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Fatigue resistance is influenced by porosity and residual stress in welded joints. Fatigue failure 

in some means of transportation is caused by the inability to withstand the load received from 

the car body and passengers while operating. This study uses a systematic literature review 

(SLR) method to identify the effect of vibration welding on porosity and residual stress. 

Vibration can reduce the empty cavity (porosity) and increase the density of the weld. The 

ultrasonic vibration spot resistance (UVSR) method with 20 kHz on AA6082 is able to reduce 

residual stress up to 53% and is effective for homogenization of concentrated residual stress 

up to 57%. 
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1. Introduction 

In recent decades, aerodynamic design and 

lightweight vehicle bodies have become the new 

standard for fuel efficiency purposes [1], [2]. The 

use of new materials to replace steel such as 

composite, aluminum or steel/non-steel 

combinations is the choice of automotive 

manufacturers to meet new standards [3], [4]. As 

an alternative vehicle body material, aluminum 

has many advantages such as; high tensile 

strength, high corrosion resistance, lightweight, 

and malleable metal. The specific weight of 

aluminum is about 2.71 g/cm3 or about 1/3 of the 

specific weight of steel, so aluminum is widely 

used in light vehicles. The lighter the weight of the 

vehicle, the less energy is needed to move it. 

Although aluminum has many advantages as 

mentioned above, however, aluminum and its 

alloys have poor weldability. This is due to the 

properties of aluminum itself such as; a). High 

thermal conductivity so that it requires a high heat 

input, b). A large coefficient of expansion so that 

it is easy for distortion to occur, c). High hydrogen 

solubility causes porosity. The greater amount of 

dissolved hydrogen will have an impact on the 

decrease in ductility properties so that it affects 

the fracture mode when fatigue failure occurs. 

Fatigue is particularly important in welded 

joints designed for dynamic load structures. 

Fatigue failure in some means of transportation is 

caused by the inability to withstand the load 

received from the car body and passengers while 

operating. One part with a high risk of fatigue 

failure is the welded joint between the frame and 

the car body [5]–[7]. The fatigue resistance will 

decrease with the formation of porosity in the 

weld joint [8]. The increasing solubility of 

hydrogen has a significant role in the weakening 

of fatigue resistance [9]–[11]. The impact of 

porosity can cause cracks in the weld, decreased 

conductivity, and fatigue failure [12], [13]. Fatigue 

properties are also influenced by residual stresses 

in welded joints [14], [15]. One way to reduce 

residual stress is post-weld heat treatment 

(PWHT) [16]. PWHT is able to increase the fatigue 

resistance of welded joints [17], [18]. In addition to 
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PWHT, the vibration stress relieving (VSR) 

method has been shown to increase the fatigue 

resistance of welded joints [19], [20]. Although 

PWHT and VSR are able to reduce residual 

stresses, the PWHT and VSR methods are less 

efficient because they require additional work 

after welding. 

The solubility of hydrogen gas occurs in many 

light alloys which tend to adsorb gas when in a 

liquid state [21]. The gases that are absorbed by 

the surface are able to diffuse into the metal on an 

atomic scale. Hydrogen appears as the only gas 

that can be dissolved in aluminum and its alloys 

[22]. The small atomic volume allows hydrogen to 

diffuse more rapidly into the molten metal than 

other gases. The solubility of hydrogen is very 

influential on the mechanical properties of 

aluminum light alloys, the more the amount of 

dissolved hydrogen, the mechanical properties of 

aluminum will decrease [23], [24].  

The main problem in welding aluminum 

alloys is a high susceptibility to the formation of 

porosity during the solidification process of the 

weld metal [25], [26]. In welding AA5083 many 

found problems related to porosity in the weld 

metal area [27]–[29]. Therefore, the control of the 

formation of porosity and the effect of the 

presence of porosity on the weld properties of 

aluminum and its alloys is a matter of great 

urgency to be investigated. The problem with 

dissimilar welding shows that the AA6061 series 

aluminum alloy has a higher fracture sensitivity 

than the AA5082 series [30]. The melting point of 

Magnesium is 651 °C and the boiling point is 1,100 

°C, while the melting point of Aluminum Oxide is 

2020-2050 °C. Therefore, in the welding process, 

Mg will evaporate and produce porosity [9]. 

