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This paper describes series of studies concerned with welding of Sc-modified AA2519 at the Military 
University of Technology. The modification of AA2519 alloy contains a higher concentration of scandium 
and zirconium and it has been developed in The Institute of Non Ferrous Metals, Light Metals Division 
in Skawina. The examination involves friction stir welding (FSW) and laser beam welding (LBW) of 5 
mm thick AA2519-T62 extrusion. FSW process parameters were: 600 rpm tool rotation speed, 100 
mm/min welding velocity, 4.8 mm depth plunge, and MX Triflute tool type. The used LBW parameters 
were as follows: 3.2 kW laser power, 1.1 m/min welding velocity, 0.2 mm laser beam width, 10° laser beam 
inclination angle, 10 L/min shielding gas (argon) flow with the laser beam focused on the workpiece 
surface (f=0). In this work selected results have been presented containing some problems and features 
typical for investigated joints. Butt joints produced by FSW and LBW have been compared in terms of 
microstructure (grains), microhardness distribution, joint efficiency, localization of failure, etc. The basic 
features of weld zones have been discussed together with the distributions of microhardness on the joint’s 
cross-sections. Both welding techniques cause a reduction of microhardness in the weld zone, but the 
drop from the base material’s value (135-140 HV0.1) is far higher in the case of LBW (85-90 HV0.1) than 
FSW (120 HV0.1). The established values of joint efficiency were 80% (376 MPa) and 66% (314 MPa) for 
FSW and LBW, respectively. The FSW joints tend to fail in the thermo-mechanically affected zone and 
LBW in the fusion zone.
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Introduction

AA2519 is an aluminium alloy with application in 
the construction of military vehicles thanks to its high 
specific strength and good ballistic resistance [1]. The 
recent, polish, modification of this material developed 
in The Institute of Non Ferrous Metals, Light Metals 
Division in Skawina contains a higher concentration 
of scandium and zirconium. These additions cause 
grain refinement (during solidification - casting or wel-
ding), increase in strength (due to presence of nano-
precipitates), and increase in temperature of recrys-
tallization and grain growth (by pining of grain boun-
daries) [2-3]. This version of the alloy is the subject of 
series of investigations at the Military University of 
Technology (MUT) including explosive welding [4] 
and post-processing [5], friction stir welding [6-8], and 
laser beam welding. The joining of AA2519 causes 
some problems including two major ones of metallur-
gical and of technical nature. The high concentration 
of copper in AA2519 makes welded joints very 
susceptible to hot cracking during the solidification of 
a fusion zone. Additionally, considering welding of a 
material used in military vehicles we have to pay atten-
tion to the behaviour of a weld during being hit by a 
projectile, and in this case, welded joints produced by 

conventional means (e.g. by Tungsten Inert Gas) with 
cast-ingot structure tend to fragment in such extreme 
condition [9-11]. For manufacturing of a butt-joint of 
an aluminium alloy, the method of friction stir welding 
gives the best effects in terms of mechanical proper-
ties, due to the solid-state nature of the process and 
the formation of ultrafine grain microstructure in the 
stir zone [7,12]. FSW allows to obtain a relatively high 
joint efficiency for precipitation-hardened aluminium 
alloys of 70-90% with no defects typical for conventi-
onal welding processes such as solidification cracks 
and pores [13]. This technique has its limits and the 
production of welds of sophisticated shapes can so-
metimes be problematic. Another technique, which 
can be a solution for some problems with welding 
AA2519 is laser beam welding. Despite the fact that a 
welded joint has a cast-ingot macrostructure, the 
width of joints is relatively low (comparing to conven-
tional techniques) and more complex shapes of a wel-
ded structure are easily possible to manufacture. Whi-
chever technique would be chosen to weld AA2519, 
we have to take under consideration losses of the 

strengthening phase q′ (formed in the precipitation 
hardening process), what entails a noticeably decrease 
in mechanical properties, possible to identify e.g. in 
the reduction of microhardness in the joint zone [14]. 
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In this investigation, the aim is to compare the basic 
properties of AA2519-T62 welded butt joints obta-
ined by FSW and LBW in terms of macro and 
microstructure, microhardness distribution, joint effi-
ciency, and failure localization.

Materials and Methods

The subject of the investigation was 5 mm thick 
AA2519-T62 extrusion with the chemical composi-
tion and presented below in tables 1-2.

