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A B S T R A C T

In present work low-cycle fatigue experiments were carried out on thermo-mechanically processed AA6082 and
AA7075 sheets to evaluate mechanical properties under cyclic loading. Different cooling rates imposed by use of
tempered forming tools after solutionizing, and subsequent aging treatment led to the formation of precipitates
with differing sizes and morphologies. Specimens thermo-mechanically processed in tools with temperatures of
24 °C and 200 °C showed superior mechanical properties under both monotonic and cyclic loading. Significantly
different behavior was observed for the specimens formed in the tool with a temperature of 350 °C. Based on
thorough analysis of prevalent microstructural features, processing-property-damage relationships are estab-
lished pointing at the major impact of the thermal history on the final performance of the high-strength alu-
minum alloys in focus.

1. Introduction

Excellent mechanical properties, e.g., high specific strength, good
corrosion resistance and adequate ductility of high-strength aluminum
alloys led to immense attention in academia and industry since decades
[1–3]. Moreover, these alloys are utilized in various demanding engi-
neering applications due to their outstanding strength-to-weight ratio,
for example in aviation and automotive industry to replace steel com-
ponents by much lighter parts [4–9]. To realize complex-shaped geome-
tries such as hoods or trunks in these fields, thin-walled sheet materials
have to undergo complex stress–strain-paths during traditional forming
processes, eventually leading to pronounced springback and local mate-
rial thinning, the latter due to the limited formability of high-strength
aluminum alloys in particular at room temperature. For this reason, dif-
ferent forming techniques exploiting high temperatures were intro-
duced to overcome these challenges [10–12]. One of the promising
techniques combines hot forming and quenching within a single form-
ing tool after initial solution heat treatment [10,13]. This forming
process enables the production of complex-shaped components of high
strength aluminum alloys being characterized by minimized springback
and high dimensional accuracy [14–15].

The above-mentioned approach also offers high potential for use in
aerospace industry to form complex shaped aluminum structures. In
this regard, Gao et al. utilized this technique for forming of wing stiff-

ener components made of AA2060 alloy [14]. For this propose, hot
stamping was carried out in two steps, where the first step aimed at
forming of the desired geometry at 470 °C and the second step per-
formed the final heat treatment to establish mechanical properties simi-
lar to those in the T6-condition. As shown, forming of high strength alu-
minum alloys at elevated temperatures promotes much higher forma-
bility compared to room temperature forming upon optimization of the
temperature–time history during processing. Concerning the above
mentioned thermo-mechanical process, the cooling rate of the sheet
material after solutionizing can be controlled by the tool temperature
[16–19].

So far, different tool temperatures were employed to set various
cooling rates and, thus, different mechanical properties in the final
parts in case of AA6082 and AA7075 alloys [16,20–22]. On the one
hand, lower tool temperatures resulted in a higher cooling rate and,
hence, the formation of fine and dispersed precipitates during subse-
quent aging treatment. These fine and dispersed precipitates are capa-
ble of hampering dislocation slip and eventually increase the strength
of the treated material [21]. On the other hand, higher tool tempera-
tures caused a lower cooling rate and, thus, the formation of coarse pre-
cipitates along the grain boundaries. These coarse precipitates and con-
comitant precipitate-free zones (PFZs) were found to be detrimental
with respect to the intended strengthening of AA6082 and AA7075 al-
loys [16,23].
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Many studies have focused on the mechanical properties of high-
strength aluminum alloys under cyclic loading [2,24,33–34,25–32]. In
some of the previous studies, severe plastic deformation as a novel
thermo-mechanical processing route was employed to increase the
strength and fatigue resistance of aluminum alloys [2,26]. Generally,
grain refinement was reported to improve the resistance of the mi-
crostructure against crack initiation. On the contrary, grain refinement
was shown to have detrimental effects on the crack growth rate
[35–36]. Besides, the influence of cold deformation on the cyclic re-
sponse of aluminum alloys was probed by symmetrical and asymmetri-
cal rolling [31–32]. A cold rolling process was applied on an AA7050
alloy to enhance its fatigue performance [31]. Symmetrical rolling
process were shown to result in higher fatigue life compared to the
asymmetrical rolling [31,37]. Better resistance to crack initiation in the
symmetrical rolled specimens stemmed from the formation of subgrains
in the near-surface layers [31]. In another work the effect of cold defor-
mation on the cyclic properties was studied by applying pre-strains up
to 8% on the AA7050 in the T6 state [32]. Results shown indicate that
such specific pre-strain histories reduce fatigue life. A noticeable im-
provement in low-cycle fatigue (LCF) life was achieved via ultrasonic
shot peening [33]. Ultrasonic shot peening introduced compressive
residual stresses being very effective in improving the performance of
components under cyclic loading. Similarly, compressive residual
stresses introduced by laser peening were found to postpone fatigue
crack initiation and decelerate the fatigue crack growth rate [38].

