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Abstract: This study concerns the weldability of dissimi-
lar Ultra high-strength steel (UHSS) and advanced high-
strength steel (AHSS), which is used in the modern ma-
chine industry. The materials offered superior strength as
well as relatively low weight, which reduces microstruc-
ture contamination during a live cycle. The choice of
the welding process base of the base material (BM) and
welding parameters is essential to improve the weld joint
quality. ST00MC/S960QC was welded using a gas metal
arc welding (GMAW) process and overmatched filler wire,
which was performed using three heat input (7, 10, and 15
kJ/cm). The weld samples were characterized by a Vickers-
hardness test, scanning electron microscopy (SEM), and
energy-dispersive X-ray spectroscopy (EDS). The test re-
veals a decrease of softening areas in the HAZ and the
formation of the stable formation of Bainite-Ferrite for
S700MC and Bainite-martensite for S960QC when the heat
input of 10 kJ/cm is used. It is recommended to use the
GMAW process and Laser welding (Laser beam-MIG), with
an optimal welding parameter, which will be achieved a
high quality of manufacturing products.
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1 Introduction

Nowadays, many industrial enterprises are starting to
make greater use of high strength materials in the manu-
facturing of their products. A significant factor in driving
the utilization of high strength materials is environmental
concerns. The higher strength of such materials enables
products of lower weight, for example, lighter automotive
vehicle bodies and maritime vessel hulls. According to the
energy conservation law, the lower body weight decreases
the required kinetic energy transformed from the chemi-
cal energy of the burning of the fossil fuels used in the
operation of such machines, therefore decreasing emis-
sions of carbon dioxide [1-3]. Ultra-high strength steel is
one of the groups of high strength materials suitable for
machine manufacturing industries. Such steels are used
in many different sectors like light cranes manufactur-
ing, construction machines manufacturing, the automo-
tive and vehicle industry, trucks, and vehicles, locomo-
tive bodies, pipelines, ships, and other maritime vessels,
aircraft, lightweight constructions, offshore constructions
and highly loaded welded structures [4]. The global indus-
try nowadays needs steel with low weight high-strength,
which will increase their strength and their metallurgical
properties. UHSS/AHSS was developed to be able to solve
that problem and increase the quality of manufacturing
products [5, 6].

In the literature, several different definitions have
been presented for UHSS from the perspective of material
strength:

1. The yield strength of the material is over 560 MPa;

2. The tensile strength of the material is over 700 MPa;

3. The yield strength of the material is 900 MPa and
above;

4. The tensile strength of UHSS is up to 1700 MPa, es-
pecially for the martensitic steels [7-10].

Different definitions of UHSS exist, firstly, because
of the novelty and rapid development of UHSS and, sec-
ondly, because of various researchers using different stan-
dards in different countries or industries. The term UHSS
refers to the group of steel materials that have ultra-high-
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strength, but the point at which material strength becomes
‘ultra-high’ is still under discussion in both industry and
the research community. One standard definition defines
steels with 210 to 550 MPa yield strength as “high strength
steel” and other stronger types of steels as advanced high
strength steel (AHSS). The term UHSS is then used for
AHSS with tensile strengths exceeding 780 MPa. The AHSS
is situated between HSS and UHSS, which differed with
them by their allow element composition and the produc-
tion process.

The ultra-high-strength of UHSS is generated by the
carefully defined chemical composition and the manufac-
turing methods used. The ultra-high-strength of the steels
is achieved by employing precisely controlled amounts
of common alloying elements like C, Mn, Si, Ni, Cr, and
Mo and micro-alloying elements like Nb, Ti, V, B together

with underlying metallurgical strengthening mechanisms.

Such strengthening mechanisms are precipitation harden-
ing, grain refinement, solid solution hardening, disloca-
tion hardening, and transformation hardening. Usually,
transformation hardening is the principal strengthening
mechanism employed in manufacturing UHSS/AHSS in
steel plant processes.

One area of interest is the so-called “third-generation
steels” to link the gap of strength-elongation balance (both
global and local) between conventional and UHS/AHS
steels and austenitic-based steels. Other research con-
centrates on increasing processing methods for already-
developed UHSS/AHSS materials. Many researchers see
occasions for emerging new approaches to generate and
form these brand-new steels, such as introduction heating
procedures and advanced cooling techniques [6, 11-13]. In

the research, some results were carried out in the preven-

tion of carbide precipitation by investigated the optimal
quenching temperature in the exceptional steel products

such as sheet steel [14, 15]. On the product manufactur-
ing side, stamping and cooling operations are being exam-
ined, as well as joining strategies and models for formabil-

ity. The mechanical properties of base materials are also
needed to well know, because of their implications in the
formability and corrosion resistance.

