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Abstract:  
 

In the present study, AA 5005 cold rolled plate was used for welding application with 

AA 5356 filler materials using MIG welding process. Slow (780 mm/min) welding rate 

was applied for weld joint of the plate.  After the welding operation, NDT tests (Visual 

Test, Liquid Penetrant Test, Radiography Test) and X ray Diffraction analyzes were 

applied to the welded plates for proving the weld quality and determination of the phases 

in the weld beat during the solidification of the weld pool. Then, microstructural color 

metallography technique was used for the investigations of grain size distribution of the 

weld joint and heat affected zone and base metal. Vickers microhardness tests applied on 

the cross-section of the weld joint together with HAZ and base metal. In addition these, 

tensile tests were realized for the determination of the mechanical properties of the 

welded cold worked AA 5005 alloy with AA5356. 

 

1. Introduction 
 

Aluminium AA 5005 alloy is a versatile and widely 

used aluminium-magnesium alloy known for its 

excellent corrosion resistance and formability. It 

belongs to the AA 5xxx series of aluminium alloys, 

which are non-precipitation hardenable and 

characterized by their high strength-to-weight ratio 

[1]. The presence of magnesium as the primary 

alloying element enhances the alloy's strength and 

weldability. Aluminium AA 5005 finds extensive 

application in various industries, including 

automotive, marine, and architectural sectors, where 

its corrosion resistance makes it ideal for outdoor 

and marine environments. This is why these alloys 

are called as marine alloys at the same time. 

Additionally, the alloy is favoured  for its ease 

of fabrication, making it a popular choice for a wide 

range of structural and decorative applications [1,2]. 

MIG welding, also known as Gas Metal Arc 

Welding (GMAW), is a widely used and preferred 

welding process for Aluminium alloys because of its 

efficiency and versatility. MIG welding of 

aluminium alloys realized by a consumable 

electrode wire made of Aluminium or Aluminium 

alloys. The welding arc is formed between the 

electrode and the work-piece, with an externally 

supplied shielding gas, typically argon or a mixture 

of argon and helium, protecting the molten pool from 

atmospheric contamination [3]. MIG welding of 

Aluminium offers several advantages, including 

high welding speeds, good weld quality, and 

minimal post-weld clean up [4]. However, 

Aluminium's high thermal conductivity requires 

precise control of welding parameters to achieve 

proper fusion and prevent potential defects like 

porosity. With proper technique and parameter 

adjustment, MIG welding is an effective method for 

joining Aluminium components across a wide range 

of industries [3,5]. 

Welding rate in MIG welding for Aluminium alloys 

is a critical parameter that can significantly impact 

the welding process and the quality of the resulting 

welds. Welding rates, generally defined as travel 

speeds of the welding torch, can offer several 

advantages and challenges when working with 

Aluminium alloys [6,7]. Aluminium alloys have a 

relatively high thermal conductivity, meaning they 

dissipate heat quickly. By reducing the welding 

speed, welders can focus more heat on the joint, 

allowing for better penetration and fusion of the 

metal which will avoid lack of fusion. This can result 
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in stronger and more reliable welds, particularly in 

thicker sections or when welding dissimilar 

Aluminium alloys [5,8]. Slow rated welding also 

comes with potential risks that welders must be 

mindful of. One significant risk is the potential for 

excessive heat input and prolonged exposure to the 

weld pool. Slow welding rates can lead to higher 

heat concentration, causing the Aluminium to 

become more susceptible to distortion, warping, and 

burn-through and porosity. Welders must carefully 

manage the travel speed and adjust other welding 

parameters to avoid these issues and maintain 

optimal heat control [9,11]. 

The other side effect of slow welding speed can be 

undercut defect. Undercut is a common welding 

defect where the weld metal does not completely fill 

the joint, resulting in a groove or depression along 

the weld joint's edges. One of the factors that can 

contribute to the occurrence of undercut is the 

welding speed. Slow welding speeds can cause 

undercut faults due to the prolonged exposure of the 

weld metal to excessive heat. When the welding 

speed is slow, the heat input becomes higher, and the 

weld pool remains in a molten state for an extended 

period. The prolonged molten state of the weld pool 

can lead to excessive melting of the base metal at the 

edges of the joint. As a result, the molten metal flows 

away from the edges, causing a groove or 

depression, which is the undercut [10,11]. In the 

literature, it is observed that AA 4346 additive 

material is often preferred when welding AA 5005 

alloys [12], however the mechanical properties of 

which is lower than that of the weld joint of the 

alloys with AA 5356 filler material.  

 

The main goal of this study was to investigate the 

weldability, hardness and tensile properties and 

microstructural investigations of weld joints of 

marine AA 5005 alloy at low welding speed by using 

AA 5356 filler material. 
 

