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ABSTRACT 

Friction stirs welding (FSW) mechanical joining properties are dramatically pushed into deterioration when a void 

(tunnel) defect is formed. Due to improper heat input and insufficient plasticized material flow, defects in the 

weld are generated at certain variations in welding parameters. In this study, the void formation in FSW of AA 

5052-H34 butt joints was studied using three cases of welding parameters. The effect of void formation was 

evaluated by implementing tensile, bending tests, and adopting (ANSYS software) to determine the stress 

concentration factor. Cases 2 and 3 reported the formation of voids at the welded zone. No voids were presented 

at case 1, which revealed the best results with an increase of 65% more than those of friction stir welded samples. 

At case 1, the highest bending force of 3.7 KN was obtained. To avoid voids and tunneling formation, the relation 

between tool circulation and traverse velocities should be well-taken care of to control the thermal energy, which 

is the most critical factor in this flaw. 
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INTRODUCTION 

In the welding process of solid-state, like ultrasonic, explosive, friction, diffusion, forge welding, etc., an excellent 

bonding is determined by the generation of new fresh metal to metal cohesion via the elimination of impurities 

and oxide layers from the contact zone under optimum temperature and pressure conditions[1]. The welding 

condition of solid-state is satisfied when the base metal interface is modified without generating any additional 

metal surfaces. Other interfaces are produced during the FSW process because of the third body presentation 

(FSW tool interaction). Finally, an excellent solid-state weld is established by applying optimum temperature and 

pressure conditions to merge all the contacting metal surfaces [2]. At the FSW process, many defects have been 

reported in the zone of welding. The primary defects from the survey of literature[3-13] include kissing-bond, 

lazy S., lack of penetration (LOP), high pleats volume around the weld zone on the surface, a large mass of flash 

because of the excess heat input, flow lines, abnormal stirring, cracks, tunneling, and voids. Void defects play a 

significant role in deteriorating the mechanical strength of the joint[14]. In the stirring zone, voids and tunneling 

are considered the most typical and common flaws among these defects, as the mechanical properties are 

significantly weakened. Voids and tunneling defects are caused by insufficient pressure, low rotational speed, and 

inadequate heat input[15].  

Voids may be classified into two forms: Voids produced from the wrong temperature induced in addition to the 

unsuitable mixing, and tunnel void referring to the groove or channel-like cavity[8]. Zang et al. [6]revealed that 

the formation of voids in FSW of magnesium alloy was caused by the insufficient pressure generated under the 

shoulder. No information was provided about the geometry of the tool and its role in the defect. Kim et al.[16], 

and Elangovan and Balasubramanian [17]conducted FSW experiments on various metals, and they all concluded 

that the void, tunnel defect, in addition to the flash formation, was caused by the abnormal stirring, excessive and 

insufficient heat input. Joshi et al.[18], 2011 investigated the FSW defects of AA 5083 by phased array ultrasonic, 

conventional ultrasonic, and radiography techniques as they made a comparison between them. P. Podržaj et 

al.[10], 2015  presented an overview of different types of defects at friction stir welding. An energy supply-based 

division of defects into three disjoint groups was used. They demonstrated the defects formed in various metals. 

Sebastian Balos and Leposava Sidjanin[19], 2013 studied the influence of different types of tunneling defects in 

FSW. Two types of welding tools were used (threaded and a polygonal pin).  
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To enable the formation of tunneling defects, the shoulder-to-pin-volume ratio was larger than (1) for both tools, 

while the ratio of spindle speed to welding speed (feed rate) was optimized. Tunneling defects were tested on 

(H38) alloys and (EN-AW 5052 H32), having thicknesses of (8 and 3) mm, respectively. They found that the 

threaded tool produced a single or double triangular and a crack-shaped tunnel. The polygonal tool had multiple 

triangular tunnels (the material flows toward the weld direction) with a complex shape or a crack-type tunnel with 

a complex form. The most unfavorable tunnel obtained with the polygonal tool was the crack-shaped one, resulting 

in the 62% and 46 % joint yield and ultimate tensile strength efficiency. Inderjeet Singh et al.[20], 2014 studied 

the FSW by combining alternative parameters, i.e., travel velocity of 25 mm/min and rotating tool speed of 1000, 

1200, 1400, 1600, and 1800 rpm. They concluded that welded joints' failure occurs between the thermo-

mechanically affected zone and the stirred zone because of void formation, which was attributed to the insufficient 

plasticized metal flow and excessive heat generated at high tool rotational speeds. Based on different flow 

partitioned deformation zones, Arbegast [13,21] and Zhang et al.[22] described the formation conditions of void 

defects by developing some conceptual metal flow models.  

