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Abstract.

Notches such as slots are typical geometric features on mechanical components that promote fatigue crack initiation.

Unlike for components with open hole type notches, there are no conventional treatments to enhance fatigue behavior of
components with slots. In this work we evaluate the viability of applying laser shock peening (LSP) to extend the fatigue life of
6061-T6 aluminum components with slots. The feasibility of using LSP is evaluated not only on damage free notched
specimens, but also on samples with previous fatigue damage. For the LSP treatment a convergent lens was used to deliver 0.85
Jand 6 ns laser pulses 1.5 mm in diameter by a Q-switch Nd: YAG laser, operating at 10 Hz with 1064 nm of wavelength.
Residual stress distribution was assessed by the hole drilling method. A fatigue analysis of the notched specimens was conducted
using the commercial code FE-Safe and different multiaxial fatigue criteria to predict fatigue lives of samples with and without
LSP. The residual stress field produced by the LSP process was estimated by a finite element simulation of the process. A good
comparison of the predicted and experimental fatigue lives was observed. The beneficial effect of LSP in extending fatigue life
of notched components with and without previous damage is demonstrated.
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1. Introduction

Laser Shock Peening (LSP) is a surface treatment
technique that has been shown to be effective in improving
the fatigue properties of a number of metals and alloys.
Potential applications are directed to aerospace and
automotive industries. Peyre and Fabro (1995) provides
deep revision of LSP trends related to the physics, the
mechanics and the applications involved. Static, cyclic,
fretting fatigue and stress corrosion performance are some
properties that have been improved by LSP for different
materials. For aluminum alloys, Yang et al. (2001)
demonstrated the effectiveness of LSP on the fatigue
behavior of specimens with a fastener hole, multiple crack
stopholes and single-edge notch. The fatigue behavior
improvements on samples were attributed to a combination
of increased dislocation density and compressive residual
stress induced by the laser shock waves according to results
reported by Hong and Chengye (1998). Rubio-Gonzalez et
al. (2004) demonstrated that LSP reduces fatigue crack
growth and increases fracture toughness in an aluminum
alloy and in a duplex stainless steel (Rubio-Gonzalez et al.
2011) while wear rate decreases by using LSP as shown by
Sanchez-Santana et al. (2011). The effect of an absorbent
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overlay on the residual stress field induced by LSP was
analyzed by Rubio-Gonzalez et al. (2006), it was observed
that the overlay makes the compressive residual stress
profile move to the surface. On the other hand, for steels
and nickel-based alloys, beneficial effects provided by LSP
have been reported. Tsay et al. (2003) evaluated the fatigue
crack growth behavior of laser-processed 304 stainless steel
in air and gaseous hydrogen; on both cases, a lower fatigue
crack growth was observed. Lavender et al. (2008) used the
LSP process to increase life of pilger dies made of A2 tool
steel by imparting compressive residual stresses to failure
prone areas of the dies. The fatigue behavior improvement
of LSP treated aluminum friction stir welded joints has been
also evaluated by Hatamleh et al. (2007) and Hatamleh
(2009), the results indicate a significant reduction in fatigue
crack growth rates using LSP compared to SP and native
welded specimens. However, at cryogenic temperature, it
was difficult to discern a trend between residual stress
treatment and crack growth rate data as demonstrated by
Hatamleh et al. (2009); laser peening over the friction stir
welded material resulted in the fatigue crack growth rates
being comparable to those for base material.

Some works have been reported the LSP effect on plates
with holes. The effect of residual stress on fatigue behavior
and crack propagation from LSP-worked hole was
investigated by Ren et al. (2013). The degree to which the
fatigue response of geometric features can be modelled by
using  eigenstrain  distributions  was investigated
experimentally and numerically by Achintha et al. (2014).
The effects of various laser shock peening patterns on the
residual stress distribution and fatigue performance of Ti—
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6Al-4V open hole fatigue samples has been investigated by
Cuellar et al. (2012). The contour method was used to
determine the residual stress induced by LSP. A correlation
between the residual stress distribution and fatigue
performance was established. Ivetic et al. (2012) evaluated
the effect of the sequence of operations on the effectiveness
of LSP treatment in improving the fatigue performance of
open hole aluminum specimens.

