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LASER WELDING OF ALUMINIUM 
RINGS 

Autogenous welding of aluminium alloy AA6082-T651 

By João Miguel Martins Silva, Instituto Superior Técnico 

 

Introduction 
luminium is vastly used due to its 
proprieties. For instance, low density, 
excellent resistance to corrosion, good 
electrical and thermal conductivity and 

abundance (even if not found free in nature). 
However, it is a very hard material to 

laser weld due to its high reflectivity, since it 
reflects the laser beam which lowers the weld 
penetrations. 

This study targeted a new laser 
technology, the diode-pumped disk laser, and 
the autogenous welding of the aluminium alloy 
Al6082. 

The aluminium alloy 6082 is a medium 
resistance alloy that possesses an excellent 
corrosion resistance. Furthermore, its main 
alloying elements are silicon (0.7 – 1.3%) and 
magnesium (0.6 – 1.2%). This alloy has a 
tendency to hot cracking due to its high crack 
sensitivity and therefore the welding should be 
done with filler material rich in silicon to avoid 
it. 

Additionally, this alloy is typically used in 
high stress applications, bridges, cranes, 
transport applications, beer barrels, etc. 
Moreover it has the highest strength of the 
6000 series alloys and it is known as a 
structural alloy.  

The trials were performed in AA6082-
T651. This means that the alloy AA6082 was 
submitted to a temper treatment – temper 
T651:  solution heat treated, stress relieved by 
stretching and then artificially aged. 

Disk Laser technology was used to 
evaluate the best welding parameters for this 
alloy. 

Innovations of the disk laser 
There are some innovations in the disk 

laser technology that give it the edge over 
solid lasers.  

One innovation of the Diode-Pumped 
Nd:YAG Disk Laser is the higher beam quality 
achievable (when compared to lamp and diode 
pumped rod lasers). The beam quality is 

primarily a function of the ability to dissipate 
heat from the lasing medium.  

On the YAG rod lasers, the YAG rod 
(diameter: 6 mm and length: 150 mm) is 
cooled by water that flows past the outer 
diameter of the rod, this results in a fairly cool 
outer skin and a fairly hot inner nucleus. 
Consequently, this difference in temperatures 
creates thermal gradients and causes the 
distortion of the rod which limits the beam 
quality. By comparison, the disk lasers use a 
YAG disk (diameter: 14 mm and thickness: 0.2 
mm) instead of a rod which is mounted on a 
water cooled block (heat sink). To summarize, 
the disk’s face is mounted on the block and the 
disk is very thin, these properties result in a 
very efficient cooling and result in a nearly 
negligible thermal gradient which does not 
cause distortion or causes only minor 
distortion of the disk that leads to a better 
beam quality. 

Another benefit is the ability to use longer 
fiber optic lengths for beam delivery. When 
using a laser unit there is always a 
phenomenon that is extremely harmful to 
internal optics and fiber optic cables, that 
phenomenon is called back reflection. Back 
reflection is reflection that gets transmitted 
back into the laser resonator and can result in 
the pumping of the lasing material (rod or disk) 
which results in high peak powers that damage 
the internal optics and fiber optic cables. In the 
disk laser, as a result of the small YAG volume 
(small disk), the back reflection generates only 
negligible lasing, and as a result fiber optic 
lengths are not limited by this phenomenon. 

Last but not least, the disk laser is 
pumped with light energy from diodes. These 
diodes produce a very thin wavelength range 
of light energy which is almost all used for 
lasing. In contrast, the lamp pumped lasers 
produce a very broad wavelength range of 
light energy which most of it is not usable for 
lasing and therefore results in wasted energy. 
This innovation allows the efficiency of disk 
lasers to grow up from 3-4% (lamp pumped 
lasers) to roughly 15% [2]. 

A 
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Welding gases 
The welding gas has many roles in laser 

welding. First of all, it protects the molten 
metal from the atmosphere (shielding gas). In 
addition, it also protects the focusing optics 
against spatter and fumes (this is achieved by 
a cross jet). Furthermore, it can improve the 
mechanical properties of the welded joint and 
increase welding speeds. 

