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STRENGTH OF WELDED JOINTS MADE OF AW-5754 ALLOY
UNDER STATIC LOAD CONDITIONS

Graczewski A.", Ligaj B.”, Gietka T."™"

Abstract: The most commonly used method of aluminum welding is gas arc welding using a fusible electrode
(MIG method) and a non-fusible electrode (TIG method). In machine construction aluminum alloys are
commonly used, which the 5xxx series alloys are characterized by high strength and corrosion resistance.
The work presents the properties of EN AW-5754 alloy, which is a material that allows joining elements by
welding. The aim of the paper is to present mechanical properties test results of EN AW-5754 alloy welded
joints with the 131 method for various values of linear welding energy: Q = 70 kJ/mm and Q = 1280 kJ/mm.
The obtained results indicate a significant influence of linear welding energy on the strength of the welded
joint.
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1. Introduction

Pure aluminum has little use, the addition of one or more elements to pure aluminum leads to an alloy that
often has significantly different properties than the unalloyed material. While the addition of alloying
elements to aluminum sometimes deteriorates certain pure metal characteristics (such as corrosion
resistance or electrical conductivity), which is acceptable in some applications because other properties
(such as strength) can be significantly increased. An example of a change in the aluminum properties due
to the addition of alloying elements is a materials belonging to the 5xxx series group. The 5xxx series
alloys contain magnesium, which makes them very durable and corrosion resistant. Alloys from this
group are used in ship hulls and other marine applications, welding wire and welded storage tanks
(Graczewski et al., 2019). The strength of the alloys in this series is directly proportional to the
magnesium content, which is up to about 6 %.

The basic and most commonly used method of aluminum welding is gas arc welding using a fusible
electrode (MIG method) and a non-fusible electrode (TIG method). This method is based on the use of
alternating current with a sinusoidal waveform and a frequency of the supply voltage 50/60 Hz. During
one half-period, when the electrode is an anode and the cathode becomes a welded material, the
phenomenon of “cathodic cleaning” can be observed in the joint zone (Wozny et al., 2016). During the
second half-period, when the electrode is a cathode, it is cooled and intensively heated the weld pool,
which contributes to the melting of the material. To ensure the arc re-ignition in the half-periods, high-
frequency current arcs and voltages of 9000 — 15000 V are used. Due to these pulses, the ionization of the
space in which the arc is ignited takes place, which makes it possible to re-ignite the arc with a slight
delay.

The main problem during welding turns out to be the need to remove the aluminum oxide film. Welding
problems can be caused by a large difference in the melting temperature of Al and Al,O3 (660 and
2060 °C respectively) and a higher specific gravity of aluminum oxide (4 g/cm®) than liquid aluminum
(2.4 g/em’). As a result, Al,Os particles fall to the bottom of the weld, being the porosity cause. The high
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hydrogen solubility in liquid aluminum and the practical solubility lack in the solid state can be formed in
the presence of gas bubbles in welded joints.

The next problem is the high thermal conductivity of aluminum, which on the one hand contributes to
heating the metal to the melting point, and on the other is the cause of the material rapid cooling. Such a
property leads to the fact that welding stresses can be found in the weld, which can cause damage to the
joint. The high thermal aluminum conductivity is the reason for the need for increased welding energy.
When conventional welding methods for aluminum alloys (MIG, TIG) are used, this is the reason for the
wide heat-affected zone within the weld. It also has a negative effect on the aluminum strength at
temperatures higher than about 500 °C and is the cause of hot cracks and high thermal expansion
resulting in significant stresses and welds cracking (Wozny et al., 2017).

Aluminum alloy is increasingly used in the construction of machine components (Ligaj et al., 2018). This
is due to the lower density of the aluminum alloy (2.65 - 2.85 g/cm®) compared to the density of steel
(7.86 g/cm?). This allows reducing the weight of the structure, which has an impact on decreasing the
energy consumption of machines (Manka et al., 2018). Their proper operation requires appropriate
diagnostics using non-destructive methods, i.e. vibration measurement (Muslewski et al., 2015),
assessment of temperature distribution (Lukasiewicz et al., 2018), assessment of defects (Wirwicki et al.,
2014), etc.

The aim of the paper is to present the mechanical properties test results of welded joints of EN AW-5754
alloy by selected welding methods.

2. Experimental research

2.1. Aluminum alloy properties AW-5754

The aluminum alloy EN AW-5754 (AlMg3) was adopted for testing, according to PN-EN 573-3:2010
and PN-EN 573-3/AK:1998 standards. The main components of the alloy are aluminum (Al) and
magnesium (Mg). In order to improve its properties, other alloying additives have been introduced such
as: chromium, manganese. The detailed chemical composition of the alloy is given in Tab. 1.

