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Abstract. Thermomechanically controlled processed steels have gained attention increasingly by many
industries. In this research S700MC steel is successfully welded using low power pulsed Nd:YAG laser and the
microstructure and mechanical properties are investigated. It is shown that the average power and overlapping
factor both affect the weld geometry. Full penetration with double-sided welding achieved on 2 mm thick plates
autogenously. Optical metallographic methods and SEM/EDS were used to evaluate the resulting microstructures. The evaluations revealed that the weld metal microstructure contains different morphologies of ferrite
such as acicular, allotriomorphic and Widmanstätten as well as bainaite and martensite structure in the weld
zone. Also, no noticeable heat affected zone was detected near the fusion zone of the weldments. In addition to
microstructures investigation, micro hardness and tensile tests were performed to evaluate mechanical properties. Hardness measurement results exhibit higher hardness values in weld zone than that of in the base metal.
The tensile test revealed a ductile fracture behavior which happened in the base metal, due to proper weld zone
microstructure. The strength and elongation of the prepared joints were 774 ± 14 MPa and 26.5 ± 2.5%,
respectively.
Keywords. TMCP; S700MC; low power pulsed Nd:YAG laser welding; autogenous welding; microstructure;
mechanical properties.

1. Introduction
High strength low alloy steels (HSLA) provide remarkable
opportunities for designers of welded structures owing to
desired blend of strength, toughness and sufficient weldability [1–3]. Low carbon equivalent of these materials
improves not only their weldability, but also their welding
condition. In other words, because of good weldability of
HSLA steels, preheat treatment could be reduced or eliminated in most cases. Furthermore, utilization of these kinds
of steels decreases the cross-sectional areas of joints that
leads to not only less filler metal consumption, it also
reduces the welding time. These issues will definitely
reduce welding costs which has a great positive effect on
economic aspects of mass production [4].
High strength low alloy steels are microalloyed with Ti,
V and Nb and produced by a thermomechanically controlled process (TMCP) [5]. TMCP steels offer new products that benefit from using high strength steel to reduce the
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weight of the structure due to its unique combination of
strength, toughness, consistency, and weldability. Marine
and offshore structure, mining machines and equipment,
lifting equipment are of the corresponding applications
[6, 7]. HSLA steels with high yield point values are widely
used in the construction of the transport means [8].
The main hardening mechanism acting in this kind of
steels are: Solid solution hardening by substitutional and
interstitial elements such as Mn, Si and C, precipitation
hardening according to presence of Ti, Nb and V, transformation hardening due to formation of bainite and
martensite, grain refinement and dislocation hardening. In
this kind of steels, the microalloying elements enhance the
recrystallization temperature of the deformed austenite
according to equation (1). The deformed austenite transforms to a dislocation enriched fine grained ferrite or bainite after the finishing mill [9].
pﬃﬃﬃﬃﬃﬃ
Tnr ð CÞ ¼ 849  394C þ 676 Nb þ 337V

