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Abstract: TA15 titanium alloy is welded by electron beam
welding (EBW) and pulsed Nd:YAG laser beam welding
(P-LBW), respectively. Results show that the fusion zone
(FZ) is mainly composed of acicular α′ martensite, while
the acicular α′ martensite in the FZ of EBW joint is
coarser. The quantity of martensite in the FZ of EBW joint
is larger and the distribution of martensite is denser. The
microstructure of heat-affected zone (HAZ) of the two
joints is similar. The HAZ near FZ consists of primary α
phase and acicular α′ martensite, and the HAZ near base
metal (BM) consists of primary α phase, secondary α
phase, and β phase. The hardness in the FZ of EBW joint
is slightly higher than that of the P-LBW joint. The tensile
strength of both joints is close to that of the BM, but their
elongations are decreased to a certain extent. The tensile
performance of the EBW joint is slightly better than that
of the P-LBW joint. Both joints fail in the BM during
stretching. There are many dimples on the fracture sur-
faces, and the two joints obviously present the character-
istics of ductile fracture.

Keywords: TA15 titanium alloy, electron beam welding,
pulsed Nd:YAG laser beam welding, microstructure, mec-
hanical property

1 Introduction

Titanium alloys have the advantages of low density, high
specific strength, good corrosion resistance, and high

temperature performance, and they are widely used in
many fields such as aerospace, marine engineering, and
petrochemical industry [1–3]. The TA15 alloy is a near
α-type titanium alloy. It has higher strength of α-type
titanium alloy at high temperature, and its plasticity is
close to that of α + β type titanium alloy. In aerospace
field, TA15 alloy could be used to fabricate important
structural components at high operating temperature
and complex stress states, such as aircraft frame, panel,
and engine blade [4,5].

Welded structures of many titanium alloy compo-
nents were often employed in aerospace industry [6].
Due to the high chemical activity of titanium, the welding
of titanium alloys is relatively difficult. At present, some
methods are used to weld titanium alloys, such as tung-
sten inert gas arc welding (TIG), electron beam welding
(EBW), and laser beamwelding (LBW). Compared with the
conventional fusion welding, high-energy beam welding
such as EBW and LBW had the advantages of high energy
density, large depth-to-width ratio, and small welding
deformation [7–9], which was suitable for the welding of
titanium alloys. In addition, the vacuum environment
could protect the titanium alloys from oxidation and gas
contamination during EBW process [10]. Many researchers
had studied the high-energy beam welding technology
and weldability of titanium alloys. The EBW of Ti–6Al–4V
alloy was carried out, and results showed that the micro-
structure in different zones of welded joint was different
due to the effect of weld thermal cycle [11]. Rae et al. [12]
studied the microstructural evolution and residual stress
of Ti–6Al–4V alloy EBW joint. In different zones of joint,
its microstructure was different, which resulted in non-
uniform distribution of microhardness in weld zone.
The hardness in the fusion zone (FZ) was the maximum.
Deng et al. [8] investigated the effect of microstructure
inhomogeneity on mechanical property of different zones
in TA15 alloy EBW joint. In addition, the effect of welding
parameters on the microstructure of TA15 alloy LBW joint
was studied [13]. The welding heat input had a great influ-
ence on the martensite morphology in weldment. When
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the heat input was low, the martensite mostly presented a
parallel state. When the heat input was high, the marten-
site was scattered without obvious directionality. LBW can
be divided into the pulsed LBW and the continuous LBW.
In the pulsed Nd:YAG LBW (P-LBW) process, the work-
piece was heated periodically by the intermittent pulsed
laser beam, and the weld zone was melted and the
molten pool solidified consecutively [14]. The heat input
can be accurately controlled during the P-LBW process.
Compared with that of the continuous LBW process, the
weld porosity could be decreased in titanium alloy joint
by P-LBW process due to its shorter time for the solidi-
fication of molten pool [15,16]. Akman et al. [17] concluded
that the penetration depth and weld morphology could be
controlled by the P-LBW parameters. The microhardness
in weld zone was related to the peak laser power and pulse
duration.

