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Rising energy demands together with environmental concerns have spurred increased focus on 
renewable energetics, leading to the widespread installation of photovoltaic power plants worldwide. Due 
to the unique solar dispersion angle over the world, different racking systems are also the subject of keen 
interest in mechanical support equipment. Different constructions require welded joints of construction 
parts with massive strain while exposed to weather conditions. Therefore mechanical properties of the 
joints of these systems are being also studied. This research is focused on the mechanical properties 
(such as microstructure and microhardness) of aluminium laser welded joints under different welding 
parameters. The main aim of this paper is to find ideal parameters of laser welded aluminium profiles 
ensuring durable construction for PV panels. 
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 Introduction 

The main motivation of this research is to find an 
adequate alternative for assembled structures widely 
used for photovoltaic (PV) rack systems. By using 
welded joints, the construction can acquire lower 
mass, higher corrosion resistance [1] and better 
recyclability [2].  

 Solar energy, harnessed through photovoltaic 
(PV) systems, holds immense promise as a clean and 
sustainable energy source [3]. Terrestrial solar energy 
amounts to around 1.8 × 1011 MW every year, which 
is around 10,000 times the rate of the global energy 
demand [4]. Increasing consumption of electrical en-
ergy from primary energy resources increases CO2 
emissions, which has a great impact on the environ-
ment [5,6,7]. Therefore, there is an eminent interest on 
the part of engineers and scientists with a focus on the 
tangible measure of energy savings in maximizing the 
use of renewable energy sources. 

The efficiency of converting solar energy into elec-
trical energy depends essentially on the PV panels that 
produce electrical power [8]. Currently, the power en-
ergy efficiency of the PV panels for commercial engi-
neering applications is within the range of 12–23% 
(for multi- or mono-crystalline modules, respectively) 
measured at the Standard Test Conditions (STC) of 
1.0 kW.m-2, ambient temperature of 25 °C, and wind 
speed of 1.5 m.sec-1 [9]. 

Much of the cost of a solar system is associated 

with the supporting materials and frames. For exam-
ple, approximately 25-30% of the CSP plant budget 
should be allocated to frames and support materials 
[10].  

Since the tilt of solar panels is known for its major 
effect of PV panels performance, the construction as 
a holding mechanism requires different tilt for differ-
ent locations with different conditions [11].  

Therefore the constructions require precise weld-
ing for structural integrity [12], and laser welding can 
be considered as a potential solution. Welded joints 
can also contribute to better recyclability of the whole 
construction instead of assembled ones, where steel 
fasteners can contaminate recycled batches by redun-
dant Fe content [12]. 

The aluminium construction of the racking system 
is nowadays also subjected to examination for its pas-
sive cooling ability [13].  

Approximately 72% of the aluminium input in PV 
solar systems is used in construction, while the pro-
portion of aluminium used in panel frames and invert-
ers is 22% and 6%, respectively [14]. 

 Aluminium construction racks, integral to PV in-
stallations are nowadays being subjected to research 
from different points of view [15]. Aluminium alloy 
6061, which contains the alloying elements magne-
sium and silicon, is an example of a useful aluminium 
alloy for solar power plant construction. This alumin-
ium alloy is widely used in solar arrays because of its 
high strength [16] and machinability [17, 18]. 
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 Materials and methods 

This research is focused on a rack system holding 
PV panels installed on the roof of a multifunction 
building located in Ústí nad Labem (see Fig. 1). Sam-
ples were cut out of welded construction profiles 

made from Aluminium alloy 6061. The welding out-
put ranges from 75 to 95 %. These samples were la-
belled as 1 - 4 according to the used output. Samples 
were subsequently cross-sectioned and subjected to 
further analysis. 

 

Fig. 1 Rack system holding PV panels of the given location 
 
In order to investigate laser welding parameters to 

enhance PV system durability and efficiency, alumin-
ium profiles were welded under different conditions. 

Four samples of laser welds were subjected to investi-
gate the effect of percentage outputs. Labelled sam-
ples are reported in Tab. 1. 

Tab. 1 Output percentage used for welding the aluminium profiles 

Sample 1 2 3 4 

Percentage of Output 75 80 85 95 

Welding Performance [W] 1125 1200 1275 1425 

 Welding technology 

The manual laser welding technique was employed 
to create welds on aluminium profiles with a square 
cross-section (40 x 40 mm outer dimension, 4 mm wall 
thickness), utilizing the LaserTherm handheld welding 
machine with maximal output from 1 500 W. Prior to 
welding, the profiles were cut at a 45° angle using a 
circular saw and secured in the desired position using 
a jig for subsequent welding. Following the formation 
and cooling of the weld in ambient air, the weld sur-
face underwent machining (alignment) using a disc 
grinder. The resulting machined weld is depicted in 
Figure 2.  

 

Fig. 2 Welded profile 
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The chemical composition analysis of the profile 
was conducted utilizing a Q4 TASMAN optical emis-
sion spectrometer. Table 2 showcases the results of 
average values for 3 measurements obtained from this 
analysis. 

Tab. 2 Chemical composition of the analysed alloy [wt. %] 
Chemical composition average 

Mg 0.473 

Al 98.713 

Si 0.583 

Mn 0.033 

Fe 0.180 

Zn 0.010 
 

The chemical composition analysis revealed the 
identified aluminium alloy to be EN AW 6060 

(AlMgSi0.5). Table 3 outlines the chemical composi-
tion of this alloy as specified by EN 573-4. 