ð1Þ

The deformed austenite transforms to a dislocation
enriched fine grained ferrite or bainite after the finishing
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mill. Different thermal cycles have a significant effect on
microstructure and mechanical properties of these alloys.
During welding of thermomechanically processed alloys,
the magnitude of heat input is of the great importance
which should be given special attention [10]. Welding
processes with high heat input give a rise to carbonitrides
dissolution which result in grain growth and low HAZ
toughness [2, 11, 12]. However, in processes with low heat
input more micro-agents remain in solution, owing to faster
cooling rate. Phase transformation during cooling is significantly affected by the amount of these micro-elements.
The heat affected zone (HAZ) microstructure in this case is
dominated by lower bainite which has acceptable resistance
to brittle cracking [13, 14]. Silva et al [8] showed the
benefits of using a low heat input welding process on a
TMCP steel joint properties. They welded 2 mm thick
plates using low arc energy method in Metal Active Gas
(MAG) welding process. On the other hand, it has been
shown that using any filler metal with lower strength, when
compare with a TMCP steel strength, could reduce the joint
strength [15]. Thus, welding process is the main factor
which affects the mechanical properties of a TMCP steel
joint the most.
Laser beam welding (LBW) process has many advantages which could lead to a good productivity. In fact,
thanks to high power density of this process, less distorted,
narrow and deep penetration can be achievable, so sheets
can be welded with a single pass without beveling and/or
using filler metals, although bevel preparation must be
substantially precise [16, 17]. Due to the fact that LBW is a
low heat input process, HAZ width is relatively narrow and
fine grained [18]. In comparison with continuous laser
welding, pulsed laser welding offers a number of advantages such as significant lower heat input and lower HAZ
width. Therefore, during pulsed operation of Nd:YAG
laser, the energy is delivered through intermittent pulses
which can be controlled for pulse width, frequency and
pulsed energy [19, 20]. However, the matter which is of
high importance and must be considered carefully is that
weldments which are welded by laser, experience severe
thermal cycles owing to extremely high cooling rate that
even go beyond the steel welding recommendations.
[1, 21].
Some researchers have done several surveys of different
welding conditions on high strength steel and attain some
crucial conclusions. For instance, Gorka et al [13, 16] have
studied the effect of thermal cycle on HAZ microstructures
of S700 steel. They have found that thermal cycle adversely
affects HAZ due to segregation and carbide dissolution. In
another work [22], Gorka has investigated the weldability
of S700 alloy welded by MAG, tungsten inert gas (TIG),
submerged arc welding (SAW) and laser. He has concluded
that Nb and Ti carbonitrides and austenite to ferrite transformation affect the weldability. It was found that by
increasing the heat input, the mechanical properties of HAZ
was deteriorated. Also, it was shown that micro-alloying
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elements such as Ti and Nb has led to increase and decrease
of the hardness and tensile strength of the welded joint,
respectively. Furthermore, the results of other researches
showed that martensite formation is promoted in electron
beam welding (EBW) and LBW processes due to high
cooling rate, yet HAZ hardness and toughness reduce in
MAG due to high heat input, slow cooling rate and intensive grain growth [14, 23]. Sharma et al [1, 24] investigated
the phase transformation phenomenon in the weld metal of
a MAG welded HSLA steel joint. They studied the effect of
phase transformation temperature and filler metal dilution
on the joint strength. Peng et al [3] investigated
microstructure and mechanical properties changes of a
TMCP welded joint arising from different welding heat
input as well as post weld heat treatment process. The
showed high welding heat input values and post weld heat
treatment process have detrimental effect on mechanical
properties of the joint. Gritssen et al [25] opined that pre
and post-weld heat treatment have a negative effect on
mechanical properties of laser welded S700. Gorka [13] has
studied the effect of applied secondary heat on the S700
and found that applying secondary heat treatment has a
detrimental effect on impact test values which is attributed
to extra heat input and related intensive grain growth.
Hochhauser et al [10] studied the softening in HAZ of
welds and its effect on joint strength. The results revealed
that because of the constraint effect of base metal and high
tensile strength of the weld metal, the softening in HAZ
does not compromise the joint strength. They concluded
that the welding processes with low heat input result in
higher strength values of the joint. Also, Maurer et al [15]
investigated the effect of different gas metal arc welding
process parameters on the softened HAZ formation as well
as mechanical properties of a HSLA steel welded joint. In
another work [26], they have investigated electron beam
welding of S700 alloy. Their results showed that HAZ
hardness increased due to rapid cooling rate and related
martensite formation. In addition, they have confirmed that
more heat input results in softer HAZ. Fracture toughness
of high strength micro-alloyed steel was studied by Thaulow et al [27]. The results of this research demonstrated that
coarse grained zone and partially transformed zone both
have the lowest toughness properties. Also it was shown
that among different alloying elements, N and P have the
most detrimental effect on the toughness of the welded
joint.
However, according to the literature, several welding
processes have been proposed and investigated on TMCP
steels to achieve narrower HAZ, fine grained microstructures and suitable mechanical properties. Among these
processes, laser welding seems to be one of the most
effective processes due to its low heat input and high heat
intensity which contribute to narrower HAZ. Although
pulsed laser beam welding process has several challenges
owing to the higher number of operating variables and the
complexity of optimizing the process parameters [28, 29],
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Table 1. Nominal chemical composition of S700MC (wt%).
Elements
wt%
Elements
wt%