Numerical simulations of the LSP have been
demonstrated to be useful in order to evaluate the effect of
changing process parameters and analyze the response on
different materials. Ocafia et al. (2004) developed a FE
model to estimate residual stresses and surface deformation
induced by LSP using different process parameters. lvetic
(2011) used a 3D FE analysis to determine the response of
aluminum alloy thin plates including the effect of wave
reflections from the plate back side. A FE simulation of
multiple LSP impacts was presented by Ding and Ye (2006)
to estimate the magnitude and distribution of residual
stresses on steel samples. A numerical analysis of an open
hole specimen subjected to LSP was conducted by Ivetic et
al. (2011), the effect of the induced residual stress field on
the fatigue life of the specimen was investigated. A fully 3D
finite element model was used by Correa et al. (2015) to
predict the residual stresses and optimize the LSP in order
to increase the fatigue life of materials.

It is known that the residual stress field due to LSP is
extremely sensitive to geometric features (Cuellar et al.
2012) and it is well understood that geometric details, such
as notches or holes, are typical fatigue crack initiation
points because they act as stress concentrators. The effect of
LSP on fatigue properties of a notched 7075-T6 aluminum
plate has been investigated by Zhang et al. (2015), it was
demonstrated that the location of fatigue crack initiation
was transferred from top surface to sub-surface.

Several mechanical components of practical interest
have slots and notches can not be avoided. These geometric
details are stress concentrators that reduce load capacity and
are prone places for fatigue crack initiation. Compressive
residual stresses are beneficial as they tend to cancel with
the stress resulting from external loading thus reducing the
effective stress concentration at the slot tip and the
likelihood of fatigue crack initiating under fluctuating
loading is reduced. While there are some techniques to
improve fatigue life of components containing holes, such
as cold expansion which generates a compressive residual
stress around the hole edge (Chakherlou and Vogwell 2003,
Amrouch et al. 2003, Larac et al. 2000, Liu et al. 2008,
Rubio-Gonzalez et al. 2015); it may be difficult to treat
specimens with slots in order to delay fatigue crack
initiation around the slot tip. It would be desirable to
develop techniques to enhance fatigue life of components
with slots or to extend fatigue lives once the components
have previous damage.

Only few references are available in the open literature
where the effect of LSP on delay crack formation from
notches has been analyzed. In addition, no previous work
has been reported evaluating the effect of LSP on the
behavior of specimens with previous fatigue damage.

The aim of this paper is to investigate the effect of LSP
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Fig. 1 Principle of Laser Shock Processing

on the fatigue behavior of notched 6061-T6 aluminum alloy
plates with and without previous fatigue damage. The
beneficial effect of LSP in extending the fatigue life of
previously damaged notched components is demonstrated.
A finite element simulation of the LSP process on notched
samples followed by a fatigue analysis employing
multiaxial fatigue criteria to predict fatigue life is also
presented. Predicted lives are compared with experimental
results in order to assess different fatigue criteria. The LSP
simulation was performed using the commercial code
ABAQUS and the fatigue analysis was made employing the
code FE-Safe using as input the residual stresses obtained in
the previous LSP simulation.

In the laser shock processing of metals, the sample is
either completely immersed in water or in air. A water jet
may be used also to produce a water wall with constant
thickness on the sample. The laser pulse is then focused
onto the sample. The schematic of how the process works in
water is shown in Fig. 1. When the laser beam is directed
onto the surface to be treated, it passes through the
transparent overlay and strikes the sample. It immediately
vaporizes a thin surface layer of the overlay. High pressure
against the surface of the sample causes a shock wave to
propagate into the material. The plastic deformation caused
by the shock wave produces the compressive residual
stresses at the surface of the sample.

2. Experimental procedure

Material

Specimens were obtained from plates of 6061-T6
aluminum alloy with thickness of 12.9 mm. The T6
condition consists of a solution treatment and artificial
aging. The thickness of all specimens was reduced from
12.9 mm to 5 mm by machining the specimen faces to
eliminate the manufacturing effect of the original plates.
Chemical composition was: 0.66 wt % Si, 0.22 wt % Fe,



Influence of laser shock processing on fatigue crack initiation of notched aluminum alloy plates 741

Stress-strain curve Al 6061-T6

L St

10 [0 e—— T"— ___________________
250 == ’ —————————————————————————————————————

P s e EEEE

Stress (MPa)

150 +ff-mmmmmmdr e

100 -Hf--mmmmmm e e

0 0.05 0.1 0.15 0.2
Strain

Fig. 2 Stress-strain curve of 6061-T6 aluminum
alloy under tensile loading conditions