Tab. 3 Chemical composition of alloy EN AW 6060 
(AlMgSi0.5) according to EN 573-4 

Al 97.9 – 99.3 

Cr max 0.05 

Cu max 0.1 

Fe 0.1-0.3 

Mg 0.35-0.50 

Mn max. 0.1 

Si 0.3-0.6 

Ti max 0.1 

Zn max 0.15 

Other max 0.15 
 

 

Fig. 3 Microstructure analysis of analysed samples with marked positions of the microhardness measurements 
 
Microhardness measurements were conducted on 

metallographic samples taken from a perpendicular 
section of the welded joint. The actual measurements 
were performed using a Shimadzu HMV-2  

microhardness tester applying a load of 25 grams for 
a duration of 10 seconds. 

The assessment of microhardness for the base ma-
terial, specifically the EN AW 6060 alloy, involved  
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conducting measurements on a section of the profile 
situated entirely distanced from the weld joint (red 
marks) and its corresponding heat-affected zone 
(green marks). Within this evaluation of the base ma-
terial's microhardness, 9 random measurements were 
systematically taken across all analyzed samples. The 
documented microhardness values of the base mate-
rial are presented in Table 4.  

During the microhardness analysis of each speci-
men's welds, measurements were taken along the weld 
axis and within the heat-affected zone (HAZ), specif-
ically at the interface between the weld and the base 
material. These measurements were consistently ob-
tained 2 mm away from the weld axis for each speci-
men. The microhardness measurement outcomes for 
both the weld and the heat-affected zone of each spec-
imen are detailed in Table 5. 

Tab. 4 Results of microhardness measurements of the base 
material 

Measurement number HV0.025 
1 95.9 
2 97.0 
3 98.5 
4 99.4 
5 100.0 
6 99.4 
7 95.3 
8 93.3 
9 95.9 

Average 97.2 
Standard deviation 2.146 

Tab. 5 Results of microhardness measurements of samples in the weld and heat-affected zone (HAZ) 
Sample Sample 1 Sample 2 Sample 3 Sample 4 

Measurement number Weld HAZ Weld HAZ Weld HAZ Weld HAZ 
1 56.70 59.80 54.00 65.00 52.70 57.30 48.70 58.70 
2 55.70 59.90 51.20 68.40 55.30 57.30 49.20 61.00 
3 50.60 57.60 49.90 70.60 56.10 56.40 46.10 60.70 
4 49.80 60.00 48.90 62.80 56.30 55.50 48.60 59.90 
5 49.50 58.10 50.40 72.60 57.10 57.90 48.30 58.20 
6 48.00 59.40 52.00 66.70 57.40 58.10 45.80 59.70 

Average 51.71 59.13 51.07 67.69 55.81 57.09 47.78 59.70 
Standard deviation 3.28 0.94 1.63 3.30 1.55 0.89 1.33 1.00 

Results and Discussion 

The chemical composition analysis confirmed that 
the welded profiles matched the chemical composi-
tion standards of the EN AW 6060 alloy, as outlined 
in EN 573-4. All identified elements concentrations 
fell within the specified range set by the standard. 

The microstructure analysis revealed distinct char-
acteristics in the perpendicular section of each sam-
ple's weld, directly linked to the welding power ap-
plied. Beyond differences in the weld sizes (with 
depths ranging approximately from 1200 to 1800 µm 
and widths around 2300 to 2700 µm), numerous inter-
nal flaws were observed within the welded joints. Cir-
cular pores were uniformly present in all analyzed 
welds, notably concentrated at the base of the weld. 
The identified porosity, exhibited in a circular mor-
phology, is attributed to the diffusion of protective 
gases into the molten weld pool during the welding 
process. 

Additionally, individual welds exhibited cracks 
(caused by the intercrystalline stress due to the rapid 
solidification during the welding process), the extent 
of which was notably influenced by the welding power 

utilized. Notably, specimen 3 demonstrated the high-
est occurrence of internal defects, both cracks and 
pores, at the interface between the weld and the heat-
affected zone. Conversely, sample 2 exhibited the low-
est incidence of both pores and cracks within the weld 
and at the interface between the weld and the heat-
affected zone. 

The microhardness assessment of the base material 
(EN AW 6060 alloy profiles) displayed consistent 
solid solution microhardness, averaging 97.2 HV0.025 
across all analyzed samples. However, the microhard-
ness within the weld joint along the weld axis varied, 
ranging between 47.8 to 55.8 HV0.025 across the sam-
ples. In the heat-affected zone, measured at a distance 
of 2 mm from the weld axis, the microhardness 
spanned from 57.1 to 67.7 HV0.025. 

Notably, specimen 2 exhibited the smallest 
disparity in microhardness between the heat-affected 
zone and the base material among all samples. 

Samples were cross-sectioned and subsequently 
examined via Laser confocal microscope OLYMPUS 
LEXT OLS 5000. Figure 3 shows the cross-section of 
analysed samples. 
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 Conclusion 

Based on the conducted analyses, several 
conclusions can be drawn: 

• Laser welding performance significantly im-
pacts weld quality, particularly the presence of 
internal flaws like pores and cracks. 

• Welding performance is intricately linked to 
residual stresses in both the weld area and the 
heat-affected zone, evident through varying 
microhardness values within these regions.  

• Optimal outcomes, considering both internal 
defect occurrence in the weld and the smooth 
transition of microhardness between the 
weld, heat-affected zone, and base material, 
seem to align with the application of laser 
welding at a power level of 1 200 W (sample 
labelled as 2). 

• Based on the results of the analyses, the 
technology of manual laser welding of 
aluminium profiles (while observing the 
optimal welding parameters) appears to be a 
usable substitute for the technology of 
assembled constructures for photovoltaic 
panels. 
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