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Aluminium alloys have played a special role in the aero-
nautical industry, progressively replacing heavier metals 
due to their outstanding strength-to-weight ratio. These 
alloys are distinguished by their low density, good form-
ability, high specific strength, and advantageous balance 
between toughness and corrosion resistance, making them 
an excellent material for aircraft structures [4, 5]. Despite 
the increasing use of advanced composite materials, such as 
carbon fibre reinforced polymers (CFRPs) [6], aluminium 
alloys remain essential in multiple aircraft components due 
to their versatility, proven reliability, and maturity of associ-
ated manufacturing technologies [7].

Within the wide range of aluminium alloys, the UNS 
A97075 alloy is particularly relevant for aerospace applica-
tions [8]. This precipitation-hardened, zinc-rich alloy exhib-
its one of the highest strength levels among commercial 
aluminium grades, with yield strengths exceeding 500 MPa 
[9]. Owing to this exceptional combination of high strength 
and low weight, this alloy is commonly used in struc-
tural elements, such as wing spars and ribs, landing gear 

1  Introduction

The aerospace industry is one of the most strategic and tech-
nologically demanding sectors worldwide, characterised by 
strict safety, reliability, and performance requirements [1]. 
Modern aircraft design and operation require materials that 
can withstand extremely severe service conditions, where 
structural weight reduction, high mechanical strength, and 
durability under cyclic loading or aggressive environments 
are decisive factors [2, 3]. Therefore, material selection for 
aeronautical applications is based not only on mechanical 
performance but also on fuel efficiency, reduced operational 
costs, and flight safety.
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Abstract
Surface conditions are a decisive factor in the fatigue performance of aeronautical components, particularly for alloys 
highly susceptible to corrosion, such as UNS A97075. This study investigates the combined influence of machining 
parameters, corrosion, and Abrasive Jet Machining on the geometric accuracy, surface roughness, and fatigue behaviour 
of rotary-bending specimens. Two cutting conditions were applied, followed by controlled sequences of corrosion and 
Abrasive Jet Machining to evaluate their synergistic effects. The results show that machining under more severe condi-
tions increased roughness and form deviations owing to higher cutting forces, vibration and thermal loading. However, the 
sequence of post-machining operations exerted a far greater impact on surface conditions and fatigue life than machining 
parameters alone. When Abrasive Jet Machining was applied after corrosion, roundness and cylindricity were partially 
restored, roughness was stabilised, and fatigue life was significantly extended. Conversely, Abrasive Jet Machining per-
formed before corrosion amplified pitting, produced severe geometric distortions, and reduced fatigue life by more than 
50%. These findings demonstrate the dual role of Abrasive Jet Machining as either a restorative or detrimental treatment 
depending on process order, providing clear guidance for the optimisation of manufacturing and maintenance strategies 
in aerospace aluminium alloys exposed to corrosive environments.
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components, fuselage frames, and precision machined parts, 
subjected to severe mechanical stresses [10, 11]. Beyond 
civil aviation, this alloy also finds applications in the aero-
space and defence industries, including helicopter compo-
nents, missile structures, and military vehicles, underlining 
its strategic relevance [11].

Surface integrity is a critical attribute in aerospace manu-
facturing, where the highest quality requirements must be 
met to ensure the safety and reliability of structural com-
ponents [12, 13]. Even minor surface imperfections in this 
sector can lead to premature failures under high cyclic 
stresses and aggressive environments. Therefore, the con-
trol and characterisation of surface integrity have become 
essential aspects of aeronautical design, manufacturing, and 
maintenance.

The term surface integrity refers to the macrogeometric, 
microgeometric, and physicochemical properties that define 
a material’s surface condition after manufacturing or post-
processing [14]. From the macrogeometric perspective, it 
encompasses form deviations, such as roundness, straight-
ness, and cylindricity, which are decisive for the dimen-
sional and functional accuracy of aerospace components 
[15]. On the microgeometric level, surface roughness plays 
a key role, as it governs stress concentration phenomena that 
strongly affect fatigue crack nucleation [16, 17]. Finally, 
from the physicochemical standpoint, surface integrity also 
includes properties such as corrosion resistance and fatigue 
behaviour, which determine the durability of components 
under combined environmental and mechanical loading 
[18].

In aerospace applications, the interaction between these 
macrogeometric, microgeometric, and physicochemical 
aspects of surface integrity directly influences the structural 
performance and fatigue life of aluminium alloys, such as 
UNS A97075 [16]. Therefore, understanding and control-
ling these parameters is essential for optimising manufac-
turing strategies and ensuring the long-term reliability of 
aircraft structures. In this context, manufacturing process 
selection and parameter definition are central to controlling 
surface integrity in aerospace aluminium alloys.

Machining operations are a fundamental step in the man-
ufacturing of aeronautical structural components, as they 
enable the achievement of the strict dimensional tolerances 
and geometric accuracy required in the aerospace sector. 
Aluminium alloys, such as UNS A97075, are widely used in 
these applications owing to their high specific strength and 
excellent machinability, which facilitates the production of 
complex and high-precision parts [5, 19].

However, in recent years, increasing environmental con-
cerns have driven a progressive shift towards dry machining, 
aiming to reduce the use of cutting fluids [20]. Conventional 
cutting fluids, although beneficial in reducing tool wear and 

improving surface finish, pose serious environmental chal-
lenges because of their toxicity, disposal requirements, and 
impact on operator health [21]. Therefore, their elimination 
represents an important step towards more sustainable and 
eco-efficient manufacturing processes.

Despite the inherently good machinability of aluminium 
alloys, dry machining imposes more severe cutting condi-
tions than conventional lubrication-assisted operations. The 
absence of cutting fluids results in higher cutting zone tem-
peratures, increased cutting forces, and greater tool–work-
piece interaction [22]. Consequently, the process becomes 
more aggressive and may deteriorate the surface integrity 
through increased roughness, higher form deviations, and 
the potential induction of residual stresses. As a result, while 
dry machining offers clear environmental and economic 
advantages, it also poses significant challenges in terms of 
maintaining the required surface quality for aerospace com-
ponents [23].

Abrasive Jet Machining (AJM) is a nonconventional 
postprocessing operation that employs a high-velocity 
stream of abrasive particles to erode a material’s surface. 
In the aerospace industry, this technique has been increas-
ingly considered a complementary process to conventional 
machining, particularly for components manufactured from 
aluminium alloys. Its primary purpose is to improve surface 
conditions after initial machining by removing irregulari-
ties, reducing surface defects, and enhancing overall dimen-
sional accuracy [24, 25].

AJM offers several advantages in the machining of 
aluminium alloys. The process enables surface roughness 
modification and eliminates machining-induced marks 
or shallow corrosion pits, thereby improving the surface 
topography homogeneity [26]. Additionally, AJM avoids 
issues related to tool wear and cutting forces because it is a 
noncontact process, making it suitable for finishing delicate 
or geometrically complex aerospace components [27]. Sur-
face bombardment by abrasive particles may induce benefi-
cial compressive residual stresses in the surface layer, which 
can improve fatigue resistance [28, 29].

Nevertheless, AJM must be carefully controlled, as the 
same abrasive action that removes defects may also intro-
duce new surface irregularities or microcracks, potentially 
compromising the material’s mechanical performance [30]. 
Understanding the balance between the beneficial and det-
rimental effects of AJM is critical for its successful applica-
tion in aerospace manufacturing and maintenance.