Furthermore, the impact of various heat treatments and related pre-
cipitation processes on the cyclic behavior of aluminum alloys was ana-
lyzed [29–30,34,39]. In one of these studies the effect of different aging
conditions on the high-cyclic fatigue (HCF) behavior of AA7075 alloy
was explored [29]. Obtained results reveal that peak aged specimens
exhibit the highest fatigue strength. Formation of fine and dispersed
precipitates was claimed to be the main reason for the improvement of
fatigue properties in this alloy. In another study, aging of AA6063 alloy
at temperatures between 160 °C and 200 °C for 7 to 9 h led to an opti-

mal fatigue performance [30]. It was also shown that fine precipitates
can improve the properties of AA6061 and AA2024 alloys under cyclic
loading [34,39]. However, the growth of the formed precipitates im-
posed by a higher aging temperature adversely affected the fatigue be-
havior of these alloys.

Only a very limited number of studies analyzed the effect of precipi-
tate sizes and morphologies on the cyclic properties of thermo-
mechanically processed high-strength aluminum alloys so far. Cyclic
mechanical properties of tool quenched AA6082 and AA7075 alloys
have not been reported, yet. In order to close this gap, the present paper
intends to contribute to a better understanding of the mechanisms re-
lated to thermo-mechanical processing of two different aluminum al-
loys, i.e., AA6082 and AA7075, and their effects on the fatigue perfor-
mance. Here, fatigue performance of thermo-mechanically processed
aluminum alloys was studied in the LCF regime under a wide range of
total strain amplitudes. Mechanical behavior and fatigue properties of
the thermo-mechanically processed aluminum alloys are discussed
based on evaluation of half-life hysteresis curves, Masing behavior and
fracture surface analysis. Data obtained are used to establish relation-
ships between fatigue strength, fatigue life and the microstructural ap-
pearance of the precipitation-hardened region in the thermo-
mechanically processed parts. Results of present work will be very help-
ful to tailor mechanical properties and microstructure of high-strength
aluminum alloys in application.

2. Experimental procedure

Sheets of AA6082 and AA7075 were delivered in T6 state by BIKAR-
METALLE and AMAG, respectively. The chemical compositions listed in
Table 1 were characterized by the optical emission spectroscopy (OES)
technique.

Sheets of both alloys were cut into blanks of
250 mm × 140 mm × 1.5 mm. A schematic detailing the subsequent
steps accomplished in thermo-mechanical processing is shown in Fig. 1.

Table 1
Chemical compositions of aluminum alloys studied in present work.
Alloy Si Fe Cu Mn Mg Cr Zn Ti Zr Al

AA6082 (wt.-%) 0.90 0.42 0.10 0.44 0.80 0.02 0.19 0.04 – Balance
AA7075 (wt.-%) 0.10 0.11 1.49 0.03 2.38 0.20 5.57 0.03 0.04 Balance

Fig. 1. Schematic highlighting the relevant steps for the thermo-mechanical processing route employed in the present study.
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The blanks were firstly solution heat treated for 5 min and then directly
transferred to the forming tool. The blanks of both alloys were formed
in tools with different temperatures (24 °C, 200 °C and 350 °C). Upon
forming, the profiles were finally aged in a furnace. Details related to
thermo-mechanical processing and the forming steps can be found in
[16].