Moreover, the welding gases must be 
chosen depending on the welding task and 
due to the fact that they have different 
chemical reactions and physical properties 
there are a few important aspects that must be 
considered when choosing the welding gas. 

 Tendency to form plasma 

 Influence on mechanical properties 

 Shielding effect 
The tendency to form plasma is 

determined by the atomic/molecular weight of 
the gas, its thermal conductivity and its 
ionization energy. First of all, low molecular 
weight increases the recombination rate 
between metal ions and plasma electrons 
which suppresses the plasma or makes it less 
dense. Secondly, high thermal conductivity of 
the gas increases the heat transfer between 
the plasma and its surroundings. 

Finally, the ionization energy plays the 
most important role when discussing the 
tendency to form plasma. The ionization 
energy is the energy required to remove an 
electron from the atom leaving a free electron 
and an ion. This means that a gas with high 
ionization energy will have less affinity to ignite 
into plasma of its own. 

The influence on mechanical properties is 
directly linked with the type of gas used in 
welding. In general, the gases used in welding 
are inert gases (like Helium or Argon), due to 
the fact that there is no reaction with the metal. 
Nevertheless, sometimes the use of reactive 
gases (like carbon dioxide and nitrogen) can 
be advantageous. For instance, when using 
nitrogen as a shielding gas it will increase the 
resistance to corrosion of the seam in certain 
types of stainless steel. On the other hand, the 
reactive gases react with the weld metal and 
form oxides, carbides or nitrides which can 
result in deficient mechanical properties. 

Finally, the shielding effect is directly 
linked with the gas density. Low density gases 
tend to rise from the nozzle and do not 
displace the air as easily as higher density 
gases which tend to create an atmosphere on 
top of the molten metal.  

The common shielding gases in 
aluminium laser welding are usually Argon 
(Ar) and Helium (He). However, the use of 
Helium elevates the overall process cost due 

to the need to boost its flow rate for a good 
shielding effect. 

The following table shows the common 
gases and their main characteristics. 

Laser 
welding 

gas 

Molecular 
weight 
(g/mol) 

Thermal 
conductivity 

at 1bar, 
15˚C(W/m.K) 

Ionization 
energy 

(eV) 

Density 
relative 

to air 

Helium 4 0.15363 24.6 0.14 

Nitrogen 28 0.02550 15.6 0.96 

Argon 40 0.01732 15.8 1.38 

Carbon 
dioxide 

44 0.01615 13.8 1.52 

Table 1 – Shielding gases characteristics 

Experimental procedure 
The tests were performed at Carr’s 

Welding Technologies Ltd. (CWT) (located in 
England, Kettering) which is focused in tool 
repairing, laser welding for moulds and 
welding of high precision and quality parts. 

The main purpose of the thesis was to 
guarantee that when welding an aluminium 
alloy AA6082-T651 with Disk Laser it would be 
possible to have a deposit free of holes and 
cracks. Although the aspect of the seam was 
not an important issue in this case, porosity 
and cracks should have been kept to minimal 
values, due to the necessity of high quality 
welds capable of enduring high pressures. 

As it was stated before, there are several 
issues that must be dealt before welding 
aluminium alloys. In this case, the worst was 
the hot cracking phenomenon. This issue is 
usually easily solved by pre and post heating, 
by using filler material or by changing the 
welding parameters in order to control the heat 
input. 

On one hand, pre and post heating was 
impossible since there was no oven and due to 
a defective installation of the laser software (it 
was only possible to use one laser power at a 
time) it was not possible to use the laser beam 
to do the pre and post heating by performing 
passes at lower powers. On the other hand, it 
was impossible to use filler material without a 
special mechanism that was not available at 
CWT. Despite all these obstacles, there was 
still the option to control the heat input in order 
to find a window where the hot cracking 
phenomenon didn’t happen. 

Moreover, a shielding gas analysis was 
also conducted in order to find the best 
conditions for a clean and free of blowholes 
weld.  