Aluminum oxide has a much higher melting point 

than the aluminum base metal which is only 

around 660 °C. Due to this difference in melting 

point, during the welding process, the aluminum 

base metal will melt first while the aluminum 

oxide layer has not yet melted so the mixing 

between the aluminum base metal and filler metal 

is hindered. This can result in incomplete fusion 

defects in the weld. The aluminum oxide layer is 

also an insulator that can inhibit the stability of the 

welding arc flame. In addition, the aluminum 

oxide that has been contaminated by water vapor 

(H2O) will cause a sensation to become Hydrated-

oxide alumina (Al2O3 H2O), which is a chemical 

layer that causes the main cause of porosity. 

The next problem is the decrease in the 

mechanical properties of the HAZ region due to 

the heat cycle which causes grain coarsening. 

Dissimilar welding AA5083 and AA6063 are very 

susceptible 6061 to the formation of porosity that 

takes place during the solidification process of the 

weld metal [26]. 

The porosity of welds on aluminum material 

occurs as a result of the high solubility of 

hydrogen gas during welding (solubility of 

hydrogen) which is quite high [31], [32]. The two 

main aspects of forming pores are the hydrogen 

content and the low Mg content [9], [27]. 

Hydrogen can arise from welding electrodes, 

workpiece material, environment and air [33], 

[34]. The solubility of hydrogen gas occurs in 

many light alloys which tend to adsorb gas when 

in a liquid state [21]. The gases that are absorbed 

by the surface are able to diffuse into the metal on 

an atomic scale. Hydrogen appears as the only gas 

that can be dissolved in aluminum and its alloys. 

The small atomic volume makes hydrogen able to 

diffuse faster into the liquid metal than other 

gases [35]. 

One of the methods to reduce the residual 

stress from welding is to use the vibration welding 

method. Research on residual stress is very 

important because residual stress will cause the 

material to become hard but brittle so it can cause 

weld structure failures such as brittle fracture, 

fatigue, and cracking. The vibration method is 

able to release residual stresses without changing 

the shape and microstructure [36]. The vibration 

method is able to reduce residual stresses and is 

effective for homogenization of concentrated 

residual stress [14], [15]. Therefore, this article 

review provides an understanding of how to 

increase fatigue resistance by reducing porosity 

and residual stress with the vibration method, so 

that it will help and facilitate further research. 

 

2. Methods 

This study uses a qualitative method through 

a literature study on vibration welding in 

aluminum alloy welding. Searching related 

articles about vibration welding using the 

scienceDirect database for the last 14 years, from 

2008 to August 2022, found as many as 73 articles.  
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The article search is done by optimizing the 

Boolean Operator. With keywords "vibration 

welding" AND "aluminum alloy" found 25 

research articles, with keywords "vibration 

welding" AND "residual stress" found 10 review 

articles and 18 research articles, and with 

keywords "vibration welding" AND "porosity ” 

found 20 research articles. From 2015 to the end of 

2020, research on vibration welding in aluminum 

alloy welding and its effect on residual stresses 

has an increasing trend and has become an 

interesting study, as presented in Figure 1. 

A total of 73 articles on vibration welding 

consist of several types of topics which include; 

the welding specifications selected, the magnitude 

of the force and the frequency of vibration used, 

the type of material to be joined and the 

mechanical properties tested. Of the 73 articles 

identified, then screening was carried out and 42 

articles were eligible. Of the 42 eligible articles, 

there are only 12 specific and systematic articles 

outlining the cause-and-effect series and how to 

reduce the porosity and residual stress of the 

aluminum alloy welding joint (Figure 2). 

 

 
Figure 1. Tend in published work on vibration welding of aluminum alloys 

 

 

Figure 2. PRISMA diagram of retrieved studies 
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In the construction of vehicles and 

transportation equipment, many production 

technologies are used in each process. One of 

them is the welding technology used for the 

connection process between component parts. 