From the heads of formed profiles, tensile and fatigue specimen
were cut using electro-discharge machining (EDM). Tensile and fatigue
specimens were ground via SiC abrasive papers beforehand to remove
recast layers due to the EDM. Tensile experiments were performed on
specimens with nominal gauge section dimensions of
50 mm × 12.5 mm × 1.5 mm. Three tensile tests for each condition
were carried out. Tensile tests were conducted using a Hegewald &
Peschke screw driven tensile testing machine at room temperature with
a nominal crosshead speed of 5 mm min−1. LCF experiments were car-
ried out on miniature dog-bone shaped specimens with nominal gauge
section dimensions of 8 mm × 3 mm × 1.5 mm. Such type of speci-
mens has already often been used in literature for similar investigations
[40–43]. An MTS servo-hydraulic test rig was used to perform the fa-
tigue experiments. All LCF experiments were conducted at room tem-
perature under a nominal strain rate of 0.006 s−1 under strain-control in
fully reversed push–pull loading (R = −1). LCF tests were carried out
at three total strain amplitudes of Δεt/2 = 0.2%, 0.4% and 0.6%. A
MTS miniature extensometer featuring a gauge length of 5 mm was uti-
lized to measure the strain during LCF testing. Three LCF tests per strain
amplitude were performed to evaluate repeatability of experiments. As
cyclic deformation responses (CDRs) were very similar, only one plot
for each condition is displayed for the sake of brevity in the following
chapter.

A scanning electron microscope (SEM) (CamScan MV 2300) was
employed to analyze the microstructure and fracture surface morpholo-
gies of the specimens. The SEM was operated at a nominal accelerating
voltage of 20 kV. For back-scatter electron (BSE) imaging, specimen
were ground down to to 5 μm grit size using SiC papers followed by pol-
ishing in a colloidal silica solution with the particle size of 0.05 μm.

3. Results and discussion

3.1. Microstructure of thermo-mechanically processed AA6082 and
AA7075 alloys

Representative BSE images of the differently thermo-mechanically
processed AA6082 and AA7075 alloys are shown in Fig. 2. Formation of
coarse precipitates in the AA7075 specimen formed in the heated form-
ing tool at 350 °C is evident, while specimens processed in the tool with
a temperature of 24 °C are characterized by the presence of fine and dis-
persed precipitates. The higher cooling rate induced by the cold tool
suppresses the nucleation of precipitates during cooling [16,20,23,
44–45]. The reader is referred to [16,46] for further in-depth mi-
crostructure characterization upon thermo-mechanical processing. In
previous work focusing on the same conditions, a comprehensive mi-
crostructural analysis of the thermo-mechanically processed AA6082
and AA7075 alloys using different techniques, i.e., energy dispersive
spectroscopy (EDS), electron backscatter diffraction (EBSD) and scan-
ning transmission microscopy (STEM) was reported [16,46]. In those
studies it already was shown that the impact of the different thermo-
mechanical processing routes considered here on the finally prevailing
grain sizes is low.

3.2. Mechanical properties under monotonic loading

Tensile properties under quasistatic loading of the thermo-
mechanically processed AA6082 and AA7075 alloys were also reported
in the authors‘ previous research work [16]. However, as a basis for
solid understanding of the most important underlying mechanisms dur-
ing cyclic loading of these alloys, it is important to briefly report and re-
assess data. The tensile properties of AA6082 and AA7075 upon differ-
ent thermo-mechanically processes are provided in Table 2. Specimens
formed and quenched in tools with temperatures of 24 °C and 200 °C
exhibit yield strength (YS) and ultimate tensile strength (UTS) almost as
high as in the T6 condition. On the contrary, forming in the heated tool
at 350 °C caused deterioration of strength in both alloys. Changes in
mechanical properties with varying tool temperatures can be rational-