Fe

C

Si

Base

0.06

0.04

Mn

P

S

Al

1.94

0.008

0.001

0.06
B

Mo

Cr

Ni

V

Nb

Ti

0.005

0.03

0.01

0.01

0.05

0.12

0.0002
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Table 4. Laser parameters for O series set of experiments (effect
of overlap factor) in constant average power (310 W) and peak
power (1.72 kW).
O series
O1
O2
O3

Travel speed (mm/s)
6.2
7.4
9.3

Overlapping factor (%)
75
70
65

Table 2. Nominal mechanical properties of S700MC steel [30].
[700 MPa
750–950 Mpa

Yield strength
Tensile strength
Elongation
\3 mm
[3 mm

[10%
[12%

its lower heat input makes it a reasonable welding process
for joining fine grain TMCP steels compared to continuous
laser beam welding process.
Although there are many studies on low power pulse
laser welding process, there is a lack of literature on the use
of this process for joining TMCP steels. The main
hypothesis of this study is the use of a welding process that
not only has low heat input, it also does not require the use
of a filler metal for joining. Considering this, the present
work has been carried out to make use of low power pulsed
Nd:YAG laser on autogenously butt welding of S700MC
high strength steel. In this regard, the effect of pulsed laser
variables on geometry as well as microstructures and
mechanical properties of the joint were studied. The results
of this study can address the challenges for welding of these
types of steels and might open a new route for industrial
users of TMCP steels.

2. Experimental procedure
TMCP S700MC steel with 2 mm thickness was used in this
study. The typical chemical composition – based on optical
emission spectroscopy (OES) analysis result - and
mechanical properties of S700MC [30] are given in tables 1
and 2, respectively.
Table 3. Laser parameters for W series set of experiments (effect of average power) in constant overlap factor value (Of = 80%
(v = 7.4 mm/s)).
W
series
W1
W2
W3
W4
W5

Average power
(W)
260
275
310
335
360

Pulse energy
(J)
13
13.75
15.5
16.75
18

Peak power
(kW)
1.44
1.52
1.72
1.86
2

Figure 1. Base metal ferritic-pearlitic microstructure.

The plates were cut into 100 mm 9 60 mm pieces using
wire cutting process in order to make the close fit configuration possible for laser welding process.
A pulsed Nd:YAG laser model IQL-20 with a maximum
mean laser power of 700 W was used as the radiation
source with the following available range of parameters:
1–1000 Hz frequency, 0.5–20 ms pulse duration, and 0–50
Joule pulse energy. The focusing optical system is consisted of three lenses with a 75mm focal length. A 5000
W-Lp Ophir power meter and LA300W-LP Joule meter
were used to measure the laser average power and pulse
energy. Pure argon gas fed through a coaxial nozzle was
used for shielding the irradiated area.
The effect of laser average power and overlapping factor
on weld geometry were studied as variables in two separate
sets of experiment. Tables 3 and 4 show the details of other
parameters. Pulse width, pulse frequency, stand-off nozzle
distance and protective argon gas flow rate were kept
constant as 9 ms and 20 Hz, 6 mm and 12 L/min in all tests,
respectively.
The Overlapping factor and Peak power was calculated
using equations 2 and 3, respectively [29], where Of is
overlapping factor, V is welding speed (mm/s), f is frequency (Hz), W is pulse widths (ms) and D is laser spot
diameter at welding distance (mm) which is measured as
1.2 mm in all experiments, Pave is average power (w) and Pp
is peak power (kW)
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Figure 2. Effect of average power changes on weld profile and pore formation; (a) 260 W (W1), (b) 275 W (W2), (c) 310 W (W3),
(d) 335 W (W4), (e) 360 W (W5).