Tab. 1 Chemical composition of AA2519-T62 extrusion.
Fe Si Cu Zn Ti Mn Mg Ni Zr Sc V Al

0.11 0.08 6.32 0.05 0.08 0.17 0.33 0.02 0.19 0.16 0.10 Base

Tab. 2 Mechanical properties of AA2519-T62 extrusion.
Yield Strength, R0,2 Tensile Strength, Rm Fracture Stress, Ru Elongation, A

320 MPa 474 MPa 443 MPa 19%

Before the welding, the surfaces of workpieces 
have been ground and cleaned with isopropyl alcohol. 
The welding processes have been conducted on the 
workpieces with the size of 80 x 250 mm, using ESAB 
Legio 4UT (FSW) and Fanuc 710i industrial robot 
equipped with YLS-6000 6 kW laser beam source 
(LBW). FSW process parameters were: 600 rpm tool 
rotation speed, 100 mm/min welding velocity, 4.8 mm 
depth plunge, and MX Triflute tool type. The used 
LBW parameters were as follows: 3.2 kW laser power, 
1.1 m/min welding velocity, 0.2 mm laser beam width, 
10° laser beam inclination angle, 10 L/min shielding 
gas (argon) flow with the laser beam focused on the 
workpiece surface (f=0). After the welding processes, 
samples have been cut in the direction perpendicular 
to the welding direction. The cut samples were moun-
ted in hot-mounting resin, ground with abrasive paper 

of 80, 320, 600, 1200, 2400, 4000 gradations, and po-

lished using a diamond paste of 3 mm and 1 mm gra-
dation. An important feature in friction stir welded 
joints is the asymmetry of a welded zone, and we can 
distinguish the advancing side (the direction of the 
tool rotation is accordant with the welding direction) 
and the retreating side (the direction of the tool rota-
tion is opposite to the welding direction). The ma-
crostructure has been revealed using Keller’s reagent 
consisting of  20 mL H2O, 5 mL 63% HNO3, 1 mL 
40% HF, and one drop of 36% HCl. The analysis was 
supported by Vickers microhardness distribution 
using 0.98 N load. The tensile test was carried out on 
INSTRON 8802 MTL equipped with WaveMatrix 
software. The scheme of the sample for the tensile test 
is presented below (Fig. 1).

Fig. 1 The scheme of the sample for the tensile test.

The scheme of the welded joint is only to illustrate 
the localization of a joint in the sample and the real 
widths of the joints are different. The fractography 
analysis has been conducted on scanning electron 
microscope Jeol JSM-6610.

Results and Discussion

The macrostructures of obtained joints are presen-
ted in Fig. 2a-b. The sample obtained by laser beam 
welding (Fig. 2a) has a typical structure of cast-ingot 
with the width of the fusion zone of about 5.5 mm 

(weld face) and 2.3 mm (weld throat). The macrosco-
pic observations did not reveal the presence of solidi-
fication cracks, but in the central part of the fusion 
zone, the porosity is possible to observe. On the other 
hand, the joint obtained in the friction stir welding 
process (Fig. 2b) has a noticeable number of superio-
rities e.g. fine-grained macrostructure of the stir zone, 
no defects (pores, cracks, voids), and insignificant re-
duction of workpiece thickness in the weld. The part 
of the material removed from the stirring zone forms 
the flash, which can be observed on the retreating side 
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of the FSW joint. The width of the stir zone is about 
9 mm. The real area of the material affected by a wel-
ding process is more suitable to identify in microhard-

ness distribution. The results of microhardness analy-
sis on the distance of 2.5 mm from the bottom of the 
joints is presented are Fig. 3. 

 
Fig. 2 The macrostructure images of a) laser beam welded b) friction stir welded joint of AA2519-T62. 

 
The obtained microhardness distributions allow to 

estimate the influence of the welding processes. Both 
welding techniques cause a reduction of microhard-
ness in the weld zone, but the drop from the base ma-
terial’s value (135-140 HV0.1) is far higher in the case 
of LBW (85-90 HV0.1) than FSW (120 HV0.1). It is 
connected with the phenomenon of an overaging of 
the strengthening phase due to the temperature of the 
processes (around 400-450°C for FSW, and above the 
melting point [660°C] for LBW). The overaging brings 
the value of microhardness to around 80-85 HV0.1, 

what corresponds to the value for annealed AA2519. 
This is mostly visible in the LBW joint, which is cha-
racterized by higher heat input, although it is very lo-
cal. In the case of FSW, despite the fact of the overa-
ging, the microhardness value is partly compensated 
by significant grain refinement in the stir zone and gra-
ins deformation in the thermo-mechanically affected 
zone (resulting in grain-boundary strengthening). The 
FSW joint has its lowest microhardness in the heat-
affected zone at the retreating side (characterized by 
higher heat input) – about 110 HV0.1. 

 
Fig. 3 The microhardness distribution of the welded joints cross-sections. 
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The width of the LBW joint’s fusion zone at the 
analyzed distance is about 4.5 mm and the FSW stir 
zone is two times wider (9 mm). Summarizing, the 
FSW affects a larger amount of the workpiece’s mate-

rial, but it causes a spreaded, low reduction of micro-
hardness in opposite to a very high, localized drop of 
this value for LBW. The welding processes also form 
a completely different microstructure with some typi-
cal features (Fig. 4a-c). 

