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Introduction

Laser beam welding (LBW) is becoming
an important industrial technology, being
used in a great variety of processes due to its
low heat input, high welding speed, high
flexibility, high weld quality, and high pro-
duction rate (Refs. 1–5). LBW is also re-
ported elsewhere (Refs. 1, 5–8) to be diffi-
cult to implement to aluminum alloys
because of their high reflectivity (leading to
absorption of a small fraction of the incident
radiation), high thermal conductivity (pro-

voking a fast heat transfer in the welding
piece that limits the concentration of energy
in the weld pool), and low viscosity (re-
stricting the growth of the weld pool before
solidification). 

Two laser welding regimes are reported
in the literature (Refs. 2, 9, 10), so-called
keyhole (or deep penetration) and conduc-
tion (limited to conduction). The former
mode requires the application of higher
power densities (typically above 106 W/cm2)
than the latter (below 106 W/cm2). Under
the keyhole regime, the high input energy
allows the obtaining of deep-penetration
joints, although it provokes high metal
evaporation. In contrast, the conduction
regime is a more stable process, as metal va-
porization is diminished due to the lower
input laser energy (Refs. 2, 10). Although
the conduction regime usually generates
limited penetration welds, its stability im-
proves the weld quality, offering an alterna-
tive joining mode for difficult-to-weld ma-
terials such as aluminum alloys.

Numerous studies dealing with laser
welding of aluminum alloys are presently
available (Refs. 4, 11–18), though few of
them were performed under the conduction
regime (Refs. 1, 2, 8, 11, 19). High-power
CO2 (Refs. 13–16) and Nd:YAG (Refs. 4,
11, 12, 18) lasers were the most used equip-
ment for these applications. High-power
laser diode (HPDL) was employed in rela-
tively few works (Refs. 1, 2, 19), although it
offers a clear advantage: The absorption of
the HPDL wavelength by aluminum alloys
is higher than the CO2 and Nd:YAG wave-
lengths (Ref. 20). Thus, the emission wave-
length of the HPDL (808 nm) provokes a
higher absorptivity in aluminum than the
longer wavelengths of Nd:YAG (1064 nm)

and CO2 (10640 nm) lasers. 
In the literature, rather low values of

weld penetration have been obtained in
aluminum alloys under the conduction
regime. Thus, complete penetration (1
mm) bead-on-plate and butt-joint welds of
5XXX and 6XXX aluminum alloys are
obtained with a HPDL (Ref. 19). Bead-
on-plate conduction welds of 5182 alu-
minum alloy of 1 mm thickness were also
obtained in Ref. 11 using a Nd:YAG laser.
More recently, higher penetration con-
duction butt joints have been reported by
the authors (Ref. 1), reaching penetration
values up to 3.0 mm in Alloy 5083 and 2.3
mm in Alloy 6082. 

The great majority of the studies deal-
ing with laser welding of aluminum alloys
under the conduction regime are devoted
to investigating the influence of laser
process conditions on the weld properties.
However, much less numerous are papers
focused on the study of the weld geometry
(Refs. 1, 8, 11). Thus, a model has been de-
veloped to study the evaporation rate, fu-
sion zone geometry, and the composi-
tional changes in 5182 aluminum alloy,
showing a reasonable agreement with the
experimental results (Ref. 11). Addition-
ally, a three-dimensional numerical model
has been developed in Ref. 8 to analyze
laser welding of 5083 aluminum alloy, al-
lowing the authors to obtain the morphol-
ogy, velocity field, and temperature field
of the melted zone in steady state. The
predicted dimensions of the weld pool
agreed well with experimental results
(Ref. 8). A morphological study of 5083
and 6082 butt joints was performed in Ref.
1. The obtained depth values were fitted to
an equation that allows the estimation of
weld penetration from the input values of
laser power and welding speed. 