3 
 

The trials were divided in four stages. In 
the first one, the used shielding gas was Argon 
(which is the commonly used gas in CWT and 
also the cheapest). By varying the focal spot 
position and the welding speed, ideal 
parameters were obtained. In the second 
stage, those ideal parameters were used with 
the shielding gas Helium (which according to 
the laser manufacturer Trumpf was the best for 
Aluminium welding). By changing the shielding 
gas, it was possible to compare both gases 
and perform an economic analysis (if the 
increase in seam quality was worth the 
increase in cost of the gas). 

In the third stage, after identifying hot 
crack phenomenon in the previous trials, some 
welds were done using the ideal focal spot 
position and the critical welding speeds, but 
decreasing the laser power and therefore 
decreasing the heat input in an attempt to stop 
the hot crack phenomenon and reach the 
desired penetration which was around 3mm. 

In the last trial, the used shielding gas 
was a mixture of Helium and CO2. These trials 
were executed in order to confirm the 
statement that good quality seams were 
possible with this mixture. All the trials were 
made on an aluminium plate (200 mm by 500 
mm) with 10 mm thickness which was ideal to 
disperse the heat from weld to weld, reducing 
the event of a possible pre heating (note that 
pre and post heating were not being evaluated 
in the trials). 

The following table shows the main 
characteristics of the used disk laser. 

Disk Laser 4002 

Laser Power 4000 W 

Beam Parameter Product (BPP) 8mm x mrad 

Quality Factor (M
2
) 24 

Minimum diameter laser light cable 200µm 

Table 2 – Disk Laser 4002 characteristics 

Results 

1. First trial 
The first trial was shielded with Argon and 

had a variation of the focal position as well as 
the welding speed leaving the laser power at 
4000W throughout the entire trial. The main 
parameters were: 

 Gas: Argon (Ar) 

 Laser Power: 4kW 

 Focal Length of Lens (f) = 150mm 

 Shielding Gas flow = 25l/min  

 Material: Aluminium alloy AA6082-
T651 

As it was mentioned before, in the first 
stage the two variables that varied were, the 
focal length of collimation and the welding 
speed. The aim in varying the focal length of 
collimation was to find an ideal value which 
allowed not only faster welding speeds but 
also seams with good superficial quality. The 
focal length of collimation used varied from 0 
to -10.  

The best results were achieved for a focal 
position of -6 and -8 (6mm and 8mm into the 
workpiece respectively).  

In terms of penetration, the highest values 
were obtained at collimation -6 decreasing 
from that value on until the collimation -10 
where the laser beam wasn’t focused enough 
to surpass the oxide layer. 

The following figures show the weld 
profile for the best results obtained in the first 
trial. 

Weld zone with variable welding speeds, Gas: 
Argon, Collimation -6 

 
Figure 1 – Welding Speed: 

10, 9 and 8m/min 

 
Figure 2 – Welding Speed: 7, 6 

and 5m/min 

 
Figure 3 – Welding Speed: 4, 3 

and 2m/min 

 
Figure 4 – Welding Speed: 

1.5 and 1m/min 

 
Figure 5 – Welding Speed: 0.5m/min 

 

Weld zone with variable welding speeds, Gas: 
Argon, Collimation -8 

 
Figure 6 – Welding Speed: 9 

and 10m/min 

 
Figure 7 – Welding Speed: 7 

and 8m/min 

 
Figure 8 – Welding Speed: 5 

and 6m/min 

 
Figure 9 – Welding Speed: 3 

and 4m/min 

 
Figure 10 – Welding Speed: 1.5 and 2m/min 

  
The next set of figures show the 

superficial aspect of the welds for the different 
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welding speeds. On the focal position -6 the 
welding speed used were: 10, 9, 8, 7, 6, 5, 4, 
3, 2, 1.5, 1 and 0.5 m/min, whereas, on focal 
position -8, the welding speed only went to 
1.5m/min (the variation in collimation -6 was to 
find how deep the penetration would go). 

The results show that the superficial 
quality increases with the lowering of the 
collimation. The following figures confirm the 
statement and clearly show a decrease in 
blowholes when the collimation changed from -
6 to -8. 