At present, a single EBW process or LBW process is
often employed to investigate the welding of titanium
alloys, while there are few reports on the comparative
study of EBW and P-LBW for titanium alloys. Due to the
different fundamental principle and process between EBW
and LBW, the microstructure and property of welded joints
obtained by the two welding processes are different. In
order to understand the effect of EBW and LBW on the
microstructure and property of titanium alloy joints, in
the present work, the TA15 alloy is welded by using EBW
and P-LBW, respectively. The appearance of weld, micro-
structure, and mechanical property of welded joints
obtained by the two welding processes are systemati-
cally studied, based on which some suggestions can be
provided for the selection of welding procedure during
industrial application.

2 Material and procedure

The base metal (BM) is TA15 titanium alloy with a thick-
ness of 3 mm, and its nominal chemical composition is as
follows (wt%): Ti–6.5 Al–2 Zr–1 Mo–1 V. The microstruc-
ture of BM is shown in Figure 1, and it consists of equiaxed
primary αphase and β phase. The BM ismachined towelding
sample with the dimensions of 100mm × 50mm × 3 mm by
wire cut electrical discharge machining (WEDM). Before
welding, mechanical and chemical cleaning are carried
out on the welding sample, respectively, so as to remove
the oxide film and contamination on the sample surface.
The butt joint is used, and the samples are welded along the
longitudinal direction by EBW and P-LBW, respectively.
The schematic diagram of EBW and P-LBW process is
shown in Figure 2.

The EBW equipment is TETA-6E800M2 type EBW
machine, as shown in Figure 3(a). During EBW, the pres-
sure of vacuum chamber is 5 × 10−4 Pa, acceleration

Figure 1: Microstructure of TA15 titanium alloy.

Figure 2: Schematic diagram of welding process: (a) EBW and (b) P-LBW.
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voltage is 60 kV, and working distance is 300mm. In addi-
tion, in order to improve the weld formation, refine grains
in weldment, and decrease the susceptibility to welding
defects, a circular electron beam scanning is employed
during EBW, and the scanning frequency is 500 Hz and
scanning amplitude is 1%. IPG4000 type Nd:YAG laser
is used for the P-LBW of sample. The P-LBW equipment
is shown in Figure 3(b). During P-LBW process, argon
gas is used as the shielding gas with a gas flow rate of
20 L·min−1. Some attempt welding processes are carried
out by EBW and P-LBW, respectively. Based on the
observation of weld formation and the measurement of
joint mechanical property, the welding parameters are
determined under the experimental condition. The EBW
parameters are shown in Table 1, and the P-LBW para-
meters are shown in Table 2. The heat input is calculated
by the following equation (1) [18].

Q η P
v

,= (1)

where Q is the heat input; η is the thermal efficiency,
which is taken as 0.95 for EBW, and 0.9 for P-LBW; v is

the welding speed; P is the beam power, and P = UI for
EBW, U is the acceleration voltage and I is the electron
beam current.

After welding, the microstructure and mechanical
property of the welded joint are analyzed. The metallo-
graphic sample is cut from the welded joint which is
perpendicular to the weld center by WEDM. It is ground
and polished, and then etched with Kroll reagent (volume
fraction: 2% HF + 6% HNO3 + 92% distilled water). The
microstructure of weld zone is observed by using MM6
optical microscope (OM). The phase constituent of FZ is
identified by using SmartLab 9 kW type X-ray diffract-
ometer (XRD). The diffraction range is taken from 20° to
80° with the scanning rate of 2°·min−1. The JEM-2001F type
transmission electron microscope (TEM) is used to inves-
tigate the substructure of the weldment. Microhardness in
weld zone is measured by using HXS-1000AY hardness
tester with a load of 200 g and duration time of 15 s, and
the spacing between two test points is about 0.1 mm.
The tensile tests are carried out on the two joints by using
CMT-5105 electronic universal material testing machine
with a loading rate of 1 mm·min−1. Each joint is measured

Figure 3: Welding equipment: (a) EBW machine and (b) P-LBW machine.