The first objective of the present work
has been to study the possibility of obtain-
ing high-penetration welds of six alu-
minum alloys (1050, 2017, 2024, 5083,
6082, and 7075) with a HPDL under the
conduction regime. Although high weld-
ing depths have been previously reported
in 5083 and 6082 samples (Ref. 1), the ap-
plicability of HPDL to obtain high-pene-
tration welds in other aluminum alloys has
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ABSTRACT

In the present work, a high-
power diode laser has been em-
ployed to weld six aluminum alloys
(1050, 2017, 2024, 5083, 6082, and
7075) under conduction regime.
Controlling the experimental vari-
ables, butt joints with higher pene-
tration than those previously re-
ported in the literature for this
regime could be obtained, demon-
strating the weldability of all these
alloys with the employed methodol-
ogy. Afterward, the depths and
widths of the beads were fitted to a
simple mathematical equation pro-
posed by the authors. Taking into ac-
count the weld penetration values
and the susceptibility to solidifica-
tion cracking, the weldability order
was seen to be: 5083 > 7075 > 2017
= 2024 = 6082 > 1050. The magne-
sium content and, to a lower extent,
the zinc and silicon amount were ob-
served to improve the weldability of
the aluminum alloys.
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not yet been studied. The second objective
has been to analyze the fitting degree of a
simple mathematical expression proposed
by the authors to the experimental weld
depths obtained for the six aluminum al-
loys. The last aim has been to compare the
weldability of the six aluminum alloys, tak-
ing into account the alloying elements.

Material and Methods

Six aluminum alloys (1050, 2017, 2024,
5083, 6082, and 7075) were welded under
the conduction regime by means of a high-
power diode laser. The size of the
processed samples was 70 mm long and 14
mm wide. In a first part of the study in
which the influence of the experimental
variables were analyzed, butt joints were
generated on samples with the thickness in
which the sheet alloys were provided: 2
mm (1050, 2024, and 7075), 3 mm (5083),
and 4 mm (2017 and 6082). In a second
analysis in which the weldability of the dif-
ferent alloys was compared, bead-on-plate
welds were generated on samples of 70 ×
14 × 2 mm3, the thickness of 5083, 2017,
and 6082 plates having been reduced to 2
mm. The compositions of these alloys are

included in Table 1. All samples were
sandblasted with corindon particles to
promote laser absorption (Refs. 1, 2). Ac-
cording to recent measurements per-
formed in our laboratory, this superficial
treatment lead to absorptivity values
around 50% in 5083 samples. In addition
to improving the laser absorption, the ap-
plication of sandblasting as previous su-

perficial treatments leads to low magne-
sium evaporation in the welds obtained
under the conduction regime (Ref. 2).
Thus, while other superficial treatments,
such as the application of dark coatings,
generate weld beads with magnesium lost
up to 4%, sandblasting limits this evapo-
ration up to 1%, leading consequently to
improvements on the corrosion behavior
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Fig. 1 — Laser equipment and mobile X-Y table.

Table 1 — Chemical Compositions of Aluminum Alloys (wt-%)

Element

Si Fe Cu Mn Mg Zn Cr Ti Ga V Al

1050-T0 0.13 0.32 <0.01 <0.01 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 99.50
2017-T3 0.62 0.51 3.83 0.59 0.53 0.10 0.01 0.03 <0.01 <0.01 93.70
2024-T3 0.10 0.22 4.11 0.56 1.34 0.13 0.01 0.01 0.01 <0.01 93.49
5083-T0 0.10 0.30 0.02 0.50 4.22 <0.01 0.08 0.02 0.01 0.01 94.73
6082-T6 1.03 0.34 0.06 0.57 0.87 0.01 0.01 0.03 0.01 <0.01 97.04
7075-T6 0.06 0.16 1.25 0.08 2.32 5.47 0.20 0.01 0.01 0.01 90.41

Fig. 2 — Examples of metallographic images (30×) of butt-joint weld beads in aluminum alloys, ob-
tained with the indicated laser power and welding rate conditions. 