Of ¼


1

v
f

D þ vW

Pp ¼

Pave
f w


 100

ð2Þ
ð3Þ

The applied parameters to perform the double-sided joint
welding were determined according to the findings of the
single-sided bead on plate weld runs as followings: average
power 310 W, pulse energy 15.5 J, peak power 1.72 kW,
welding speed 6.2 mm/s (Of 75%). The prepared joint was
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Figure 3. Effect of Average power changes on weld pool sizes.

subjected to the microstructure and mechanical properties
investigations.
The welded samples were cut transversely, polished,
and etched with Nital 4% etchant. Scanning electron
microscopy equipped with EDS detector and optical
microscopy as well as image analysis software were used
to perform geometrical measurements and microstructural
evaluations. The XRD analysis was carried out on the
weldment specimen using Copper Ka wavelength of
1.5406 nm.
Vickers micro-hardness measurement and tensile tests
were performed on double-sided welded specimens to
evaluate mechanical properties joints. Tensile samples were
prepared according to ASTM E8 standard. To study the
fracture mechanism, the fractured sample were subjected to
fractography evaluations via SEM.

3. Results and discussion
3.1 Macro- and microstructure of the weldments
The microstructure of the base metal is shown in figure 1.
According to this figure, the microstructure contains
equiaxed fine ferrite grains and pearlite.
Figure 2 shows single-sided bead on plate welded samples in different average powers (W series samples).
According to figure 2, the higher average power has led to
larger weld pool.
In the pulsed processes, like laser pulsed welding, high
cooling rates cause consecutive spots to be solidified separately and a continuous weld is achieved by overlapping of
these spots.
Increase in average power leads to higher amounts of
spatters. Average power has a direct effect on peak power
and pulse energy. Increase in average power, while pulse
duration is constant, cause an increase in peak power and
pulse energy which leads to higher heat input and higher
amounts of spatters.
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However, increasing the average power results in
formation of porosities in the weld metal. In fact, average
power controls weld penetration, yet unrestricted increase
in average power results in pore formation in weld metal
since it promotes metal vaporization [31].
In laser welding process, because of extremely high
cooling rates of the weld zone, there is not enough time
available for metal vapor to come out from the weld pool.
Therefore, the gas bubbles trap inside the weld area. As a
result, pores form in the weld metal after solidification of
the weld pool (figures 2(c–e)). On the whole, as figure 3
quantitatively depicts, by increasing average power weld
pool size will increase.
Figure 4 shows the effect of welding speed magnitude
on the weld profile (O series samples). According to the
figure, by increasing the welding speed and decrease in
overlapping factor the weld pool volume was reduced. It
is observed that a rise in overlapping factor results in
deeper penetration and wider weld width. However, penetration depth is more sensitive to overlapping factor.
Indeed, when overlapping factor increases, a higher
amount of previous weld spot is being melted by each
pulse. In other words, when overlapping factor has higher
values, less energy is needed for melting due to the higher
temperature of the zone which laser beam already interacts. In another words, in a pulse laser process, as discussed in ref. [29] in detail, increasing overlapping factor
leads to increasing the effective power density. Higher
effective energy density results in higher temperature of
the zone. These high temperature zones absorb the laser
power more which leads to an increase in penetration
depth [29, 32, 33]. On the other hand, Because of the heat
input reduction due to increasing welding speed, the
cooling rate of the weld increases. Hence, there is not
enough time available for the pores to come from the
weld pool out and they trap inside the weld metal, as it
can be observed in figure 4(c).
Figure 5 quantitatively shows that increase in welding
speed (in another words, decreasing of overlap factor) can
reduce the weld pool sizes.
Figure 6 depicts macrostructure of the laser full penetration double-sided welded sample. It is clearly observed
that the weld is sound.
As it can be observed from figure 7, weld metal
microstructure is different from fine grained microstructure
of base metal. Weld metal depicts a typical solidified
structure which comprise of columnar grains near the base
metal and equiaxed grains at the center of weld pool.
In addition, due to high cooling rate of laser welding,
austenite grains are transformed to bainite or martensite
which is totally different from ferrite/pearlite microstructure of base metal. Figure 8(a) shows that former austenite
grains have different sizes. In fact, as it is seen in figure 8(b), the presence of precipitate in weld pool hinders
former austenite grain growth by pinning the grain
boundary migration.
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Figure 4. Effect of welding speed (overlapping factor) on weld profile and pore formation; (a) sample O1: 6.2 mm/s (75%), (b) sample
O2: 7.4 mm/s (70%), (c) sample O3: 9.3 mm/s (65%).