 
Figure 11 – Welding seams using Argon and focal length of 

collimation = -6 

 

2. Second trial 
After achieving the best conditions 

with the shielding gas Argon (Ar), those trials 
were repeated using the shielding gas Helium 
(He) which is three times more expensive than 
Argon and since it has a very low density, the 
gas flow had to be maximized. The best values 
for the focal length of collimation were -6 and -
8 (laser beam focused 6 and 8 mm into the 
workpiece respectively). The first issue when 
welding with Helium was the struggle to keep 
the seam protected during the overall process, 
the shielding gas nozzle had to be closer to 
the workpiece and perfectly aligned. According 
to the laser manufacturer Trumpf, better welds 
would be achieved using Helium instead of 
Argon and that was exactly what happened. In 
both trials the welds were smoother and more 
polished with less evidence of blowholes. 

Similarly to the first trial, the superficial 
quality of the welds increased with the 
lowering of the focal position. The next set of 
figures show the weld profile of the best 
parameters in the second trial and the 
correspondent superficial aspect of the welds. 

The welding speed varied from 10 to 
1.5m/min. 

Weld zone with variable welding speeds, Gas: 
Helium, Collimation -6 

 
Figure 13 – Welding Speed: 

9 and 10m/min 

 
Figure 14 – Welding Speed: 6, 

7 and 8m/min 

 
Figure 15 – Welding Speed: 

3, 4 and 5m/min 

 
Figure 16 – Welding Speed: 

1.5 and 2m/min 
 

Weld zone with variable welding speeds, Gas: 
Helium, Collimation -8 

 
Figure 17 – Welding Speed: 

10, 9 and 8m/min 

 
Figure 18 – Welding Speed: 7 

and 6m/min 

 
Figure 19 – Welding Speed: 5 

and 4m/min 

 
Figure 20 – Welding Speed: 3, 

2 and 1.5m/min 
 

 
Figure 21 – Welding seams using Helium and focal length of 

collimation = -6  

 
Figure 22 – Welding seams using Helium and focal length of 

collimation = -8 

3. Third trial 
The first and second stage gave the 

opportunity to compare not only the effect of 
the focal length of collimation, but also the 
differences in welding when using the two 
shielding gases (Argon or Helium). However, 
after a superficial analysis some cracks were 

Figure 12 – Welding seams using Argon and focal length of 
collimation = -8) 
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seen on the welds (on the chosen trials using 
both gases). With the help of dye penetrant, 
the hot cracking phenomenon was spotted on 
almost every weld. The next step was trying to 
figure out if it was possible to weld the 
aluminium alloy 6082 without filler wire or any 
heat treatment. 

With the help of the penetrating liquid it 
was possible to identify seams which didn’t 
have the hot cracking phenomena (Figure 24 – 
the first two counting from the right). It was 
then established that for welding speeds 
between 2 and 1.5m/min the hot cracking was 
inexistent for this alloy (critical range of 
welding speed) using shielding gas Helium, 
collimation -6 and a laser power of 4kW. 

On one hand, the hot cracking 
phenomenon was controllable for low welding 
speeds. On the other hand, at low welding 
speeds the penetration was higher than the 
required for the project which was aimed at 
3mm. Moreover, low welding speeds made the 
operation not profitable, because the spatter 
guard (used to protect the laser lens from 
spatter) was overheating and melting due to 
the high temperature. 

The following step was, while maintaining 
the same welding speeds, to decrease the 
laser power output and therefore decreasing 
not only the heat input (energy delivered per 
meter), but also the overall heat transfer. 

 
Figure 23 – Gas: Helium, Focal length of collimation -8, 

Penetrating liquid analysis. 

 
Figure 24 – Gas: Helium, Focal length of collimation -6, 

Penetrating liquid analysis. 

The next figure presents the attempt to 
control the heat input and the hot cracking 
phenomenon.  

 
Figure 25 – Hot cracking analysis (overall analysis) 

The laser power variation was, in kW 
(starting from the left to the right): 1, 1.5, 1.5, 
2, 2.5, 2.4, 2.3, 2.2, and 2.1. These trials were 
done for a welding speed of 1.5m/min 
(0.025m/s). The last group of trials was: 2.5, 
2.4, 2.3, 2.2, 2.1 and 2. These were done for a 
welding speed of 2m/min (0.0333m/s). 

