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INTRODUCTION 

The development of friction stir welding 
(FSW) technology and its application to joining 
high-strength aluminium alloys significantly in-
fluenced light construction manufacturing. In re-
cent years, FSW has been used in i.a. production 
of fuel tanks [1], and space shuttles (e.g. NASA’s 
Orion Spacecraft) [2]. The basic idea of the pro-
cess is to locally plasticize workpieces material and 
stir them together to form a joint. It is achieved by 
putting between the edges of plates to be welded 
a specially designed, rotating tool, which by fric-
tion heats and mechanically mixes the softened 
material [3]. For the temperature of plasticization 
is a function of melting point [4], the FSW tech-
nique is predominantly applied in industry to weld 
aluminium and magnesium alloys [5], and to some 
extent, copper alloys [6]. Besides the most basic, 
technological, advantages in welding aluminium, 
such as lack of porosity, no requirement of filler and 
gas shielding, and no risk of hot cracking, the hot 
deformation in the stirred region creates ultrafine, 

dynamically-recrystallized, microstructure, provid-
ing excellent mechanical properties [7]. The most 
crucial area, determining the entire joint load-car-
rying capacity, is the so-called low-hardness zone 
(LHZ), which depending on welding parameters 
can be located in the heat-affected zone (HAZ)/ther-
mo-mechanically affected zone (TMAZ) boundary, 
in TMAZ or the stir zone (SZ) [8]. When it comes 
to precipitation-hardened aluminium alloys, the 
heat-initiated adverse evolutions of the strengthen-
ing phase, reduce ultimate tensile strength (UTS) 
by about 15-25%, depending on the alloy [9].

To limit this deterioration in joint’s perfor-
mance, some modifications of FSW [10, 11] and 
post-processing have been proposed [12]. One 
of the most promising solutions, in terms of its 
simplicity and efficiency, is underwater friction 
stir welding (UWFSW). The use of an additional 
cooling medium allows for the rapid dissipation 
of excess heat from the welded plate, and conse-
quently, it limits the impact of the welding pro-
cess on the distribution of the strengthening phase 
in the joined alloy [13]. Moreover, in comparison 
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with FSW, UWFSW results in additional refine-
ment of grain size in the SZ due to low peak tem-
perature and its low duration [13]. Additionally, 
it is worth mentioning the technological aspect of 
UWFSW, which involves manufacturing joints of 
5XXX alloys used in shipbuilding, particularly 
in a wet dock environment [14]. The UWFSW 
process can also be applied to low-carbon steel 
joining with a potential 20% increase in the UTS 
compared to the conventional FSW [15].

Recent studies on UWFSW of high-strength 
aluminium alloys have primarily focused on the 
2XXX alloy series. Sree Sabari et al. investigated 
the influence of tool rotation speed on mechanical 
properties of 6 mm thick armour grade AA2519-
T87 alloy FSW and UWFSW joints [16]. Compar-
ing the highest achieved FSW and UWFSW joint 
efficiencies, the authors stated that the underwater 
variant allowed to improve joint efficiency by 20% 
(about 90 MPa in the UTS) [16]. Liu et al. focused 
on the UWFSW of 7.5 mm thick AA2219-T62 al-
loy, achieving the UTS of 347 MPa, correspond-
ing to 80% of that of the base material [17]. The 
authors also reported that the improvement in me-
chanical properties is observed by increasing weld-
ing velocity within the range of 50 to 150 mm/min, 
and further increase to 200 mm/min resulted in 
their decrease [17]. The same alloy and its thick-
ness was researched by Zhang et al. in terms of the 
relationship between tool rotation speed and me-
chanical properties of UWFSW joints at the fixed 
welding speed of 100 mm/min [18]. It was report-
ed that with increasing rotation speed, the tensile 
strength first increased from 600 to 800 rpm, then 
reached a plateau between 800 and 1200 rpm, to 
sharply decreased at 1400 rpm due to the void de-
fect formation [18]. Although it gives a general 
look on the optimal set of process parameters (in 
terms of joint’s efficiency), it has to be noted that 
it also strongly depends on the type of used tool 
and plate thickness. Rouzbehani et al. joined 5 mm 
thick Al7075 alloy using the UWFSW process in 
a broad range of welding parameters [19]. The 

authors discovered that in every set of parameters, 
the UTS of the UWFSW joint is about 7–10% 
higher than for air-cooled FSW [19]. Addition-
ally, it was reported that UWFSW joints are more 
susceptible to form a defect in the bottom part of 
the weld for higher tool traverse speed values [19]. 
When considering the application of UWFSW 
joints in structures subjected to cyclic loads, it is 
crucial to examine their fatigue properties [20]. A 
study examining the fatigue properties of the 6 mm 
thick AA2219-T62 UWFSW joint was conducted 
by Xu et al. [21]. It was stated that the UWFSW 
joints have higher stress amplitude and fatigue 
life than their air-cooled counterparts [21]. An ad-
ditional factor that may improve the strength of 
UWFSW joints under variable load conditions is 
the presence of lower residual stresses compared 
to conventional FSW joints [22].