0.26 wt % Cu, 0.03 wt % Mn, 0.85 wt % Mg, 0.02 wt % Zn,
0.01 wt % Ni, 0.045 wt % Cr, 0.013 wt % Ti. The chemical
composition was determined using a spark emission
spectrometer. The mechanical properties were determined
using dog-bone type specimens with strain rate of 1
mm/min. Results are shown in Fig. 2. The offset tensile
yield stress is 288.5 MPa, ultimate tensile strength 309.1
MPa and elastic modulus 63.2 GPa. The specimens used for
residual stress measurement were blocks of 50x50x5 mm
with LSP on both sides. The specimen used for fatigue
crack initiation and growth tests were compact tension type
specimens as illustrated in Fig. 3. All fatigue crack growth
tests specimens were machined with the loading axis
parallel to the rolling direction. Fig. 3(a) also illustrates
pulse swept direction.

Laser shock processing

The LSP experiments were performed using a Q
switched Nd:YAG laser operating at 10 Hz with a wave
length of 1064 nm, the FWHM of the pulses was 6 ns. A
convergent lens was used to deliver 0.85 J/pulse. Spot
diameter was 1.5 mm. Pulse density was 2500 pul/cm?. A
special device to produce a controlled water jet was
implemented to form a thin water layer on the sample to be
treated. Specimen treated area was 25x25 mm on both sides
of the compact tension specimen. A 2D motion system was
used to control specimen position and generate the pulse
swept as shown in Fig. 3. Controlling the velocity of the
system, the desired pulse density was obtained. No
protective coating was used during LSP (Rubio-Gonzalez et
al. 2006). Fig. 3(b) shows a photograph of a compact
tension specimen with LSP.

Fatigue crack initiation and growth

Fatigue crack initiation and growth tests were performed
on a MTS 810 servo-hydraulic system at room temperature
in the air. Load ratio R=P,in/Pmax Was maintained at R=0.1.
Frequency of 15 Hz with a sine wave form was used in the
experiments. Each specimen was tested to maximum load
of 3 kN. Fatigue crack initiation life was considered when a
small crack of about 2 mm long appeared on the surface.
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Fig. 3 Compact tension test type specimens used in the
fatigue crack initiation and growth tests. (a) Specimen
geometry, dimensions in mm (b) Specimen with LSP
(c) Initiation crack on tested specimen

Two slot tip diameters (and therefore slot width) were
considered, d=3 mm and d=5 mm.

Fatigue damage accumulation may be defined by the
simple rule D=n/N¢ where n and N; are the applied cycles
and applied cycles to failure under constant amplitude load
level, respectively. Fatigue life recorded under this loading
condition was Ny=37,466 for specimens with slot width d=3
mm and N¢=222,542 for samples with slot width d=5 mm.

Once fatigue life was known, fatigue damage was
induced on notched specimens at damage levels of D=0.25
and 0.5. For example, specimens with d=5 mm were
subjected to 55,636 cycles of loading to generate a fatigue
damage D=0.25. LSP was applied on specimens with and
without previous fatigue damage.

Residual stress measurement

The residual stress was measured using the hole drilling
method as specified by the ASTM 837 standard. In this
work a hole of 1.6 mm in diameter at a depth approximately
of 1 mm was made on the specimen surface. A three
element rosette measured the strain relief in the material
around the hole. Residual stresses existing in the material
before hole drilling can be determined from the measured
relieved strains. Strain gage rosettes CEA-06-062UL-120
along with a RS-200 Milling Guide from Measurements
Group were used.
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3. Modelling

Finite Element Analysis

A simplified FEM simulation of the LSP process was
performed using the commercial code ABAQUS/Explicit.
The purpose of this analysis was to obtain a qualitative
residual stress distribution that then may be used in a
fatigue analysis.

The approach used for the FEM modelling was to
analyze the transient response of the treated sample due to
the pressure of the created plasma, rather than modelling the
real LSP process itself. A similar approach has been used by
Ivetic et al. (2012). Two steps constitute the numerical
analysis; a loading step in which the laser pulse is applied
followed by a relaxation step where the model returns to the
equilibrium state. The model is shown in Fig. 4 in which
48,180 C3D8R linear hexahedron elements were used. The
mesh around the slot tip was denser with respect to the rest
of the model. The mesh density is within the parameters
studied by Ding (2003). Encastre boundary condition was
applied on the specimen back face edge while LSP was
applied on the front face simulating the fixed condition used
during the LSP treatment. After this step, the process was
inverted in order to treat both specimen faces.