Although aluminium alloys generally show good cor-
rosion resistance, UNS A97075 exhibits lower corrosion 
resistance due to its zinc-rich composition. This alloy is 
particularly susceptible to localised corrosion phenomena, 
including pitting corrosion and stress corrosion cracking, 
which are intensified in chloride-containing environments 
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such as saline atmospheres [31]. These types of degradation 
act as preferential sites for the initiation of fatigue cracks, 
reducing the service life of aerospace components exposed 
to aggressive conditions.

Exposure to humid or marine environments accelerates 
the onset of pitting in aircraft structures, creating surface 
cavities that act as severe stress concentrators under cyclic 
loading. Moreover, the combination of mechanical stress 
and corrosive attack promotes stress corrosion cracking, 
leading to premature failure even at stress levels well below 
the material’s nominal yield strength [32]. These effects are 
especially critical in structural elements, such as fuselage 
frames, wing components, and landing gear assemblies, 
which are routinely exposed to fluctuating mechanical loads 
and corrosive agents during service.

The interaction between machining-induced surface 
features and corrosion further complicates this scenario. 
Machining marks, residual stresses, or geometric devia-
tions can intensify localised corrosion, creating conditions 
favourable to early crack nucleation [33, 34]. Therefore, 
understanding how corrosion alters the surface integrity of 
UNS A97075 and how postprocessing operations such as 
AJM may mitigate or amplify these effects is critical for 
ensuring the long-term reliability of aerospace components.

These facts make fatigue behaviour one of the most criti-
cal mechanical properties in the aerospace industry, as it 
directly affects the safety and reliability of aircraft struc-
tures. Aerospace components are continuously subjected 
to cyclic loading during service. If not properly controlled, 
the progressive initiation and propagation of fatigue cracks 
can lead to catastrophic failures. Therefore, fatigue resis-
tance analysis and improvement represent a fundamental 
requirement in aeronautical design, manufacturing, and 
maintenance.

The fatigue behaviour of aluminium alloys, such as UNS 
A97075, is strongly influenced by surface integrity. Sur-
face roughness plays a decisive role in introducing stress 
concentrators that facilitate crack nucleation under cyclic 
stresses. Even small increases in roughness may drastically 
reduce the number of cycles to failure, highlighting the need 
for strict surface quality control [16, 35].

Manufacturing and postprocessing operations also exert 
a direct influence on fatigue life. The machining condi-
tions determine the initial roughness, which may introduce 
residual stresses or geometric deviations that modify fatigue 
performance [36]. Corrosion accelerates the initiation of 
cracks by generating pits and surface defects that act as crit-
ical stress raisers [37]. Similarly, Abrasive Jet Machining, 
while capable of reducing certain machining or corrosion-
induced defects, can also introduce new surface irregulari-
ties or microcracks if not properly controlled [38]. Thus, the 
combined effects of machining, corrosion, and AJM have a 

synergistic impact on fatigue resistance, underscoring the 
importance of systematically studying their interactions.

Recent evidence from particle impact surface treatments 
supports the notion that fatigue performance can be gov-
erned by impact craters and the population of local sur-
face defects, rather than by average roughness alone. Dai 
et al. [39] showed that grit blasting can shift the initiation 
of fatigue cracks to impact craters and that fatigue life is 
strongly dependent on process parameters such as abrasive 
size and pressure. In a related context, Bakir et al. [40] 
found that cold spray repair on UNS A97075 can recover 
fatigue performance, while crack initiation may localise at 
the substrate deposit interface where particle impact leaves 
crater-like features. Furthermore, Sarkar et al. [41] dem-
onstrated that the fatigue benefit of glass bead blasting is 
markedly reduced when the treatment is applied after cor-
rosion because corrosion-related defects remain dominant 
sites for crack initiation. These recent findings highlight 
the dual role of particle-based postprocessing and reinforce 
the need for dedicated studies that account for corrosion 
exposure and process sequence when assessing fatigue 
behaviour.

The initial surface state is set by machining conditions 
and can affect fatigue behaviour through roughness, residual 
stresses, and geometric deviations. Chloride-induced pitting 
reduces fatigue life by creating surface defects that promote 
crack initiation. In addition, depending on the severity of the 
process, particle-impact treatments can either improve or 
worsen fatigue performance, and crack initiation may shift 
from machining marks to impact craters or defects caused 
by corrosion. However, most studies consider these factors 
separately and do not clarify how the combination of corro-
sion exposure and particle-based treatments changes fatigue 
response. The combined effect of machining, corrosion, 
and abrasive particle treatments in UNS A97075 remains 
unclear, particularly when the processes are applied in dif-
ferent sequences.

In aerospace manufacturing and maintenance, abrasive 
particle processes, such as AJM, can be applied after machin-
ing to modify or improve surface conditions before service. 
In this situation, the surface state prior to environmental 
exposure differs from that of a conventionally machined 
component, and the subsequent corrosion behaviour may 
evolve in a different manner due to the altered topography 
and defect distribution. At the same time, abrasive pro-
cesses may also be used on components that have already 
experienced corrosion to remove oxide layers or superficial 
damage. In such cases, the treatment modifies a surface 
that already contains corrosion pits and defects, which can 
alter the material’s geometric integrity and fatigue response. 
Despite these practical scenarios, systematic evidence clari-
fying how the application of AJM before or after corrosion 
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The machining process was performed using a CNC turn-
ing centre, model EMCO TURN E45 (Fig. 1b). A rhombic 
uncoated WC-Co tool (ISO DCMT 11T308-14 IC20) was 
used with a neutral tool holder configuration during turning. 
A new cutting edge was used for each test to ensure that the 
initial conditions were consistent. The main cutting-edge 
angle was set to 62.5° to ensure proper machining of the 
calibrated zone, which corresponds to the test section thick-
ness. The machining operation was carried out under dry 
conditions for environmental reasons.

Two combinations of cutting speed (vc) and feed (f) values 
were used during machining: low cutting parameter values 
(vc = 40 m/min, f = 0.05 mm/rev) and high cutting param-
eters (vc = 80 m/min, f = 0.20 mm/rev). Although higher cut-
ting speeds are feasible for aluminium alloys, the selected 
vc values are appropriate for the machining of hybrid struc-
tures involving CFRP, which are common in the aerospace 
industry [43]. Therefore, this range allowed the evaluation 
of how moderate versus severe cutting conditions generate 
two clearly contrasting initial surface integrity states before 
corrosion and AJM. The two-level design kept the experi-
mental matrix manageable and enabled a controlled com-
parison of the post-processing sequences.

Two additional operations were performed on the speci-
mens after machining to modify their surface conditions. 
One operation involved Abrasive Jet Machining, in which 
particles were projected onto the specimen surface (Fig. 2a). 
This operation was performed at a constant pressure of 8 
bar, with a fixed stand-off distance from the workpiece sur-
face, and glass beads were used as the abrasive particles. 
These parameters were chosen to ensure a uniform surface 

affects surface integrity and fatigue performance in UNS 
A97075 is still limited.

The present study addresses this gap through a controlled 
experimental framework in which two contrasted dry turning 
conditions are combined with two alternative sequences involv-
ing corrosion and Abrasive Jet Machining. The novelty of the 
work lies in isolating the effect of process sequence under con-
trolled turning conditions and in relating that sequence directly 
to surface roughness, macrogeometric deviations, and rotary 
bending fatigue behaviour in UNS A97075. Standardised 
measurements of roughness, form deviations, and fatigue per-
formance are integrated to determine whether AJM acts as a 
harmful treatment when applied before corrosion or as a restor-
ative treatment when applied afterwards. In this way, the study 
provides both mechanistic interpretation and practical guidance 
for manufacturing and maintenance strategies in aerospace alu-
minium components exposed to corrosive environments.