In this investigation, the material to be exam-
ined is AA7075-T651 alloy, a high-strength alumin-
ium alloy, widely used in i.a. aerospace and military 
industry [23]. For a high concentration of alloying 
elements significantly limits its weldability by con-
ventional means, the implantation of the FSW tech-
nique was a huge step forward in joining of AA7075 
alloy. Although the FSW resolved many difficulties 
in this field, the high sensitivity of the strengthening 
phases to temperature results in relatively low joint 
efficiencies [25]. In a previous study performed by 
authors on 5 mm thick AA7075-T651, it was re-
ported that it is possible to achieve FSW joint effi-
ciency of 76% (447 MPa) [25]. This investigation is 
a continuation of that study and aims to examine in a 
broad range of welding parameters the influence of 
the UWFSW process on the mechanical properties 
of AA7075-T651 alloy. 

MATERIALS AND METHODS

The chemical composition (tab. 1) and basic me-
chanical properties (Tab. 2) of AA7075-T651 alloy 
used in this investigation are presented in the tables 

Table 1. Chemical composition of AA7075-T651 alloy (% weight)
Si Fe Cu Mn Mg Cr Zn Ti Al

0.071 0.122 1.610 0.025 2.596 0.197 5.689 0.041 Base

Table 2. Mechanical properties of AA7075-T651 alloy
Yield strength, R0.2 Tensile strength, Rm Elongation at break, A Microhardness

547.5 ± 1.3 MPa 583.5 ± 1 MPa 14.4 ± 0.6 % 170 ± 3.59 HV0.1
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below. The presented composition has been provid-
ed by alloy’s supplier (BIKAR-Metalle GmbH).

The 5 mm thick AA7075-T651 plate was cut 
into 80×500 mm pieces. Before the welding, the 
upper surfaces of the plates were machined and 
washed with isopropyl alcohol to remove the oxide 
layer and degrease them. The welding process was 
performed on ESAB FSW Legio 4UT (Fig. 1). 
A specially designed work table provides the 
possibility of welding in underwater conditions. 
The constant welding parameters were: 2º tool 
tilt angle and 4.8 mm tool penetration depth. 
The tool used for manufacturing joints to be in-
vestigated was 0810134-001 (ESAB catalogue 
number). The welding was conducted in a direc-
tion perpendicular to the rolling direction. In to-
tal eleven joints were made with various sets of 

tool rotation speed, welding velocity, and cool-
ing media (Table 3).

The proposed matrix was the result of a pre-
vious investigation performed by authors [25]. 
The initial water temperature was about 20ºC and 
its layer height over the workpiece upper surface 
was 15 mm. One of the joints produced via 400 
rpm / 100 mm/min set of welding parameters was 
manufactured additionally with machining cool-
ant, the water solution of 10% Blaser Blasocut 
2000. The air-cooled joint is a conventional fric-
tion stir welded joint, and it was placed in this 
study for comparison purposes. The data present-
ed for this joint are taken from the previous study 
[25]. All joints presented in this study were visu-
ally inspected, and no defects were found. For 
macrostructure observations, samples were cut 