Further, Liu and Wu [9]proposed that an inducement of void formation could be considered when a delay in metal 

flow timing feature is suggested. However, due to the instantaneity and complexity, an elimination and formation 

mechanism of void defects is not well illuminated until now due to the difficulty of describing and observing the 

metal flow during the FSW process. Void defects occur on the advancing side (AS) in the stirring zone (SZ), 

according to many related studies[23–27]. For example, Chen et al.[28] revealed that on the AS at the top of the 

SZ, void defects were observed. They concluded that void formation at the AS is potentially the position of void 

initiation. However, on the RS in the SZ, void defects also were found to appear[29]. So far, the reason for void 

defect preferential formation on the AS at the SZ is still not understood well, which is a vital issue to be pointed 

out[3]. It is recognized that in various weld positions, there are differences in distinct metal flow. The mechanism 

of void formation defect at the AS in the SZ is related to the unusual metal flow; thus, a detailed description of 

the metal flow behavior in this position could provide more understanding of this void formation phenomena. 

Several studies in recent years investigated in various stirring locations during the FSW process of different metals 

and alloys the metal flow nature and behavior. A. K. Kadian and P. Biswas [30] revealed that the metal around 

the pin at the RS was simply extruded in the welding zone and that the path of the pin at the upper portion 

originates the stirring metal.  Liu et al. [26] concluded that increasing cross-section depth decreases the distance 

between the pin and the point of deformation initiation. In this present work, the influence of void defect at friction 

stir welding of AA 5052-H34 butt joints was examined under a combination of different welding parameters. The 

impact of voids was investigated by bending test, tensile test, macrostructure, and stress concentration factor.  

EXPERIMENTAL 

Materials 

A 6 mm thick plate of 5052-H34 aluminum alloy is used for the experiments. Its chemical composition is 

illustrated in Table (1). Table (2) illustrates its mechanical properties. 

Table 1. Chemical composition of AA 5052-H34. 

Chemical Composition Actual wt.% 

Cr 0.71 

Mg 2.38 

Mn 0.07 

Cu 0.02 

Fe 0.3 

Si 0.11 

Al Bal. 

Table 2. Mechanical properties of AA 5052-H34 

Yield Strength σy (MPa) UTS σu (MPa) Elongation (%) Hardness (HV) 

186 227 15.2 79 
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EDM wire cut was used to specify the geometry of (310 x 100 x 6) mm of AA 5052-H34. Samples for FSW joints 

were prepared in a configuration of butt joints parallel with rolling direction, as illustrated in fig. 1. Temperature 

measurement is challenging at the stirring zone resulted from the significant plastic deformation generated by the 

tool motion and rotation. Thus, three thermocouples (K-type)[31–36] were implanted in the samples near the 

rotating shoulder region on the advancing side (AS) to record the maximum temperatures of the stirred zone 

during the FSW process. These thermocouples were embedded at different depths (1.5, 3, and 4.5 mm) within the 

thickness of samples and at the various distance within the length of the specimen, as illustrated in Figure (1). 
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Figure 1. Schematic illustration of the AA5052-H34 square butt joints used for welding processes shows the 

embedded thermocouples' locations. 

Tool Geometry 

The tool's design is an influential factor in the FSW process due to its heat generation function, material flow, the 

machine's torque, and weld soundness. These features will govern and determine the weld's acceptance and the 

process application to a higher material range and over a broader range of thicknesses depending on the tool 

geometry. In this work, the tool is designed according to the following specifications: Fig. 2 shows the FSW tool 

and schematic plot. The tool was made of (HSS M35) having a pin diameter of 6 mm, a height of 5.8 mm, and 56 

HRC hardness. The shoulder diameter is chosen four times the pin diameter with 2.5o concave angle. Table (3) 

shows the specification of the tool design. 

Table 3. Specification of FSW tool 

Diameter of Pin 6 mm 

Length of Pin  5.8 mm 

Diameter of Shoulder 24 mm 

Concavity Angle 2.5° 

Hardness  56 HRC 



 Void Formation in Friction Stir Welding of AA5052 Butt Joining 

 
 

321 
 

 

Figure 2. Friction Stir Welding Tool (a) the fabricated tool (b) schematic plot. 