The simulated loading condition was a pressure pulse on
25 mmx25 mm square, with time evolution in nanoseconds
(ns) given in Table 1. Peak pressure of 5.21 GPa was
obtained according with Hfaideh et al. (2015). These
process conditions were chosen to simplify the real process
where a full analysis would consider high density of smaller
laser peens. That is, the simplified analysis simulated only
one big laser peen.

Fig. 4 Finite element model of the specimen

The material model used to simulate the behavior of the
material under the shock conditions was the Johnson-Cook
model

o=(A+Bz, {1+C In[fﬂll_(: __TTO j ] @)

with material constants given in Table 2 (Ivetic et al. 2012,
Goel 2015).

Multiaxial fatigue criteria

Fatigue lives under constant amplitude loading were
correlated by the Coffin—-Manson equation:

A 0]; b ,
— =2 (2N) + er(2N;)° )

where A, is the strain range in axial fatigue, Ny is the
number of cycles to failure, E is the Young’s modulus, af'
and s} are the axial fatigue strength coefficient and fatigue
ductility coefficient, respectively; b and ¢ are the axial
fatigue strength exponent and fatigue ductility exponent,
respectively. This equation is used as the basis for
establishing the fatigue parameter vs. life relations for
multiaxial fatigue.

In the critical plane approaches for multiaxial fatigue
analysis, the fatigue life prediction is based on the
continuum mechanics variables on the physical crack plane,
called critical plane. The Brown-Miller equation, one of the
first critical plane theories, proposes that the maximum
fatigue damage occurs at the plane which experiences the
maximum shear strain amplitude, and that the damage is a
function of both this shear strain and the strain normal to
this plane. Stress-based Brown-Miller derives from this to
give a superior fatigue damage assessment for high cycle
fatigue with complex axial and torsional loading, and is
suitable for ductile metals (Brown and Miller 1973). Kandil,
Brown and Miller produced a variant of the Brown-Miller
equation that can be used with conventional uniaxial
materials databases (Kandil et al. 1982)

% + Azﬂ = 1.65%70"‘)(2Nf)” +1.75¢(2N;)° ()
The Brown-Miller equation gives the most realistic life
estimates for ductile metals, and tends to be non-
conservative for brittle metals. Brown-Miller and Principal
Stress theories for fatigue analysis are considered in this
work.

Several relations to estimate Coffin-Manson parameters
from monotonic properties have been proposed in the
literature (Li et al. 2011). Relations used in this work:
Uniform material law, Medians Method and Modified
Mitchell’s Method, are given in Table 3.

Different equations have been proposed to consider the
effect of mean stress on fatigue life predictions (Dowling
2007). In this work the Morrow and SWT (Smith, Watson
and Topper) relations were considered.
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Table 1 Load distribution
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Time (ns) 0 10 20 30 35 40 50 60 70 75
Pressure (GPa) 0 1.04 3.12 4.16 5.21 4.68 4.16 3.12 2.08 0
Table 2 Johnson-Cook parameters for Al 6061-T (Ivetic et 100
al. 2012, Goel 2015) A:Residual sties
50 oo slot tip ------
A (MPa) B (MPa) C n m & =
288.562 1621 00125 02783 134 1 2 o Residual sitbss
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b 0.095 011 4 (2 * 355) e e
' ' 6 9\ 04460, (a)
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Fatigue Analysis
The commercial code FE-Safe was used for the

specimen fatigue analysis to estimate the number of cycles
to failure. Once the transient FEM analysis using ABAQUS
was conducted the residual stress field was determined, then
a load of 3 kN was applied and the resultant stress field
(combination of the residual stress due to LSP and the stress
due to the external load) was transferred to FE-Safe for the
fatigue analysis (FE-Safe Documents 2002). In other words,
fatigue simulation was conducted with loading conditions
similar to the fatigue experiments; that is: constant
amplitude, R=0.1 and a maximum load P=3 KN. It is
worth noting that a fatigue analysis on specimens without
LSP was also conducted; in this case the load of 3 kN was
applied to the model shown in Fig. 4 and the resulting stress
field was then transferred to FE-Safe for the subsequent
analysis.