There are several welding techniques commonly 

used in the manufacturing industry, such as gas 

tungsten arc welding (GTAW), gas metal arc 

welding (GMAW), and flux cored arc welding 

(FCAW). GMAW welding techniques are most 

widely used in the maritime, automotive, bridge, 

and building construction industries. This review 

article shows further research opportunities 

related to vibration welding to reduce porosity 

and residual stress in aluminum alloy welding in 

the future. 

 

3. Results and Discussion 

The results of screening research articles on 

welding vibration to reduce porosity and residual 

stress in aluminum alloys are presented in a 

summary form in Table 1. 

 

3.1. Grain Size Refinement 

AA5083 welding using GMAW welding with 

vibration can reduce grain size [37]. By increasing 

the vibration force of the GMAW welding, it can 

produce an increase in tensile strength 

accompanied by an increase in the ductility of the 

AA5083 welded joint [38]. Providing ultrasonic 

vibrations at the weld at different joint points 

between 780 steel and Al 6061 aluminum alloy can 

increase the strength of the welded joint [39]. 

Welding due to vibration on aluminum alloy Al 

5052 can reduce the grain size in the region and 

increase the homogeneity of particle distribution 

[40]. The strength, hardness and ductility of the 

Friction Stir Vibration (FSV) welded specimen is 

higher than that of the Friction Stir (FS) welded 

specimen without vibration [40]. Likewise, the 

vibration vibrations with a horizontal direction on 

the Spot Welding are able to produce grain 

refinement on the welded metal [41]. 

The microstructure of the weld joint area with 

ultrasonic vibration is shown in Figure 3. The 

columnar grain size without ultrasonic vibration 

is larger than with ultrasonic vibration as in Figure 

3a and Figure 3c. While the vibration welding 

shows the occurrence of columnar grain 

fragmentation so that the grain size becomes finer 

as shown in Figure 3b and Figure 3d. 

 
Table 1. Research articles about vibration welding of aluminum alloy 

No Refs. Material Method 
Findings 

Microstructure Mechanical Properties 

1 [42] 

 

6082 

Aluminum 

Alloy 

Ultrasonic 

Vibration 

Welding 

(UVW) 

The release of residual stress can 

reduce the value of hardness, 

thereby increasing ductility. 

The residual stress relief rate in 

one direction is proportional to 

the vibratory stress introduced 

in that direction. 

2 [39] 6061 

Aluminum 

Alloy and 

780 Steel 

Ultrasonic 

Vibration on 

Resistance Spot 

Welding 

(UVRW) 

UVRW with a vibration frequency 

of 60 Hz can increase the bond 

strength of Al-Fe. 

UVRW can increase strength 

up to 300%. 

 

3 [43] 5A06 

Aluminum 

Alloy 

Laser Vibration 

Welding 

The frequency of 100, 200, 300 Hz 

will accelerate the growth of new 

grain cores in the process of 

solidifying the weld metal. 

The porosity of the weld is 

reduced and the tensile 

strength is increased. 

4 [40] Al5052 

Aluminum 

Alloy 

Vibration 

Friction Stir 

Welding 

(VFSW) 

Vibration decreases the grain size 

in the weld region and increases 

the homogeneity of particles 

distribution. 

Ductility of VFSW welded 

specimens are higher than FS 

welded specimens 

5 [44] AA6061-

T6 

Aluminum 

Alloy 

Ultrasonic 

Vibration 

Friction Stir 

Welding 

(UVeFSW) 

With UVeFSW, the grain 

orientation of the weld is more 

random. 

The results of the weld are 

stronger to withstand 

dislocations. 

6 [19] AA2024 

Aluminum 

Alloy 

Vibration 

Friction Stir 

The application of ultrasonic 

vibrations makes the particle phase 

smaller, the number of particles is 

VFSW contributes to increased 

fatigue resistance. 

http://journal.ummgl.ac.id/index.php/AutomotiveExperiences/index


© Saifudin et al    

Automotive Experiences  481 
 

No Refs. Material Method 
Findings 

Microstructure Mechanical Properties 

 Welding 

(VFSW) 

greater and the distribution of the 

particles is more uniform. 