Table 2 — Laser Power (P) and Welding Speed (v) Conditions to Obtain Butt Joints 
on Aluminum Alloy Samples

Aluminum Alloys P/kW v/mm·s-1

1050 1.5, 2, 2.5, and 2.75 (5), 8.3, 13.3, 16.6, 25 
2017 1.5, 2, 2.5, and 2.75 5, 8.3, 16.6, 25
2024 1.5, 2, 2.5, and 2.75 (5), (8.3), 13.3, 16.6, 25
5083 1.5, 2, 2.5, and 2.75 5, 8.3, 16.6, 25, 50, 75, 100
6082 2, 2.5, and 2.75 3.3, 5, 8.3, 16.6, (50), (83)
7075 1.5, 2, 2.5, and 2.75 (8.3), 16.6, 25, 33.3
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of the melted zone (Ref. 2). 
A high-power diode laser, Rofin Model

DL028S, with a maximum power of 2.8 kW,
was employed to weld the aluminum alloy
samples. Figure 1 includes an image of the
laser equipment and the mobile X-Y table,
whose movement was controlled by Visual
Setup software. The laser beam conditions
were the same as reported in Ref. 1. Thus,
the surface samples were kept at the focal
position (spot size on surface is 2.2 × 1.7
mm), working the laser source in continu-
ous mode. The laser treatment always con-
sisted of one single linear scan of 60 mm,
performed at the interface between the pair
of samples to be welded (in butt joining) or
at the center of a single sample (in bead-on-
plate welding). In order to concentrate the
laser energy, the welding direction was the
X axis, the configuration providing a lower
width (1.7 mm) of the linear laser source.
Nitrogen was always employed as the
shielding gas, at a flow rate of 15 NL/min,
avoiding the oxide formation in aluminum
alloy welds (Refs. 5, 7). Although argon is
more commonly used as the shielding gas
for LBW of aluminum alloys (because it
minimizes the formation of gas porosity),
nitrogen has been employed in this research
because it was considered interesting to test
a cheaper shielding gas, taking into account
that LBW was performed under conduction
mode. This regime leads to highly stable
weld pools, and therefore produces welds
with lower porosity than those generated
under keyhole regime (Ref. 1). 

The laser power (P) and welding speed
(v) employed to obtain the butt joints of
each alloy are detailed in Table 2. As can be
seen, P ranged between 1.5 and 2.75 kW and
v between 0.2 and 6 m/min (3.3 and 100
mm/s), the low and upper limits of both vari-
ables having been determined experimen-
tally. Thus, the fluences of these laser treat-
ments ranged between 0.9 kJ·cm–2 (for P =
2 kW and v = 100 mm/s) and 37.5 kJ·cm–2

(for P = 2.75 kW and v = 3.3 mm/s). The in-
ferior limits (the less energetic condition,
with low P and high v) of each alloy were
those leading to weak welds. Lower aggres-
sive conditions than this lower limit were
discarded, as the input energy was not high
enough to generate and stabilize a weld
pool leading to the joint. On the other hand,
the upper limits (high P and low v) were
those provoking complete-joint-penetra-
tion welds. The welding speed values lead-
ing to both lowest and highest energetic
conditions have been marked between
brackets in Table 2.

The bead-on-plate laser treatments
were performed at two rates: 16.6 and 33.3
mm/s, keeping invariable the rest of the ex-
perimental conditions (sandblasted sam-
ples, P = 2 kW, 15 L/min N2, etc.). These
treatments correspond to laser fluences of
5.5 and 2.7 kJ·cm–2, respectively.