4. Results and discussion

Residual stresses obtained by LSP simulation are shown
in Fig. 5. FEM residual stress profiles as a function of depth
are plotted. Y-component residual stress is shown where the
y-axis is perpendicular to the specimen slot. Stress profiles
correspond to points A, B and C located at the slot tip, 4.5
mm from the slot tip and 15 mm from the slot tip,
respectively, as illustrated in Fig. 5(b). Note that the highest
compressive stress (about 170 MPa) corresponds to point B,
on that point the predicted residual stress is compressive
even in the center of the specimen. Point C is closer to the
boundary of the treated area and it exhibits a lower
compressive residual stress value. Note also that the
residual stress profiles are approximately symmetric since
both specimen surfaces were LSP treated.

Experimental residual stress distribution as a function of

(b)
Fig. 5 (a) Residual stress profiles estimated by simulation,
(b) specimen locations where residual stress was
determined from LSP simulation, dimensions in mm

depth is shown in Fig. 6. These results were obtained using
the hole drilling method (ASTM E837) on square samples
without notch. Sy, corresponds to the stress component
along the swept direction of the LSP treatment and S,
normal to that direction. The highest compressive residual
stress produced by LSP is about 150 MPa corresponding to
Syy at a depth 0.7 mm. Residual stress results on a specimen
without LSP are included for comparison.

Notched samples with previous fatigue damage were
then treated with LSP to evaluate its effect in extending
fatigue crack initiation life. Results are shown in Fig. 7
where the beneficial effect of LSP can be appreciated. For
specimens with slot tip diameter d=5 mm (Fig. 7(a)),
fatigue life was extended by 13% on samples with previous
damage of D=0.25 and 12% on specimens with D=0.5,
considering fatigue life of samples without LSP as a
reference. In case of notched specimens with d=3 mm (Fig.
7(b)); LSP extended fatigue life by 43% and 58% on
samples with previous damage D=0.25 and D=0.5,
respectively, under the same loading conditions. Note that
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Aluminum 6061-T6 of using LSP to enhance fatigue properties of components

20 ':ﬂ o with slots even in the case of sharp slots on specimens with
150 —o sy and without previous damage. Residual life of components
Without LSP is prolonged by applying LSP on the surface around the slot

tip.

Once the LSP simulation was conducted by using a
FEM analysis in ABAQUS, the combined residual stress
field and the stress generated by the load of 3 kN is
transferred to FE-Safe software for fatigue analysis as
illustrated in Fig. 8. Fig. 8(a) shows the residual stress
distribution (S, component) on the notched specimen
produced by a big laser peen, then a tensile load of 3 kN is

Residual stresses (MPa)

150 With LSP applied producing the stress distribution shown in Fig. 8(b)
200 } } and finally, after the fatigue analysis is performed, a cycles-
° 02 etz (. 08 ! to-failure distribution is obtained as illustrated in Fig. 8(c).

The zoom view of the notch tip in Fig. 8(c) indicates that a
lower fatigue life is predicted on the notch tip as it was
expected.

Fig. 6 Experimental residual stresses profiles, with and
without LSP
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Fig. 7 Improvement on fatigue crack initiation of
aluminum samples with different notches and with
previous fatigue damage, (a) notch diameter d=5 mm,
(b) notch diameter d=3 mm
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Fig. 8 (a) Residual stress distribution after applying a big
laser peen, (b) stress field (von Mises) after applying a 3

fatigue life extension is higher in specimens with notch kN force, (b) cycles-to-failure distribution obtained by
diameter d=3 mm. These results demonstrate the feasibility FE-Safe
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Fig. 10 Continued
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Fig. 11 Fracture surface of a tested specimen with LSP,
(a) Crack initiation zone, (b) stable crack growth zone,

(c) Final rupture surface

A deeper analysis of estimated fatigue life is given in
Fig. 9 where a fatigue life profile as a function of specimen
depth is plotted. The path where fatigue life was estimated
is also indicated. This result corresponds to a sample with
LSP and d=5 mm using the Principal Stress criterion. Note
that the fatigue analysis predicts a shorter life on the center
of the specimen, about 10>°* cycles. This result is in
agreement with the residual stress profile “A” of Fig. 5(a)
which indicates lower compressive residual stress at the
middle of the specimen, in fact, tensile residual stress is
predicted and therefore less fatigue life.