2  Methodology

To investigate the effects of machining, corrosion and AJM 
on the fatigue behaviour of UNS A97075 aluminium alloy, 
a systematic experimental procedure was followed. The 
specimen dimensions were designed to meet the require-
ments for rotary bending fatigue tests, as specified in ISO 
1143:2010 [42] (Fig. 1a). Among the various geometries 
proposed by the standard for fatigue test specimens, the par-
allel specimen was chosen because of its ease of machining. 
This geometry requires a lower applied load while produc-
ing a higher bending moment in the expected fracture zone.

Fig. 1  (a) Specimen geometry; 
(b) machining centre
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The surface roughness of each specimen was measured 
after each operation (Fig. 3). Measurements were taken 
after machining, after the corrosion process, and after the 
AJM operation. The arithmetic mean roughness (Ra) and 
the mean profile height (Rz) were characterised using a 
Mitutoyo SJ-210 roughness tester. The measurements were 
performed over a sampling length of 0.8 mm (lc), taking a 
total of five samples and applying a Gaussian filter to elimi-
nate shape and waviness components, in compliance with 
the requirements of ISO 4288:1998 [45] (Fig. 3a).

The form deviations were assessed in the calibrated sec-
tion of the fatigue specimens, as this region contains the 
highest bending stresses during rotary bending and consti-
tutes the most likely zone for fatigue fracture. The accurate 
characterisation of geometric deviations in this area is essen-
tial because imperfections, such as roundness or straightness 
errors, can act as stress concentrators and directly influence 
the initiation and propagation of fatigue cracks [46].

Measurements were carried out using a RONDCOM 
NEX form measuring instrument (Fig. 3b), which provides 
high-resolution profiling of rotationally symmetric parts. 
All form measurements were performed following the same 
mounting and alignment procedure for all specimens and 
conditions, and end-effects were avoided by limiting the 
evaluation to the calibrated section. The acquisition of mul-
tiple profiles was adopted to minimise sensitivity to local 
outliers and improve the representativeness of the measured 
form errors across the gauge length.

Up to six roundness profiles were acquired on parallel 
cross-sections within the calibrated section, with an axial 
spacing of 4 mm between consecutive sections. This sam-
pling strategy ensured a representative description of the 
roundness error throughout the gauge length. The round-
ness deviation was evaluated using the least-squares circle 
method, as specified in ISO 12181-1:2011 [47], which 

modification while avoiding excessive material removal, in 
line with previous studies on aluminium alloys [26, 44].

The second operation consisted of exposing the speci-
mens to corrosion by immersion in a saline solution (Fig. 
2b). This treatment was carried out in a 3.5% NaCl solution 
for three days in order to modify the surface state obtained 
after machining. This condition promotes chloride-induced 
pitting in a controlled and accelerated manner. Pitting is 
a common and highly relevant degradation mechanism in 
UNS A97075 aluminium alloy used in aircraft structures 
exposed to saline contamination, and generating measur-
able pitting in a repeatable way is essential for a reliable 
comparison of the post-processing effects.

A water circulation pump was used to ensure uniform 
corrosion across the entire surface and maintain a consistent 
NaCl concentration throughout the solution. Additionally, the 
solution temperature was checked every 24 h to ensure pro-
cess stability. After immersion, each specimen was cleaned to 
remove any residual NaCl deposits from the surface.

These operations were carried out in different sequences 
to determine their effects on the surface conditions of the 
machined specimens. Considering the process order makes 
it possible to determine whether AJM can restore surface 
integrity after corrosion damage or whether applying it 
beforehand intensifies the adverse effects of subsequent cor-
rosion. Table 1 summarises the operations performed and 
their corresponding sequences.

Table 1  Order of operations during the experimental phase
 1 st operation 2nd 

operation
3rd 
operation

Turning (vc = 40 m/min; f = 0.05 mm/rev) AJM Corrosion
Turning (vc = 40 m/min; f = 0.05 mm/rev) Corrosion AJM
Turning (vc = 80 m/min; f = 0.20 mm/rev) AJM Corrosion
Turning (vc = 80 m/min; f = 0.20 mm/rev) Corrosion AJM

Fig. 2  (a) AJM equipment; (b) corrosion tests
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specifications for metallic materials. The specimens were 
subjected to a fully reversed loading condition (stress ratio 
R = −1), which is representative of high-cycle fatigue in 
aerospace applications.

A single load of 9 kgf was applied at the free end of 
each specimen, corresponding to a nominal stress ampli-
tude of approximately 230 MPa in the calibrated section, 
where fracture was expected to occur. This stress amplitude 
was deliberately selected to ensure that surface integrity 
remained a relevant driver of fatigue performance, particu-
larly in the presence of corrosion-related surface defects. At 
higher stress amplitudes, crack initiation may occur more 
rapidly, reducing the sensitivity of fatigue life to differences 
in surface condition and partially masking the influence of 
the post-processing operations.

During testing, the rotation frequency was set to 50 
Hz to ensure a balance between testing efficiency and 

determines the radial difference between the measured 
profile and the reference circle that minimises the sum of 
squared deviations.

The straightness was subsequently measured along the sur-
face generatrix of the calibrated section to capture potential 
axial distortions. Four measurements were performed over a 
length of 15 mm, each separated by 90° around the circumfer-
ence, thereby covering the entire perimeter of the specimen. 
This approach enabled the detection of directional variability 
in the straightness error. The evaluation followed the proce-
dures established in ISO 12780-1:2011 [48], which defines the 
least-squares line as the reference for straightness assessment.

Rotary bending fatigue tests (Fig. 4) were carried out to 
evaluate the influence of machining, corrosion, and AJM on 
the fatigue behaviour of UNS A97075 aluminium alloy. The 
tests were performed using a rotary bending machine devel-
oped at the University of Málaga, following ISO 1143:2010 

Fig. 3  (a) Surface roughness measurement; (b) measurement of form deviations
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3  Results

3.1  Analysis of surface roughness

Figure 5 shows the mean values of the arithmetic mean rough-
ness (Ra) after each manufacturing operation carried out on 
the fatigue test specimens of UNS A97075 aluminium alloy: 
turning operation, corrosion under saline solution, and AJM.

After turning, the specimens machined under the lower 
cutting parameters showed lower Ra values than those 
machined under the more aggressive condition. This differ-
ence can be attributed to the interplay between the cutting 
conditions and the removal mechanism. A lower feed rate 
(0.05 mm/rev) reduces the depth of the grooves formed by 
the cutting tool, resulting in a smoother surface finish. Fur-
thermore, the lower cutting speed minimises heat generation 
in the cutting zone, reducing tool adhesion wear (built-up 
edges, BUE), which can transfer irregular material deposits 
onto the surface and increase surface roughness.

minimisation of thermal effects. The fatigue life (N) was 
defined as the number of cycles to complete the fracture of 
the specimen.

Four specimens were tested for each manufacturing con-
dition and process sequence described in Table 1 to guar-
antee statistical reliability of the results. This replication 
enabled the calculation of mean values and standard devia-
tions, ensuring a 95% confidence level in the fatigue life 
data obtained according to ISO 12107:2012.

Notably, this experimental procedure was structured to 
isolate the effect of the process sequence under two con-
trasted initial machining conditions. The turning parameters 
were selected to generate two distinct initial surface integ-
rity states, while the corrosion exposure and AJM settings 
were kept constant across all specimens. This design enables 
a direct comparison between the two operation sequences 
and supports the attribution of the observed differences in 
roughness, form deviations, and fatigue life to process order 
within the investigated conditions.