In resemblance to the second trial, the 
welds had a high superficial quality with nearly 
no blowholes or spatter. However, at 1 and 
1.5kW the laser was not able to penetrate the 
oxide layer.  

Hot Cracking Analysis: Weld Profile, Shielding Gas: 
Helium, Variable Welding Speed and Laser Power 

 
Figure 26 – Welding Speed: 

1.5m/min, Laser Power: 1kW 

 
Figure 27 – Welding Speed: 
1.5m/min, Laser Power: 1.5 

and 1.5kW 

 
Figure 28 – Welding Speed: 
1.5m/min, Laser Power: 2, 

2.5, 2.4 and 2.3kW 

 
Figure 29 – Welding Speed: 
1.5m/min, Laser Power: 2.2 

and 2.1kW 

 
Figure 30 – Welding Speed: 
2m/min, Laser Power: 2.5, 

2.4, 2.3 and 2.2kW 

 
Figure 31 – Welding Speed: 

2m/min, Laser Power: 2.1 and 
2kW 

The following table shows the overall 
results for the third trial. 

Welding 
Speed (m/s) 

Power 
(W) 

Heat 
Input 

(J/mm) 
 Results 

Depth 
(mm) 

0,025 1000 40  
No 

penetration 
- 

0,025 1500 60  
No 

penetration 
- 

0,025 2000 80  No Cracks 2,03 

0,025 2500 100  Cracks - 



6 
 

Welding 
Speed (m/s) 

Power 
(W) 

Heat 
Input 

(J/mm) 
 Results 

Depth 
(mm) 

0,025 2400 96  Cracks - 

0,025 2300 92  
Small 
Cracks 

- 

0,025 2200 88  No Cracks 3,02 

0,025 2100 84  No Cracks 2,89 

0,0333 2500 75,08  No Cracks 3,59 

0,0333 2400 72,07  No Cracks 3,42 

0,0333 2300 69,07  Cracks - 

0,0333 2200 66,07  Cracks - 

0,0333 2100 63,06  Cracks - 

0,0333 2000 60,06  Cracks - 

Table 3 - Hot cracking analysis 

A close analysis to the results shows a 
small window where the hot cracking 
phenomenon is inexistent. Approximately 
between 88 and 72.07 J/mm there is no hot 
cracking and the penetration is ideal for this 
project. 

The best parameters chosen were: 
welding speed 0,025m/s and laser power of 
2200W. Although, the chosen speed is not the 
fastest possible, it is the one that guarantees a 
clean weld as we can see in figure 24. 
Moreover, with the laser power of 2200W the 
achieved penetration is around 3 mm, which 
was the objective purposed in the beginning of 
the thesis. 

4. Fourth trial 
The objective in the last trial was to 

evaluate the benefits in using a shielding gas 
mixture of Helium and CO2. The used 
parameters were: 

 Focal collimation: -6 

 Laser Power: 2400 W 

 Welding Speed: 0.025 m/s 
Additionally, there was a variation in the 

flow rate of each gas. 

Number of 
Weld 

Helium 
(l/min) 

CO2 
(l/min) 

1 0 0 

2 10 10 

3 15 5 

4 15 2 

5 15 1 

Table 4 – Gas flow rates 

First of all, the weld number 1 was 
achieved with no shielding gas protection and 
it was the element of comparison for the other 
welds. Secondly, the same gas flow rate was 

used on weld number two, this was performed 
in order to establish a fifty-fifty concentration of 
the two gases and evaluate the predictable 
negative aspects of an equal concentration of 
an inert gas (Helium) and an active gas with a 
tendency to oxidation (CO2).  

Finally, the last three tests were welded 
with a constant Helium flow rate and with a 
variable CO2 flow rate. The objective of this 
variation was to assess if decreasing the CO2 
flow rate would benefit the overall process. 

The following figures show the superficial 
aspect and weld profiles of the different 
mixtures. 