Figure 1. ESAB FSW Legio 4UT

Table 3. Welding parameters and samples designation

Sample
Welding parameters

Tool rotation speed Tool traverse speed Cooling medium

405

400 rpm

50 mm/min Water

410-A

100 mm/min

Air

410 Water

410-B Machining coolant

415 150 mm/min

Water

605

600 rpm

50 mm/min

610 100 mm/min

615 150 mm/min

805

800 rpm

50 mm/min

810 100 mm/min

815 150 mm/min
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from the welded plates and subjected to standard 
metallographic preparation, which included mount-
ing in resin, grounding, polishing, and etching. The 
used etchant was Keller’s reagent with the follow-
ing composition: 20 ml H2O, 5 ml of 63% HNO3, 1 
ml of 40% HF, 2 drops of 36% HCl, and about 10 
s etching time. The observations were conducted 
on the OLYMPUS LEXT OLS4100 microscope. 
The manufactured joints were also subjected to mi-
crohardness measurements using a Struers DURA 
SCAN 70 with an applied load of 0.98 N and a 
loading time of 10 s. The microhardness distribu-
tions were obtained on each joint’s cross-section 
in its middle height (2.5 mm from a welded plate 
upper surface). In order to evaluate the mechanical 
performance of produced welded joints, the tensile 
tests were carried out on INSTRON 8802 MTL 
universal testing machine in accordance with the 
ASTM standard E8/E8M–13a [26]. The machine 
is equipped with specialized LCF testing software 
provided by Instron. For each sample, three ten-
sile tests were conducted. All error bars presented 
in this study represent the standard deviation. The 

schemes of specimens used in this experiment are 
presented in Fig. 2. 

For comparison of fatigue properties the 
samples 410-A and 410-B were subjected to the 
strain-controlled low cycle fatigue testing in ac-
cordance with the ISO standard 12106:2017 
[27]. The cycle asymmetry ratio was equal to 
R=0.1 and the tested total strain amplitudes were  
εac = 0.35, 0.4, 0.5, and 0.6%. Strain measurement 
during LCF was carried out using the Instron 
2620-603 Dynamic Extensometer with a 25 mm 
gauge length ±4% axial travel.

RESULTS AND DISCUSSION

Macrostructural observations

As part of the investigation, the macrostruc-
tural observations have been conducted. The 
images of the selected, extreme samples are pre-
sented in Fig. 3a-d. In all cases, obtained joint are 
defect-free, and despite the presence of additional 

Figure 2. Scheme of the specimens for tensile (a) and low-cycle fatigue (b) testing

Figure 3. Macrostructural images of samples: 405 (a), 415 (b), 805 (c), 815 (d)
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cooling medium, the material in the bottom part 
of the workpiece was plasticized and mixed. Most 
likely the kissing bound defect would occur in the 
sample with the lowest heat input (Fig. 4b), but 
no presence of such imperfection is stated. An-
other type of potential defect that could be formed 
as the result of water cooling is voids. They are 
created, among others, in the condition of sig-
nificant differences in temperature between the 
bottom and the upper part of the stirred material 
[28]. It often occurs where there is a high ratio 
of tool rotation speed to tool traverse speed, like 
in the case of the 815 sample (Fig. 3d), which, 
similar to all other samples, is defect-free. Some 
tendencies, typical for the FSW joints, are pos-
sible to observe, like the narrowing of the SZ 
while increasing tool traverse speed (Fig. 3a and 
3b, 3c and 3d). Measuring the width of the SZ at 
the joint’s mid-thickness it can be stated that the 
reduction for the samples produced with 400 rpm 
tool rotation speed is about 11% (Fig. 3a,b), while 
for their 800 rpm counterpart it equals 8% (Fig. 
3c,d). The samples welded with 800 rpm tool ro-
tation speed are generally characterized by an 8% 
wider SZ than 400 rpm samples.

Microhardness analysis

The obtained microhardness distribution on 
joint’s cross-sections are presented in Fig. 4a-
d. The obtained microhardness distributions are 
characteristic in shape for FSW joints of a precipi-
tation-hardened aluminium alloy. Plastic deforma-
tion at elevated temperatures leads to a decrease in 
the degree of strengthening of the AA7075-T651 
alloy due to the overaging of the strengthening 
phase. In the SZ, a dynamically recrystallized, 
fine-grained microstructure is formed, which re-
sults in additional strengthening by grain bound-
aries, somewhat compensating for the loss in the 
content of the strengthening phase. Analysing the 
distributions obtained for joints produced at a ro-
tational speed of 400 rpm with water cooling, one 
can observe the effect of tool traverse speed on 
the welded material (Fig. 4a). The most signifi-
cant aspect of increasing the tool traverse speed is 
the reduction of heat affecting the joined material, 
which directly results in a narrower HAZ. The re-
corded hardness of the LHZ is approximately 130 
HV0.1, and depending on the welding speed, it 
is located closer to or further from the centre of 
the joint. At the same time, certain features of the 
hardness distributions of these joints differ from 