The main problems encountered in the welding of
UHSS/AHSS materials are softening and cracking. Figure 1
below shows the position of the UHSS and AHSS according
to the ratio tensile strength and elongation. For the AHSS
grade, the researchers evaluated the increase of the tensile
strength, which reduced his elongation %. Idem for the

UHSS that has an issue with the increase of the strength.
The issues that those are faced now are to improve the me-
chanical properties of their weld joints, improve the weld-

ability.
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Figure 1: Strength distribution of different types of steels and the
zone of the third generation of steels, an object of the current area
of research [4, 7, 16].

The studies were conducted on the effect of welding
parameters on the mechanical properties and microstruc-
ture formation of AHSS/UHSS steels. Their results were
showing the implication of the welding parameters such
as heat input, filler wire composition [16—18]. The research
was also based on the effect of alloy element compositions,
which has an effect on the strength of the weld joint [19—
22]. The welding process, such as GMAW, Laser beam, Sub-
merged arc welding, or Tungsten inert gas, has a stan-
dard parameter that influences the weld quality. The heat
source data [12]. The weldability of UHSS/AHSS will de-
pend on the welding parameter, which has an impact on
their properties.

This paper aims to improve the weldability of dissim-
ilar UHSS/AHSS. The study was evaluated the different
UHSS/AHSS bases of the metallurgical production process
and the chemical composition. The experimental method
base of a Vickers-hardness test, the microstructure identifi-
cation (SEM micrograph), and alloy element analysis (EDS
X-ray mapping) on the HAZ were performed. The recom-
mendation on the optimal welding process was set up to
improve the strength and the microstructure formation on
the weld joint.

2 Method and materials used to
weld Category of UHSS/AHSS,
Methods, and materials

The welding of UHSS and AHSS can be done base on many

parameters such as the heat input parameters, the base
material chemical characteristics and mechanical proper-
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ties, filler wire characteristics for some welding process. By
analyzing the differences between UHSS and AHSS will be
set up according to their manufacturing, mechanical prop-
erties, and chemical composition. The improvement of the
weld quality of UHSS/AHSS welded also depend on the me-
chanical properties and microstructure behavior were in-
vestigated. Knowing the mechanical properties of the base
materials, the control of the welding process will lead to
optimizing the strength of the weld joint by the reduction
softening on the HAZ.

The classification of different UHSS/AHSS steels can
be based on the Thermo metallurgical production process.
The Transformation Induced Plasticity steel (TRIP), which
is the formation of ferrite (F), Martensite (M), Bainite (B),
and some retained of austenite (RA) at the end of the trans-
formation. Figure 1a below shows the microstructure of
TRIP- steel, which, when his temperature increases, the
cooling process can be the result of more Ferrite causing at
the end of the transformation, the formation of more car-
bide [20, 23]. The twinning induced plasticity steel (TWIP)
is a steel that has a large amount of manganese (Mn) con-
tent. This alloy element has the particularity to increase
the strength at the high temperature, causing a crack prop-
agation in the HAZ of the weld joint. In TWIP-steel, the mi-
crostructure is based on his high amount of martensite and
ferrite. The development of this amount causes some soft
ferrite matrix (Figure 1b). It is also observed a hard bloc of
martensite on the austenite grain. Figure 1c shows the mi-
crostructure of Dual phases (DP) steel. The composition of
DP-steel is the base of ferrite and martensite formation.

The formation of hard martensite increases the
strength of the material. The excellent ductility of the ma-
terial is giving by the formation of the ferrite matrix. This
type of UHSS can be hot or cold -formed and have a high
hardening behavior, which should be carefully controlled
to produce Ferritic-martensitic structure from the austen-
ite grain.

Figure 1d below illustrates the microstructure of CP-
steel. In the microstructure, the formation of granular bai-
nite ferrite (GBF), and Martensite in the austenite grain
are observed. His complexity is caused by the extreme re-
finement grain that created the retarded a precipitation of

micro-alloy elements like Titanium (Ti) and Niobium (Nb).