Tab. 1: Chemical composition of the AW-5754 aluminum alloy.

Selected alloying elements marked according to the periodic table

Si|Fe|Cu|Mn|Mg|Cr|Zn|Ti|Inne|Al

Elemental concentration in %

Experimental research 021 | 034 ] 004 | 027 | 2.73 1 0.05 | 0.02 | 0.02 | 0.10 | rest
. 2.60

According to max. | max. | max. | max. ) max. | max. | max. | max. ¢

PN-EN 573-3 040 | 0.40 | 0.10 | 050 | % | 030 | 020 | 0.15 | 0.15 res

The EN AW-5754 alloy has excellent corrosion resistance also in seawater. The material is used as
a construction material in construction and the maritime industry, in the construction of pressure vessels,
in transport and the automotive industry as a decorative anodized material in facade applications,
construction material in railways, in the construction of car body elements, packaging elements.

2.2. Geometric features of the samples

Tests under static load were carried out on samples (Fig. 1) with dimensions in accordance with PN-84/H-
04334. The strength of AW-5754 aluminum alloy sheet was carried out on the samples shown in Fig. 1a.
The geometrical form of welded joint samples is shown in Fig. 1b.

The welding process of sheets from which samples were made was carried out by the following methods:
a) welding option A — method 131 mechanized:

- voltage U=25V,

- current intensity [ = 160 A,

- linear welding speed v =400 mm/min,

- coefficient k = 0.8,
- linear welding energy Q = 1280 kJ/mm,
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b) welding option B — method 131 semi-automatic:
- voltageU=13.5V,
- current intensity [ = 140 A,
- linear welding speed v = 62 mm/min,
- coefficient k = 0.6,
- linear welding energy Q = 70.3 kJ/mm.
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Fig. 1: Geometric features of the sample for testing under static loads: a) AW-5754 aluminum alloy
sheets; b) AW-5754 aluminum alloy welded sheets.

Welded joints were subjected to material macrostructure analysis to assess their correctness (Fig. 2).
Analysis of the presented macrostructure photographs shows no welding defects. Samples can be used in
experimental studies.

a)

Fig. 2: Macrostructure of the welded joint from EN AW-5754 sheet metal made by the method:
a) 131 mechanized, b) 131 semi-automatic.

2.3. Test results under static loads conditions

The tests were carried out on the Instron 8502 testing machine. Sheet strength was determined on samples
cut along the rolling direction and transverse to the rolling direction. The results of the tests are presented
in Tab. 2. The tests results of the welded joints are presented in Tab. 3. Fig. 3 shows examples of
damaged samples.

Tab. 2: Mechanical properties of AW-5754 alloy sheet.

Sheet metal rolling Statistical parameter Mechanical properties
direction p Sy [MPa] | S.[MPa] E [MPa] A [%]
o Average value 150.4 310.5 71 896 25.6
Longitudinal —
Standard deviation 24 7.1 554 3.5
T Average value 111.9 218.3 68104 27.2
ransverse
v Standard deviation 2.3 1.4 274 1.8
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Tab. 3: Mechanical properties of welded joints made by specific methods.

Welding method Statistical parameter Sv0 [MPa] Mechaglllc[?\l/f});(]pemes A %]
Method 131 Average value 137.0 3104 12.9
mechanized Standard deviation 8.7 3.2 0.9
Method 131 Average value 139.6 314.5 19.1

semi-automatic Standard deviation 0.9 0.2 0.6

a) b)

Fig. 3: Form of damage to welded joints samples made using the method: a) 131 mechanized;
b) 131 semi-automatic.

3. Analysis of tests results and conclusions

Based on the results of the research, it was found that:

a) the adopted welding energy has an effect on changing the mechanical properties of welding joints
made using the 131 method,

b) there was a decrease in the yield strength Sy, welded joints in relation to the parent material
(Syo2 = 150.4 MPa) by: about 9.0 % for method 131 mechanized, about 7.8 % for method 131 semi-
automatic,

c) the plasticity of the material decreased, which is manifested in a change in the value of welded joint
samples elongation A in relation to the parent material (A = 25.6 %) by: about 49.6 % for method
131 mechanized, about 25.4 % for method 131 semi-automatic,

d) a change in the mechanical properties of welded joints, resulting from a change in process
parameters, affects the performance of strength and durability structural elements calculations
(Lewandowski et al., 2018).
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