Table 1: EBW parameters of TA15 titanium alloy

Focusing current (mA) Electron beam current (mA) Welding speed (mm·min−1) Heat input (J·mm−1)

580 22 700 107.5

Table 2: P-LBW parameters of TA15 titanium alloy

Pulse
duration (s)

Pulse
frequency (Hz)

Average laser
power (W)

Welding speed
(mm·min−1)

Defocusing
amount (mm)

Heat
input (J·mm−1)

0.01 100 2,350 1,500 0 84.6
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three times (namely three tensile samples of each joint,
respectively) and the average is taken as the result of ten-
sile tests. The morphology of tensile fracture is observed
by using JSM-6360LV type scanning electron microscope
(SEM), and the fracture characteristic of welded joint is
analyzed.

3 Results and discussion

3.1 Appearance of weld

The macrographs of EBW and P-LBW joints are shown in
Figure 4. It can be seen that the top and the root surfaces
of both weldments are well formed. The appearance of
weld is uniform, continuous, and smooth, and no welding
defects such as oxidation and micro-crack are generated
in the two joints.

The cross section profiles of EBW and P-LBW joints
are shown in Figure 5. Both joints are fully penetrated
and no welding defects such as gas pores are generated.
Due to the relatively high heat input in the EBW process,
the weld width of EBW joint is larger than that of the

P-LBW joint. The weld morphology of EBW joint pre-
sents V-shape, and it is wide at the top, while narrow
at the bottom, as shown in Figure 5(a). In the EBW pro-
cess, the liquid metal flowed from bottom to top of the
keyhole, and simultaneously the edge of keyhole was
expanded due to the combined effect of surface tension
of the molten pool, metal vapor counterforce, and other
forces [19]. The heat transfer will be enhanced in the
molten pool by such circular flow, which results in the
increase in the width from bottom to top of the molten
pool. The weld morphology of P-LBW joint approxi-
mately presents the X-shape, as shown in Figure 5(b),
and it is wide at the top and the bottom, while narrow at
the middle. It could be understood by the mode of open
keyhole [20]. In the P-LBW process, the laser beam is
reflected many times within the keyhole, which results
in the temperature difference between the top and the
bottom of the molten pool. The surface tension will be
changed between the top and the bottom of the molten
pool, and a recoil pressure is generated along the key-
hole. As a result, the width of the molten pool at the
bottom is increased. Because the reflected laser beam
continuously escaped from the top and the bottom
of the molten pool, they were enlarged to a certain
extent [21].

Figure 4: Appearance of weld: (a) top surface of EBW joint, (b) root surface of EBW joint, (c) top surface of P-LBW joint, and (d) root surface of
P-LBW joint.
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3.2 Microstructure of welded joint

The microstructures of EBW and P-LBW joints of TA15
alloy are shown in Figures 6 and 7, respectively. Usually,
the welded joint can be divided into three parts, namely
the FZ, heat-affected zone (HAZ), and BM.

In FZ, the coarse columnar crystals grow perpendi-
cular to the fusion line (FL). During the cooling process of
the molten pool, columnar crystals are formed by the
pattern of epitaxial nucleation and growth. The grains
preferentially grow up, and their growth directions are
along the maximum temperature gradient. The columnar
crystals at the upper part of FZ grow from the FL to weld
center, as shown in Figures 6(a) and 7(a). The columnar
crystals in the middle part of FZ grow perpendicular to
the weld center, as shown in Figures 6(b) and 7(b). The
columnar crystals in the FZ of EBW joint are coarser than
those of the P-LBW joint. Because the heat input is rela-
tively high during EBW, it will promote the grain growth
to a certain extent. As shown in Figures 6(c) and 7(c),
there are a large amount of acicular α′ martensite in the
columnar crystals. In the EBW and P-LBW processes, the
temperature in FZ is the maximum, and it is much higher
than the melting point of TA15 alloy, which results in the
partial melting of BM. In the subsequent cooling process,
the liquid metal is first solidified to form the β phase.
With the rapid decrease in temperature in FZ, there was
no enough time for the β phase to transform into the α
phase, and it only transformed into the α′ phase through
non-diffusion transformation [22]. SEM images of acicular
α′ martensite in the FZ are shown in Figure 8. Compared
with that of the P-LBW joint, the martensite in the FZ of
EBW joint is coarser, which is related to the higher heat
input in EBW process. The arrangement of martensite is
interlaced in the FZ of both joints, and it presents the
typical basket-weave structure.