The depth and width of butt-joint and

AA1050
P (kW) v (mm/s) d/w

1.5 5.00 2.00/4.98
1.5 8.33 1.36/3.19
1.5 13.33 0.99/2.83
1.5 16.67 0.73/2.52
2 8.33 1.71/3.65
2 13.33 1.02/2.84
2 16.67 0.99/2.90
2 25.00 0.99/2.86
2.5 8.33 2.00/3.69
2.5 13.33 1.30/3.26
2.5 16.67 1.20/3.12
2.5 25.00 1.05/2.86
2.75 13.33 1.31/3.52
2.75 16.67 1.23/3.21
2.75 25.00 1.12/2.90

AA2017
P (kW) v (mm/s) d/w

1.5 5.00 1.33/3.69
1.5 8.33 1.13/3.14
1.5 16.67 0.82/2.66
2 5.00 1.49/4.18
2 8.33 1.22/3.47
2 16.67 0.95/2.97
2.5 5.00 1.70/4.50
2.5 8.33 1.32/3.84
2.5 16.67 1.05/3.07
2.5 25.00 0.87/2.98
2.75 5.00 1.72/4.70
2.75 8.33 1.30/3.85
2.75 16.67 1.11/3.33
2.75 25.00 0.97/3.11

AA2024
P (kW) v (mm/s) d/w

1.5 5.00 2.00/4.76
1.5 8.33 1.99/3.62
1.5 13.33 1.31/3.01
1.5 16.67 1.25/2.93
2.0 5.00 2.00/5.70
2.0 8.33 2.00/4.11
2.0 13.33 1.68/3.46
2.0 16.67 1.40/3.23
2.0 25.00 1.32/2.89
2.5 5.00 2.00/6.46
2.5 8.33 2.00/4.42
2.5 13.33 2.00/3.75
2.5 16.67 1.53/3.50
2.5 25.00 1.46/3.11
2.75 5.00 2.00/6.52
2.75 8.33 2.00/4.63
2.75 13.33 2.00/3.95
2.75 16.67 1.59/3.58
2.75 25.00 1.34/3.13

AA5083
P (kW) v (mm/s) d/w

1.5 5.00 1.93/4.09
1.5 8.33 1.36/3.66
1.5 16.67 1.10/2.94
1.5 25.00 0.91/2.65
1.5 50.00 0.71/2.31
2 5.00 2.38/4.67
2 8.33 1.62/3.92
2 16.67 1.16/3.18
2 25.00 1.00/2.88
2 50 0.73/2.52
2 75 0.72/2.34
2 100 0.80/2.34
2.5 5 2.72/5.34
2.5 8.33 1.85/4.41
2.5 16.67 1.20/3.42
2.5 25 1.09/3.11
2.5 50 0.79/2.67
2.5 75 0.70/2.49
2.5 100 0.84/2.48
2.75 5 3.00/5.90
2.75 8.33 2.08/4.70
2.75 16.67 1.29/3.60
2.75 25 1.13/3.25
2.75 50 0.84/2.76
2.75 75 0.87/2.60
2.75 100 0.94/2.58

AA6082
P (kW) v (mm/s) d/w

2 3.33 1.85/4.09
2 5 1.20/3.21
2 8.33 1.11/2.99
2 16.67 0.83/2.52
2 50 0.70/2.26
2 83.35 0.54/1.94
2.5 3.33 2.11/4.67
2.5 5 1.45/3.82
2.5 8.33 1.20/3.31
2.5 16.67 0.91/2.88
2.5 50 0.72/2.39
2.5 83.35 0.56/2.11
2.75 3.33 2.29/5.07
2.75 5 1.54/3.89
2.75 8.33 1.20/3.39
2.75 16.67 0.96/2.92
2.75 50 0.83/2.56
2.75 83.35 0.70/2.12

AA7075
P (kW) v (mm/s) d/w

1.5 8.33 2/4.41
1.5 16.67 1.45/3.32
1.5 25 1.15/2.90
2 8.33 2.00/5.00
2 16.67 1.66/3.65
2 25 1.21/3.13
2 33.33 1.09/2.94
2.5 8.33 2.00/5.35
2.5 16.67 2.00/4.18
2.5 25 1.43/3.38
2.5 33.33 1.21/3.1
2.75 8.33 2.00/5.40
2.75 16.67 2.00/4.27
2.75 25 1.46/3.52
2.75 33.33 1.18/3.19