Fig. 5  Arithmetic mean roughness. (a) Corrosion before the AJM process; (b) AJM before corrosion

 

Fig. 4  Rotary bending fatigue test bench
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new irregularities, such as microcracks, peaks and valleys, 
that dominated the surface profile and largely masked the 
influence of the initial cutting conditions.

Subsequent exposure to the corrosive environment after 
AJM produced a marked increase in Ra because corrosion 
acted on a surface that already contained numerous irregu-
larities and stress concentrators created by the abrasive pro-
cess. These features facilitated the nucleation and growth 
of localised corrosion, mainly pitting, thereby promoting a 
stronger increase in roughness during the final stage. Under 
this sequence, the influence of the initial cutting conditions 
on the final Ra became negligible because the surface state 
was dominated by AJM and the subsequent corrosion attack.

The final Ra is substantially higher when corrosion is 
performed after AJM than when AJM is performed after 
corrosion. For the low cutting parameter condition, the final 
Ra increases from 1.42 μm when corrosion is performed 
before AJM to 2.71 μm when corrosion is performed after 
AJM, corresponding to an increase of 90.7%. Under the 
high cutting parameter condition, the final Ra increases 
from 1.87 μm to 2.80 μm, corresponding to an increase of 
49.4%. Therefore, comparing the two sequences revealed 
the significant influence of the process order on the surface 
roughness evolution. In the first scenario, where corrosion 
was applied before AJM, the increase in roughness caused 
by corrosion was partially mitigated during the subsequent 
abrasive process. The AJM removed some defects caused by 
pitting, partially levelling the surface and resulting in lower 
final Ra values. In contrast, in the second scenario, where 
AJM was applied before corrosion, the abrasive process 
amplified the corrosion effects. The irregularities and stress 
concentrators created during AJM facilitated the nucleation 
and progression of localised corrosion, leading to a greater 
increase in Ra during the final stage.

The evolution of Rz in the two process sequences, corro-
sion followed by AJM (Fig. 6a) and AJM followed by corro-
sion (Fig. 6b), was similar to that observed for Ra, showing 
that Rz was also highly sensitive to process order. A key 
difference, however, lay in the magnitude of the changes, 
particularly after the first operation applied after machining. 
At this stage, the increase in Rz was much more pronounced 
than that in Ra, regardless of whether corrosion or AJM was 
applied first. This is consistent with the nature of Rz, which 
reflects the distance between the highest peak and the deep-
est valley within the evaluation length and is therefore more 
sensitive to pronounced topographical features such as cor-
rosion pits and particle-impact marks.

In the second stage, the magnitude of the Rz increase 
depends strongly on the order of the processes. In the case 
where corrosion follows AJM, the roughened surface cre-
ated by the abrasive process contains numerous irregu-
larities that act as nucleation sites for pitting during the 

Aggressive machining conditions (80 m/min and 0.20 
mm/rev) generate a rougher surface due to the combined 
effects of higher feed rates and elevated cutting speeds. The 
higher feed rate increases the spacing between successive 
tool passes, leaving deeper and more prominent machining 
marks. Simultaneously, the higher cutting speed increases 
heat accumulation in the cutting zone, promoting thermal 
softening of the material and potentially leading to local-
ised smearing or tearing of the surface. Furthermore, higher 
cutting conditions increase vibrations and dynamic forces, 
resulting in irregularities in the machined surface. These 
combined factors explain the higher Ra values observed for 
specimens machined under high cutting parameter values.

In the second stage, specimen exposure to a corro-
sive environment through immersion in a saline solution 
increases Ra (Fig. 5a). Under such conditions, the predomi-
nant type of corrosion observed in UNS A97075 is pitting 
corrosion, which creates irregularities and localised depres-
sions on the surface, increasing Ra. The lack of a signifi-
cant increase in Ra after corrosion in specimens initially 
machined under higher cutting parameters may be attributed 
to the high initial surface roughness, which already features 
deep grooves and pronounced irregularities. The corrosion 
process tends to act within these existing defects, locally 
intensifying them without introducing substantial new 
irregularities that would further increase Ra. This saturation 
effect contrasts with specimens machined under lower cut-
ting parameters, where the initially smoother surface allows 
the corrosion to create more noticeable deviations, leading 
to a greater increase in Ra.

After corrosion, the AJM process introduces a further 
increase in surface roughness, with a more pronounced 
effect on specimens machined under aggressive param-
eters. This surface already contains deeper grooves and 
irregularities resulting from machining and corrosion. 
These features amplify the impact of abrasive particles, as 
they preferentially erode areas of high stress concentration, 
creating deeper pits and enhancing roughness. In addition, 
the irregular surface topology increases the probability of 
abrasive particle scattering, resulting in inconsistent mate-
rial removal and further amplifying Ra. Conversely, speci-
mens machined under lower cutting parameters exhibit a 
smoother initial surface, which allows the abrasive particles 
to act more uniformly, resulting in a non-significant change 
in Ra.

Figure 5b shows the evolution of Ra when AJM was 
applied before exposure to the saline solution. After AJM, 
Ra increased under both machining conditions and reached 
very similar values in the two groups of specimens. This 
behaviour can be attributed to the AJM conditions, which 
generated roughness levels higher than those produced by 
turning alone. The high-velocity abrasive particles created 
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roughening blasting treatments. This difference is consistent 
with findings in grit blasting, where Dai et al. [39] showed 
that roughness increases with grit size and pressure and 
linked topography evolution to impact crater formation and 
surface scratching. In this context, the higher sensitivity 
of Rz observed in the present results is consistent with the 
surface states dominated by pits or particle impact features 
because extreme height parameters are particularly affected 
by localised cratering and scratching.

3.2  Analysis of form deviations

In this section, the form deviations in the calibrated region 
of the fatigue specimens are evaluated. Three geometrical 
deviations were selected in accordance with ISO standards: 
roundness (RON), straightness (STR), and cylindricity 
(CYL). These parameters provide complementary informa-
tion on the fatigue test specimen’s macrogeometric accu-
racy, which is relevant for fatigue crack initiation under 
rotary bending. Their analysis enables the assessment of 
how machining conditions and the sequencing of corrosion 
and AJM influence the global geometric integrity of the 
specimens and, therefore, their potential effect on fatigue 
behaviour.

 For f = 0.05 mm/rev, the average RON remained rela-
tively low, indicating good form accuracy in the calibrated 
section. In contrast, specimens machined under aggressive 
parameters (vc = 80 m/min; f = 0.20 mm/rev) exhibited a 
significant increase in RON. This behaviour is consistent 
with the larger cutting forces, higher vibration levels, and 
thermal effects associated with higher cutting parameters in 
the machining process, all of which contribute to increased 
geometric distortions [51].

Recent results on the dry turning of A97075 [52] indicate 
that macrogeometric accuracy is strongly governed by cut-
ting conditions, with feed emerging as a primary driver of 

corrosion process. These previous features intensify the 
corrosive attack, leading to a significant rise in Rz, which 
is greater than the increase observed when the first process 
is corrosion. In contrast, when AJM follows corrosion, the 
abrasive process partially removes the defects introduced 
during pitting, thereby limiting the extent to which Rz 
increases. According to this analysis, it responds similarly 
to Ra regarding the sensitivity to process order, but with 
notable differences in magnitude, especially during the first 
operation after machining.