 
Figure 32 – Welding seams using different mixtures of 

Helium/CO2 

Weld Profile, Shielding Gas: Helium/CO2 Mixture, 
Laser Power: 2.4kW, Welding Speed:1.5m/min 

 
Figure 33 – Weld number 1 

 
Figure 34 – Weld number 2 

 
Figure 35 – Weld number 3 

 
Figure 36 – Weld number 4 

 
Figure 37 – Weld number 5 

Analysis of results 

Focal spot analysis 
The main objective of changing the focal 

position was to evaluate the laser beam profile 
and to witness the changes it did, not only to 
the weld penetration but also to the aspect of 
the seam. Moreover, due to the fact that the 
aluminium alloy AA6082 is highly crack 
sensitive due to the formation of the compound 
Magnesium Silicide (Mg2Si) another objective 
was lowering the focal position in order to 
achieve larger keyholes. When the keyhole is 
thin, any stress in solidification due to the 
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presence of compound Magnesium Silicide 
(Mg2Si) will lead to cracking in the centre of 
the weld (Hot cracking phenomenon). On the 
other hand, larger keyholes will allow the 
compound Magnesium Silicide (Mg2Si) to be 
dispersed in the molten aluminium and will not 
originate concentrated stresses on the centre 
of the weld which will lower the probability of 
hot cracking phenomenon. First of all, it is 
possible to perceive that in every trial with 
different focal positions there was a change on 
the penetration and overall look of the weld. 
These changes are due to the fact that the 
laser beam is not equal in all its length and 
that in consequence, there is a divergence 
associated with the laser beam. 

Furthermore, deeper penetrations were 
obtained for lower focal positions. This can be 
explained by the divergence associated with 
the laser beam. Positive focal positions 
guarantee that the maximum intensity is 
achieved before reaching the material which 
means that the laser beam is divergent and 
the depression moves the liquid surface away 
from the focal point. This results in the 
decrease of the power density as the cavity 
grows further which means that positive 
collimations restrict the further growth of the 
cavity. On the other hand, negative focal 
positions will lead to higher weld penetrations. 
In this configuration the laser beam is 
convergent and the depression of the liquid 
surface exposes the bottom surface to a 
higher power density as it moves the liquid 
surface towards the focal point. Therefore, 
negative collimations have a tendency to grow 
into a deep keyhole and as a consequence 
produce a larger weld pool.  

To summarize, when welding with 
positive collimations (positive defocusing) the 
beam power density decreases with the 
growth (deepening) of the cavity, restricting its 
further growth. Whereas, when welding with 
negative collimations (negative defocusing) the 
power density increases with the growth of the 
cavity leading to deeper cavities. 

Shielding gas analysis 
Argon has a high density which is ideal to 

create a protective atmosphere, for the sole 
reason that it effectively replaces air (Argon is 
1.38 times denser than Air). A negative aspect 
of this gas is that Argon becomes ionized quite 
easily, because it has low ionization energy 
(15.8 eV) and, as a consequence, is more 
susceptible to forming plasma. The plasma 
formation is crucial to the welding operation 
and if the plasma formation is extensive, the 
welding process may even be interrupted 
entirely. However, the laser operations are 

performed on Nd:YAG lasers which means 
that this issue is not very serious due to the 
shorter wavelength of the emitted radiation 
that gets less absorbed into the plasma cloud. 
Furthermore, due to the weld profile achieved 
by using Argon as shielding gas, there is more 
susceptibility to gas entrapment. The welds 
are usually narrow and consequently deeper 
as we can see in the trials where Argon was 
used, but that comes with the price of 
increased probability of gas entrapment which 
will cause porosity in the lower part of the 
welds.  

The trials also evidenced an increased 
amount of spatter when welding with Argon. 
First of all, the high flow rate of Argon used 
(around 25l/min) could be the cause of the 
blowholes. Since Argon is denser than air it 
will not naturally ascend and that will cause an 
elevated concentration of Argon near the weld 
zone. This concentration mixed with a high 
flow rate will definitely cause the flow to 
become turbulent which makes the keyhole 
unstable, leads to its collapsing and  disfigures 
the weld by removing globules of molten metal 
that do not endure the high pressure.  