their underwater counterparts at 600 rpm (Fig. 
4b) and 800 rpm (Fig. 4c). In the case of the 400 
rpm joints, it can be observed that increasing the 
welding speed results in a decrease in the hard-
ness of the SZ (Fig. 4a), which is the opposite of 
the trends observed for the other samples (Fig. 
4b, c). The underwater joints at 600 and 800 rpm 
are also characterized by higher weld zone hard-
ness, ranging between 146-164 HV0.1, depend-
ing on the welding speed used. The higher peak 
temperature is generally accompanied by higher 
SZ hardness, due to more efficient dissolution of 
alloying elements into the matrix, which can re-
precipitate during the cooling stage [29]. Both 600 
and 800 rpm samples also exhibit similar hard-
ness values in the HAZ, which vary depending 
on the welding speed: 120 HV0.1 (50 mm/min), 
125 HV0.1 (100 mm/min), and 132 HV0.1 (150 
mm/min). Interestingly, when compared to sam-
ple 415, samples 615 and 815 showed higher LHZ 
hardness, despite their corresponding welding pa-
rameters involved a higher heat input. A similar 
trend has been observed for air-cooled FSW joints 
of AA2519-T62 alloy, welded with 100 mm/min 
tool traverse speed [8]. All samples produced us-
ing 100 mm/min welding speed are set in Fig. 
4d. First and foremost, one can observe the sig-
nificant impact of water cooling on the microhard-
ness distribution when comparing samples 410-A 
and 410. The sample produced with air cooling 
features a noticeably wider HAZ (reaching up to 
15 mm from the centre of the joint), a lower LHZ 
hardness (approximately 115 HV0.1), at the same 
time, exhibiting a higher SZ hardness (averag-
ing around 145 HV0.1). Sample 410-B, cooled 
using machining coolant, is situated somewhat 
between the hardness profiles of samples 410-
A and 410. Despite having a microhardness 
in the LHZ similar to that of sample 410 (ap-
proximately 125 HV0.1), sample 410-B exhib-
its a noticeably higher SZ hardness (around 145 
HV0.1) and a wider HAZ. This suggests that, 
in the UWFSW process, the use of machining 
coolant results in less effective heat dissipation 
compared to using pure water. Analysis of the 
remaining distributions confirms the previously 
observed relationship between the SZ hardness 
and tool rotational speed (Fig. 4d).

Tensile test

In order to evaluate the load-carrying capabil-
ities of the produced samples and the influence of 
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Figure 4. Microhardness distribution for 400 rpm selected samples (a), 600 rpm (b), 800 rpm tool rotation speed 
(c) and 100 mm/min tool traverse speed (d)
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applied water cooling the tensile tests have been 
performed. The results have been set in graphs in 
Fig. 5a-d. For samples obtained using the lowest 
welding speed (50 mm/min), a strong correlation 
can be observed between the mechanical proper-
ties and the tool rotational speed (Fig. 5a). An in-
crease in the tool rotational speed directly leads to 
a reduction in YS and UTS, while simultaneously 
improving the ductility of the joint. In this com-
parison, the highest joint efficiency, correspond-
ing to sample 405 is 84.4% (492.5 MPa), which 
significantly exceeds the values of air-cooled 
FSW joints from the previous study [25]. Howev-
er, for joints produced at higher welding speeds, 
this trend is reversed, and an increase in tool ro-
tational speed has a beneficial effect on the joint’s 
load-bearing capacity (Fig. 5b,c). Considering the 
joints from series 410, the impact of the cooling 
medium on joint efficiency is as follows: 76.7% 
(448 MPa) for air cooling, 84.1% (491 MPa) for 
water cooling, and 84.7% (494 MPa) for machin-
ing coolant (Fig. 5b). At the same time, among 
all samples welded at 100 mm/min, samples 410-
A and 410-B exhibit significantly higher ductil-
ity and lower YS values. This is a direct conse-
quence of the wide and soft heat-affected zones 
observed in the microhardness distributions of 
these samples (Fig. 4d). Samples cooled with wa-
ter, produced at welding speeds of 100 and 150 
mm/min, show the same trend of increasing UTS 
and YS values with higher tool rotational speeds 
(Fig. 5b,c). It is noteworthy that the highest joint 
efficiency was observed for sample 815, which is 
89% (518 MPa). A similar study on the UWFSW 
of precipitation-hardened aluminium alloy per-
formed by Sabari et al., showed additional water 
cooling allows the joint efficiency to be increased 
by over 15%, with only a slight reduction in duc-
tility [30], which in general overlap with the cur-
rent study. The comparison of representative ten-
sile curves for joints produced at 100 mm/min is 
shown in Fig. 5d. Essentially, the tensile curves of 
FSW joints exhibit a similar pattern, with a notice-
able tendency for strain hardening, which is not 
observed in the base material. Regardless of the 
welding parameters used, water-cooled samples 
significantly outperform conventional FSW joints 
in terms of YS and UTS. The joint cooled with 
machining coolant is particularly noteworthy, as it 
not only demonstrates higher strength parameters 
but also retains high ductility. Saeyang et al. used 
a cutting fluid for performing UWFSW joints of 
AA7075-T6 alloy [31], and similarly reported an 