Due to high cooling rate of pulsed laser welding, there is
not enough time for equilibrium transformation. So, first of
all Pro-eutectoid ferrite crystals form on former austenite
grain boundaries and grow along grain boundaries. This
morphology is generally known as grain boundary ferrite
which has an irregular (allotriomorphic) morphology. By
decreasing the temperature, the ferrite morphology changes
to Widmanstätten or side plate ferrite which grows into
austenite grains. These different ferrite morphologies are
shown in figure 9.
The nucleus of any phases at a grain boundary may grow
in any directions, regarding kinetic consideration. A
nucleus with a (semi-)coherent interface at the grain
boundary can grow in the form of a thin disc or plate. Based
on this fact, the formation of the Widmanstätten morphology can be realized. Widmanstätten side plates are formed
at high undercoolings [34].
It is not clearly understood that how a grain boundary
allotriomorphic ferrite transforms to Widmanstätten sideplates. However, it is proposed that relative migration rates
of semicoherent and incoherent interfaces may be changed
by different undercooling values. Based on this concept,

Figure 5. Effect of welding speed (overlapping factor) changes
on weld pool sizes.

equiaxed morphologies should develop at low undercoolings while plate-like morphologies should develop at high
undercoolings [35]. The latter occurs in low power pulse
laser welding process.
Regarding high cooling rate which is led to non-equilibrium condition, pearlite formation in weld zone is
impossible and in lower temperature (below A1), where
diffusion does not easily happen, bainite are more likely to
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Figure 6. Macrograph of the weldment.

Figure 8. microstructure of weld zone (a) former austenite
grains which are transformed to bainite and martensite, (b) grain
boundary pinned by a carbide.

Figure 7. Microstructure of the weld metal.

form on former austenite grain boundaries. As it can be
seen from figure 10, bainite microstructure is formed during cooling in weld metal.
Besides the thermodynamic aspects, kinetics influences
the phase transformations in steel. Bainite forms in a
kinetics region between two process of pearlite and
martensite formation. In other words, bainite formation
occurs in a temperature range where there is a limited iron
self-diffusion but the driving force is not sufficient enough
to form martensite [36]. The diffusion rate of carbon atoms
controls the bainite growth rate while martensite plates can
grow without carbon diffusion [35]. A fine structure bainite
generally is composed of cementite and dislocationrich ferrite [37, 38].
Martensite microstructure can be detected in weld metal
microstructure, as well. Since S700MC alloy is categorized
as low carbon steels, it is predicted that lath-like martensite
was formed in weld zone.

Figure 9. Different morphologies of ferrite.