7 [45] 

 

6061-T4 

Aluminum 

Alloy and 

Mg-AZ31B 

 

Ultrasonic 

Vibration 

Friction Stir 

Welding 

(UVeFSW) 

Ultrasonic vibration causes a 

reduction in the thickness of the 

weld layer, but does not change the 

chemical composition of the 

compound layer formed Al3Mg2. 

Vibration will increase the 

mechanical interlocking of the 

Al-Mg alloy so that the weld 

strength increases 

 

8 [38] AA5083 

Aluminum 

Alloy 

Vibration Gas 

Metal Arc 

Welding 

(VGMAW) 

There was a grain size refinement 

from 140 m to 130 m, and 115 m at 

each of 400 N, 750 N, 1000 N 

vibrations. 

Elongation increased 6%, 9%, 

and 16.5% for each of the 400 N, 

750 N and 1000 N vibration 

force variables. 

9 [46] AA5083 

Aluminum 

Alloy 

Vibration Metal 

Inert Gas 

(VMIG) 

At the application of 300 Hz 

vibration, it is able to increase the 

tensile strength by about 51.3% due 

to grain refinement and the 

increase in the number of equiaxed 

dendritic microstructures in the 

weld metal area, resulting in the 

best fatigue crack propagation 

resistance. 

The hardness of the weld metal 

and HAZ increases due to the 

increasing number of 

dislocations which will result 

in strain hardening. It is also 

affected by the residual stress 

(compression) in both parts. 

10 [47] AA5083 

Aluminum 

Alloy 

Vibration Metal 

Inert Gas 

(VMIG) 

The microstructure becomes 

smoother and homogeneity occurs 

at the weld joint. 

Increasing the vibration power 

between 0–200 W will decrease 

the porosity. 

11 [48] 

 

AA1050  

Aluminum 

Alloy and 

C1100 

copper 

alloy 

Ultrasonic 

Vibration 

Welding 

(UVW) 

non-directional planar vibration is 

able to produce welding strength 

up to 1.7% compared to using 

linear vibration direction. 

This planar vibration will cause 

joint interface vibration. 

12 [49] 7A52 

Aluminum 

Alloy 

Vibration Gas 

Metal Arc 

Welding 

(VGMAW) 

Vibration frequency of 19.5 kHz 

can reduce grain size from 151.3 

μm to 08.6 μm. 

The fracture strength increased 

from 305.9 MPa to 342 MPa, 

and the elongation increased 

from 5.4% to 7.4%. 

 

 
Figure 3. SEM area of two welded joints: (a and c) Non-ultrasonic vibration; (b and d) ultrasonic vibrations [50]
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The application of vibration can cause the 

movement of dendritic grains to come into contact 

with the cold liquid in the weld pool which will 

result in a higher cooling rate. An increase in the 

cooling rate, will result in grain refinement [41]. In 

addition, vibration can cause cavitation and 

bubble collapse resulting in increased nucleation 

[51], [52]. The mechanism of grain refinement due 

to cavitation can be explained as follows: (1), 

Under cavitation, the collapse of the bubble causes 

an increase in negative pressure. According to [52] 

that the melting temperature under these 

conditions increases, which will result in an 

increase in undercooling and an increase in 

nucleation. The increase in melting temperature, 

according to [50], [53] follows Equation (1). 

 
△Tm = Tm△P△V/△H (1) 

 

Where Tm, P, V, and H are the melting 

temperature, pressure change, volume change, 

and enthalpy change. (2), According to [54] that 

columnar grains will crack and break due to 

cavitation, which promotes heterogeneous 

nucleation resulting in grain refinement [51]. 

These columnar grain fractions will form fine 

equiaxed grains. From research [55] stated that 

cavitation enhances inclusions as an effective 

nucleation site to generate active nuclei. 

Figure 4a and Figure 4b describe the results of 

scanning electron microscope (SEM) surface 

morphology of the FSW junction fracture without 

vibration [56]. The fault shows the characteristics 

of a flat and slightly dimple surface with small 

size [57], [58]. While the surface morphology of 

the ultrasonic vibration assisted-friction stir 

welding (UVaFSW) joint fracture with a vibration 

frequency of 20 kHz and a vibration amplitude of 

25 μm shows the characteristics of a wider and 

more numerous dimple surface as shown in Figure 

4c and Figure 4d. The fracture surface features 

show a ductile mode fracture. This is due to the 

presence of very fine recrystallized grains due to 

plastic deformation in the heat affect zone (HAZ) 

region [59]. 