Milling Machine 

All the FSW experiments were carried out by adopting a classical milling machine (vertical type). A backing plate 

of carbon steel was fastened on the table, and the samples to be welded were fixed on it to obtain the configuration 

of butt joints with a straight level surface. The tool travel was within the samples' rolling direction, having a 

clockwise rotation concerning the milling head vertical axis. Fig. 3 illustrates the experimental setup of the FSW 

process at different stages. As the FSW was performed, it requires clamping the pieces with a square butt joint 

shape. This fixture is also needed to generate an opposite force because of the welding tool's plunging and moving. 

The clamping system consists of a flat metal plate (backing plate) made of carbon steel, two clamp steel bars, and 

side screws. The clamping system was connected to the machine table by vertical bolts. The parameters of welding 

cases are presented in Table (4): 

Table 4. FSW parameters for AA5052-H34  

Travel speed (mm/min) Rotation speed (rpm) Case No. 

16 500 1 

45 900 2 

75 1500 3 
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Figure 3. Experimental setup with various stages of the FSW process from (a) to (f), the three K-type 

thermocouples are embedded below the plate. 

Bending Test 

A three-point bending test was carried out according to the ASME QW462 standard to obtain the maximum 

bending force of the welded samples[37,38]. Face and root bending tests were carried out with the former diameter 

of D = 58.1 mm (1.5 in.). Testing was performed at room temperature by a universal testing machine (united test 

100KN), as shown in fig. 4. 

 

(a)                                                                      (b) 

Figure 4. (a) Standard bending test, (b) Universal testing machine.                                         

Tensile Testing 

Fig. 5 displays the specimen dimensions for the tensile test. The tensile test was carried out on samples taken in a 

perpendicular direction to the welding axis to calculate the welded joints' tensile properties. The shapes and sizes 

of the transverse tensile samples were according to ASTM (B557M) and were cut to the mentioned dimensions 

by EDM wire cut. All the testings were conducted at a constant feed rate of (5 mm/min) by a universal tensile 

machine (united test 100KN)[36], [39]–[44]. The average of three specimens was taken to evaluate the tensile 

behavior of each welded joint.   
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Figure 5. Tensile test specimen 

RESULTS AND DISCUSSIONS 

Welding Parameters Influence on Microstructure 

 

Fig. 6 illustrates the macrograph and microstructure of all FSW cases. The defects were existing in the FSW, 

caused by the metals' abnormal stirring, excessive or insufficient heat input, and lack of penetration of the pin and 

non-uniform vertical forging forces along with the material thickness. Voids exist in cases 2 and 3, as illustrated 

in Fig. 6. The defects were found in the stirring zone, while in case 1, it was free of void defect. This is attributed 

to the void defect forming parameters of the excessive heat, as in the first case where the tool's movement 

plastically deforms the metal due to the centrifugal force resulting from the rotation and the metal being closer to 

the state of the lighter fluid. Hence, the cooling down is slow enough for the plastic-like metal to close the stirring 

zone gap. For cases 2 and 3, the tool is traveling too quickly for the plastic metal to fill in the space produced by 

the tool before cooling down as the heat is not as much as in the first case since the aluminum alloy has high 

thermal conductivity. Thus, the temperature drops rapidly. 

The soft metal driven by the shoulder during the welding process does not reach the AS. This action initiates the 

production of void formation in the stirring zone. The shoulder's interaction increases when axial loads are higher; 

the soft metal is driven by the shoulder moves progressively and bonds with the base metal located at the AS. The 

soft metal situated under the surface approaches the AS earlier during this process and binds to the base metal. 

Insufficient metal for filling the cavity is the leading cause of this defect. A transferred metal portion is wasted as 

a flash when the shoulder cannot confine the metal within the welded zone's cavity. Hence, the void defect is 

formed when the shoulder's metal is not enough to fill up the cavity at the stirring zone[12]. 

Cold welds are also presented at the immediate deformation zone because of the rapid dissipation of heat. Fracture 

through the void defect may occur at the too cold weld condition, making it macroscopically hard. Layer by layer 

transfer occurs to the plasticized metal located around the tool pin when the tool is progressing along the weld. 