It has a high energy absorption, high residual stress, and

excellent thermal expansion. Martensitic steel (MS) is is il-
lustrated in Figure 1le. The formation of tempered marten-
site gives the ultra-strength to the material. The composi-
tion of more tempered martensite is found in the austen-
ite grain, which gave an ultra-strength in the material. De-

pending on the thermal process, it can be found some
trace of ferrite and bainite in the microstructure. UHSS
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and AHSS can exist as Ferrite-Bainite steel (FB), which can
be described as fine ferrite matric and fine second phase
bainite. The bainite-ferrite (FB) steel is the composition of
Bainite- ferrite formation in his microstructure.

Base on the description of the production of UHSS and
AHSS, the welding dissimilar AHSS of S700MC with UHSS
of S960QC was done. The welding was carried out using an
overmatched filler wire in order to evaluate the influence
of heat input in the softening area of the HAZ. The exper-
iments were performed using the GMAW process, which
followed by the microstructure formation at the starting
Bainite and Martensite formation using SEM and EDS-X
ray spectroscopy mapping. The mechanical tests were per-
formed using Vickers-hardness tests and tensile tests. Ta-
ble 1 below presents the chemical and mechanical prop-
erties of the materials used in this analysis. The welded
specimens were welded with dimensions of 300 x 200 x
8 mm? using V-groove butt joint, 60° of angle, and 2 mm
of a gap. The samples were welded using the overmatched
filler wire with 1 mm of diameter. Table 2 below shows the
welding parameters, which presents the shielding gas that
was used in this analysis with a flow rate of 16 L/min. The
welding process was conducted using a two-pass welds.

3 Results and discussions

3.1 Welding dissimilar UHSS/AHSS

In manufacturing, welding is the most important pro-
cess, which allows having to finish products. Joining
UHSS/AHSS using the GMAW process has one of the weld-
ing processes that can improve the strength in the HAZ
area of the weld joint. Figure 2 below shows the macro pic-
ture showing the welded samples using GMAW with over-
matched filler wire, which must increase the strength of
the weld metal. Using the heat input of 7 kJ/cm, the geom-
etry of the weld metal is small compared to those samples.
Because of the low heat input, the temperature maximum
in the melting zone is 1140°C. When it is applied, the re-
spective heat input of 10 kJ/cm and 15 kJ/cm, and the maxi
temperature reaches respectively 1400 and 1700°C. The
mechanical properties and microstructures of the welded
joints being strongly affected by the characteristics of the
welding processes employed. The input behavior using a
different form of welding process on the structure of the
weld joint of UHSS/AHSS is a critical task. From the avail-
able investigations, the result of the temperature max has
modified welding outcomes for specific UHSS/AHSS mate-
rials.
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Figure 2: Microstructure UHSS and AHSS; (a) microstructure of TRIP 690 steel, (b) microstructure of TWIP steel, (c) microstructure of DP
steel, (d) microstructure of CP 800/1000 steel, (e) microstructure of MS 950/1200 steel, and (f) The microstructure of FB 450/600 steel [16,
21].
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Table 2: AHSS/UHSS Welding conditions
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P1 P2
Welded [A] V] S Q [k)/cm] [A] [\ S Q [k)/cm]
samples [cm/min] [cm/min]
S1 215 25.3 60.2 7 208 26.7 60.2 7
S2 215 25.3 60.2 7 206 26.7 40 10
S3 211 25.3 60.2 7 211 26.7 30 15

The two significant factors that affect product quality
in welded dissimilar UHSS/AHSS materials are softening
and a tendency to crack propagations in the heat-affected
zone (HAZ). The source of those issues is the heat input
and the filler wire composition [24, 25]. Softening of the
welded joint has undesirable effects such as:

e A decrease in strength compared to the base mate-
rial, especially tensile strength;

e The hardness of the HAZ falling below that of the
base material;

e A reduction in the fatigue strength of the mate-
rial [26-28].

The experimental analysis made in this study showed
the Vickers-hardness behavior of dissimilar joints of
S700MC-S960QC- steels. Figure 2 below shows the results
of tree samples using the different heat input parame-
ters defined above. From Figure 2a, using the heat input
of 7 kJ/cm, the most softening areas were in the FGHAZ
of S960QC and S700MC. The weld metal area was the

area that had a high average value of hardness (420 HV5).