FSW involves complex interactions between 

various simultaneous thermomechanical 

processes. The interaction will affect heating and 

cooling rates, plastic deformation and flow, 

dynamic recrystallization, and mechanical joints. 

Heat Affected Zone (HAZ), is the area closest to 

the welding location, the material in this area 

experiences a thermal cycle which causes changes 

in the microstructure and mechanical properties 

of the base metal. 

Recent studies have shown that MIG welding 

with a vibration frequency of 300 Hz on 

aluminum AA5083 series is able to reduce the rate 

of fatigue crack growth resistance in the weld area 

[46]. The finer-grained microstructure will 

provide more grain boundaries. This grain 

boundary can act as an inhibitor for fatigued 

cracks to propagate. In addition, an equiaxed  den-

 

 
Figure 4. Fracture surface morphologies for FSW (a and b) and UVaFSW; frequency 20 kHz and amplitude 25 μm 

(c and d) joints prepared at 600 rev/min and 20 mm/min [56] 
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dritic structure with radially oriented arms results 

in an 'interlocking structure' that can inhibit 

fatigue crack propagation. 

The results of grain measurements on spot-

welded tungsten arc (GTA) gas using the 

American Society for Testing and Materials 

(ASTM) E112-13 standard by calculating the 

average ratio between grain length and grain 

width are described in Figure 5. Figure 5a shows the 

grain size base material (BM), and Figure 5b 

illustrates the reduction in grain size with 

increasing ultrasonic vibration (USV) time. The 

increase in USV time to 6 seconds can reduce grain 

size by up to 48% compared to welded without 

USV. 

 

3.2. Increased Hardness And Precipitation 

Homogenization 

The average hardness values of welded joints 

with vibration is higher than that of welded joints 

without vibration [50], [60]. The increase in the 

hardness value was due to grain size refinement 

[61]. The average crystallite size of the fusion zone 

(FZ) decreases with vibration treatment, Which 

contributes to the increases in microhardness. 

However, the vibration has no effect on the 

microstructure of the heat effect zone (HAZ), as 

shown in Figure 6.  

The application of FSW ultrasonic vibration to 

AA2024 aluminum alloy welding resulted in an 

increase in fatigue resistance [19], due to an even 

and uniform grain distribution [56]. Figure 7 

shows the fusion zone (FZ) precipitation phase 

distribution of Mg alloy welds welded with and 

without ultrasonic vibration-assisted (UVA) 

treatment [62]. The depositional phase of Mg17Al12 

occurs during the TIG welding process without 

vibration as shown in Figure 7a. As a brittle phase 

[63], Mg17Al12 will reduce the strength of the weld 

joint. However, with vibration treatment, the 

Mg17Al12 precipitation phase was evenly 

distributed throughout the welding FZ due to the 

cavitation effect [64], [65], as shown in Figure 7b. 

 

 
Figure 5. (a) The microstructure of the BM; and (b) the grain size and aspect ratio for GTA spot-welded copper 

joints with different USV times [66] 

 

 
Figure 6. Typical microshardness distribution of AZ31/MB3 Mg alloy joint with welding current of 90A and 

vibration power of 1.0 kW: (a) and (b) MB3 side and AZ31 side of joint along the horizontal direction, (c) along 

the vertical direction [62] 
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Figure 7. Typical microstructures of FZ of Mg alloy weldments welded with current of 90A: (a) without vibration 

treatment, (b) with vibration treatment (with vibration power of 1.0 kW) [62] 

 

3.3. Reduction of Porosity 

Figure 8 shows the percentage of porosity area 

in the welded and unaided cross-section of the 

USV [66]. Vibration welding is able to reduce 

porosity [47] because of the movement and 

movement of gas from the bottom to the surface 

of the weld pool during the compaction process 

[67]. Vibration will cause internal pressure on the 

molten weld metal so that trapped gas bubbles 

float on the surface of the welding pool and come 

out [50]. Vibration welding can reduce porosity 

due to an increase in heat dissipation. With 

vibration it will increase the internal pressure, so 

that trapped hydrogen bubbles will move up to 

the surface of the molten metal and escape [66]. 