Table 3 — Width (w) and Depth (d) Values of Butt Joints of the Six Aluminum Alloys, in Function
of the Laser Power (P) and the Welding Speed (v)
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bead-on-plate welds were measured from
metallographic images of the bead cross-
sections, after cutting, mounting, polishing,
and etching (with Keller) the welds. Each
weld condition (alloy-P-v) was performed at
least in triplicate to ensure accuracy of the
results. Thus, the depth-width pairs of data
reported here are the mean of at least three
values. 

Results and Discussion

Influence of Laser Power and Processing
Rate on Weld Morphology

Metallographic images at 30× of cross
sections of some butt joints in aluminum
alloys have been included in Fig. 2. As can
be easily observed, the morphology of the
welds follows a semicircle shape, with a
depth/width ratio of up to 0.5, confirming
that the laser welding was performed
under a conduction regime. 

The so-called “welding percentage” pa-
rameter was measured macroscopically in
each weld. This parameter depicts the ratio
between the length of the welded interface
and the length of the interface exposed to
the laser beam (Ref. 1). Thus, the welding
percentage can range between 0%, when
no joint is achieved, and 100%, when the
specimens are totally welded. The welding
percentage measurements are shown in
Fig. 3. Generally, in the six studied alloys,
the welding percentage decreases as the
input energy diminishes (lower P and
higher v). However, very high energies can
also lead to a decrease of this parameter, as
can be observed in the AA2024 welds ob-
tained at 5 mm·s–1. These results show that
P and v conditions should be carefully opti-
mized for each alloy to obtain appropriate
welds. Note that the 5083 alloy could be
welded at higher welding speeds than the
others, although with low welding percent-
age values — Fig. 3. According to the ob-
tained results, it can be stated that the six
aluminum alloys can be generally welded
with values of P between 1.5 and 2.75 kV
and v between 5 and 25 mm·s–1. Under
these conditions, the welding percentages
are usually higher than 50%.

The width (w) and depth (d) values of
all welds obtained under the conditions in-
dicated in Table 2 have been included in
Table 3. From the overall data obtained, it
can be emphasised that high penetration
welds could be achieved under the con-
duction regime for the six aluminum al-
loys. Complete penetration was reached in
four alloys, 1050 (2 mm), 2024 (2 mm),
5083 (3 mm) and 7075 (2 mm). The higher
thickness of the other two alloys, 2017 and
6082 (4 mm), makes complete-joint-pene-
tration welding more difficult to achieve
under the conduction regime. A compari-
son of welds generated on samples with
the same thickness is carried out in the

next section. 
Subsequently, the measured w and d

values were fitted to Equation 1, allowing
the estimation of a and b, constants for
each alloy. The results are shown in Table
4. The experimental conditions leading to
complete penetration (high energy) were
not taken into account to the data fitting
of Equation 1, as in these cases, the d/w re-
lationship deviates from its normal ten-
dency. Neither the low energetic condi-
tions giving to welding percentage values
lower than 60% were considered to the fit-
ting. Our studies have shown that d/w val-
ues are practically independent of P, being
mostly modulated by v. Thus, taking into
account the experimental relationship be-
tween the d/w values and v (Equation 2),
a’ and b’ constants were estimated. The
obtained a’ and b’ values are included in
Table 5. Finally, d values (in mm) were es-
timated taking into account the experi-
mental variables (P and v) and the calcu-
lated fitting constants (a, b, a’, and b’), as
indicated in Equation 3. Taking into ac-
count that the fittings provide positive a
values and negative b values in all cases, it
can be deducted that the lower are the ab-
solute values of both coefficients, the
deeper are the welds obtained. Similarly,
a’ and b’ are related to the weld shape, the

dependency of the d/w ratio on the weld-
ing speed (v) being modulated by b’. Thus,
the higher are a’ and b’ for an alloy, the
narrower will be the welds generated.