During welding, the peak temperature is different
due to the different distances away from the weld center,

and it has corresponding microstructure in different zones
of joint under the effect of weld thermal cycle. The HAZ
of joint can be divided into the coarse grain HAZ (CG-
HAZ) near FZ and the fine grain HAZ (FG-HAZ) near BM,
as shown in Figures 6(d) and 7(d), respectively. For both
joints, microstructure in the HAZ is similar, but the grain
size is slightly different. During welding, the CG-HAZ
is near heat source, and the peak temperature is higher.
A large amount of primary α phase transform into the β
phase, and only a small amount of primary α phase is
retained. In the subsequent cooling process, due to the
rapid cooling rate, there is no enough time for the β phase
to transform into the α phase by the mode of atomic diffu-
sion. At this time, atoms in the β phase regularly migrated
in a short-distance, and the β phase transformed into the
acicular α′ martensite by the shear mode [22]. Conse-
quently, the CG-HAZ of both joints consists of primary α
phase and acicular α′martensite, as shown in Figures 6(e)
and 7(e), respectively. Compared with those in the P-LBW
joint, the size of α′ martensite and α grains in the CG-HAZ
of EBW joint are relatively large. Because the FG-HAZ is far
away from the heat source during welding, the peak tem-
perature is low. A small amount of primary α phase in the
BM transforms into the β phase, and a large amount of
primary α phase is retained. In the cooling process, the
fine secondary α phase is precipitated from the β phase. As
a result, the FG-HAZ of both joints consists of primary α
phase, secondary α phase, and β phase, as shown in
Figures 6(e) and 7(e).

In order to identify the phase constituent of weld-
ment, XRD analyses are carried out on the FZ of both
joints, as shown in Figure 9. By comparison with the
standard powder diffraction file card of α′ phase, the
results show that there is mainly α′ martensite with
the crystal face indices of (101̄0), (0002), (101̄1), (101̄2),
(112̄0), (101̄3), (112̄2), and (202̄1) in the FZ of both joints.
The diffraction peak intensity of α′ phase in the FZ of
EBW joint is obviously higher than that of the P-LBW

Figure 5: Cross section profile of the welded joint: (a) EBW joint and (b) P-LBW joint.
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joint, which indicates that the quantity of α′ martensite
in the FZ of EBW joint is more than that of the P-LBW
joint. Due to the low content of β phase stabilizer in TA15
alloy, the quantity of residual β phase in the FZ of both
joints is low after phase transition. The diffraction peak
intensity of β phase is very weak, thus it is difficult to
be identified by the XRD analysis.

TEM images of the FZ of both joints are shown in
Figure 10. The FZ of both joints consists of a large amount
of parallel aligned lath-like α′ martensite and a small
amount of remaining β phase between the α′martensites,
as shown in Figure 10(a) and (d). There are some smaller
lath-like α′ martensites around the parallel aligned α′
martensites, which presents the interlaced distribution
over each other, as shown in Figure 10(b) and (e). The