Fig. 2. BSE images detailing microstructure evolution for differently thermo-mechanically processed AA6082 and AA7075 alloys highlighting changes in precipita-
tion kinetics as a function of cooling rates.
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Table 2
Tensile properties of differently thermo-mechanically processed AA6082 and
AA7075 alloys. Standard deviations are provided in the table (partly recom-
piled from [16]).
Alloy AA6082 AA7075

Conditions YS
(MPa)

UTS
(MPa)

Elongation
(%)

YS (MPa) UTS
(MPa)

Elongation
(%)

As-received
(T6)

310 ± 4 340 ± 6 14.1 ± 1 470 ± 4 580 ± 5 14.3 ± 1

Tool
temperature
24 °C

319 ± 5 338 ± 8 7 ± 3 489 ± 8 576 ± 6 10.4 ± 2

Tool
temperature
200 °C

302 ± 4 330 ± 5 11.2 ± 3 490 ± 10 561 ± 8 11.2 ± 5

Tool
temperature
350 °C

79 ± 3 163 ± 6 15.9 ± 2 164 ± 8 338 ± 9 13.9 ± 3

ized based on different kinetics of precipitation. In previous work it was
shown that fine and well-dispersed precipitates in the specimen formed
and quenched in the cold tool are responsible for the increase in
strength under monotonic loading [16,46]. On the contrary, coarsening
of precipitates, grain boundary decoration, and concomitant evolution
of PFZs were found to be detrimental.

3.3. Mechanical properties under cyclic loading

All fatigue tests addressed the LCF regime. CDRs of the thermo-
mechanically processed AA6082 and AA7075 alloys are shown in Fig.
3. It is well-accepted that the LCF regime considers tests up to about 105

cycles [47] and, thus, specimens exceeding 150,000 cycles without fail-
ure are reported as runouts in the present study. All specimen fatigued
at the lowest total strain amplitude (Δεt/2 = 0.2%) except the AA6082
condition formed in the tool with a temperature of 350 °C could with-
stand more than 150,000 cycles. Regardless of tool temperature, stress
amplitude increases with an increase in the total strain amplitude in
both alloys. Concomitantly, fatigue lives of both alloys reduced with the
increase of the total strain amplitude. At higher total strain amplitudes,
specimens suffer more rapid fatigue crack initiation and propagation

[48–49]. It should also be noted that at higher Δεt/2, stress levels of
AA7075 alloy are always higher than those of AA6082 alloy. This can
be attributed to the higher resistance toward dislocation slip and plas-
ticity, respectively, in the AA7075 alloy, being already seen in its
higher YS compared to that of AA6082 alloy under quasistatic tensile
testing.

Focusing on the effect of thermo-mechanical processing, specimens
formed and quenched in tools with temperatures of 24 °C and 200 °C
are characterized by stress amplitudes close to those in the as-received
(T6) condition. A different behavior was observed during cyclic loading
of the specimens formed in the tool with a temperature of 350 °C. For a
given total strain amplitude, stresses of specimens formed in the tool
with a temperature of 350 °C are considerably lower than those of the
T6 condition and specimens formed in the tools with lower tempera-
tures. It is well-documented in literature that morphologies and sizes of
precipitates can affect not only the monotonic strength of high-strength
aluminum alloys under monotonic loading but also their fatigue
strength [29,34]. Adequately shaped fine and dispersed precipitates im-
prove the strength of these alloys in general and even can improve their
resistance to fatigue crack initiation. However, strain localization in-
duced by cutting of precipitates being to small needs to be avoided
[50–52]. Coarse precipitates present in the specimen formed in the tool
with a temperature of 350 °C result in a large interparticle spacing facil-
itating dislocation slip and formation of dislocation cell walls and sub-
structures [53–54]. However, fine and disperse precipitates in the parts
formed in the tools with temperatures of 24 °C and 350 °C cause a low
interparticle spacing signifying dislocation-precipitate interactions.
Therefore, different fatigue performances (e.g. fatigue life and strength)
of differently thermo-mechanically processed AA6082 and AA7075 al-
loys can be linked to the interparticle spacing leading to either disloca-
tion-precipitate interactions or dislocation–dislocation interactions.
These aspects are discussed in detail in the chapter 3.5 of the present
work.