2. Material and Methods 

 
2.1 Preparing the samples and welding 

 

AA 5005 aluminum alloy plates which are used in 

this study of which chemical composition and 

mechanical properties are shown in Table 1 and 

Table 2, respectively. 

 

Table 1. Chemical composition of AA 5005 alloy 

Si  

[%] 

Fe  

[%] 

Cu  

[%] 

Mn 

[%] 

Mg 

[%] 

Zn 

 [%] 

Ti 

[%] 

Cr 

 [%] 

0,1490 0,4042 0,0078 0,0299 0,5136 0,0067 - 0,0021 

 

Table 2. Mechanical properties of AA 5005 alloy plate 

Sample 

Direction ° 

Yield 

strength 

%0,2, MPa 

Tensile 

strength, 

MPa 

Elongation 

A50, % 

90 160 174 9 

90 160 173 8,3 

0 147 165 7,6 

0 147 166 8,5 

 

MIG welding was employed as the welding process, 

and Safra brand AA 5356 filler wire was utilized for 

the welding operation. Chemical composition and 

mechanical properties of filler wire are shown in 

Table 3 and Table 4, respectively. 

Table 3. Chemical composition of filler wire 

Si 

[%] 

Fe  

[%] 

Cu 

[%] 

Mn 

[%] 

Mg 

[%] 

Zn 

[%] 

Ti 

[%] 

Cr 

[%] 

0,25 0,40 0,10 0,05-

0,2 

4,5-

5,5 

0,10 0,15 0,1-

0,3 

 

Table 4. Mechanical properties of filler wire 

ER5356 Mechanical Properties 

Yield Strength, MPa >110  

Elongation, % 17 

Tensile Strength, MPa 240  

 

The size of the starting test plate was 300 mm x 150 

mm x 3mm. Before commencing the welding, 

meticulous cleaning of all plates was conducted with 

acetone to ensure a pristine surface free from 

contaminants. The prepared plates were then 

securely positioned and clamped in a welding fixture 

to ensure stable welding conditions. Fronius 

Transpuls Synergic 4000 robotic MIG welding 

machine was used for the precise and consistent 

welds, at pulse synergie mode. The welding process 

was carried out at a deliberately slow rate of 780 

mm/min to explore its effects on the resulting weld 

joint and properties.  

2.2 Non-Destructive tests 

 

Visual control of weld seams is a critical aspect of 

the welding process, and it is conducted in 

accordance with the guidelines outlined in the EN 

ISO 13018 standard. This inspection method 

involves carefully examining the weld beat and 
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surrounding areas to detect any surface defects, 

discontinuities, or irregularities that could 

potentially compromise the integrity of the weld 

joint. Control criteria can be seen in Figure 1.   

Before control, weld beat was cleaned with a wire 

brush after then, the visual control of the weld beat 

was performed under 160 lux lighting conditions. 

 

Figure 1. TS EN ISO 10042 control criteria 

The penetrant test for welding seams was performed. 

The liquid penetrant method was utilized, and a 

penetrant liquid was applied to the surface of the 

weld seam and allowed to dwell for the specified 

time. The excess penetrant was then removed, and a 

developer was applied to draw out any indications of 

surface-breaking defects. The developer rendered 

the indications visible, and the weld seams were 

carefully examined for any potential cracks, 

porosity, or lack of fusion. The penetrant test proved 

to be an effective non-destructive testing method in 

detecting surface discontinuities, ensuring the 

quality and integrity of the welded components and 

structures. 

Radiographic inspection is shown as the most 

important inspection method used to test the quality 

and reliability of welded joints among non-

destructive testing methods. Therefore, in our study, 

radiographic examination was performed to detect 

potential internal defects or discontinuities in the 

weld seams. As part of this test, weld seams were 

exposed to X-rays by an ICM X-ray device with 

specific parameters as 150 kV tube voltages, 5 mA 

tube current. Then, X-ray films were taken and the 

weld seam area was carefully examined. 

The weld zone was characterized by XRD analysis 

(Rigaku D/Max which has a wavelength of 1.54056 

Å with a Cu Kα radiation. 

2.3 Destructive tests 

 

After grinding the weld seam, a tensile strength test 

was carried out for the welded parts. Welded parts 

are meticulously prepared in accordance with ASTM 

E-8 standard and ground to ensure homogeneity. The 

samples obtained in this way were subjected to 

tensile strength test using Zwick Roell Z050 Tensile 

Test Machine (Figure 2). The test speed was 10 

mm/min and the load was 50 kgf. By recording the 

data obtained during the experiment, it was checked 

whether the welded joint is within the range of 

tensile strength values recommended in the 

literature. 

 

Figure 2: Zwick Roell Z050 Tensile Test Machine 

Tensile test specimen dimensions is shown on the Figure 

3. 