The obtained penetration values of
welds obtained for the six aluminum alloys
under different P and v have been com-
pared with those values estimated from
Equation 3. These data have been jointly
plotted in Figs. 4–9. It can be confirmed
that, keeping invariable the experimental
conditions, the estimated values are very
similar to the experimental ones, proving
the validity of the proposed analytical 
expression.

Weldability Order of Aluminum Alloys

From the obtained results in the previ-

P

v d
a b

w⋅
= + (1)

d w a b

v
/ = ′+

′
(2)

d P b b

a v

b a

a
=
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Fig. 3 — Welding percentage of aluminum alloys as function of the welding speed (v) and the laser power (P). 
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ous section, it can be easily appreciated that
under the same experimental conditions (P
and v), the weld depth values are different
for each alloy studied. As the thickness of
the samples is important in the conduction
regime, in order to compare the weldability

of the six alloys, different bead-on-plate
welds were generated on samples with the
same thickness (2 mm). The penetration
(d), d/w ratio, and the volume of fused ma-
terial (VF) were the parameters measured
to characterize the welds. It has been con-

sidered that the higher the values of d and
VF for a certain alloy, the higher its (laser)
weldability. Table 6 summarizes the ob-
tained results. It is clear that 5083 is the alloy
with the highest weldability (highest d and
VF values), followed by 7075. Thirdly, 2017,
2024, and 6083 show a lower weldability
than 5083 and 7075; these three alloys pre-
senting comparable values of the analyzed
parameters. Lastly, 1050 is the alloy pre-
senting the lowest weldability, showing the
welds with lowest values of d and VF. This
weldability order of aluminum alloys is in
good agreement with earlier results ob-
tained by Martukanitz et al. (Refs. 21–23),
in which CO2 and Nd:YAG lasers were em-
ployed to weld different aluminum alloys
under the keyhole regime.

Weld cracking of aluminum alloys has to
be taken into account in LBW because of
their relatively high thermal expansion,
large change in volume upon solidification,
and wide solidification temperature range
(Ref. 22). The susceptibility to cracking so-
lidification was seen to be different for the
studied aluminum alloys: 5083 is the alloy
presenting the lowest cracking susceptibil-
ity, followed by 7075. Aluminum Alloys

Fig. 4 — Measured and estimated penetration values (d) of 1050 butt joints,
in function of the processing rate (v) and the laser power (P).

Fig. 6 — Measured and estimated penetration values (d) of 2024 butt joints,
in function of the processing rate (v) and the laser power (P).

Fig. 5 — Measured and estimated penetration values (d) of 2017 butt joints,
in function of the processing rate (v) and the laser power (P).

Fig. 7 — Measured and estimated penetration values (d) of 5083 butt joints,
in function of the processing rate (v) and the laser power (P).

Table 4 — a’ and b’ Values Estimated from Equation 1

Alloy a (kJ·mm-2) b (kJ·mm-1) R2

1050 0.2535 -0.391 0.3767
2017 0.6106 -1.4377 0.9312
2024 0.238 -0.4944 0.7641
5083 0.3043 -0.647 0.9694
6082 0.4900 -0.716 0.9002
7075 0.1547 -0.2889 0.7792