Martensite formation occurs with austenite quenching.
During the quenching process, the long-range transport of
carbon atoms is impossible. Therefore, the crystal lattice of
ferrite phase (which is body centered cubic) cannot remain
as a cubic lattice. As a sequence, it converts into a body
centered tetragonal lattice which has a relatively large
amount of dissolved carbon atoms, equal to the amount in
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austenite. Plate martensite, which may be formed in a
carbon steel with high weight percent of carbon ([ 0.9
wt%), exhibits much coarser microstructure in compare
with lath shape one, which may likely be formed in a
carbon steel with low weight percent of carbon (\0.6 wt%)
[34].
One of the important characteristics of lath-like
martensite is lots of martensite planes which are located
parallel to each other in a vast area of primary austenite.
Figure 11 which confirms formation of lath martensite
shows these thin, needle shape layers of martensite. These
results are in agreement with a research findings conducted
by Gorka et al [12] concerning developing a thermal cycle
modeling in a welding process.
In addition, the presence of retained (untransformed)
austenite is less probable in weld metal microstructure
which is due to relatively high Ms and Mf temperature of
S700MC steel. Figure 12 shows the SEM micrograph and
the corresponding EDS analysis of the precipitates in the
weld and base metals, respectively. According to the EDS
analysis, figure 12(c), the atomic percentages of Ti and N
elements are almost equal. Therefore, it can be concluded
that the precipitate is likely to be Titanium nitride (TiN). In
pulsed laser welding these particles are less likely to be
formed during the process. Due to high heating and cooling
rate in laser welding, and lower turbulence of the weld
pool, nitrogen cannot diffuse to weld pool, in addition,
higher cooling rate in this process does not allow such
relatively big particles to be formed. So, it might be concluded that the precipitates were present within the
microstructure of the base metal prior to welding process.
In addition to these particles, figure 13(a) shows another
particle in weld zone which is darker in center compared to
TiN particles. The corresponding EDS analysis elucidates
that it is (Ti,Al)N particle, as demonstrated in figure 13(b).
Figure 14 shows acicular ferrite phase which has been
nucleated on a TiN precipitate particle facet in the weld
metal. This observation implies that these precipitates have
not been molten and dissolved in the weld pool during
welding. The particles like this are important features for
formation of fine grained microstructure.
In the low power pulse laser welding process, the variation of the carbide and nitride phases in HAZ region

Figure 10. Bainite in weld metal.
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Figure 11. Morphology of lath martensite.

remains the same as the base metal and no significant
changes are detectable. This fact is because of the rapid
heating and cooling encountered in this welding process. In
such circumstances, The HAZ region becomes very narrow
and, also, there would not be enough time available for
dissolution or formation of such phases.
In the weld metal, there are evidences, figures 12(a),
13(a) and also 14, which indicate the presence of such kind
of particles. The particles in the weld metal are much finer
and more dispersed than the base metals ones.
Figure 15 depicts HAZ microstructure of the weldment.
As figure 15(a) demonstrates, the formation of extremely
narrow HAZ (less than 100 microns) is the most important
aspect of this welding process. Microstructure in HAZ
depends on the base metal primary microstructure and also
heating and cooling rates. In other welding processes such
as TIG welding, HAZ is generally divided into fine grain
and coarse grain regions [39]. However, in the case of
pulsed laser welding process, the HAZ just consist of only
fine grained region, figure 15(b), its width is even smaller
than that of continuous laser welding [14]. This observation
is due to relatively high heat intensity and cooling rate of
the applied process.
Cooling rate in Nd:YAG laser welding was calculated by
Sabaghzadeh et al which was about 7 9 104 K/S [32].
Therefore, insufficient grain growth time in HAZ results in
a fine grained area. This limited time does not allow coarse
microstructure to be formed in HAZ. Other than the cooling
rate, some other phenomena encourage the formation of
fine grained HAZ: the maximum temperature that HAZ
experiences is in the range of 650–1000°C which is due to
high intensity of the laser beam. So ferrite/pearlite
microstructure of base metal can partially transform to
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Figure 12. TiN particle: (a) in weld metal; (b) in base metal; (c) EDS analysis result of the particle in Base metal.

Figure 13. (Ti,Al)N particle: (a) in weld metal; (b) EDS analysis result.
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Figure 14. Nucleation of acicular ferrite on a TiN particle in
weld metal.

austenite in this zone. Since this range of temperature in
HAZ is not enough for solving carbo-nitride precipitates in
austenite, see figure 15(c), the nitrogen content is low in
HAZ. This shifts Pro-eutectoid transformation to higher
temperature and postpones the austenite formation [40, 41].
Furthermore, the presence of carbo-nitride particles in HAZ
hinders the former austenite grain boundaries movement
that results in preventing austenite grain growth at high
temperatures. As known [41], the grain boundary of the
austenite is thermodynamically a desired site for heterogeneous nucleation of ferrite or carbide below A1, Acm, A3
temperatures. So, the high grain boundary density of the
austenite promotes the nucleation rate of ferrite and leads to
formation of a fine HAZ microstructure.
Figure 16 demonstrates the XRD analysis result of the
weldment specimen. Ferrite phase is clearly distinguishable
in the microstructure of the weldment based on three peaks
of ferrite phase which are obviously visible in the spectrum.
In pulsed laser welding process, the weld line width is
generally very small in size in compare with the scan area.
This fact may cause the phases in the weld metal to be
formed in very low percentages by volume (probably under
5% by volume). Hence, in this case, it is not easy to detect
all phases by XRD analysis and micrographs are more
proper tools to characterize the microstructure.

