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Comparison of fatigue behaviours of AA5052 H32 butt joints fabricated by 
the CW‐GMAW and FSW processes

Abstract

Materials

R.A. Ribeiro, P.D.C. Assunção, V. Infante, P. Vilaça, G.P. Cipriano, P.M.G.P. Moreira, E.M. Braga
Virginia.infante@tecnico.ulisboa.pt

The Friction Stir Welding (FSW) process was developed to allow the weldability of materials sensible to arc welding, which could induce dealloyning,
particularly, in some aluminium alloys. The Cold Wire Gas Metal Arc Welding (CW – GMAW) process was proposed in order to achieve welding with high
deposition (kg/h) without a forcible increase in the nominal heat input (kJ/mm) that could induce heat triggered defects such as distortions. This process
is mainly characterized by the feeding of an extra cold (non energized) wire into the direction of the weld pool, in order to increase deposition,
decreasing the heat amount transferred to the substrate. One of the main applications of welding processes is the assemblage of mechanical
transportation structures, which combine mechanical strength with lightness, allowing savings in fuel consumption and contributing to their efficiency.
Oftenly, such structures are submitted to dynamic loads, which lead to fatigue related failures. The main target of this study is compare the fatigue
performance of 5mm thickness aluminium alloy AA5052 H32 butt joints fabricated by the FSW and CW – GMAW processes based on similar nominal heat
input condition. The fatigue tests were carried out with constant amplitude loading and with a stress ratio (R) of 0.1. Besides, the mechanical fatigue
evaluation, metallurgical characterization was also performed, to evaluate the metallography of the joints in order to assess the different zones
generated during each welding process, their size and influence on fatigue life. Moreover, Vickers microhardness measurements was also carried out in
order to correlate the fatigue performance to the process induced microstructural features. The results permitted the correlation of the cold wire
fraction fed into the welding pool to the joints fatigue performance besides the ordinary fatigue S-N curves.

Remarks
The FSW tension tests results show lower strength and higher ductility in comparison with the CW-GMAW results. The tension tests of CW-GMAW joints
present similar static behavior for the different welding parameters used.
The fatigue performance of CW-GMAW welded joints suggests a shallower S-N curve than for the FSW welded joints. Both curves present similar S-N
curves slopes.

CW-GMAW Welding Process

This process is characterized by the introduction of one cold wire into the 
direction of the welding pool

Modular tool

FSW Welding Process
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Material
Yield strength

[MPa]
Ultimate Tensile strength

[MPa]
Elongation

[%]
Young’s Modulus 

[GPa]

AAAA5052 H-32 193 228 12 70

Static Results Fatigue Results
Condition m K0 R2

CW-GMAW 12.512 1.15x1030 0.7908

FSW 10.744 5.50x1028 0.9672
𝑚𝑁 = 𝐾0

Shielding gas: Argon 100% at 15 l/min

Wire Feed Speed  

(m/min)

Av. Voltage 

(V)

CTWD 

(mm)

Welding 

Speed 

(cm/min)

Cold wire 

feed ratio (%)

Av. Current (A)

14 26 18 30 (40) 0 191 (185)

14 26 18 30 (40) 10 189 (187)

14 26 18 30 (40) 20 188 (190)

14 26 18 30 (40) 30 189 (223)

14 26 18 30 (40) 40 188 (240)

The CW-GMAW 40 cm/min welding speed show low strength and ductility 
in comparison with CW-GMAW 30 cm/min welding speed results, which is 

associated with the typical defects inherent to this welding process.

Clamping system setup

Tool Rotation 

speed (rpm)

Axial force 

(kN)

Tilt angle

(°)

Side tilt 

angle (°)

Dwell time 

(s)

Welding speed 

(mm/min)

800 9 0 0 5 200