Table 5 — a’ and b’ Values Estimated from Equation 2

Alloy a’ b’ (mm-sec -1) R2

1050 0.3133 0.8910 0.5464
2017 0.3010 0.3398 0.7578
2024 0.4413 0.0947 0.0044
5083 0.3030 0.9636 0.8910
6082 0.2934 0.5123 0.9218
7075 0.3131 2.2323 0.7986
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2017, 2024, 6082, and 1050 presented higher
cracking susceptibility, their weld beads
showing similar levels of solidification
cracks. This different susceptibility to solid-
ification cracking can also be quantified tak-
ing into account the lower limit of the laser
fluence above which welds free of cracks are
generated for each alloy. It has been exper-
imentally observed that under low fluence
LBW treatments, the low-penetration
welds generated suffered from cracking, the
low energy applied not being able to stabi-
lize the weld pool and generate the joint. In-
terestingly, the lower limit of the laser flu-
ence above which the welds (without
cracks) become stable was different for
each alloy, basically depending on the dif-
ferent susceptibility to the solidification
cracking of the alloys. According to Table 3,
the minimum laser fluence to obtain welds
with welding percentages higher than 80%
is 5.5 kJ·cm–2 for AA1050 (2 kW and 16
mm/s), 5.5 kJ·cm–2 for AA2017 (2 kW and
16 mm/s), 5.5 kJ·cm–2 for AA2024 (2 kW
and 16 mm/s), 1.1 kJ·cm–2 for AA5083 (2.5
kW and 100 mm/s), 5.5 kJ·cm–2 for AA6082
(2 kW and 16 mm/s), and 2.7 kJ·cm–2 for
AA7075 (2 kW and 33 mm/s). These mini-
mum laser fluence values are observed to
reveal the relative susceptibility to solidifi-
cation cracking of the different alloys (from
lowest to highest susceptibility: 5083 > 7075
> 2017 = 2024 = 6082 = 1050). These re-
sults are in good agreement with the ob-
tained data regarding the weld penetration
ability, allowing the authors to establish the
following weldability order: 5083 > 7075 >
2017 = 2024 = 6082 > 1050.

The data included in Tables 1 and 6 allow
the authors to analyze the relative influence
of alloying elements on the weldability of
aluminum alloys under the conduction
regime. Thus, according to these results, the
magnesium content is seen to be the most
influencing element, being the main com-
positional factor controlling the different
bead weld penetration of aluminum alloys.

Thus, the alloy with highest content of this
element (5083) is the one with highest weld-
ability. The following alloy in weldability is
the 7075, the one presenting the second-
highest magnesium content. These argu-
ments agree with those reported in the re-
cent literature, in which the magnesium
content is also indicated to improve the
laser weldability, as it stabilizes the weld
pool and improves the absorption of laser
energy (Refs. 1, 5). This element is also
claimed to decrease the thermal diffusivity
and conductivity of the aluminum alloys
limiting the heat conduction, and conse-
quently, allowing the concentration of en-
ergy in the weld pool (Refs. 5, 24, 25). In this
context, the thermal conductivity has been
previously reported (Refs. 2, 26–28) to be a
key physical property affecting the weld-
ability of aluminum alloys under the con-
duction regime, providing their relatively
high values in comparison with other alloys.
It is also indicated in Ref. 5 that Mg in
5XXX series alloys increases the bead pen-
etration under keyhole welding, as a conse-
quence of the keyhole stabilization and the
decrease of the threshold power density, as
a consequence of their high vapor pres-
sures. It is, therefore, clear that magnesium
is a very active element, decreasing the sur-
face tension of the molten metal and en-
hancing the melting efficiency (Ref. 5).

Other volatile elements, such as zinc in
7XXX series alloys, have been claimed in

the literature to increase the bead pene-
tration in laser welding (Ref. 29). Thus,
this alloying element is indicated to im-
prove the weldability of aluminum alloys
under keyhole regime (Ref. 25). Zinc con-
tent generally decreases both the thermal
conductivity and the melting temperature
of aluminum. The results obtained in the
present work (Tables 1 and 6) indicate that
the weldability of aluminum alloys is less
influenced by this alloying element than by
magnesium. Thus, although Alloy 7075
has higher volatile compounds (7.79% of
Mg + Zn content) than Alloy 5083 (4.22%
of Mg + Zn content), it is Alloy 5083 that
has better weldability. This fact suggests
that the relatively high weldability of 7075
may be mainly attributed to the 2.32% Mg,
although the 5.47% of Zn can also con-
tribute at a lower extent. 