α′ martensite in FZ nucleates and grows at the columnar
crystal boundary and within grains. During welding,
when the liquid metal solidifies, one or several parallel
primary α′ martensites first form, and it expands to the
whole grain boundary in a long distance. Subsequently, a
series of relatively small secondary α′ martensites form,
and a typical basket-weave martensite structure is gen-
erated in the FZ. Gao et al. [23] stated that the stacking
faults near the boundary of lath-like martensite could
induce the generation of secondary martensite. Com-
pared with that in the P-LBW joint, the martensite in
the FZ of EBW joint is coarser and its distribution is
denser. During EBW process, the higher heat input will
result in the higher peak temperature and the larger tem-
perature gradient, thus the quantity of the transformed

Figure 6: Microstructure of EBW joint: (a) the upper part of FZ, (b) the middle part of FZ, (c) magnification of area c in (b), (d) HAZ, and (e)
magnification of area e in (d).
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Figure 8: SEM image of α′ martensite in FZ: (a) EBW joint and (b) P-LBW joint.

Figure 7: Microstructure of P-LBW joint: (a) the upper part of FZ, (b) the middle part of FZ, (c) magnification of area c in (b), (d) HAZ, and
(e) magnification of area e in (d).
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martensite is increased. The growth of martensite is a
process of martensite thickening, which leads to the
increase in martensite size. In the present work, the
heat input in the EBW is higher than that in the P-LBW,
the quantity of transformed martensite in the FZ of EBW
joint is more after the rapid cooling of the molten pool.
Consequently, the martensite in the FZ of EBW joint is
coarser and is distributed densely.

There are high density dislocations within the lath-
like martensite in the FZ of EBW joint, as shown in
Figure 10(c). The dislocations within the lath-like mar-
tensite in the FZ of P-LBW joint are relatively few, as
shown in Figure 10(f). The formation of high-density dis-
locations is due to the addition of circular electron beam
scanning during EBW process. The high-density disloca-
tions in the FZ of EBW joint were easy to move under the
condition of high temperature and pressure [24]. During
EBW process, the periodic oscillation of electron beam
will produce a dynamic pressure at the solidification front
of molten pool, and a stress (σ) is generated. The elastic
deformation can be induced in the solid phase. When
the stress value (σ) exceeds the yield strength (σs) of
the material, the plastic deformation will be generated
and accompanies the formation of dislocations. The dis-
location density (ρ) could be calculated by the following
equation (2) [25].

ρ σ σ
Eb

,s
=

− (2)

where E is the elastic modulus and b is the Burger’s
vector. As the yield strength of solid phase adjacent to
molten pool is close to zero, the stress produced by lower
dynamic pressure can result in a lot of new dislocations.
At high temperature, the dislocations would redistribute

in the solid phase after the crystallization of the molten
pool, and the dislocations with positive and negative
directions would disappear and form subgrain boundary
[24]. The internal stress in the weldment at high tempera-
ture and the dynamic pressure on solidification front by
electron beam scanning are advantageous to the forma-
tion of subgrain boundary. The dislocation density and
its distribution in weldment mainly depend on the com-
bined effect of dynamic pressure on the molten pool by
electron beam scanning and the stability of the solidifica-
tion front. When coarse columnar crystals are formed in
the FZ, the stability of the molten pool solidification is
decreased by electron beam scanning during welding. A
large number of dislocations produced at high tempera-
ture will be retained in the FZ. When fine equiaxed grains
are formed in the FZ, the dynamic pressure on solidifica-
tion front by electron beam scanning can match the sta-
bility of solidification front of the molten pool. At this
time, the dislocations generated at high temperature
with positive and negative directions will disappear to
form subgrain boundary, thus the quantity of disloca-
tions in the FZ is less.