 

 

Figure 3: Tensile test specimen and its dimensions 

by going through cutting, grinding and polishing 

stages, and then their microstructures were examined 
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using by optical microscope and electron 

microscopy.  

The macro test provides valuable information about 

the size, shape and general characteristics of the 

weld, helping to identify visible defects or 

irregularities. The macro testing using the NIKON 

SM2 allowed the samples to be examined on a larger 

scale to evaluate their overall appearance and macro 

structure.  

After welding AA 5005 alloy with AA 5356 

additional wire, microstructure examination tests of 

weld zone, HAZ and base metal were performed 

using NIKON Eclipse MA200 microscope. This test 

method provides valuable information about grain 

structure, phase distribution, and possible defects or 

irregularities present in welds.  

Grain size analysis was carried out using Zeiss 

Scope A1 and grain sizes were measured by the 

intersection method. The samples were carefully 

observed and analysed with a Zeiss Scope A1 

microscope and detailed examination of the grain 

structure was provided. Quantitative data on average 

grain sizes in the material were obtained by using the 

intersection method to measure grain sizes. This 

non-destructive testing approach helps to 

comprehensively evaluate the grain size distribution 

and its effect on the mechanical properties of the 

material.  

The samples were examined using the ZEISS EVO 

MA15 scanning electron microscope. Changes in the 

microstructure and phase size distributions of the 

source transition zone were studied in the BSE 

image material contrast mode.  

Hardness measurements were carried out on the 

samples using the Zwick Roell ZHV 10 

microhardness tester, in which sequential 

measurements were taken at 500 micron intervals 

starting from the base metal, according to the 

ASTM- E92 standard. In these measurements, 

applied loads and dwell times are 10 grf and of 15s, 

respectively. In this way, a Microhardness Contour 

diagram was obtained using by Minitab 19 software. 

3. Results and Discussions 
 

The visual test results of the weld bead were 

examined and it was found that it complies with the 

TS EN ISO 10042 B criteria. During visual 

inspection, the weld bead and surrounding areas are 

carefully inspected for visible defects, 

discontinuities or irregularities. Inspection revealed 

that the weld piece displayed a satisfactory 

appearance with no signs of significant defects that 

could compromise its quality or structural integrity. 

The weld joint was observed to be well formed and 

free of any visible cracks, lack of melting or 

porosity.  

The penetration test results of the weld bead were 

examined; < 3 mm surface porosity has been seen on 

the bead. This porosity had been occurred due to 

slow welding speed [9]. Porosity can be seen at 

Figure 4. But according to the TS EN ISO 23277 

Level II standard, this scaled porosity is allowed. 

The penetration test involved inspecting the weld 

bead for any indications of incomplete fusion or 

penetration. The examination revealed that the weld 

bead exhibited satisfactory fusion and penetration, 

meeting the requirements specified in the TS EN 

ISO 23277 Level II standard. There were no 

indications of incomplete fusion or lack of 

penetration, indicating that the welding process was 

performed effectively, and the weld joint had 

achieved the desired level of fusion and penetration.  
 

 

Figure 4: Penetration Test 

In the radiography test conducted in this study, 

porosities were identified, similar to the observations 

in the penetration test. Similar to the findings of 

Zhan et al., it was observed that low welding speeds 

can lead to porosity formation. Some porosity 

formation was also observed at 780 mm/min welding 

speed. [15]. X-ray can be seen at Figure 5. 
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Figure 5: X-Ray of weld seam 

The tensile test results, in accordance with TS EN 

ISO 15614-2 standard, met the condition of equal to 

or above "0" (Original condition; H0) for the tensile 

strength. During the test, the test part was broken 

apart from the heat-affected zone (HAZ) (Figure 6). 

The yield strength was measured at 88 MPa, and the 

tensile strength recorded at 110 MPa (Table 5), the 

tensile strength minimum requirement of “0” 

condition tensile strength, which is set at 100 MPa. 

The successful outcome of the tensile test 

demonstrates the weld joint's excellent mechanical 

properties, as it withstood the applied tensile forces 

well above the minimum threshold. These results 

affirm the weld's reliability and structural integrity, 

meeting the stringent criteria outlined by the TS EN 

ISO 15614-2 standard. 

 

Figure 6: Sample after tensile test. 

 

Table 5: Mechanical properties after welding 

Tensile Strength 

(MPa) 

Yield Strength 

(MPa) 

110 88 

 

The macro test image (Figure 7) revealed the 

formation of a weld bead with a width of 4.90 mm 

and a depth of 3.44 mm. The height of the weld bead 

was measured to be 1.83 mm. These measurements 

indicate the dimensions and overall appearance of 

the weld bead on a larger scale. 