The lowest average hardness of the S960QC was 255 HV5,
which was 19% lowest than the BM. In the S7T00MC side,
the hardness average was evaluated at 210 HV5, which was
16% lowest than the BM. Using the heat input of 10 kJ/cm,
Figure 2b below shows the hardness behavior in the weld
joint, which was observed the decrease of its values in the
CGHAZ of both sides of the HAZ and increased in the WM
area. The lowest average value was observed in the SGHAZ
of S700MC, which was 220 HV5 lowest than the BM. For
the S960QC side, it was observed a relative change of the
hardness values, which was increased a bit than the pre-
vious sample. The average value measured was 280 HV5,
which was the reduction of 15% lowest than the BM. Fig-
ure 2c shows the hardness profile using the heat input of
15 kJ/cm. The results show the impact of the welding pro-
cess in the HAZ and WM, which produced a softening area
across the weld joint. The average hardness in the WM was

380 HV5, a bit highest than his initial value. The lowest av-

erage hardness was obtained in the FGHAZ of both sides of

the material, which was evaluated at 259 HV5 for S960QC
and 220 HV5 for S7T00MC.

From this analysis, it is observed that the softening
area at the edge of the HAZ area using the different heat
input values. This experiment illustrates why the avoid-
ance of material softening has become a significant area
of study in welding research on dissimilar UHSS/AHSS.
One of the reasons having to soften in the HAZ when weld
UHSS/AHSS is the welding process, which links between
the heat input parameters, the filler wire compositions
(GMAW) [23, 29]. It can be added to the production pro-
cess of the BM and the geometry of the weld joint. From
the welding process, it is important to analyze the cool-
ing process of the welded joint, which has an impact on
the hardening behavior and the strength of the weld joint.
The cooling process, which can be slow or rapid, can af-
fect the strength of the weld joint. From the experimental
analysis, when using the heat input of 7 kJ/cm, the cooling
time results were 11.2 s. Using the heat input of 10 kJ/cm,
the cooling time was 27.84 s and using the heat input of 15
kJ/cm, and the cooling time was 45.48 s. Having different
cooling times, it is evident that the strength and the mi-
crostructure precipitation affect the welding process com-
pare to the BM.

Figure 3 below shows the microstructure formation in
the different areas of the HAZ of a dissimilar weld joint
of S7T00MC/S960QC-steels. The images were performed us-
ing the SEM images with a resolution of 20 pm. The im-
ages were taken in the FGHAZ, CGHAZ of both parts of
materials, and in the WM. The sample showing in this
microstructure analysis was welded using the heat input
of 10 kJ/cm, which had relatively good results when ana-
lyzed a hardness previously. The formation of martensite
(M) and bainite (B) was observed in the FGHAZ of S700MC-
steel (Figure 3a). From this microstructure formations, it
was added some retained austenite (RA) formations due
to incomplete transformations. In the S960QC side, the
formation of tempered martensite (TMA) and bainite (B)
were observed in his FGHAZ (Figure 3b). In the CGHAZ,
the temperature can reach 900°C, and it was created some
microstructure precipitation and micro strengthening ar-
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Figure 3: Vickers- hardness profile using overmatched filler wire in the weld joint: (a) hardness profile of weld sample using 7 kJ/cm of heat
input, (b) hardness profile of weld sample using 10 kJ/cm of heat input, (c) hardness profile of weld sample using 15 kJ/cm of heat input.

eas. The micro strengthening formations in the microstruc-
ture was caused a formation of some Cementite across the
grain boundaries of both materials. The Formation of B
and RA were observed on the microstructure of S7T00MC
steel (Figure 3c). From this microstructure was added some
fine ferrite (F) formation due to the austenite temperature
propagation in the austenite grain. Figure 3d below shows

the formation of B and some trace of F in the CGHAZ mi-
crostructure of S960QC-steel. The formation of F results
by the most affected area by the thermal shook produced
during the welding process. The microstructure was com-
posed mostly of the filler wire chemical composition, in
the melting zone. The microstructure formation was com-
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posed of an Acicular ferrite (AF), and Widmanstétten fer-
rite (WF) (Figure 3e).