According to [66], the internal pressure that 

occurs (Pa) on the molten weld metal due to ultra- 

 

 
Figure 8. The distribution of porosity from bottom to 

top surfaces in GTA spot-welded joints with and 

without vibration assistance [66] 

sonic vibrations so that bubbles rise to the surface 

of the molten metal is expressed by Equation (2). 

 

Pa = √
2𝑁𝑎𝑐𝜌𝑜𝐶𝑜

𝑆
 (2) 

 

Where Pa is the acoustic intensity; 𝑁𝑎𝑐 is the 

output power of the ultrasonic device; 𝜌𝑜  is the 

density of the workpiece material being welded, 

𝐶𝑜  is the ultrasound velocity in the melt of the 

workpiece material; and S is the area of the 

ultrasonic projection on the molten metal 

represented by the curvature contact surface of 

the weld pool with the HAZ. The surface area of 

the projection plane (𝑆) is expressed by Equation 

(3). 

 

S = 2π∫ √1 + (
𝑑𝑦

𝑑𝑥
)

1

−1
2 dx (3) 

 

The reduction in porosity is also evident at the 

GTA-USV connection as shown in Figure 9c and 

Figure 9d. With vibration, the microporosity in the 

nugget zone (NZ) area due to H2O vapor bubbles 

is reduced with a structure in the form of fine 

equiaxid dendrites. Meanwhile, Figure 9a and 

Figure 9b shows the microstructure of GTA 

welded joints without USV with larger grain sizes 

and more microporosity [68]. The semi-melt area 

(fusion line) connecting the HAZ and NZ for the 

connection without USV is also approximately 

100–200 μm wider. This is also confirmed by the 

SEM results of surface fractures in the fusion line 

and NZ regions as shown in Figure 10. 

The large number of small pores will cause the 

gas to gather to form a larger porosity. Pores grow 
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in supersaturated liquids by diffusion of gases 

from liquid to bubbles [69]. The rate of diffusion 

depends on the surface energy of the bubbles and 

the pressure of the molten metal. When the bubble 

moves to the surface of the molten metal, the 

pressure is reduced. The growing bubbles cause 

the diffusion of the liquid metal gas atoms 

towards the bubbles [70]. The increase in pore size 

provides additional opportunities for bubbles to 

move to the surface of the molten metal. 

 

 
Figure 9. The cross-section microstructure of GTA spot-welded joints. (a,b) welded without USV; and (c,d) 

welded with USV assistance [66] 

 

 
Figure 10. SEM images of porosity at the NZ of a GTA spot-welded copper joint made without USV (a) at the 

fusion line; (b) at the center of NZ; and with USV; (c) at fusion line; and (d) at the center of NZ [66] 
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3.4. Improved Mechanical Strength 

GMA welding on similar joints of aluminum 

alloy series AA5083 with vibration frequencies of 

50 Hz, 75 Hz and 90 Hz, respectively, resulted in 

a significant reduction in grain size during the 

application of vibration during welding [37]. 

GMAW welding, the AA5083 series aluminum 

alloy similar connection by increasing the 

vibration force from 400 N to 750 N and 1000 N is 

able to increase the tensile stress by about 3% and 

the elongation also increases from 6% to 9% and 

16.5% [38]. Vibration method welding on similar 

material AA5083 with a vibration frequency of 300 

Hz and a vibration amplitude of 5 μm is able to 

increase the tensile strength by about 51.3% due to 

grain size refinement [26], [46]. The result of 

tensile tests  is shown in Figure 11. The GMA 

welded joint showed the lower tensile strength 

(305.9 MPa), yield strength (277.6 MPa) and 

elongation (5.4%). Therefore, the UTS, yield 

strength, and elongation of the V-GMA welded 

joint are 13%, 7%, and 37%, respectively, higher 

than those of the GMA welded joint [49]. 

 

 
Figure 11. Tensile strength and elongation of the 

welded samples, base metal (BM), gas metal arc 

(GMA), Vibration gas metal arc (V-GMA) [49] 

 
The smaller the size of the metal, the greater 

the strength. This is in accordance with equation 

(4) Hall-Petch [71]. 