 

Figure 7: Macro image of welding 

The micro test results revealed significant findings 

along the transition from fiber grains to 

recrystallization and regrowth grains. The 

examination displayed distinct microstructural 

changes, illustrating the transformation from initial 

fiber-like grains to newly recrystallized grains 

(Figure 8). Additionally, the presence of regrowth 

grains was evident, indicating the material's 

response to the welding thermal influence during 

welding. The differentiation of grain types from the 

base metal to the HAZ and fusion zone has 

significant implications for the mechanical 

properties and overall performance of the weld joint. 

The finer grain structure in the HAZ can lead to 

enhanced mechanical strength and improved 

resistance to certain forms of corrosion. On the other 

hand, the coarser grain structure in the fusion zone 

may result in reduced mechanical properties, such as 

lower tensile strength and increased susceptibility to 

brittle [13]. 

 

 

Figure 8: Transition of grains 

Porosity 
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Figure 9: HAZ measurement 

HAZ length was measured as 4252 microns (Figure 

9).Grain size measurement using the intercept 

method revealed distinct differences between the 

heat-affected zone (HAZ) and the fusion zone. The 

HAZ exhibited an average grain size of 33.99 µm, 

indicating a finer microstructure compared to the 

fusion zone. In contrast, the fusion zone displayed a 

larger average grain size of 68.94 µm (Figure 10 and 

11), suggesting coarser grains within this region. 

 

 

Figure 10: HAZ grain size measurement 

 

Figure 11: Fusion zone grain size measurement 

The SEM analysis revealed the presence of small 

and numerous white contrasted particles in the 

microstructure. Additionally, black contrasted areas 

were observed, indicating the formation of porous 

regions in the weld metal. The effect of heat input 

during the welding process resulted in the 

occurrence of coarse and large-sized intermetallic 

phases within the welding zone. These findings 

provide valuable insights into the microstructural 

characteristics of the weld, shedding light on the 

distribution of particles and porosity, as well as the 

impact of heat on the formation of intermetallic 

phases. During the welding process, hydrogen can be 

introduced into the molten weld pool from various 

sources, such as moisture, contaminants, or the 

electrode coating. As the weld solidifies, the 

hydrogen can become trapped within the metal 

structure, forming hydrogen gas bubbles. These gas 

bubbles are responsible for the observed black 

contrast in the micrographs. The slow welding speed 

plays a crucial role in the hydrogen entrapment 

phenomenon. When the welding speed is slow, the 

solidification of the weld metal occurs at a slower 

rate. This extended solidification time provides more 

opportunities for the hydrogen atoms to diffuse and 

become trapped within the microstructure, leading to 

the formation of the black contrasted particles [14]. 

SEM image can be seen at Figure 12. Especially 

white parts took place grain boundaries and, in the 

grains are intermetallic phase (Al3Mg2) together with 

α-matrix phase (constituent gray parts). M.Bilgin 

et.al explained that the Al-Mg alloys includes 

Al3Mg2 and Al12Mg17 intermetallic phases in the 

welding zone and matrix (Figure 13) [16]. 

 

 

Figure 12: SEM image at BSE mode 

 

Porosity 

Al3Mg2 

Matri

x 
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Figure 13:. XRD analysis of the weld zone 

 

The hardness test results showed findings as the 

measurements transitioned from the base metal to 

the recrystallized heat-affected zone (HAZ) region. 

During this transition, the hardness values were 

observed to decrease. Although, in the weld bead 

characterized by grain growth, a notable increase in 

hardness up to 100 HV was observed, because of the 

including higher alloying elements including filler 

materials composition. These results highlight the 

significant influence of microstructural changes on 

the material's hardness properties within different 

regions of the weld joint. Microhardness Contour 

Graphic can be seen at Figure 14.  

 

Figure 14: Microhardness Contour diagram 

4. Conclusion 

Based on the experimental results ; 

1. The welding conducted at 780 mm/min 

welding speed was deemed suitable in terms 

of mechanical properties. However, during 

the radiographic and metallographic 

examinations, certain drawbacks were 

observed due to the low welding speed, 

resulting in high heat input. Grain size of 

heat-affected zone (HAZ) and the fusion 

zone are 33.99 µm and 68.94 µm, 

respectively. 

2. AA 5005 alloy welded with AA 5356 

exhibits that yield strength and tensile 

strength were 88 MPa and 110 MPa, 

respectively. 

3. In comparison to the HAZ region, the weld 

bead contained significantly larger grains, 

with evident grain coarsening within the 

welding. The hardness was observed to 

decrease as it transitioned from the base 

metal to the HAZ region, while an increase 

in hardness was observed during the 

transition from the HAZ region to the weld 

bead. This can be attributed to the superior 

mechanical properties of the used 5356 filler 

wire compared to the 5005 alloy.  

 

Overall, these findings provide valuable insights 

into the microstructural changes and mechanical 

properties of the welded joints, contributing to a 

comprehensive understanding of the welding 

process and the implications on the weld's 

performance and quality. 
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