increase in ductility compared to conventional 
FSW. In the literature, there are also reports that 
cooling the FSW process of AA7075 alloy using 
liquid nitrogen results in higher ductility [32]. 
The examined FSW joints tend to fail in the LHZ.

Fatigue performance

To compare fatigue properties, samples 410-
A and 410-B were evaluated. Sample 410-B was 
selected due to its high joint efficiency of 84.7% 
(494 MPa) and ductility (6.2%). An additional 
factor was that, despite its lower YS, it surpassed 
the 410 joint in strength, suggesting a higher ten-
dency for strain hardening and making it worth 
investigating in terms of LCF properties. The 
results presented for the base material and con-
ventional FSW joint (sample 410-A) have been 
published as a part of the previous work [33]. 
The changes in stress amplitude and plastic strain 
amplitude over the number of cycles for the base 
material, as well as for samples 410-A and 410-
B, are illustrated in Fig. 6a,b. At a low total strain 
amplitude (εac = 0.35%), there is a weak tendency 
for both FSW and UWFSW joints to undergo cy-
clic hardening (Fig. 6a). This characteristic be-
comes more pronounced at higher amplitudes 
(εac = 0.6%). The UWFSW joint hardens more 
significantly, reaching a stress amplitude of ap-
proximately 375 MPa, followed by rapid cyclic 
softening until failure. Although the FSW joint 
reaches a stress amplitude of around 350 MPa, 
it exhibits a higher number of cycles to failure. 
The behaviour of both joint variants contrasts 
with the base material, which shows only a very 
weak tendency for cyclic hardening at high to-
tal strain amplitudes. The greater susceptibility 
to plastic deformation of the conventional FSW 
joint is also evident in the progression of plastic 
strain amplitude changes in the number of cycles 
(Fig. 6b). In Fig. 7a and 7b, the stabilized hys-
teresis loops for the tested samples are shown, 
along with a comparison of the monotonic and 
cyclic curves. Analysis of the obtained hysteresis 
loops reveals that FSW and UWFSW joints ex-
hibit greater susceptibility to deformation energy 
dissipation compared to the base material (Fig. 
7a). In the case of the joint produced using water 
cooling, the area of the hysteresis loop is signifi-
cantly smaller than that of the air-cooled counter-
part, indicating a markedly lower susceptibility 
to plastic deformation. The relative positioning 
of the monotonic and cyclic curves allows for 
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Figure 5. Influence of the tool rotation speed on yield strength (YS), ultimate tensile strength (UTS), and 
elongation at break (EL) for samples produced with 50 mm/min (a), 100 mm/min (b), and 150 mm/min (c) tool 

traverse speed, together with the comparison of 100 mm/min tensile curves (d)
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conclusions about the material’s tendency to-
wards cyclic hardening (Fig. 7b). This also con-
firms the earlier observations of a greater poten-
tial for cyclic strain hardening in the joint pro-
duced with water cooling. The monotonic curve 
is described by the Ramberg-Osgood equation:

	 𝜀𝜀𝑎𝑎𝑎𝑎 = 𝜎𝜎𝑎𝑎
𝐸𝐸 + (𝜎𝜎𝑎𝑎

𝐾𝐾′)
1

𝑛𝑛′
 (1) 

 ε𝑒𝑒𝑒𝑒,𝑎𝑎𝑎𝑎 = 𝜎𝜎𝑓𝑓
′

𝐸𝐸 (2𝑁𝑁𝑓𝑓)2𝑏𝑏 + 𝜀𝜀′𝑓𝑓(2𝑁𝑁𝑓𝑓)𝑐𝑐  (2) 

	 (1)

where: σa – stress amplitude, E – Young modulus, 
K′ – cyclic strength coefficient and n′ – 
cyclic strain hardening exponent.