3.3 Microhardness distribution

The microhardness distribution curves of the two joints
are shown in Figure 11. The hardness distribution of the
two joints is basically the same. The hardness curve on
both sides of the weldment is roughly symmetrical to the
weld center, and the hardness in different zones of the
joint is different. The hardness in both the FZ and the HAZ
is higher than that in the BM, and the hardness in the FZ

Figure 9: X-ray diffraction pattern of weldment: (a) EBW joint and (b) P-LBW joint.
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is the maximum. Because the cooling rate in the FZ
is rapid during welding, the β phase transforms into the
α′ martensite. There are high density dislocations in the
α′ martensite, which results in the increase in resistance
to dislocation motion, thus the hardness in the FZ is
increased. The hardness of existing phases in titanium
alloy joint was ranked as follows [26]: α′ phase > α phase
> β phase. During high-energy beam welding, the rapid
cooling rate will lead to a large amount of α′ martensite
in the FZ. Compared with that in the FZ, the peak tem-
perature in the HAZ is lower, and its cooling rate is

relatively low. The quantity of α′ martensite is less in
the HAZ, thus the hardness in the HAZ is lower than
that in the FZ. From FG-HAZ (HAZ near BM) to CG-HAZ
(HAZ near FZ), the hardness is gradually increased,
which is related to the quantity of α′ martensite in these
two zones.

As shown in Figure 11, the width of HAZ in the P-LBW
joint is narrower, and the hardness gradient in the HAZ is
larger. It means that the mechanical property in the HAZ
of P-LBW joint is non-uniform. The average hardness in
the FZ of EBW joint is 380 HV, and that in the P-LBW joint

Figure 10: TEM images of FZ: (a) parallel aligned lath-like martensite in the FZ of EBW joint, (b) interlaced lath-like martensite in the FZ of
EBW joint, (c) dislocations within lath-like martensite in the FZ of EBW joint, (d) parallel aligned lath-like martensite in the FZ of P-LBW joint,
(e) interlaced lath-like martensite in the FZ of P-LBW joint, and (f) dislocations within lath-like martensite in the FZ of P-LBW joint.
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is 365 HV. The hardness in the FZ of EBW joint is slightly
higher than that in the P-LBW joint. The hardness in the
FZ depends on the grain size and the quantity of α′ mar-
tensite transformed from the β phase. During EBW pro-
cess, the relatively high heat input leads to the coarser β
grains in the FZ, and the hardness in the FZ is accordingly
varied. The heat input is different in different welding
processes, and the decrease in hardness caused by grain
growth was less than that caused by the increase in the
transformed martensite [27]. The more the quantity of α′
martensite in the FZ is, the higher the hardness is. As
described above, compared with that of the P-LBW joint,
the quantity of martensite in the FZ of EBW joint is larger
and its distribution is denser. As a result, the hardness in
the FZ of EBW joint is relatively high.

3.4 Tensile property and fracture analysis

Results of tensile tests of TA15 BM and the two joints are
listed in Table 3. The tensile stress–strain curves of the
BM and welded joints are shown in Figure 12. The TA15
BM has higher tensile strength and plasticity, which are

related to the equiaxed α phase and β phase in the
BM [28]. From Table 3, it can be seen the tensile strength
of the two joints is close to that of the BM. The joint
efficiency of EBW joint is 97.8%, and the joint efficiency
of P-LBW joint is 94.8%. Compared with that of the BM,
the elongation of both the joints is decreased to a certain
extent. The tensile strength of EBW joint is slightly higher
than that of the P-LBW joint, which is related to the α′
martensite in the FZ. As mentioned above, compared with
that of the P-LBW joint, the quantity of martensite in the
FZ of EBW joint is larger and its distribution is denser,
which is beneficial to improve the tensile strength of the
EBW joint. In addition, there are high density dislocations
within martensite in the FZ of EBW joint, which results in
lattice distortion, and the resistance to plastic deformation

Figure 11: Microhardness distribution of weld zone: (a) EBW joint and (b) P-LBW joint.

Table 3: Results of tensile tests of base metal and welded joints

Sample Tensile
strength (MPa)

Elongation (%) Fracture
position

EBW joint 1055.3 10.2 BM
P-LBW
joint

1022.9 8.5 BM

BM 1079.1 13.4 —

Figure 12: Tensile stress–strain curves of base metal and welded
joints.
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is increased. Consequently, the joint strength is improved.
Both joints fail in the BM during tensile process, which
demonstrates that both joints have good mechanical
performance.