Figure 15. Heat affected Zone: (a) width of the HAZ; (b) microstructure of HAZ; (c) precipitates in HAZ.

3.2 Mechanical properties of the welded joints
The micro-hardness of the weldment versus distance from
the center line of the weld is shown in figure 17. As it is
shown, the hardness of the HAZ and weld metal is higher
than that of the base alloy. The higher hardness values in
the weld metal are due to formation of martensite, bainite,
Widmanstätten ferrite and precipitates, as a result of rapid

Figure 16. XRD spectrum of the weldment specimen.
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Figure 17. Micro-hardness values of the different weldment
parts of the zone vs distance from the center line of the weld
metal.

solidification and cooling of the weld pool. Moreover, the
relatively high hardness of HAZ could be attributed to the
presence of precipitates and extremely fine grain
microstructure of the HAZ.
As figure 18 demonstrates, all prepared tensile test
specimens were fractured in the base metal although all of
them had been welded autogenously.
Figure 19 exhibits the corresponding figure and curves of
the weldment tensile test. As it is seen, although the
weldments were prepared autogenously, all of the tensile
specimens were fractured from the base metal. Higher
strength of the weld can be attributed to the weld metal
microstructure which consists of martensite, bainite and the
presence of precipitates in weld zone. As discussed earlier,
the presence of these particles may improve the mechanical
properties of the joint by preventing the grain growth as
well as taking part in acicular ferrite formation. In fact,
precipitates can hinder growth of micro-cracks. They are
also the desired sites for nucleation of acicular ferrite
(figure 14) which shows greater resistance to deformation
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during tensile test. In addition, rapid cooling in this process
prevents acicular ferrite from growing in thickness and
diameter which has a positive effect on tensile strength
[32]. Also, plastic deformation and necking which are the
signs of ductile fracture can be obviously observed in
fractured specimens. Further investigations in this regards
are conducted by FESEM whose results are shown in figure 19. Dimples and micro-voids which are the main
characteristics of ductile fracture can be clearly observed in
all samples, as is shown in figure 19(a). Figure 19(b) shows
TiN particles which were detected in fractured surface.
EDS analysis of these particles shows that these particles
are similar to those ones which were detected in the weld
metal, figure 12(c). As it was declared previously, these
particles which are expected to be seen in base metal could
be susceptible places to crack nucleation during tensile test.

4. Conclusions
TMCP S700MC steel plate was welded using a pulsed
Nd:YAG laser autogenously. The effect of laser parameters
on weld geometry in bead-on-plate welds as well as
microstructure and mechanical properties in full penetration
welds were studied. The results showed that the average
power had a direct effect on the depth of penetration and
weld width. Rising of the average power has led to further
weld penetration and width. Furthermore, by increasing the
pulse duration, the depth of penetration was declined while
the weld width was raised which was due to shifting the
laser welding mode from key-hole type to conduction one.
Rapid cooling in laser welding resulted in martensitebainite microstructure accompanied by acicular ferrite
phase nucleated on TiN precipitate particle facet in weld
zone. These features could be the main reasons of micro-

Figure 18. Corresponding figures and curves of the weldment tensile test stress-strain diagram and fractured specimens.
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Figure 19. The typical fractured surface of the tensile specimen. presence of (a) Dimples and (b) TiN parcipitates in the fracture
surface.

hardness and tensile strength increase in weld metal. High
heat intensity and high cooling rate in pulsed laser welding
has led to in a narrow fine grained compact HAZ
microstructure. The tensile strength test results showed that
the corresponding tensile weldment specimens were fractured from the base metal. In other words, the narrow HAZ,
not using filler metal and the weld metal microstructure
guarantee the mechanical properties.
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