The same trend was observed for the final Rz values, 
further demonstrating the sequencing effect. Under the low 
cutting parameter condition, the final Rz increases from 
10.32 μm (corrosion before AJM) to 18.39 μm (corrosion 
after AJM), corresponding to an increase of 78.3%. Under 
the high cutting-parameter condition, the final Rz increases 
from 11.60 μm to 19.23 μm, corresponding to an increase 
of 65.7%. Therefore, the sequencing of corrosion and AJM 
leads to substantially larger percentage changes in the final 
Rz than those associated with changing the turning param-
eters within a given sequence, consistent with the trend 
observed for Ra.

Recent literature provides reference ranges for Ra and 
Rz that are consistent with the magnitudes measured in 
this study and supports the interpretation of the observed 
trends. Zdravkovic et al. [49] documented that P180 sand-
ing on aluminium surfaces yields Ra values between 1.46 
μm and 1.91 μm and Rz values between 8.65 μm and 
12.33 μm, which is in line with the lower roughness levels 
obtained in this study. Moving from mechanical abrasion to 
particle-based surface treatments, substantially larger peak-
to-valley amplitudes have been described in abrasive blast-
ing [50], with values around Ra 4.25 μm and Rz 30.22 μm, 
exceeding the maxima measured in the present work and 
indicating that the AJM conditions applied here induce a 
moderate roughness increase when compared with strongly 

Fig. 6  The mean profile height. (a) Corrosion before the AJM process; (b) AJM before the corrosion process
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reflecting the pit-induced degradation. However, subse-
quent AJM treatment reduced these deviations, lowering the 
mean RON value. This indicates that AJM was capable of 
partially levelling the corrosion-induced defects, recovering 
part of the initial roundness accuracy.

A direct comparison of the two sequences reveals the 
decisive influence of the process order. When AJM was per-
formed before corrosion, the abrasive action introduced addi-
tional irregularities that intensified the effect of corrosion, 
resulting in higher and less stable RON values. Conversely, 
the abrasive process acted beneficially when AJM was 
applied after corrosion, removing or smoothing corrosion 
pits and improving roundness. Therefore, the experimental 
results demonstrate that AJM is an effective corrective treat-
ment when applied after corrosion, whereas its application 
before corrosion amplifies geometric deterioration.

A quantitative comparison of the final RON values con-
firms that the RON is also influenced by the postprocessing 
order. Under the low cutting parameter condition, the final 
RON increases from 6.07 μm when corrosion occurs before 
AJM to 7.92 μm with corrosion after AJM, corresponding 
to an increase of 30.5%. Under the high cutting-parameter 
condition, the final RON increased from 8.01 μm to 9.23 μm, 
corresponding to an increase of 15.2%. This result indicates 
that the sequencing of corrosion and AJM has a pronounced 
influence on the final RON values, which is consistent with 
the behaviour observed for Ra and Rz.

Under the lower feed rate, the measured STR values were 
markedly lower than those obtained under the aggressive 
cutting condition, confirming that higher vc and f promote 
larger axial distortions along the generatrix of the calibrated 
section. This result is consistent with the greater mechanical 
loading, higher thermal input and increased vibration levels 
associated with severe cutting.

When corrosion preceded AJM (Fig. 8a), the first step 
substantially degraded the straightness relative to the STR 

form errors, such as circular runout and straightness. This is 
consistent with the higher RON values obtained under the 
aggressive turning parameters, where increased mechanical 
loading and dynamic effects are expected to amplify devia-
tion from the ideal circular profile.

When the specimens were exposed to corrosion (Fig. 7a), 
a moderate increase in RON was observed. The rise in form 
error is attributed to the development of pitting corrosion, 
which creates local cavities that disrupt the circular profile 
of the calibrated section. In some cases, the corrosion pro-
cess led to higher localised deviations, reflecting the het-
erogeneous distribution of pits on the surface. These results 
indicate that corrosion consistently worsens the accuracy of 
roundness, although the extent of deterioration depends on 
the initial surface condition. This scatter is consistent with the 
stochastic nature of pitting in high-strength aluminium alloys, 
where the size and spatial distribution of the pit population are 
heterogeneous [53]. Under such conditions, localised cavities 
can dominate form descriptors; therefore, the same exposure 
may yield different levels of RON degradation depending on 
the most severe pits present in the calibrated section.

The effect of AJM strongly depended on whether it was 
applied before or after corrosion. When AJM was applied 
directly after machining (Fig. 7b), the roundness deviation 
increased regardless of the cutting conditions applied in the 
turning process. The abrasive particles eroded preferentially 
around existing irregularities, increasing the geometric error 
of smoother surfaces but having little impact when the devi-
ations were already high. When corrosion followed AJM, 
the values remained high. This indicates that AJM produced 
additional irregularities that later acted as preferential nucle-
ation sites for pitting corrosion, amplifying the effect of the 
environment and leading to unstable roundness values.

In contrast, the trend was reversed when AJM was 
applied after corrosion (Fig. 7a). Corrosion first increased 
the roundness under low and high cutting conditions, 

Fig. 7  Mean roundness values. (a) Corrosion before the AJM process; (b) AJM before corrosion
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machining conditions. AJM was therefore beneficial only 
when applied after corrosion, where it acted as a restorative 
operation.

The final straightness values also reflect the influence of 
the postprocessing order. The straightness deviation mea-
sured at the end of the sequence is higher when corrosion is 
carried out after AJM than when AJM is applied after cor-
rosion. For the low cutting parameter condition, the final 
STR increases from 6.52 μm to 7.00 μm, which corresponds 
to an increase of 7.4%. For the high cutting parameter con-
dition, the final STR increases from 8.50 μm to 10.90 μm, 
corresponding to an increase of 28.2%. Overall, sequencing 
produces a consistent and measurable shift in STR across 
both machining conditions.

The cylindricity deviation (CYL) measured after machin-
ing (Fig. 9) showed moderate values that reflected the com-
bined contributions of roundness and straightness errors. 
The average CYL under the lower cutting parameters was 
of the same order as that measured under the higher cutting 
parameters. These results confirm that cylindricity is highly 
sensitive to local tool–workpiece interaction, vibration and 
thermal effects during turning. Although higher form errors 
are generally expected under aggressive cutting conditions, 
the observed dispersion indicates that local variations in 
cutting dynamics can sometimes have a stronger influence 
than vc and f alone.

The corroded specimens after machining (Fig. 9a) 
showed the most severe impact on CYL. This behaviour 
reflects the disruptive effect of deep pits and localised cavi-
ties, which distort the cylindrical profile across the length of 
the evaluation. The results indicate that the cutting param-
eters did not significantly affect the CYL values after corro-
sion because the initial pre-corrosion condition was already 
similar in both conditions.

However, the subsequent AJM step reduced the aver-
age deviation. Although these values are still significantly 

values obtained in the machined specimens. This is con-
sistent with the formation of pits and cavities that modify 
the axial profile along the calibrated zone. The mean value 
decreased for aggressively machined specimens, imply-
ing that corrosion eroded axial peaks and smoothed long-
wavelength features, thereby slightly reducing the measured 
deviation. After the subsequent AJM step, this process acted 
as a corrective treatment in both machining conditions, with 
its effect being more noticeable for low cutting parameter 
values. Therefore, corrosion introduced large anisotropic 
spikes, whereas the subsequent AJM pass reduced these 
extremes and homogenised the axial profile.