The tensile fracture of the two joints is observed by
using SEM, and the images of fracture morphology are
shown in Figure 13. There are many dimples on the frac-
ture surface, and the tearing ridge appears. Both the
joints obviously present the characteristic of ductile
fracture. As shown in Figure 13(a), the dimples on the
fracture surface of EBW joint are relatively large and
deep. However, the dimples on the fracture surface of
P-LBW joint are relatively small and shallow, as shown
in Figure 13(b). The dimples are generated by the coa-
lescence of microvoids during the tensile process. Gen-
erally, when the plasticity and toughness of the welded
joint is higher, the large and deep dimples will be pro-
duced on the fracture surface after stretching. From
Table 3, the plasticity of the EBW joint is slightly higher
than that of the P-LBW joint, which is consistent with
the tensile fracture morphologies of the two joints.

4 Comparison of EBW joint and
P-LBW joint

In summary, when the appropriate welding parameters are
determined, the titanium alloy joint with good mechanical
property can be obtained by using EBW or P-LBW process.
The two welding procedures are suitable for the welding
of TA15 alloy. Compared with that of the P-LBW process,
the heat input is relatively high during EBW process,
and the quantity of transformedmartensite in the EBW joint
is larger and the distribution is denser. Consequently, the
hardness and tensile strength of EBW joint are relatively

high. During the practical application, EBW can be selected
when the performance requirement of titanium alloy
joint is higher. When the performance requirement of
titanium alloy joint is not very high, P-LBW or EBW
can be selected. In addition, EBW has good penetration
ability, and it is suitable for the welding of thin or thick
titanium alloy plates. P-LBW is more suitable for the
welding of thin titanium alloy plate. Due to the limita-
tion of vacuum chamber, the size of workpiece by EBW
usually cannot be too large. When the size of welded
structure is larger, P-LBW can be selected. On the whole,
the titanium alloy joint has good mechanical property
by using EBW or P-LBW process, and both joints can
meet the performance requirement of engineering struc-
ture. The welding procedure can be reasonably selected
in terms of the actual condition.

5 Conclusion

(1) The weld morphology of EBW joint presents V-shape,
and it is wide at the top and narrow at the bottom.
However, the weldmorphology of P-LBW joint approxi-
mately presents X-shape, and it is wide at the top
and the bottom, while narrow at the middle. The
appearance of weld is better, and no welding defects
such as oxidation, crack, and gas pore are generated
for both the joints.

(2) Due to the relatively high heat input during EBW, the
columnar crystals in the FZ of EBW joint are relatively
coarse. There is a large amount of acicular α′marten-
sites in the FZ of both the joints. Compared with that
of the P-LBW joint, the quantity of martensite in the FZ
of EBW joint is larger and the distribution is denser,
and there are high density dislocations within the
martensite. The microstructures in the HAZ of the

Figure 13: SEM images of joint tensile fracture: (a) EBW joint and (b) P-LBW joint.
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two joints are similar, but the grain sizes are slightly
different. The HAZ near FZ is composed of primary
α phase and acicular α′ martensite, and the HAZ
near BM is composed of primary α phase, secondary
α phase, and β phase.

(3) The hardness in the FZ of EBW joint is slightly higher
than that of the P-LBW joint. The tensile strength of
both the joints is close to that of the BM. Compared
with that of the BM, the elongation of both the joints
is decreased to a certain extent. The tensile strength
and elongation of EBW joint are slightly higher than
those of the P-LBW joint. The two joints fail in the BM
during stretching. There are many dimples on the
fracture surface, and both the joints obviously pre-
sent the characteristic of ductile fracture.

(4) On the whole, the TA15 alloy joints by EBW or P-LBW
process have good mechanical property, which can
satisfy the performance requirement of an engineering
structure. The welding procedure can be reasonably
selected during practical application.
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