The established parameters are set in Tab. 4. 
Analysis of the obtained values reveals that both 
FSW and UWFSW processes significantly affect 
the parameters of the base material equation. In 
the case of conventional joints, there is primarily 
a reduction in the cyclic strength coefficient by 
approximately 30%, which is a typical phenom-
enon for FSW joints [34]. The UWFSW joint 

exhibits a value of K′ close to that of the base 
material while also demonstrating a higher cy-
clic hardening exponent, with an increase of over 
40% (Tab. 4). This deviates from the literature 
reports in this area, which indicate a decrease 
in the hardening exponent for AA2219-T62 al-
loy FSW and UWFSW joints [21]. It is worth 
noting that this cannot be compared with other 
studies on UWFSW of the 7075-T651 alloy. 
Additionally, the joint analysed here was made 
with machining coolant, which has mechanical 
properties that slightly differ from those of wa-
ter-cooled joints, e.g. higher ductility (Fig. 5d). 
Similar to the static tensile test, the fracture of 
samples subjected to low-cycle fatigue occurred 
through the LHZ.

All tested samples have been set in the graph 
below (Fig. 8), which illustrates the relationship 
between total strain amplitude and the number of 
reversals to failure. The presented curves (Fig. 8) 

Figure 6. Stress amplitude (a) and plastic strain amplitude (b) vs the number of cycles at total strain amplitude of 
εac = 0.35% and εac = 0.6%
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Figure 7. Stabilized hysteresis loops (a) and the comparison of the monotonic and cyclic curves (b)

Figure 8. Fatigue strain-life curves

are described by a modification of the Manson-
Coffin-Basquin equation, which has performed 
by Ince and Glinka [35]:

	

 𝜀𝜀𝑎𝑎𝑎𝑎 = 𝜎𝜎𝑎𝑎
𝐸𝐸 + (𝜎𝜎𝑎𝑎

𝐾𝐾′)
1

𝑛𝑛′
 (1) 

 ε𝑒𝑒𝑒𝑒,𝑎𝑎𝑎𝑎 = 𝜎𝜎𝑓𝑓
′

𝐸𝐸 (2𝑁𝑁𝑓𝑓)2𝑏𝑏 + 𝜀𝜀′𝑓𝑓(2𝑁𝑁𝑓𝑓)𝑐𝑐  (2) 	 (2)

where:	σ’f – fatigue strength coefficient, b – fatigue 
strength exponent, εf – fatigue ductility co-
efficient, c – fatigue ductility coefficient.

The established parameters are set in Tab. 
5. Analysis of the obtained results leads to the 
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Table 4. Established values of Ramberg-Osgood relationship components from Equation (1)
Sample Cyclic strength coefficient, K′ Cyclic strain hardening exponent, n′

BM 747 MPa 0.0597

410-A 530 MPa 0.0595

410-B 724 MPa 0.0863

conclusion that the curve corresponding to the 
UWFSW joint is positioned closer to the base ma-
terial curve than the curve for the air-cooled joint, 
which should be considered a positive effect (Fig. 
8). As a result of the FSW process, components re-
lated to fatigue strength are primarily reduced, al-
though this reduction is slightly less significant for 
UWFSW joints (Table 5). In the case of compo-
nents related to fatigue ductility, there is a discrep-
ancy with the limited literature reports [21], high-
lighting the need for further research in this area.

CONCLUSIONS

The results of the study on the basic mechani-
cal properties of UWFSW butt joints of AA7075-
T651 alloy indicate that this is a highly promising 
direction for further research and potential ap-
plications. The main conclusions drawn from the 
conducted research are:
1.	It is possible to produce defect-free, high-qual-

ity butt joints using the UWFSW process on 
5 mm AA7075-T651 alloy components within 
a process parameter range of 400 to 800 rpm 
tool rotational speed and 50 to 150 mm/min 
tool traverse speed.

2.	The use of additional water cooling significant-
ly reduces the width of the HAZ and increases 
the hardness of the LHZ by an average of ap-
proximately 20 HV0.1

3.	Regardless of the welding parameters used, 
UWFSW joints outperform conventional FSW 
joints of the AA7075-T651 alloy in terms of 
YS and UTS, with only slightly lower ductil-
ity. The use of machining coolant enables the 

production of UWFSW joints with higher load-
carrying capacity and greater ductility com-
pared to FSW.

4.	Under low-cycle fatigue conditions, UWFSW 
joints exhibit a greater tendency for cyclic 
hardening, lower plastic strain amplitude, and 
fewer cycles to failure. The obtained MCB 
curves indicate that the behaviour of UWFSW 
joints is more similar to the base material than 
in the case of conventional FSW joints.
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