A comparison of experimental and predicted fatigue
lives is presented in Fig. 10 where the usual factor-2 scatter
bands are plotted as well. Fig. 10(a) illustrates the results
obtained by using the Principal Stress criterion for fatigue
analysis and three different models to estimate parameters
of the Coffin-Manson equation mentioned in Table 3. Note
that the Medians Method and Modified Mitchell’s Method
provide the best estimate with respect to the experimental
result. Fig. 10(b) compares Principal Stress and Brown-
Miller fatigue criteria on specimens without LSP using the
Modified Mitchell’s Method for Coffin-Manson parameters
estimation; note that Principal Stress model provides a
better estimate of fatigue life using Morrow and SWT
equations to take into account the mean stress effect. Fig.
10(c) is similar to 10(b) but for LSP treated specimens.
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Fig. 12 (a)-(c) Fatigue crack initiation (FCI) and fatigue crack growth (FCG) directions; (d)-(f) striations due to stable
fatigue crack growth. (a), (d) specimen without LSP, (b), (e) specimen with previous fatigue damage and then treated with
LSP, (c), (f) specimen without previous damage treated with LSP

Note that again, the Principal Stress criterion for fatigue
analysis provides a better life prediction using both,
Morrow and SWT equations for mean stress effect. Note
that results of Fig. 10 correspond to specimens without
previous fatigue damage, that is, simulation for fatigue
analysis considered LSP effect but only on damage-free
specimens.

Fracture surface of a tested sample with LSP is shown in
Fig. 11; the three main regions: crack initiation, crack
growth and final rupture are amplified.

The effect of LSP on the location of fatigue crack
initiation points is visualized in Fig. 12. Figs. 12(a) to 12(c)
show SEM micrographs of the fatigue crack initiation (FCI)
and growth (FCG) zones for different specimens. Specimen

without LSP (Fig. 10(a)) shows FCI close to the specimen
surface, while specimens with LSP (Figs. 10(b) and 10(c))
exhibit FCI points in the interior of the specimen; that is,
LSP makes FCI point move from surface to the interior of
the specimen, this fact is a consequence of the compressive
residual stress field generated by LSP. This result is in
agreement with a previous observation by Zhang et al.
(2015). We demonstrate that on specimens with previous
fatigue damage, the main location of fatigue crack initiation
is also transferred from surface to sub-surface. Micrograph
12(c) corresponds to a specimen with LSP without previous
fatigue damage and it shows that FCI occurs inside the
specimen, this is in agreement with the predictions of the
fatigue analysis shown in Fig. 9, where fatigue life
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estimation exhibits a lower value at the middle of the
treated specimen.

Figs. 12(d), (e) and (f) show the magnification views of
12(a), (b) and (c), respectively. Fatigue striations are found
in all the fracture surfaces. Fig. 12(d) shows fatigue
striations on the specimen without LSP where the striation
spacing is in the range of 1.33-1.75 um. Fig. 12(e) shows
the fracture surface of the specimen with previous fatigue
damage and then treated with LSP; the striation spacing was
0.7-0.9 um. Fig. 12(f) shows the fracture surface of the
sample treated with LSP without previous fatigue damage;
the striation spacing was 0.6-0.9 um. It is observed that LSP
decreases striation spacing compared to untreated samples;
this fact corresponds to a decrease in fatigue crack growth
rate due to the LSP effect.

5. Conclusions

The influence of LSP on the fatigue crack initiation life
of 6061-T6 aluminum samples with slots has been
investigated. It was demonstrated that LSP extends the
fatigue life of notched components with and without
previous fatigue damage. It was observed that LSP
extendeds fatigue crack initiation up to 58% on notched
specimens with previous damage. Thus, LSP is a suitable
technique to improve fatigue life of in-service damaged
components with slots. LSP is a feasible technique not only
to decrease fatigue crack growth rate, but also to decrease
fatigue crack initiation.

LSP simulation by finite element method followed by a
fatigue analysis provided good prediction of the onset of
component failure. This simulation and analysis are
powerful tools for process parameters definition and
optimization as well as for component design, especially the
design of components with geometric details such as
notches.

Microscopic observations on the specimen fracture
surfaces reveals details that are in agreement with
simulation predictions. Compressive residual stresses
generated by LSP make the fatigue crack initiation locations
move from the surface to the sub-surface. Fatigue striation
spacing on samples with LSP is lower than that of untreated
specimens. A grain refinement is generated and the density
of dislocations is increased, this fact is agreement with
observations of Lu et al. (2010) and Zhou et al. (2012). An
increase of sliding bands in the LSP treated specimens is
observed as well, this phenomenon is not present in the
middle of the specimens, where there is not LSP effect.
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