 

𝜎y = 𝜎0+𝑘 y .d −1/2 (4) 

 

With, 𝜎y = yield strength, 𝜎0 = shear stress in the 

opposite direction to the movement of 

dislocations in the grain, 𝑘 y  = material constant 

representing the degree of difficulty to produce 

grain dislocation, and d = grain diameter. 

3.5. Acceleration of Nuleates Growth 

The natural frequency of the vibration 

generating system can be calculated using 

equation (5). 

 

𝜔𝑛 = √
𝑘

𝑚
  (rad/s)    or    f𝑛 = 

1

2𝜋
 √

𝑘

𝑚
    (Hz) (5) 

 

Where, k = spring constant and m = mass (Kg). 

From equation (5) it is known that the natural 

frequency depends on the stiffness and weight of 

a vibrating system. If the magnitude of the 

vibration frequency that arises is equal to the 

natural frequency possessed by the system, it will 

cause resonance in the system [46].        

The effect of vibration on the acceleration of 

new grain growth and dendrite morphology can 

be illustrated as shown in Figure 12. By applying 

vibration in both horizontal and vertical 

directions, it will result in an increase in the 

cooling rate (fast cooling rate) and an increase in 

the temperature gradient (high temperature 

gradient), so that it will accelerate growth of 

nucleates in the middle molten metal [41]. 

By giving vibration to the molten weld metal, 

the secondary dendritic branch or arm will break 

and form a new solid phase core which will then 

grow into grains. The more grains, the more 

random the grain orientation of the weld will be 

[44]. And the strength of the weld metal will 

increase because the grain boundaries are 

dislocation inhibitors [71]. 

The application of vibration during welding is 

also able to significantly reduce the peak 

temperature of the HAZ due to rapid cooling [66] 

as shown in Figure 13a. The peak temperature in 

the HAZ reaches 565 °C when welding without 

USV. The duration of temperature above 100 °C 

when welding with USV is around 100 second, 

much shorter than the process without USV 

connection of 200 second. The cooling rate 

increases with increasing USV time as shown in 

Figure 13b. Vibration with an ultrasonic frequency 

of 28 kHz increases the rate of heat dissipation 

from the weld joint. Increasing the rate of heat 

dissipation (cooling rate) will reduce grain growth 

in the HAZ so that it will form equiaxed grains 

during NZ compaction. 

 

3.6. Reduction of Residual Stress 

Residual stress measurements were carried out 

using the neutron diffraction method using the  
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Figure 12. Illustration of effects of vibration on dendrite morphologies; ●=nucleates from convection, o=nucleates 

from vibration [41] 

 

 
Figure 13. (a) The heating and cooling history of welded joints with and without USV; (b) the cooling rate vs. 

temperature of welded joints [66] 

 

DN1-M Neutron Diffractometer. The neutron 

beam that enters through the monochromator is 

directed to the test object with an angle ϴ. The 

neutron beam will be reflected symmetrically 

with an angle ϴ then captured by the monitor 

detector. Specimen measurements were carried 

out in the normal, transverse and longitudinal 

directions. The wavelength of the neutron (λ) is 

determined from the results of the basic material 

test. From the profile graph of the diffraction 

results, the value of the peak angle (ϴ) will be 

obtained which will then be used to calculate the 

lattice distance (d) using the Equation (6). 

 

𝑑 =
𝜆

2 sin 𝜃
 (6) 

So the amount of strain ( ) can be determined 

by the Equation (7). 

 

𝜀 =
𝑑 − 𝑑0

𝑑0

 (7) 

d0 is measured at a stress-free point (that is far 

from the weld point). The amount of stress (σ ) can 

be calculated using the Equation (8). 

 

= [E/(1-2)] av (8) 

with, E the elastic modulus,  poison ratio and av 

the average stress. 