The metal flow inside the cavity from RS to AS is restricted by the metal carried per rotation and the plasticized 

metal width around the pin. Unconsumed plunged pin volume creates a cavity behind the tool pin. The flowability 

of metal inside the stirring zone is improved by generating more plastic soft metal and heat, which is done by 

reducing the tool's traveling speed to maintain higher heat input during the FSW process[11,12]. 
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Figure 6. Void formation microstructure of AA 5052-H34 weldments, for a) case 1.  b) case 2.  c) case 3. 

Stress Concentration Factor 

Stress analysis around the void holes was also performed to observe the stress concentration factor in these zones. 

When stress is concentrated in an object, the location is called stress concentration. A constant cross-sectional 

area of a tool subjected to a force is stress distribution as a constant upon its area, so a decrease in area, e.g., caused 

via a flaw, produced in a highly localized stress. The stress concentration factor is a gross cross-section of the 

highest to a reference stress ratio, as the maximum stress exists near the curvature of the lowest radius at the crack 

area. The welded plates with the voids generated under different parameters are examined under static, dynamic, 

and repeated load vis ANSYS software. In ANSYS-15 terminology, the method used to create the model is a solid 

model. Three types of loadings (static, dynamic, and repeated) were carried out on the FW welded plate to 

determine the stress concentration factor, as shown in Tables 5 and 6. Cracks within an FS welded plated can 

produce catastrophic failure when the applied loading causes the stress concentration at the crack tip to reach a 

critical value (the ratios of the stress concentration factor for the cases were 80% in a static condition, 60% in a 

dynamic state and 57% for repeated loading and the ratios of the stress concentration factor for the cases were 

48% in a static condition, 76% in dynamic condition and 51% for repeated loading). It is also possible to induce 

failure because of subcritical crack growth, causing an increase in crack length and stress concentration, while 

such crack extension may occur under repeated loading.  

Table 5. Case 3, rotational speed = 1500 (rpm), feed rate = 75 (mm/min) 

(a) FSW plate exposed to static loading.  

 

 

https://en.wikipedia.org/wiki/Radius_of_curvature_(applications)
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(b) FSW plate exposed to dynamic loading.  

 

(c) FSW plate exposed to repeated loading. 

 

static 
Location point 

1 2 3  

𝐤 = 𝛔𝐱 ∕ 𝛔 1.9603524 0.0829661 1 

 

𝐤 = 𝛔𝐲 ∕ 𝛔 0.0918326 2.6294821 10.889371 

 

𝐤 = �̅� ∕ 𝛔 3.347416981 1 1 

 

dynamic 
Location point 

1 2 3  

𝐤 = 𝛔𝐱 ∕ 𝛔 3.7730497 0.080851 1 

 

𝐤 = 𝛔𝐲 ∕ 𝛔 1 2.2637363 1 

 

𝐤 = �̅� ∕ 𝛔 5.4716981 9.3200469 9.3200469 

 

Time (sec.) Repeat 
Location point 

1 2 3 

275 

𝐤 = 𝛔𝐱 ∕ 𝛔 1 1 2.6460905 

𝐤 = 𝛔𝐲 ∕ 𝛔 4.9818182 1 1 

𝐤 = �̅� ∕ 𝛔 0.4975369 0.4975369 0.4975369 

584 

𝐤 = 𝛔𝐱 ∕ 𝛔 1 1 1.9444444 

𝐤 = 𝛔𝐲 ∕ 𝛔 1 9.8365123 1 

𝐤 = �̅� ∕ 𝛔 1 1.9904459 1.9904459 

822 

𝐤 = 𝛔𝐱 ∕ 𝛔 1 1 1.9345794 

𝐤 = 𝛔𝐲 ∕ 𝛔 1 5.2922078 1 

𝐤 = �̅� ∕ 𝛔 1 1.9868637 1.9868637 

1096 

𝐤 = 𝛔𝐱 ∕ 𝛔 1 1 1.9345794 

𝐤 = 𝛔𝐲 ∕ 𝛔 1 5.2922078 1 

𝐤 = �̅� ∕ 𝛔 1 1.9868637 1.9868637 

1370 

𝐤 = 𝛔𝐱 ∕ 𝛔 1 1 1.9345794 

𝐤 = 𝛔𝐲 ∕ 𝛔 1 5.2922078 4.1558442 

𝐤 = �̅� ∕ 𝛔 1 1.9868637 1.9868637 
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Table 6. Case 2, rotational speed = 900 (rpm), feed rate = 45 (mm/min) 