Another aspect to be considered in evaluation of the CDRs of
thermo-mechanically processed AA6082 and AA7075 is the cyclic hard-
ening/softening behavior during LCF testing. It should be noted that
strains were increased stepwise in the first 10–25 cycles depending on
the actual total strain amplitude in order to prevent buckling of the
miniature specimens. Therefore, strain hardening in the course of the

Fig. 3. CDRs of AA6082 and AA7075 alloys in different conditions. Information on the actual condition and the strain amplitude are provided in the upper left of each
subimage.
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first 50 cycles may not be directly related to the intrinsic material be-
havior. Specimens formed in tools with temperatures of 24 °C and
200 °C exhibit neither hardening nor softening. As-received (T6) speci-
mens also show a saturation stage similar to the conditions formed in
the cold tool. A lack of softening/hardening is an indication of predomi-
nant elastic deformation (at the global scale) and/or simultaneous gen-
eration and cancellation of dislocations [48,55]. Furthermore it can be
directly deduced that neither cutting of precipitates and strain localiza-
tion nor evolution of dislocation cell structures take place [52,56].
Specimens formed in the tool with a temperature of 350 °C exhibit
steady cyclic hardening during LCF testing (with the exception of the
AA7075 at lowest strain amplitude). This can be attributed to a progres-
sive dislocation generation and dislocation–dislocation as well as dislo-
cation precipitate interactions during cyclic loading, eventually leading
to the evolution of dislocation cell structures in between the coarsened
precipitates [52,56–59]. At this point further in-depth analysis requires
assessment of microstructure evolution via transmission electron micro-
scope (TEM), which is beyond the scope of the present study.

Half-life hysteresis loops of AA6082 and AA7075 alloys in various
conditions are displayed in Fig. 4. In many cases merely elastic defor-
mation is seen, i.e., hysteresis curves remain fully closed. In case of sig-
nificant contribution of plastic strain, half-life hysteresis loops of both
alloys remain relatively symmetrical. Since slip during cyclic plastic
straining is the dominant deformation mechanism in face-centered cu-
bic (fcc) metals, symmetrical loops are often seen during LCF testing
[39,52]. The areas of hysteresis loops are an indication of the relevant
energy dissipation per cycle [60–61]. The as-received (T6) specimens of
AA7075 alloy and the ones formed in the tools with temperatures of
24 °C and 200 °C show very narrow hysteresis loops for all examined to-

tal strain amplitudes. At Δεt/2 of 0.2% and 0.4%, T6 specimens of
AA6082 alloy and the ones formed in the tools with temperatures of
24 °C and 200 °C also exhibit narrow hysteresis loops, attesting an al-
most fully elastic deformation response during cyclic loading. However,
wide opened loops were obtained for the specimen of both alloys
formed in the tool with a temperature of 350 °C revealing a significant
contribution of plastic deformation during cycling. It is also worth not-
ing that at the highest total strain amplitude (0.6%), the loops of
AA6082 alloy are wide opened in all conditions. AA6082 specimen
have lower YS than AA7075 counterparts and, thus, plastic behavior
during cyclic deformation at the higher total strain amplitude is to be
expected for this alloy.