The other gas that was used in the trials 
was Helium which has very different properties 
than Argon. First of all, Helium is characterized 
by having low molecular weight (4 g/mol), high 
thermal conductivity (0.15363 W/m.K) and high 
ionization energy (24.6 eV). The low molecular 
weight increases the recombination between 
metal ions and the plasma electrons, making 
the plasma cloud less dense or even 
suppressing it. In addition, the high thermal 
conductivity guarantees a better heat transfer 
between the plasma and the surroundings 
which decreases the temperature of the 
plasma and once again its density. Finally, the 
high ionization energy makes it harder for 
Helium to ignite into plasma on its own, since 
the ionization energy is the energy required to 
remove an electron from the gas in order to 
create a free electron and an ion. Despite all 
these favorable characteristics Helium has a 
few downsides of its own. To begin with, 
Helium has a very low density (it has a density 
relative to air of 0.14) which means that 
Helium does not displace air as easily as 
denser gases and therefore is not a very 
effective shielding gas. When Helium leaves 
the shielding gas nozzle its natural flow is to 
escape upwards leaving the workpiece 
unshielded. Hence, in order for Helium to 
properly shield the welding operation, it must 
have an increased flow. High welding gas flow 
rate will originate several problems. First of all, 
it might turn the laminar flow into a turbulent 
one which mixes with air and becomes 
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contaminated leaving an overall poor shielding 
agent. Furthermore, high welding gas flow rate 
may also increase spatter and blowholes 
formation resulting in poor quality of the weld 
(for instance, uneven weld bead and 
undercut), due to the fact that an excessive 
flow will cause the keyhole to become unstable 
and the molten metal to be dispelled from the 
weld into the workpiece. 

In terms of process costs, Helium is more 
expensive than Argon (at least three times 
more expensive) and, in order to ensure a 
good shielding effect, Helium flow rate must be 
increased which will raise the overall process 
cost. 

Hot cracking analysis 
To begin with, only the gas Helium 

allowed welds without hot cracking 
phenomenon and that was the main reason for 
the discard of the gas Argon. The main 
objective was guaranteeing a leak free weld 
and, even though, Argon was cheaper and had 
better penetrations it was not ideal for this 
problem. Therefore, the hot cracking analysis 
was focused on the shielding gas Helium. 

A close analysis of the results (Table 3) 
shows a small heat input window where there 
was no evidence of the hot cracking 
phenomenon. The boundaries of this window 
are hard to establish, but the trials show that 
they are near 72 and 88 J/mm. Furthermore, it 
is also possible to establish a rough range of 
critical welding speeds between 0.025 and 
0.033 m/s (for a focal position of -6). 

As it was said before, hot cracking can 
occur during the solidification of the weld due 
to the compound Magnesium-Silicide (Mg2Si). 
The critical range of welding speeds 
established guarantees a solidification period 
that allows the solidification of the molten 
metal and the compound Magnesium-Silicide 
without significant stress forces that cause the 
hot cracking, because in theory the 
solidification occurs at the same time which 
reduces the compression forces that occur in 
cases where Mg2Si solidifies first (the weld 
zone is still liquid while the Magnesium-Silicide 
compound solidifies first leading to solid 
volumes inside the weld which cause pressure 
as the liquid metal solidifies). In addition, it is 
possible to control the formation and 
solidification of this compound by managing 
the welding speeds which affect the 
solidification phase (faster welding speeds 
lead to lower solidification periods whereas 
lower speeds lead to higher solidification 
periods). On one hand, decreasing the welding 
speed will, not only increase the welding 
process time which increases the cost of the 

overall job, but also cause the keyhole to 
become more unstable which might lead to 
porosity due to instability of the keyhole. On 
the other hand, increasing the welding speed 
will lead to a slower solidification period which 
makes gas entrapment a probable 
consequence. This explains the reason why it 
is very hard to predict the hot cracking 
phenomenon, it is a matter of balance between 
the different parameters and the defects that 
they cause (which can or cannot be controlled 
/ accepted). Consequently, there will be a 
critical lower welding speed and a higher one. 

Additionally, after selecting the critical 
range of welding speed, the laser power was 
reduced. The reason for this step was the fact 
that lower speeds and the maximum laser 
power led to enormous penetrations when 
compared to the required 3 mm. As a 
consequence of maintaining the welding speed 
and decreasing the laser power, the heat input 
decreased which caused the penetration to 
diminish to acceptable values. 