(a) FSW plate exposed to static loading. 

static 
Location point 

1 2 3 4 5  

𝐤 = 𝛔𝐱 ∕ 𝛔 1 1 0.1611111 1 4.1839081 

 

𝐤 = 𝛔𝐲 ∕ 𝛔 1 2.7829457 2.7829457 2.7829457 2.7829457 

 

𝐤 = �̅� ∕ 𝛔 1 1 1 1 1 

 

 

(b) FSW plate exposed to dynamic loading. 

dynamic 
Location point 

1 2 3 4 5  

𝐤 = 𝛔𝐱 ∕ 𝛔 1 1 1 1 4.2023121 

 

𝐤 = 𝛔𝐲 ∕ 𝛔 1 2.7829457 2.7829457 2.7829457 2.7829457 

 

𝐤 = �̅� ∕ 𝛔 0.5232936 1 1 1 0.0892339 

 

 

(c) FSW plate exposed to repeated loading 

Time repeat 
Location point 

1 2 3 4 5 

275 

𝐤 = 𝛔𝐱 ∕ 𝛔 1 1 1 1 1 

𝐤 = 𝛔𝐲 ∕ 𝛔 1 3.1351886 3.1351886 1 3.1351886 

𝐤 = �̅� ∕ 𝛔 1 1 1 1 1 

584 

𝐤 = 𝛔𝐱 ∕ 𝛔 1 1 0.1829419 1 3.472973 

𝐤 = 𝛔𝐲 ∕ 𝛔 1 2.7837838 2.7837838 2.7837838 2.7837838 

𝐤 = �̅� ∕ 𝛔 1 1 1 1 0.1079545 

820 

𝐤 = 𝛔𝐱 ∕ 𝛔 0.4841629 1 0.4841629 2.0316742 0.0000311 

𝐤 = 𝛔𝐲 ∕ 𝛔 1 2.7798742 2.7798742 2.7798742 2.7798742 

𝐤 = �̅� ∕ 𝛔 0.6058631 1 0.7560975 1.9918699 0.3435483 
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1096 

𝐤 = 𝛔𝐱 ∕ 𝛔 0.6467065 1 0.6467065 2.087963 0.6296296 

𝐤 = 𝛔𝐲 ∕ 𝛔 1 2.7906977 2.7906977 2.7906977 2.7906977 

𝐤 = �̅� ∕ 𝛔 0.5 1 1 1.6006494 1 

1370 

𝐤 = 𝛔𝐱 ∕ 𝛔 10.5 10.5 10.5 4.6190476 6.7727273 

𝐤 = 𝛔𝐲 ∕ 𝛔 1 2.789916 2.789916 2.789916 2.789916 

𝐤 = �̅� ∕ 𝛔 1 1 2.9924242 3.9924242 1.5 

Bending Test 

The results of the root and face bending test are plotted in Fig. 8. After the welded joints had been obtained, each 

of these joints was subjected to the three-point bending test using the universal testing machine. The highest 

bending load was obtained in case 1. Cases 2 and 3 reported a lack of bending loads, attributed to the void 

formation in the stirred zone.  

 

Figure 8. Bending test results for AA 5052-H34 weldments. 

Tensile test 

Tensile tests are done on the specimen's welded joints. Average tensile strength values for FSW samples are 

reported in figure 9. Case 1 revealed the best tensile results because the voids and tunnel defects are eliminated in 

the welding zone. 
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Figure 9. Average ultimate tensile test results at different conditions. 

Fig. 10 shows the "ductile" type of fracture in the tensile test samples or high energy fracture, as the specimen 

material has high ductility that would have a large plastic deformation during or before a rupture. These types of 

fractures are more risk failure in welded metals that have had void and tunnel defect. The failure of a specimen 

with voids or tunnel defect is a fast-spreading fracture associated with relatively low failure energy (i.e. a small 

input power is required to propagate a crack at a little deformation during or before the crack extension). It is 

worth noting that the bending and tensile test results were identical in their indications for the best parameters. 

 

(a)                                                          (b)                                                          (c)  

Figure 10. Fracture points of tensile specimens at a) case 1.    b) case 2.     c) case 3. 