For further assessment of the thermo-mechanically processed
AA6082 and AA7075 alloys under cyclic loading, half-life hysteresis
loops of both alloys are plotted in relative coordinates (Fig. 5). Masing/
Non-Masing behavior of AA7075 specimens formed in the tools with
temperatures of 24 °C and 200 °C can hardly be traced as they are char-
acterized by narrow and elastic hysteresis loops at all examined total
strain amplitudes. AA6082 specimens formed in the tools with tempera-
tures of 24 °C and 200 °C show Masing behavior. On the contrary, spec-
imen of both alloys formed in the tool with a temperature of 350 °C ex-
hibit Non-Masing behavior. This fact clearly indicates remarkable
changes in the microstructure during cyclic loading. Non-Masing be-
havior is an indication of severe dislocation activities, i.e., dislocation
multiplication and their re-arrangement due to the cyclic plastic defor-
mation [55,62–63]. It is known for fcc alloys being characterized by
wavy slip that dislocation cell structures can form being different in size
depending on the actual loading amplitude [52,56]. In precipitation
hardened fcc alloys such behavior can be suppressed when dislocation-

Fig. 4. Half-life hysteresis loops of AA6082 and AA7075 alloys in different conditions. Information on the actual condition and the strain amplitude are provided in
the upper left of each subimage.
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Fig. 5. Half-life hysteresis loops of AA6082 and AA7075 alloys in different conditions plotted in relative coordinates of stress and strain.

precipitate interactions dominate the overall deformation response.
This seems to be the case in all conditions encountering rapid cooling
upon solutionizing, i.e., all conditions processed in the cold tools. As
has been detailed before, precipitation kinetics are different upon
quenching in the tool at 350 °C. The coarse precipitate structure even-
tually allows for the evolution of the dislocation cell structures, at least
in specimen volumes being characterized by large precipitate-
precipitate distances [52,56]. Finally, dependent on the actual strain
amplitude differences in dislocation cell structures prevail leading to
the Non-Masing behavior seen in Fig. 5. As already mentioned before,
experimental proof will require in-depth TEM analysis being out of the
scope of present work.

3.4. Fractography

Fracture surfaces of AA6082 and AA7075 alloys in various condi-
tions upon LCF testing are displayed in Fig. 6. From Fig. 6, it can be de-
duced that the initiation sites of fatigue cracks always stem from near-
surface defects. Generally, fatigue crack can nucleate in the bulk or sur-
face depending on various parameters, e.g., fatigue regime, material
condition, concentration of internal defects, processing history and sur-
face treatment [64–65]. Underlying mechanisms for the initiation of fa-
tigue cracks at the surface are discussed in the following section. Gener-
ally, the fatigue crack propagation area is reduced upon increase of the
total strain amplitude. This behavior was numerously reported for LCF
testing of other materials [39,55,66]. At higher magnification, microc-

Fig. 6. Fracture surfaces of (a–c) AA6082 specimen formed in tool with temperature of 350 °C and fatigued at 0.6%, (d–f) AA7075 as-received specimen fatigued at
0.4%, (g–i) AA7075 as-received specimen fatigued at 0.6%; higher magnifications of fracture are displayed to the right.
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Fig. 7. Schematic illustration highlighting changes in microstructure and fatigue properties imposed by quenching and forming at different tool temperatures.

racks and striations can be assessed as an indication of the locally pre-
vailing fatigue crack propagation rate [67–69]. By analyzing numerous
fracture surfaces it was found that the different tool temperatures only
have a minimum effect on the fracture morphologies of the specimen
fatigued at various strain amplitudes. Thus, only representative micro-
graphs detailing important features for analysis of damage evolution
are shown in Fig. 6 for brevity.

3.5. Process-microstructure-property-damage relationships

The process-microstructure-property-damage relationships derived
from the results shown are schematically illustrated in Fig. 7. As elabo-
rated in the authors’ previous studies [16,20,23], forming/quenching
specimens in tools with temperatures of 24 °C and 200 °C causes the in-
troduction of fine and disperse precipitates, whereas forming specimens
in the tool with a temperature of 350 °C promotes the formation of
coarse precipitates.