When AJM was applied directly after machining (Fig. 
8b), STR increased in the conservatively machined speci-
mens, indicating that the abrasive action introduced long-
wavelength irregularities into profiles that were initially 
more linear. The mean value remained at a similar level in 
the aggressively machined specimens, suggesting that AJM 
offered little corrective effect when the axial form error was 
already high. After corrosion, STR decreased, despite the 
presence of some scattered high local values. This suggests 
that the corrosive attack generated heterogeneous pits while 
also removing or redistributing material at axial ridges, par-
ticularly in the aggressively machined specimens, thereby 
reducing the measured STR deviation.

Overall, the results demonstrate a strong order effect. 
Applying AJM before corrosion worsened STR in initially 
smooth specimens and created conditions favourable to 
anisotropic and irregular corrosion damage. Although a 
partial reduction in STR could be observed after corrosive 
exposure, the final STR remained comparatively high, espe-
cially under the more severe cutting parameters. In contrast, 
when corrosion preceded AJM, this sequence was consis-
tently more favourable because corrosion first degraded 
the axial form and AJM then removed corrosion-induced 
defects, delivering the lowest final STR values across both 

Fig. 8  The mean straightness values. (a) Corrosion before the AJM process; (b) AJM before the corrosion process
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This sensitivity is also reflected in the cylindricity out-
comes when the two sequences are contrasted. When cor-
rosion is carried out after AJM, the final CYL deviation 
remains higher than in the case where AJM is applied after 
corrosion. Under the low cutting-parameter condition, the 
final CYL increased from 143.63 μm to 200.35 μm, which 
corresponds to an increase of 39.5%. Under the high cutting-
parameter condition, the final CYL increased from 128.55 
μm to 146.74 μm, corresponding to an increase of 14.1%. 
In practical terms, these results show that the order of cor-
rosion and AJM systematically shifts the final cylindricity, 
reinforcing the sequencing effect observed in roughness and 
other form descriptors.

3.3  Fatigue behaviour analysis

The fatigue behaviour of the tested specimens clearly 
depended on both the machining parameters and the post-
processing operation sequence (Fig. 10). A certain scatter 
in fatigue life is observed across all conditions, as reflected 
by the error bars in Fig. 10. This behaviour is expected in 
corrosion-affected and surface-modified specimens, where 
crack initiation is governed by the local severity and spatial 
distribution of surface defects and corrosion pits, as well 
as by the surface changes induced by AJM. Despite this 
inherent variability, the comparative trend between the two 
sequencing routes remains consistent, and all tests ended in 
complete fracture within the calibrated section.

Under low cutting parameters (vc = 40 m/min; f = 0.05 
mm/rev), corrosion before the AJM sequence did not criti-
cally compromise mechanical endurance, and the final con-
dition retained a moderate resistance to fatigue loading. In 
contrast, when the sequence was reversed and AJM was 
applied before corrosion, the mean fatigue life substantially 
decreased, corresponding to a reduction of approximately 

higher than those of the machined process, they represent a 
substantial recovery relative to the corroded state, confirm-
ing that AJM can remove corrosion-induced irregularities 
and partially level the cylindrical profile.

When AJM was applied directly after machining (Fig. 
9b), a pronounced degradation of cylindricity was observed 
in both machining conditions. This deterioration is explained 
by the fact that the abrasive jet produces long-wavelength 
distortions and accentuates axial irregularities, amplifying 
deviations from the ideal cylindrical geometry. Follow-
ing subsequent corrosion, a slight reduction in CYL was 
observed. This partial recovery is linked to the preferential 
corrosion of material peaks introduced by AJM, which can 
smooth certain protrusions. Nevertheless, the final values 
remained well above the initial machined condition, indicat-
ing that this sequence is strongly harmful to the preservation 
of cylindrical accuracy.

The observed sensitivity of RON and the analogous 
behaviour found for STR and CYL are also consistent with 
recent studies on jet-based abrasive processing [54], where 
circularity and cylindricity respond to jet conditions and 
abrasive delivery through changes in material removal dis-
tribution. This supports the interpretation that the AJM step 
can either aggravate macrogeometric errors when applied 
to initially regular surfaces or partially restore geometric 
integrity by removing part of the corrosion-induced irregu-
larities when applied after corrosion.

These results demonstrate that AJM can be beneficial 
only when applied after corrosion, functioning as a restor-
ative operation. If applied before corrosion, AJM amplifies 
the susceptibility of the surface to further degradation and 
yields the worst cylindricity outcomes. In addition, it can be 
considered that CYL is the most sensitive of the form param-
eters evaluated, showing deviations an order of magnitude 
larger than roundness or straightness.

Fig. 9  Mean cylindricity values (a) Corrosion before the AJM process; (b) AJM before the corrosion process
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order in which surface treatments are applied can offset or 
aggravate the initial state left by machining.

Beyond the roughness and macro-form descriptors, the 
difference between sequences can be rationalised by the 
evolution of local corrosion-related defects that control 
crack initiation. When corrosion is applied first, pitting 
acts as a surface notch. Subsequent application of AJM 
can partially remove corrosion products, damaged surface 
layers, and blunt pit edges, thereby reducing the effective 
notch severity at the pit mouth. Conversely, when AJM is 
applied before corrosion, the abrasive action can introduce 
surface irregularities and micro-notches that promote local 
electrolyte retention and preferential pit nucleation during 
subsequent exposure, leading to more severe stress raisers 
and earlier crack initiation. This interpretation is consistent 
with the measured trends in roughness, form deviations, and 
fatigue life under the investigated conditions.

The surface roughness trends further support this inter-
pretation. After machining, the Ra values were relatively 
low, which is consistent with higher fatigue life. Corro-
sion increased roughness by introducing pits that acted as 
preferential crack nucleation sites. When AJM was applied 
after corrosion, the roughness remained comparatively sta-
ble, and the damaged surface layer was partially removed, 
thereby improving fatigue endurance. In contrast, when 
AJM preceded corrosion, the surface reached the highest 
roughness levels, promoting strong stress concentration and 
explaining the reduced fatigue lives.

The form deviation results reinforce this interpretation. 
RON and STR errors were consistently lower in the corrosion 
before AJM sequence, in which AJM acted as a corrective 
treatment by reducing the severity of pits and restoring axial 
regularity. Although cylindricity exhibited larger absolute 
deviations, it followed the same overall trend, with lower 
final values when AJM was applied after corrosion. By 
contrast, when AJM was performed before corrosion, both 
RON and CYL deteriorated markedly, amplifying the effect 
of subsequent pitting and generating anisotropic geometries 
that intensified stress concentration. Taken together, these 
findings show that the fatigue life of UNS A97075 alumin-
ium depends not only on the initial machining conditions 
but also very strongly on the sequence in which the post-
processing operations are applied.

The abovementioned fatigue trends are consistent with 
the mechanisms described for high-strength aluminium 
alloys affected by pitting corrosion and particle impact sur-
face modification. Dey et al. [53] showed that pitting gen-
erates a heterogeneous defect population and that fatigue 
crack initiation is governed by the most severe pits, which 
provides a rationale for the observed scatter in corrosion-
affected conditions and for the strong sensitivity of fatigue 
life to local defect severity. In addition, Dai et al. [39] 

30%. This behaviour indicates that applying AJM before 
corrosion can markedly reduce fatigue resistance because 
the abrasive process introduces surface irregularities that act 
as stress raisers and interact with subsequent pitting, accel-
erating crack initiation.

