test results are presented
in Table 4. The test results presented in Table 4
revealed that the welding process parameters
affected the quality of the test joints. Improper-
ly adjusted welding parameters resulted in the

Table 4. Results of the non-destructive tests in relation to the joints made using the Union X 90 filler metal wire

Welding l.'ate, Bevelling method Prehe:tting, Remarks
mm/min 90°C
270 V-groove joint preparation, 60° - Cracks
370 V-groove joint preparation, 60° - Lack of imperfections
270 V-groove joint preparation, 60° 90°C Lack of imperfections
370 V-groove joint preparation, 60° 90°C Lack of imperfections
270 Square butt weld preparation - Lack of imperfections
370 Square butt weld preparation - Cracks
270 Square butt weld preparation 90°C Lack of imperfections
370 Square butt weld preparation 90°C Lack of imperfections
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formation of small (2-3 mm) cracks (3) in the
test joints. The reason for the formation of the
cracks was the dominant martensitic structure
of steel DocoL 1400M. Reference data recom-
mend that the obtainment of proper welded
joints (free from defects and welding imperfec-
tions) in steel DocoL 1400M should be preced-
ed by dryout preheating. It was observed that
the application of a lower welding rate when
making the joint not subjected to bevelling en-
abled the elimination of welding imperfections.
The tests also revealed that higher welding rates
were more favourable in relation to the joints
subjected to V-groove preparation.

The assessment concerning the quality of the
test joints involved the performance of tensile
tests in relation to the effect of the welding rate,
preheating and the method of bevelling. The
tensile strength of the joints was determined us-
ing the INSTRON 3369 testing machine. The sub-
sequent tests only involved the specimens free
from defects and welding imperfections (Ta-
ble 4). The strength test results (average based
on 3 tests) are presented in Table 5.

The above-presented test results revealed
the obtainment of comparable results in all
of the cases. The most favourable results were
obtained in relation to the joint subjected to
V-groove preparation and preheating (spec-
imen P3). A fatigue strength of more than

Table 5. Strength test results in the relation to the welded

900 MPa was obtained only in one case. How-
ever, it should be noted that in all of the cases
it was possible to obtain high strength as well
as favourable and comparable plastic proper-
ties. The preheating temperature, the manner
of bevelling and the welding rate did not signif-
icantly affect the mechanical properties of the
joint subjected to analysis. Therefore, in terms
of cost effectiveness, it could be assumed that
the welding of 3 mm thick sheets made of steel
DocoL 1400M does not require preheating or
bevelling. The strength of the joint was slightly
lower than that of the filler material. The fore-
going resulted from the dilution of the base ma-
terial and the weld deposit of the filler metal
wire having a slightly different chemical com-
position (particularly as regards the content of
Cr, effectively hardening the weld deposit).
The subsequent stage involved the perfor-
mance of bend tests of joints free from defects
and welding imperfection (Table 4). The testing
methodology was as presented in the previous
section of the article. The bend tests included
5 measurements performed on the weld root
and on the weld face side of each specimen. The
bend tests did not reveal the presence of any
cracks in the weld or in the HAZ; both the weld
face and the weld root were free from cracks.
The general evaluation of the tests was posi-
tive as no cracks or other imperfections were

joints made of steel DOCOL 1400M (individual study)

Specimen no. Welding rate, Bevelling method Prehe:t ting, R, A5
mm/min 90° C
P1 370 V-groove joint - 882 6.5
preparation, 60
P2 270 V-groove joint 90° C 891 6.6
preparation, 60
P3 370 V-groove joint 90° C 902 6.6
preparation, 60
P4 270 Square butt weld . 875 6.4
preparation
P5 270 Square butt weld 90° C 878 6.5
preparation
P6 370 Square butt weld 90° C 874 6.3
preparation
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Fig. 1. Microstructure of the weld of steel DOCOL 1400M:
a) specimen P3 and b) specimen P5 (from Table 5)

detected in any of the test joints made of steel
DocoL 1400M.

Afterwards, it was necessary to analyse the
structure of the weld (Fig. 1) and that of the heat
affected zone (Fig. 2) using light microscopy
(LMm). The observations confirmed the domi-
nant presence of the martensitic structure (typi-
cal of steel DocoL 1400M) both in the weld and
in the HAZ. The morphology of the martensit-
ic structure was similar in all of the test joints
(Fig.1 a, b). The final stage included tests of fa-
tigue strength involving specimen P3.

The fatigue tests were performed using an
8874 INSTRON testing machine having an axial
force of £25 kN and a torque of £225 Nm.

In relation to a stress of 450 MPa, the fatigue
test revealed the formation of a crack after 1 822
436 load cycles, i.e. close to the expected fa-
tigue strength of the steel, amounting to 2 mil-
lion cycles. Based on the foregoing it could be
concluded that the material will have infinite
fatigue strength in relation to stresses of slight-
ly below 450 MPa. The Wohler curve related to
the test joint made it possible to estimate the fa-
tigue strength of the test joint at 425 MPa. The
positive results of the fatigue strength tests jus-
tified the conclusion that the structure would
satisfy operational safety conditions.

Summary

Materials increasingly often used in the pro-
duction of means of transport are advanced
high-strength steels of the DocoL group. The
high strength of the aforesaid group of steels is
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Fig. 2. Microstructure of the HAZ of
steel DOCOL 1400M: a) specimen P3
(from Table 5)

usually significantly higher than that of welded
joints made using such steels. The unit elonga-
tion of the joint obtained applying previous-
ly used welding processes amounted to more
than 6%. Therefore, it is necessary to search
for solutions making it possible to improve the
weldability of structures made of hard-to-weld
advanced high-strength martensitic steels, in-
crease immediate tensile strength and improve
the unit elongation of joints.

The above-presented test results revealed
that the obtainment of proper joints made of
3 mm thick steel DocoL 1400M did not require
the preheating and bevelling of the test sheets.
The tests also revealed that the more favourable
welding rate in relation to the unbevelled joint
amounted to 270 mm/min. In turn, the more
favourable welding rate as regards the joint sub-
jected to V-groove preparation was higher and
amounted to 370 mm/min. All of the joints ob-
tained in the tests were proper and free from
defects and welding imperfections. The joints
were characterised by comparable mechanical
properties (identified in related tensile, bend
and fatigue tests). It was ascertained that, in
terms of cost effectiveness, the obtainment of
proper joints made of steel DocoL 1400Mm (test
sheet having dimensions 3 mm x 200 mm X
400 mm) required the use of the maG method,
the UNION x90 filler metal wire having a diame-
ter of 1.0 mm, an arc voltage of 20 V and a weld-
ing current of 118 A. The preheating and the
bevelling of the test sheets proved unnecessary.
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