The effects of precipitate morphologies and sizes on the fatigue per-
formances of both alloys were already discussed above. Specimens
formed in the tools with temperatures of 24 °C and 200 °C showed nei-
ther cyclic hardening nor cyclic softening. This can be rationalized in
terms of dislocation–dislocation and dislocation-precipitate interac-
tions. It was found that for the aluminum alloys containing fine and dis-
persed precipitates, e.g., in T6 condition, interparticle spacing is low
and, hence, the formation of dislocation cell walls and subgrains cannot
occur during cyclic deformation [53–54]. Results obtained in present
work indicate that during cyclic deformation of the specimens formed
and quenched in the cold tools, dislocation-precipitate interactions are
more dominant than dislocation–dislocation interaction. However,
larger interparticle spacing in the specimens formed in the tool with a
temperature of 350 °C signifies dislocation–dislocation interactions un-
der cyclic deformation. The dislocation cell shuttling mechanism was
mentioned to be the underlying mechanism for cyclic hardening in alu-
minum alloys, where dislocation–dislocation interactions are domi-
nant, e.g., in overaged conditions [58,70–71]. Based on this mecha-
nism, screw dislocations are bowed to develop loops in the cell walls to-
wards the cell interior. Considering this mechanism considerable
changes in the microstructure are expected, rationalizing the observed
Non-Masing behavior of the specimens formed in the tool with a tem-
perature of 350 °C. It should also be noted that wide opened hysteresis

loops of formed specimens in the heated tool indicate high energy dissi-
pation per cycle. The energy dissipation in this case can be a factor fur-
ther promoting the dislocation interactions detailed before.

Considering observations of fracture analysis, it can be deduced that
fatigue cracks initiated mostly at near-surface defects as pointed out
earlier. Pores and inclusions were found to be responsible for the nucle-
ation of near-surface cracks [72]. Serrano-Munoz et al. studied the loca-
tion of fatigue crack initiation in Al-Si cast alloys [73]. Their results
suggest that during cyclic loading an internal defect should be at least
three times larger than surface or near-surface ones to be able to pro-
mote subsurface nucleation of a fatigue crack. Therefore, the presence
of defects even in small sizes at the surface is very detrimental for the
fatigue life of components. It is also worth noting that surface defects
can be introduced during cyclic deformation [74]. In the LCF regime,
cyclic slip irreversibility at the surface can also trigger crack nucleation
[74–76]. During forward loading, some dislocations reach the surface
of the material and then they never return to the specimen interior in
the reverse loading direction, eventually leaving irreversible slip be-
hind. Accumulation of cyclic slip irreversibility leads to local stress con-
centration at the surface and eventually initiation of cracks from those
points.

4. Summary and conclusions

Fatigue performance of thermo-mechanically processed AA6082
and AA7075 alloys was explored by conducting LCF experiments at
three strain total amplitudes of Δεt/2 = 0.2%, 0.4% and 0.6%. The
most significant findings of present work can be summarized as follows:

i. Fatigue strength and life strongly depend on the tool temperature
in the forming and quenching process used in the present study.
Forming both alloys in the cold tool resulted in superior fatigue
properties stemming from fine and dispersed precipitates
compared to coarse precipitate structures formed in the tool at a
temperature of 350 °C.

ii. Half-life hysteresis loops revealed that specimens processed in
tools with temperatures of 24 °C and 200 °C are characterized by
narrow loops and small hysteresis areas, while loops of specimens
formed in the tool with a temperature of 350 °C demonstrated a
wide opened hysteresis.
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iii. Specimens formed in the tool with a temperature of 350 °C
showed Non-Masing behavior indicating considerable dislocation
generation and activities during cyclic loading. Fatigue properties
obtained in the present work suggest that interparticle spacing is a
very important parameter for the designation of mechanical
properties of high-strength aluminum alloys under cyclic loading.
Low interparticle spacing in the parts formed in the cold tool can
inhibit the formation of substructures, while larger interparticle
spacing in the components formed in the tool with a temperature
of 350 °C may allow the formation of subgrains and dislocation
cells.
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