The vibration method is able to reduce residual 

stresses and is effective for homogenization of 

concentrated residual stress [42]. The vibration 
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method is able to release residual stresses [50] 

without changing the shape and microstructure 

[36]. MIG welding with a vibration frequency of 

300 Hz is able to reduce the longitudinal residual 

stress in the weld area from 193 MPa without 

vibration to 107.8 MPa and is able to reduce the 

transverse residual stress in the HAZ from 125.5 

MPa to 75.0 MPa [46] as in Figure 14. 

The ultrasonic vibratory stress relief (UVSR) 

method with 20 kHz on AA6082 was able to 

reduce residual stress up to 53%, and was effective 

for homogenization of concentrated residual 

stress up to 57% (from the initial distribution 

interval of 40-110 Mpa to 30-60 Mpa) [42]. 

Reduction of residual stress in the transverse 

direction as shown in Figure 15a and the 

longitudinal direction as shown in Figure 15b. 

Referring to Figure 15a the transverse residual 

stresses at point 8 and the longitudinal residual 

stresses at points 5 and 4, the initial residual 

stresses are 110 MPa, 90 MPa and 100 MPa. With 

the application of vibration there is a reduction in 

stress at that point to 25 MPa, 25 MPa and 20 MPa, 

respectively. The ratio of residual stress reduction 

that occurs is 77%, 72% and 80%. 

Vibration contributes to the formation of 

dislocations [14], [15]. The movement of the 

dislocations will result in the initial residual stress 

resulting in several new dislocations [72]. The 

evolution of this dislocation will produce two 

residual stress changes in the form of: residual 

stress reduction and residual stress 

homogenization [58], [73]. The magnitude of the 

transverse residual stress is relatively lower than 

the longitudinal residual stress. This is because 

the expansion and contraction/shrinkage during 

welding along the transverse direction, i.e. 

perpendicular to the weld line is lower than the 

longitudinal direction [74]. 

 

  
Figure 14. (a) Longitudinal residual stress; (b) transverse residual stress profiles for the welded joints in as welded 

condition and vibrational treatment at 300 Hz. Notes: WM is weld metal, HAZ is heat affected zone and BM is 

base metal [46] 

 

 
Figure 15. The transverse and longitudinal residual stress changes along UVSR treatment time: (a) transverse 

residual stress σx; (b) longitudinal residual stress σy [42] 
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4. Conclusion 

From the literature review on vibration 

welding in aluminum alloy welding, it can be 

concluded that the choice of vertical or horizontal 

vibration direction must be adjusted to the type of 

welding. The determination of the magnitude of 

the vibration frequency should not approach the 

natural frequency of the vibrating system because 

it will produce a resonance with a very high 

amplitude. Vibration perpendicular to the 

direction of dendritic growth will result in better 

grain refinement. This vibration will promote the 

dendrites to come into contact with the cold liquid 

and make the dendrites cool faster so that the 

growth of new nuclei will also increase. The finer 

the grain size of the equiaxed dendrites produced, 

the more grain boundaries as dislocation 

inhibitors, so it will increase the mechanical 

strength. The vibration method also causes a 

cavitation effect so that precipitation as a brittle 

phase will be evenly distributed throughout the 

welding FZ. The dendritic structure is equiaxed 

with radially oriented arms due to vibration 

resulting in an 'interlocking structure' which can 

inhibit fatigue crack propagation. By giving 

vibration during welding, in addition to heat 

dissipation which will accelerate the cooling rate, 

it also causes internal pressure on the molten weld 

metal. This internal pressure will push the air 

bubbles trapped in the molten metal up to the 

surface and leave the weld metal which will 

reduce the porosity of the weld. Increasing the 

cooling speed will reduce the HAZ area and 

reduce the temperature gradient so as to reduce 

residual stress due to temperature differences 

during the welding process. 

 

5. Scope for Further Work 

Previous studies on vibration welding have 

only discussed the effect of vibration on; 

mechanical characteristics, joint strength, 

microstructure, and grain size, but not much has 

been discussed specifically their effect on 

reducing porosity and fatigue crack propagation 

rate in welding aluminum alloy dissimilar 

materials. Therefore, it is necessary to conduct 

further research to determine the effect of varying 

the frequency of vibration on welding aluminum 

alloy dissimilar materials to; porosity and fatigue 

crack propagation rate due to residual stress 

caused by different heating and cooling rates. 
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