 

Fig. 4 The microstructure images of a) the stir zone, b) the thermo-mechanically affected zone (retreating side), c) the fusion line 
area, d) the fusion zone center. 

 
In the stir zone (Fig. 4a), it is possible to observe a 

typical for FSW process ultrafine, dynamically recrys-
tallized microstructure – the result of severe plastic de-
formation in high temperature. The microstructure is 
homogenous, with the average size of grain about 10 

mm. On the contrary, the thermo-mechanically affec-
ted zone (Fig. 4b), which also has been subjected to 
hot deformation during the welding process did not 
undergo dynamic recrystallization and the deformed 

grains reflect the flow of the material in the stirring 
process. At the same time, in the LBW sample, the 
area close to the fusion zone besides having the cast-
ingot structure, has some features typical for an alumi-
num alloy modified with scandium (Fig. 4c). The equi-
axed grain zone crystallized directly from the fusion 
line has a fine-grained microstructure with a grain size 

of 10 mm and below. The references and research con-
ducted at MUT connect the formation of this ultrafine 
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zone with the participation of scandium in the alloy 
composition [13,14]. Moving in a direction of the 
weld’s centrum, the columnar dendrites can be obser-
ved, oriented parallel to the heat flow. In this area 
occurs a sporadic porosity of solidification shrinkage 
origin (Fig. 4c). The fusion zone center has a 
microstructure consisting of equiaxed dendrites (Fig. 
4d) with small differences in size and shape.

The results of the conducted tensile test allow to 
fully evaluate joints qualities. The comparison of ob-
tained welded joints to the base material is presented 
below on representative samples (Fig. 5).

Fig. 5 The comparison of the base material (AA2519-T62) 
and the welded joint tensile curves.

The established values of joint efficiency are 80% 
(376 MPa) and 66% (314 MPa) for FSW and LBW, 
respectively. The failure of the LBW joint occurred in 
the fusion zone, being identified as the softest region
of the joint (Fig. 2,3). For the FSW joints, a tendency 
to fail in the thermo-mechanically affected zone has 
been reported, in some cases with participation of de-
cohesion on the interface of the stir and thermo-me-
chanically affected zones on the advancing side of the 
welds. The welding processes caused a reduction in 
elongation to break, from the value of the base mate-
rial of 19%, in the conducted tensile tests it reaches 
9% for FSW and slightly above 1% for LBW. Altho-
ugh it seems that the FSW joint has nine times higher 
elongation than the LBW joint, it has to be taken un-
der consideration fact that both welded joints are tes-
ted with the same tensile geometry (Fig. 1). So, the va-
lue of elongation always referring to the extensometer 
base of 50 mm and on this length, the LBW joint takes 
only about 10%. During the testing, immediately after 
the elastic deformation of a sample reaches its limits, 
the plastic deformation strongly accumulates in the 
fusion zone of the LBW joint, what finds its reflection 
in the fractography analysis (Fig. 6a-b).

Fig. 6 SEM images of selected parts of fracture surfaces for a) LBW joint, b) FSW joint.

The LBW joint’s fracture surface is characterized 
by a typical dimple structure with visible Al2Cu preci-
pitates and the failure itself is of ductile nature. In the 
FSW sample, the dimples are smaller and the partici-
pation of brittle fracture seems to be slightly higher.

Conclusions

The performed investigation allowed for the basic 
comparison of FSW and LBW in terms of AA2519 
weldability. Both techniques can be used for manu-
facturing butt joints with acceptable quality. The only 
reported imperfections refer to the LBW joint in a 
form of gas porosity (macroscopic level) and shrin-

kage porosity (microscopic level), but their participa-
tion is relatively low. The obtained joints are characte-
rized by a reduction of microhardness in the joint zone 
– in the case of LBW it is the highest but remains local 
and for FSW, despite a relatively low reduction, it 
affects a larger amount of material. Predictably, the 
FSW macrostructure consisting of recrystallized and 
hot-deformed grains outperforms the cast-ingot 
structure. It is most visible in the conducted tensile 
tests, where joint efficiencies are 80% (376 MPa) and 
66% (314 MPa) for FSW and LBW, respectively. Both 
welded joints are characterized by a lower value of 
elongation to break but the character of failure rema-
ins predominantly ductile. The decohesion in the FSW 
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joint takes place in the thermo-mechanically affected 
zone (sometimes with the participation of the stir zone 
interface) at the advancing side. The failure in the 
LBW joint is dictated by its weakest zone – a very soft, 
overaged, casted fusion zone, which fractures with the 
formation of typical dimple structures.
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