Applying welding operations to dissimilar
UHSS/AHSS steels requires careful compliance with the
welding procedure. The welding procedure is the proce-
dure that includes the selection of welding parameters
according to the mechanical characteristics. The chemical
composition of a base material (carbon capacity in weight
%, Mn, Ti, Ni, Al, B) has to be knowing when welding a
sample. In this experiment, it was essential to evaluate
the alloy element content in the HAZ of both materials,
which participated in improving the strength of the weld
joint. By applying the EDS X-ray spectrum mapping, the
microstructure of the CGHAZ of both materials was ana-
lyzed. The results observed the proportion of weight % of
micro-elements such as carbon (C), chromium (Cr), Man-
ganese (Mn), Nickel (Ni), Molybdenum (Mo), Niobium
(Nb), Silicon (Si), Vanadium (V). Figure 4a shows the EDS
mapping, which observed the composition of 3.6C, 0.7Si,
0.5Cr, 1.7Mn, 1.6Ni, and Mo in the microstructure forma-
tion of the WM during the transformation. The increase
of the carbon content, Mn, and Ni than their BM weight
% content can be the reason that the increase of the hard-
ness was observed above. The respective weights of Mn,
Mo, Si, and Cr obtained were 1, 0.2, 0.2, and 1.2 for STO0MC
(Figure 4b) and 2, 0, 0.4, and 0 for S960QC (Figure 4c). The
absence of Ni was observed, which has an impact on the
strengthening of the weld joint.

3.2 Welding parameters on UHSS/AHSS for
different processes

Welding dissimilar UHSS/AHSS is a big challenge that re-
quires several methods to consider, which will lead to im-
proving the microstructure and mechanical properties of
the weld joint. It is essential to note that their microstruc-
tures change as a result of welding operations (welding
parameters), which has an impact directly on the crack
formation in the weld joint. To improve the quality of the
weld joint when weld dissimilar UHSS/AHSS, the heat in-
put values, welding geometry, filler wire composition, and
the cooling rate are the most critical parameters to be con-
trolled during the welding process. The cooling rate is re-
liant on many considerations: heat input value, cooling
time itself, preheat temperature, a filler wire composition,
process efficiency, material properties, and material geo-
metric characteristics. Appropriate and effective control
of multiple parameters and variables of the welding pro-
cesses is required to control the heat input.

Feasibility study of welding dissimilar Advanced and Ultra High Strength Steels =—— 61

Power density is one crucial parameter closely linked
to the heat input during the welding processes. In arc weld-
ing, the power density at the cross-section of the weldment
normal to the welding direction for an arc moving at speed
v is given by [14]:

2
_ 3IEfy (X2 (vt
qx, t)= g exp{ 3(?> exp < -3 =

Where:

x — distance from the center of the heat source on the weld-
ment surface in the cross-section;

tg/s — cooling time during the welding process;

I — welding current, (A);

E - welding arc voltage (V);

f1 — arc efficiency (%);

7 — a characteristic radial dimensional distribution param-
eter that defines the region in which 95% of the heat-flux
is deposited [21, 24].

From the equation, the current and voltage are propor-
tional to the power density, and the traveling speed is in-
versely proportional to the power density. The two values x
and t also meet the real situation, which is that the power
density will decrease over time and with distance from the
heat source to the weldment material. This equation can
be applied to weld dissimilar UHSS/AHSS as well as con-
ventional steel materials.

UHSS/AHSS steels require special attention when ap-
plying any welding procedure. The application of conven-
tional or hybrid-electric arc welding can be used as in the
case of mild steels, which combines MIG, MAG, TIG, or
plasma. They are reputed to have good weldability bet-
ter than for mild steel. The recurrent problem that recalls
when welding this type of dissimilar steel is the applica-
tion of the heat input parameters (current, voltage, heat
input). The filler wire also needs to be analyzed when weld-
ing UHSS/AHSS for some welding process. The current po-
larity (AC and DC) will have to consider the ratios of lower
or upper thickness to 2:1, which are considered very sen-
sitive to welding operations. It is imperative to analyze
the relationship that will have to exist in welding param-
eters and welding operations [20, 25, 27, 29]. The welding
process using pulsion current recommends a specific filler
wire resistance of 482 MPa. The use of this type of filler
wire will optimize the current effect on the structure of the
weld joint by effecting his strength and fatigue behavior.
The electric resistance weld (ERW) can be used to weld dis-
similar UHSS/AHSS. The only issue that has the ERW weld
process his lowest input current compared to other weld-
ing processes. Depending on the chemical composition of
the base materials, this current intensity can be even low-
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Figure 4: SEM micrograph, showing the microstructure of dissimilar S700MC/S960QC weld joint using overmatched filler wire: (a) FGHAZ of
S700MC, (b) FGHAZ of S960QC, (c) CGHAZ of S700MC, (d) CGHAZ of S960QC, and WM.
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Figure 5: EDS X-ray mapping showing the alloy element composition: (a) WM mapping using overmatched filler wire, (b) CGHAZ of S700MC,
(c) CGHAZ of S960QC.
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ered. The following instructions shall be applied for weld-

ing of steels of type QT, TRIP, CP, FB, TWIP, and MS [19, 29]:

¢ Adjust the welding time according to the mechani-

cal parameters and the chemical composition of the
BM;
¢ Adjust weld size;

¢ The mechanical characteristics (yield strength, ten-
sile yield strength) shall be in accord with the elec-

trode forces;

e Adjust the electrode type with the largest possible
diameter, as appropriate;

¢ Adjust the geometric characteristics of the weld joint
with the welding time

Currently, there is a lack of systematic theoretical re-
search and practical experimental work on welding meth-

ods for dissimilar UHSS/AHSS. The benefits from the use of

such steels, a better understanding of their behavior is re-

quired. Moreover, the advantages of and complications in-
volved with the welding dissimilar UHSS/AHSS are becom-
ing more evident, listed in Table 1. Table 1 below shows
a comparative analysis of the influence of the welding
process on the weldability of dissimilar UHSS/AHSS. The
results show a good behavior of dissimilar UHSS/AHSS
when applied Laser welding process. It can be better to
associate, for example, MIG welding with Laser welding,
which will optimize the microstructure precipitation and
the strength of the weld joint. Welding UHSS/AHSS us-
ing the Laser process will consider all those parameters
that were cited above to produce an excellent strength
minimizing softening in the HAZ. To preconize a welding
process function of the type of material, Table 2 below
presents the type of materials that can be welded using a
different welding process. It is recommended to apply the
MIG/MAG welding process to weld a material such as TRIP,
TWIP, MS, DP, CP, FB, QT, and TMCP steel, which have a
good result. From Table 2, it can be seen, based on cur-
rent knowledge, that the most suitable welding process for
UHSS/UHSS is resistance welding. However, data for some
welding processes is lacking, indicated with the mark ¢/’ in
the table. Robotic MIG welding of QT (§960QC) and TMCP
(S700MC) materials were tested in the Welding Laboratory
of Lappeenranta-Lahti University of Technology, and as
was seen above, the evaluations from Hardness and mi-
crostructure (SEM, EDS). The analysis has shown excellent
results when the excellent choice has operated in the weld-
ing parameters and filler wire composition.
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4 Conclusions

In this study, the weldability of dissimilar UHSS/AHSS was
analyzed, and experimental methods were performed us-
ing three heat input parameters and overmatched filler
wire. The Hardness tests, SEM scanning test, and EDS
X-ray spectrum mapping were carried out in order to
observe the hardness behavior and the microstructure
precipitations in the HAZ of the weld joints. The paper
presents some recommendations that need to be consid-
ering, which found that;

e The increase of the heat input (15 kJ/cm) when
welded dissimilar UHSS/AHSS results in the forma-
tion of more carbide in the austenite grain. The soft-
ening area will increase in the HSZ;

e The quantitative relationship was established be-
tween the heat input, the hardness, and the mi-
crostructure precipitation in the HAZ. Two signif-
icant problems have been recognized as regards
welding processes the UHSS/AHSS materials: cold
cracking and material softening near the HAZ. Pre-
cise and accurate control of heat input during the
welding process is required;

¢ Welding dissimilar UHSS/AHSS using overmatched
filler wire produces an increase of hardness in the
WM area. His increase can optimize the strength of
the weld joint when the ideal heat input is applied;

e The use of GMAW process with 10 kJ/cm as heat
input value produces an equilibrium microstruc-
ture formation in the HAZ. This heat input devel-
ops a formation of Bainite-ferrite in the S700MC
side and Bainite-Martensite in the S960QC side. This
microstructure formation favorites to optimize the
strength of the weld joint and avoid cracks propaga-
tion;

¢ Based on the equation of power density, welding pa-
rameters like arc voltage, welding current, and trav-
eling speed affect the heat input of the welding joint.
The power density equation illustrates that to en-
sure appropriate heat input, the welding parameters
should be designed and tested before utilization of
welding processes for UHSS/AHSS materials;

¢ Asregards the different types of UHSS/AHSS materi-
als used in production, it is noted that ferrite-bainite
(FB) steel material has the best weldability. In indus-
try, MIG/MAG and laser welding are the most com-
mon methods used, and UHSS/AHSS materials have
shown good weldability with such processes;
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