Dye Penetrant analysis 
Using Argon as a shielding gas allowed, 

in general, deeper penetrations. As it was 

referred in the shielding gas analysis, the deep 

penetration obtained using Argon is in part due 

to its weld profile (narrow and deep welds). 

Furthermore, it is also possible to confirm that 

an increase in the heat input will originate 

deeper welds. For the same length of weld and 

laser power, if the welding speed decreases 

there will be a higher period of time where the 

laser beam is hitting the same zone (before it 

moves) which will lead to a larger heat transfer 

per area of weld and therefore deeper 

penetrations and larger seams. 

Helium/CO2 mixture analysis 
Results showed that a Helium/CO2 

mixture was not favorable in the autogenous 

welding of aluminium alloy AA6082-T651. 

Even though the superficial quality of the 

welds was acceptable, the weld profiles 

showed large porosity and burnt edges which 

can be catastrophic in laser applications that 

require welds to endure high pressures. In 

fact, a better result was achieved in the weld 

where no shielding gas was used. This is 

explained by the fact that the shielding gas 

flow will help mix the oxide component of the 

CO2 with the molten metal originating porosity 

in the weld , whereas, when no shielding gas 
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is used this is harder due to the fact that gas 

entrapment will be less probable. 

Conclusions 
First of all, the best parameters obtained 

for the autogenous welding of aluminium alloy 
AA6082-T651 were: 

 Collimation: set to -6 mm which means 
6 mm into the workpiece. Additionally, it was 
the collimation that achieved better 
penetrations, in accordance to the literature 
review [4] which states that lower collimations 
will lead to better penetrations. 

 Laser Power: the chosen laser power 
was 2200W which is almost half the possible 
laser output (4000W), this choice was only 
followed because it was necessary to 
decrease the penetration of the weld. This 
laser power led to a 3.02 mm penetration.  

 Welding Speed: The critical range of 
welding speeds (based on a hot cracking 
analysis) achieved was from 0.025 m/s (1.5 
m/min) to 0.033 m/s (2 m/min). This range 
guarantees an ideal solidification period to 
avoid gas entrapment and inhibit the risk of hot 
cracking by formation of the compound 
Magnesium-Silicide (Mg2Si). Furthermore, the 
best welding speed considered was 0.025 m/s 
for a focal position of -6. 

These were the considered ideal 
parameters for the autogenous welding of 
AA6082-T651 with no need for pre/post heat 
treatment or the adding of filler wire. 

The parameters where achieved using 
specific laser characteristics: 

 Focal Length of Collimation = 150 mm 

 Focal Length of Lens = 150 mm 

 BPP = 8 mm*mrad 

 Laser power (Max) = 4000W 

 Fiber core diameter = 0.2 mm  
Second of all, the best shielding gas for 

the autogenous welding of aluminium alloy 
6082-T651 is Helium. Despite the fact that it 
costs nearly three times more and requires a 
higher flow rate to assure an acceptable 
shielding atmosphere. Moreover, it was the 
only one that showed welds without hot 
cracking phenomenon. It is possible that using 
different welding parameters will lead to 
different results. However, with the parameters 
used and the trials performed it was concluded 
that Helium is by far better than Argon when 
trying to weld alloy AA6082-T651 to itself. 

On the other hand, welding with Argon 
originates deeper penetrations when 
compared with Helium. However, the welds 
are narrower and the risk for gas entrapment is 
higher. This means that Argon might be good 
for other applications or other alloys. Yet, 

higher penetrations were not the objective of 
this thesis.  

The increased amount of spatter when 
using Argon as shielding gas, which agrees 
with the literature survey [19], was also 
possible to evidence on the trials. 

The use of a Helium/CO2 mixture does 
guarantee welds with good superficial quality. 
Nonetheless, it cannot safely ensure that there 
will not be porosity in the interior of the weld as 
it was shown in every trial where this mixture 
was used and there is also presence of burnt 
edges on the welds. As a consequence, its 
usage is not advised in alloy AA6082 – T651 
that has very high crack sensitivity. 
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