For specimens machined under higher cutting param-
eters (vc = 80 m/min; f = 0.20 mm/rev), the same trend 
was observed, although the differences were even more 
pronounced. When AJM was applied after corrosion, the 
highest fatigue life of all conditions was obtained, which is 
particularly notable given the poor initial surface state asso-
ciated with the aggressive cutting parameters. This suggests 
that the corrective effect of AJM after corrosion at least 
partly mitigated the harmful influence of machining and 
corrosive attack. By contrast, when corrosion was applied 
after AJM, the shortest fatigue life was recorded, with a 
reduction of more than 55% compared with the corrosion 
before AJM sequence under the same cutting parameters. 
The combination of high initial roughness, large form devi-
ations and subsequent pitting under this sequence created 
highly favourable conditions for premature crack initiation 
and propagation.

When the four cases are compared, the sequencing of 
postprocessing operations exerts a stronger influence on 
fatigue resistance than the machining parameters. Notably, 
the sequence that yields higher final roughness and larger 
form deviations, particularly cylindricity, is also associated 
with lower fatigue lives. This qualitative consistency sup-
ports the interpretation that the postprocessing order influ-
ences fatigue performance through its effect on surface 
integrity, combining corrosion-induced local defects with 
macroform changes. While a direct causal attribution to any 
single descriptor is outside the scope of the present dataset, 
the observed trends are consistent across roughness, form 
metrics, and fatigue outcomes. This demonstrates that the 

Fig. 10  Number of fatigue test cycles
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such as Rz, become more representative of the fatigue-con-
trolling features than average parameters such as Ra.

The application of the AJM process modifies this defect 
population in different ways depending on the initial sur-
face condition. When applied to a corroded surface, the 
abrasive action can partially remove corrosion products 
and smooth the edges of pits, thereby reducing the effective 
stress concentration at the pit mouth [53, 55]. In contrast, 
particle impacts introduce additional surface irregularities 
and microindentations when applied to a surface that has 
not yet been exposed to corrosion. These features may act as 
preferential sites for electrolyte retention and subsequent pit 
nucleation, leading to a more severe defect population after 
corrosion exposure [37, 56].

Therefore, fatigue behaviour is governed not simply by 
the magnitude of roughness or by the presence of corro-
sion alone, but by the evolution of the most critical surface 
defects along the process chain. The experimental results 
suggest that fatigue life is controlled by the interaction 
between pit geometry, impact-induced irregularities and 
the modification of defect sharpness during abrasive treat-
ment. Under the conditions investigated, the most favour-
able sequence was corrosion followed by AJM, because 
corrosion first defined the dominant defect population and 
the subsequent abrasive treatment then removed corrosion 
products and reduced the effective severity of the pits by 
modifying their surface geometry. By contrast, when AJM 
preceded corrosion, the impact features introduced at the 
surface promoted localised pit nucleation during subse-
quent exposure, leading to a more severe defect population 
and earlier crack initiation. This indicates that AJM is bet-
ter suited to post-corrosion reconditioning step in aerospace 
manufacturing and maintenance chains than as a preventive 
pre-exposure treatment when the aim is to preserve fatigue 
performance.

The macrogeometric deviations RON, STR, and CYL 
describe global geometric imperfections that may alter the 
nominal stress field and modify the local stress amplitude 
experienced at specific surface locations. Although these 
deviations are typically smaller in magnitude than corro-
sion pits, their influence lies in their ability to redistribute 
stresses along the specimen surface [51].

The experimental results indicate that macrogeometric 
parameters alone do not fully determine fatigue perfor-
mance. Instead, their role appears to be synergistic. When 
severe pits or impact-induced irregularities are present, 
macrogeometric deviations amplify their effect by increas-
ing the local stress acting at the most critical defect. Con-
versely, when the surface defect population is less severe, 
variations in RON or CYL have a more limited influence 
on fatigue life.

demonstrated in grit blasting that particle impacts produce 
craters and surface scratching that become preferential initi-
ation features and can markedly reduce fatigue performance 
when they dominate the near-surface topography. In this 
framework, the lower lives measured when AJM precedes 
corrosion are consistent with the accumulation of impact-
induced irregularities and subsequent pitting on an already 
notched surface, whereas the improved endurance obtained 
when AJM follows corrosion is consistent with a reduction 
in the effective severity of corrosion-related surface defects 
through partial removal of the damaged layer and redistri-
bution of the extreme surface features.

From a sustainability perspective, dry turning reduces 
the environmental burden associated with cutting fluids, 
whereas adding an AJM step introduces additional energy 
demand and abrasive consumption. However, when AJM is 
applied after corrosion as a corrective operation and helps 
to recover fatigue life, it may extend component life and 
reduce the need for replacement and remanufacturing.

4  Discussion

The previous sections described the evolution of surface 
roughness, geometric deviations and fatigue performance 
under different process sequences. This section integrates 
those variables in order to clarify the mechanisms govern-
ing fatigue behaviour in UNS A97075. By analysing the 
interaction between local defect severity, global geometric 
integrity and process order, a broader understanding can be 
developed of how surface integrity evolves throughout the 
manufacturing and maintenance stages.

The evolution of surface integrity throughout the dif-
ferent processing stages plays a central role in defining the 
fatigue response of UNS A97075. Although Ra provides a 
general description of surface quality, the most severe local 
defect present within the highly stressed region typically 
governs fatigue crack initiation [39, 53]. Therefore, the 
effective defect severity, rather than the mean surface con-
dition, must be considered when interpreting the observed 
trends in fatigue life.

After machining, the surface is characterised by regu-
lar feed marks and a relatively homogeneous topography. 
Under these conditions, crack initiation is governed mainly 
by the geometrical features associated with the cutting pro-
cess, such as groove depth and residual stress distribution. 
When corrosion is introduced, the surface state changes 
fundamentally. Localised pitting creates cavities of variable 
depth and morphology, generating sharp stress concentra-
tors that dominate crack initiation [31, 32]. At this stage, 
parameters that are sensitive to extreme profile variations, 
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By contrast, when AJM precedes corrosion, the surface 
already contains impact-induced irregularities and micro-
indentations at the moment of exposure to the aggres-
sive environment. These features modify the local surface 
energy and topography, creating favourable conditions for 
localised electrolyte retention and pit nucleation. The sub-
sequent corrosion process therefore develops on a surface 
that is already geometrically disturbed, leading to a more 
heterogeneous and severe defect population. The combined 
presence of impact features and corrosion accelerates crack 
initiation and reduces fatigue life.

The fact that this antagonistic behaviour appears consis-
tently under both machining conditions confirms that pro-
cess sequencing governs the final structural response more 
strongly than the initial cutting parameters. This means that 
surface treatments cannot be evaluated independently from 
the environmental exposure stage. The fatigue performance 
of the component is determined by the cumulative devel-
opment of surface defects throughout the manufacturing or 
maintenance sequence rather than a single operation.

This finding has important implications for surface engi-
neering strategies in aerospace aluminium alloys. It suggests 
that AJM should be considered primarily as a corrective 
treatment after corrosion damage rather than as a preventive 
treatment before environmental exposure, at least under the 
processing conditions investigated in this study.

In manufacturing scenarios, AJM may be considered a post-
machining finishing operation intended to modify the surface 
texture or improve the geometric accuracy before the compo-
nent enters service. However, the present findings indicate that 
if such treatment is followed by environmental exposure, the 
altered surface topography may influence subsequent corro-
sion development and ultimately reduce fatigue performance.