Temperature Distribution 

FSW results in an intense plastic deformation around the rotating tool caused by the friction between the tool and 

workpiece, which subsequently affects the elevation of heat around and within the stirring region. Since the 

temperature distribution in that zone directly causes fluctuations in the weldment's mechanical properties and the 

microstructure, finding the distribution of temperature during the FSW process is important essential information. 

So, in this work, the temperature is measured along with the welded plate's thickness near the stirring zone of (12 

mm from the welding centerline), three depths are selected (1.5, 3, and 4.5) mm. The temperature distribution at 

different depths and FSW cases are illustrated in fig. 11. The generated heat at case 1 was the lowest than other 

cases 2 and 3 due to the low tool rotational and travel speed. Case 2 reported the highest temperature even though 

the tool was rotating lower than case 3; this is because the low tool advancing linear speed in case 2 of (45 

mm/min.) compared to case 3 of (75 mm/min.), as this low linear tool motion will have more time in the stirring 

zone, thus, an opportunity for generating more heat by friction.   

With Out Void 
With Tunnel With Tunnel 
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Figure 11. Temperature distribution across the depth for different FSW parameters. 

Mechanism of Void Formation 

The mechanism of void formation in FSW is proposed according to the obtained experimental results as following: 

• A cavity in the base metal is created during the tool pin's plunging stage, and the pin's profile decides its shape. 

Under the shoulder and around the pin, there is a soft plasticized metal initiated at this stage. Cooler base metal 

surrounds the soft plasticized metal near the bottom of the backing plate, from the top at the shoulder, and in 

radial directions. The path of metal flow is designed by this configuration and the linear navigation and 

rotational motion of the tool.  

• During the tool navigation, the metal within the leading edge is plasticized progressively and transferred via 

the RS to the trailing edge by two modes, pin and shoulder-driven metal flow.  

• The metal driven by the shoulder is forged against the base metal AS flowing from the RS. The metal driven 

by the pin flows around the pinned layer by layer, and these layers are stacked together at the welding line. 

• Flash is formed during the metal transfer stage when the metal has a higher resistance to flow to the tool 

trailing edge than rushing outside the cavity. The flash is created at the RS since it flows via the RS. The flash 

creation causes void formation because the AS is insufficiently filled with soft metal. 

• The base, pin-driven, shoulder-driven metal are all merged and fused at the optimum pressure and temperature, 

producing an excellent metal flow to fill the weld cavity sufficiently. 

• A sub-surface metal flow occurs during the interaction between the base metal and the shoulder, providing a 

symmetry loss in the weld above the critical normal load. 

CONCLUSIONS 

Void formation in FSW of AA 5052-H34 butt joints was studied using three cases of welding parameters. The 

effect of void formation was evaluated by implementing tensile, bending tests and adopting (ANSYS software) 

to determine the stress concentration factor using the finite element method. The joints made-up using the different 

speeds of (500, 900, 1500) rpm, travel speeds of (16, 45, 75) mm/min. The following important conclusions were 

made for the present study.  

1- Tunnel and void defects were observed in the joint zone at cases 2 and 3, but there were no flaws in case 

1. 

2- FSW's best condition for a 6-mm thick plate of AA 5052-H34 was shown in case 1. 

3- Based on the tensile test results, the mentioned parameters provide the best strength with an increase of 

(65%) more than those of FS welded samples.  

4- In the heat-affected zone (HAZ), the welded specimens' fracture existed on the advancing side. The 
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softest zone in the welded metal is because the precipitates coarsen significantly. 

5- At case 1, the highest bending force of 3.7 KN was obtained.   

6- The change of the rotation and travel speeds leads to a change in the heat input to the workpiece; material 

flows in the shoulder flow zone are significantly affected by the tool shoulder inclination that gives 

enough time to flow from the spot under the shoulder accumulate around the pin. 

7- To avoid tunneling and void formation, the relation between tool circulation and traverse velocities 

should be well-taken care of to control the thermal energy, which is the most crucial factor in this flaw.  

FUTURE WORK 

From the findings of this work, it is obviously clear that more research should be carried out on void formation 

on other metals and alloys, using different friction stir welding parameters, besides adopting up to date 

commercial, industrial modelling and simulation programs to simulate the void formation and predicting its first 

initiation stages and obtaining an extensive comparison with real void defects is a critical demand. A lack of 

knowledge was found for void formation between friction stir welding dissimilar metals, thus enlightening this 

lack by more research would provide the literature with more valuable information to avoid possible damage in 

FS welded structures.   
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