The addition of silicon to aluminum is
also known to improve its weldability (Ref.
25), as it decreases the thermal conductiv-
ity, decreases the melting temperature, and
improves the fluidity (Ref. 30). The Si con-
tent is also claimed to decrease the thermal
conductivity of Al-Si diamond composites
and Al-Si matrix (Ref. 31). From the results
obtained in the present work, it is difficult
to state clear conclusions regarding the ef-
fect of silicon on the weldability of alu-
minum alloys. Even though taking into ac-
count the composition of the alloys with
similar weldability (2017, 2024, and 6082) in

Table 6 — Depth/Width (d/w) and Fused Volume (VF) of Bead-on-Plate Welds Performed at Two 
Processing Rates on the Six Aluminum Alloys

v (mm/s) v (mm/s)
16.6 33.3

Alloy d/w (mm/mm) VF (mm3) d/w (mm/mm) VF (mm3)

1050 1.10/2.61 135 0.52/2.00 49
2017 1.48/3.32 231 0.82/2.42 93
2024 1.45/3.07 210 0.96/2.62 118
5083 > 2/4.01 379 1.16/2.87 157
6082 1.48/3.14 219 0.79/2.42 90
7075 > 2/3.84 340 0.96/2.70 122

Fig. 8 — Measured and estimated penetration values (d) of 6082 butt joints,
in function of the processing rate (v) and the laser power (P).

Fig. 9 — Measured and estimated penetration values (d) of 7075 butt joints,
in function of the processing rate (v) and the laser power (P).
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Table 1, it is possible to establish that silicon
content moderately contributes to enhanc-
ing the weld penetration. Thus, 6082 and
2017 alloys have lower magnesium content
and higher silicon content than 2024. Pro-
viding that Alloys 6082, 2017, and 2024 pres-
ent similar weldability, it is deducted that
the lower magnesium content is compen-
sated with the higher silicon content. How-
ever, similar to the influence of the Zn con-
tent, Si seems to have a much lower effect
than magnesium on the weldability of alu-
minum alloys.

To sum up, the weldability order ob-
served in the six aluminum alloys has been
as follows: 5083 > 7075 > 2017 = 2024 =
6082 > 1050. The magnesium has been
seen to be the most influencing alloying el-
ement on improving the weldability of alu-
minum alloys. Zinc and silicon are also
seen to improve the weldability, although
the influence of these latter alloying ele-
ments seems to be lower than magnesium.
These elements are generally reported to
decrease the thermal conductivity and the
melting temperature, both effects being
beneficial for increasing the weldability. 

Conclusions

In this work, six aluminum alloys (1050,
2017, 2024, 5083, 6082, and 7075) were
welded under the conduction regime
using a high-power laser diode. High-
penetration butt joints could be achieved
in each alloy when optimizing the experi-
mental conditions. In fact, welds of the six
alloys with higher penetration than those
previously reported under the conduction
regime have been obtained. 

The depths and widths of the obtained
welds were fitted to a simple mathemati-
cal equation proposed by the authors. The
expression allowed the estimation of the
weld depth for each alloy under different
laser welding conditions, taking into ac-
count only the input values of laser power
and welding speed, providing a reasonable
fitting to the measured experimental pen-
etration values. 

Finally, the weldability of the six alu-
minum alloys were compared, taking into
account the depth, shape, and fused volume
measured on bead-on-plate welds. The
weldability order, taking into account both
the weld penetration ability and the suscep-
tibility to solidification cracking, was seen to
be 5083 > 7075 > 2017 = 2024 = 6082 >
1050. The magnesium content is observed
to be the most influencing alloying element
on the weldability of aluminum alloys. Zinc
and silicon are also seen to improve the
weldability, although at a lower extent than
magnesium. These elements decrease the
thermal conductivity and the melting tem-
perature, increasing, therefore, the weld-
ability of aluminum alloys. 
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