In maintenance or repair contexts, abrasive treatments 
are frequently employed to remove oxide layers, corrosion 
products, or superficial damage. The present results suggest 
that AJM can partially reduce defect severity and improve 
the geometric regularity of the component when applied 
after corrosion has developed, thereby supporting fatigue 
life recovery. This highlights the importance of evaluat-
ing the surface condition before treatment and selecting the 
appropriate process sequence.

More broadly, the study demonstrates that surface integ-
rity should be considered an evolving state rather than the 
outcome of a single manufacturing step. The final fatigue 
behaviour emerges from the cumulative interaction among 
machining, environmental degradation, and surface modi-
fication processes. Therefore, optimisation strategies for 
aerospace aluminium alloys should focus on controlling 
the sequence and interaction of processes throughout the 
component life cycle rather than focusing exclusively on 
improving individual operations.

This interaction helps explain why the improvements in 
geometric accuracy observed when AJM is applied after 
corrosion are accompanied by enhanced fatigue behaviour. 
In this scenario, the abrasive process modifies local surface 
defects and partially restores global geometric regularity, 
consistent with a reduction in the effective stress concentra-
tion within the calibrated section. In contrast, when abra-
sive treatment precedes corrosion, the combined presence of 
macrogeometric distortions and newly formed pits is associ-
ated with higher fatigue damage, suggesting a compounded 
stress concentration effect that accelerates crack initiation.

Therefore, in the present study, fatigue performance 
should be interpreted as the outcome of a coupled inter-
action between local defect severity and global geometric 
integrity. Neither microgeometric roughness nor macrogeo-
metric deviations act independently; rather, their combined 
evolution along the processing sequence determines the 
effective stress concentration that controls crack initiation.

Within the investigated conditions, the results suggest 
a clear hierarchy of influence on fatigue behaviour. First, 
the dominant factor is the sequence in which corrosion and 
AJM are applied, because this determines the final severity 
of the surface defect population. Second, the local defect 
severity associated with pits, impact marks, and their result-
ing geometry governs crack initiation more directly than the 
average surface condition. Third, macrogeometric devia-
tions such as roundness, straightness, and cylindricity mod-
ulate the local stress distribution and can amplify the effect 
of the most critical defects. Finally, the initial turning condi-
tion remains relevant because it defines the starting surface 
state, but its influence becomes secondary once corrosion 
and AJM modify the surface through the subsequent stages. 
This hierarchy explains why the same turning condition can 
lead to markedly different fatigue responses depending on 
the postprocessing route.

This hierarchy is consistent with the experimental results, 
which show that the corrosion and AJM sequence exerts a 
stronger influence on fatigue performance than the initial 
turning parameters. Although the initial surface condition is 
modified by variations in cutting speed and feed, their effect 
becomes secondary once the surface is subjected to corro-
sion and abrasive treatment. This indicates that the interac-
tion between these subsequent processes primarily defines 
the final defect population responsible for crack initiation.

When AJM is applied after corrosion, the abrasive action 
interacts with a surface already containing pits and corrosion 
products. Under these conditions, the process removes loose 
oxide layers, reduces the sharpness of pit edges, and par-
tially levels the most critical surface irregularities. Although 
still affected by prior corrosion, the resulting surface state 
presents a reduced effective defect severity. Consequently, 
crack initiation is delayed, and fatigue life increases.
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milder regimes or alternative abrasive characteristics, may 
modify the severity of surface alterations and the subse-
quent corrosion and fatigue response. In scenarios involv-
ing severe corrosion with significant material loss or deeper 
defects, a case-specific inspection and validation should 
be performed before applying AJM as a corrective opera-
tion. A complementary assessment of possible subsurface 
alterations induced by turning and AJM would further 
refine the mechanistic interpretation and is a topic for future 
investigation.

On the microgeometric scale, roughness evolved in the 
same antagonistic manner. Corrosion increased surface 
irregularity, but AJM applied afterwards could smooth some 
corrosion-induced defects, whereas the reverse sequence 
intensified damage. Taken together, the roughness and 
form-deviation results support the interpretation that surface 
quality is not the intrinsic outcome of a single operation, but 
rather the cumulative result of sequential processes.

Fatigue life measurements confirmed that the synergy 
between surface roughness, form errors, and corrosion 
defects determines crack initiation and propagation. Speci-
mens subjected to corrosion before the AJM sequence 
exhibited the longest endurance, even under severe cut-
ting conditions, highlighting the capacity of AJM to par-
tially compensate for poor initial machining and corrosive 
damage. Conversely, the AJM before corrosion sequence 
resulted in the shortest fatigue life, reflecting the harmful 
synergy of abrasive-induced irregularities with subsequent 
pitting. These findings show that surface treatments can 
either mitigate or aggravate the intrinsic weaknesses of 
machining, depending on the sequence of application.

This work contributes to both the scientific understand-
ing of surface process interactions and the practical defini-
tion of manufacturing and repair strategies for aluminium 
alloy components operating in aggressive environments. 
Within the investigated conditions, fatigue performance 
was governed more strongly by the sequence of corrosion 
and AJM than by the initial turning parameters. This identi-
fies process order as a critical variable in the design of post 
machining and maintenance routes for UNS A97075 com-
ponents exposed to corrosive environments. Ultimately, the 
results show that preserving structural reliability requires 
controlling not only the quality of each individual opera-
tion, but also the order in which surface modification and 
environmental exposure take place.
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The mechanistic interpretation proposed in this study is 
supported by consistent trends in roughness, form devia-
tions, and fatigue life across the investigated process 
sequences. However, the present work does not include 
direct fractographic examination, residual stress measure-
ments, or subsurface microstructural characterisation after 
turning, corrosion, and AJM. For this reason, the proposed 
explanation should be understood as a physically supported 
interpretation derived from the measured surface integrity 
and fatigue results, rather than as a direct microstructural 
verification of the crack initiation mechanism. Future work 
should therefore combine the present macroscopic and func-
tional approach with direct characterisation of pits, impact 
features, and fracture initiation zones.

5  Conclusions

This study provides a comprehensive assessment of how 
machining parameters, corrosion and Abrasive Jet Machin-
ing (AJM) interact to define the surface integrity and fatigue 
performance of UNS A97075 aluminium alloy. By inte-
grating macrogeometric form deviations, namely round-
ness, straightness and cylindricity, with microgeometric 
roughness parameters (Ra and Rz) and fatigue behaviour, 
the work offers a multiscale perspective that strengthens 
understanding of surface–process interactions in aeronauti-
cal components.

From a macrogeometric standpoint, roundness, straight-
ness and cylindricity were highly sensitive to the com-
bined action of corrosion and AJM. Corrosion consistently 
degraded form accuracy through pit formation and cav-
ity development. By contrast, AJM showed a strongly 
sequence-dependent response. When corrosion followed 
AJM, the final surface condition deteriorated markedly, and 
the final cylindricity deviation increased by approximately 
14% to 40%, confirming that this order amplifies geometric 
deterioration. Under the same sequence, the final roughness 
increased by approximately 49% to 91% in Ra and 66% 
to 78% in Rz relative to the sequence in which AJM was 
applied after corrosion. Conversely, when AJM was applied 
after corrosion, it acted as a corrective post-treatment and 
partially restored cylindrical regularity by mitigating cor-
rosion-induced surface damage. This asymmetry highlights 
the decisive role of process order. AJM should therefore be 
regarded as primarily restorative when used after corrosion, 
whereas its application before corrosion entails a greater 
risk of degrading surface integrity.

These conclusions apply to the AJM conditions adopted 
in this study and to corrosion damage dominated by pitting-
type surface defects comparable to the exposure examined 
in this study. Different AJM parameter settings, particularly 
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