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Abstract 14 

The effects of laser peening (LP) on the bending fatigue strength of the 7075–T651 15 

aluminum alloy were investigated. Accordingly, the defect tolerance of the aluminum 16 

alloy subjected to LP is discussed based on fracture mechanics. The results indicate that 17 

a deeper compressive residual stress was induced by LP compared with the case of shot 18 

peening (SP). The fatigue strengths increased when both peening types were used. 19 

Semicircular slits with depths less than 0.4 and 0.1 mm were rendered harmless based on 20 

the applications of LP and SP, respectively. The apparent threshold stress intensity factor 21 

range ΔKth,ap increased by approximately five and two times owing to LP and SP, 22 

respectively. The increase of the ΔKth,ap was caused by the compressive residual stress 23 

induced by the peening. The Kitagawa–Takahashi diagram of the laser peened specimens 24 

shows that the defect tolerance of the aluminum alloy was improved by LP.  25 
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NOMENCLATURE 3 

a depth of slit 4 

amax maximum slit size rendered harmless by peening 5 

a0 intrinsic defect size  6 

Ap       spot area 7 

Cv        coverage 8 

∆σ stress range 9 

𝛥𝛥𝜎𝜎𝑤𝑤 fatigue strength after 107 cycles 10 

𝛥𝛥𝜎𝜎𝑤𝑤0 fatigue strength of the as-machined (AM) specimens after 107 cycles  11 

ΔKth  threshold stress intensity factor range 12 

ΔKth,ap  apparent threshold stress intensity factor range 13 

D      spot diameter of the laser 14 

Ep        pulse energy 15 

F shape factor of surface cracks 16 

G      power density 17 

Nf number of cycles to failure 18 

Np       irradiation density 19 

R stress ratio 20 

Ra  arithmetic mean roughness 21 

t  pulse duration  22 

 23 

 24 



1. INTRODUCTION 1 

Owing to its high-specific strength, the uses of aluminum alloys in transportation 2 

equipment is expanding. Improvement of the fatigue strengths of aluminum alloys can 3 

contribute to the increase of the reliability of the transportation equipment. Laser peening 4 

(LP) is a surface modification technology that introduces compressive residual stress to 5 

the surface of materials based on the utilization of local impact action generated by the 6 

irradiation of short laser pulses1. The effects of LP on the fatigue strength of aluminum 7 

alloys have been reported previously2–9. The depth of compressive residual stress induced 8 

by laser peening is deeper than that by conventional shot peening (SP). This is attributed 9 

to an enhanced fatigue strength compared to that in the case of conventional shot 10 

peening2–4,8,9. 11 

Surface defects, such as scratches, cracks, and corrosion pits, decrease the fatigue 12 

strength of aluminum alloy components10–13. Thus, nondestructive inspections are 13 

periodically carried out to maintain the structural integrity of these components. However, 14 

there is a danger of overlooking the defect after this type of inspection. If the surface 15 

defects can be rendered harmless from the viewpoint of the fatigue strength based on a 16 

thorough peening treatment, the reliability of the components can be improved. Takahashi 17 

and co-authors clarified that the fatigue strength of spring steel specimens with artificial 18 

surface defects could be improved with SP by the same level as that attained in the cases 19 

of defect-free steel specimens subjected to the same SP14,15. Similar effects of SP and 20 

needle peening have been reported in various other materials for the rendering of harmless 21 

surface defects16–18. Specifically, Takahashi et al. clarified that semicircular slits with 22 

depths of 0.1 mm in the aluminum alloy A7075–T651 could be rendered harmless by 23 

performing SP19. Several studies have shown that the propagation of fatigue cracks in 24 



aluminum alloys are delayed by applying LP at the tip of these cracks6,20–23. The effects 1 

of LP on metals introduced with artificial defects has also been studied 24-26. Smyth et al. 2 

applied LP to A2024-T351 containing scratch defects and reported that fatigue crack 3 

growth was suppressed and fatigue life extended by LP24. They successfully predicted 4 

fatigue life after LP based on fracture mechanics. It was also reported that LP was 5 

effective in improving fatigue strength of Ti-6Al-4V containing surface defects induced 6 

by foreign objective damage25, 26. However, the maximum surface defect size that can be 7 

rendered harmless by LP has not yet been studied. 8 

The objective of this study is to clarify the maximum defect size rendered harmless by 9 

LP based on the fatigue strength of aluminum alloy. A semicircular slit was introduced on 10 

the surface of aluminum alloy specimens which were subjected to LP. Bending fatigue 11 

tests were then carried out to evaluate the fatigue strength. The effects of LP on the defect 12 

tolerance of aluminum were investigated based on fracture mechanics. The experimental 13 

results were compared with the case of SP. As the result, it was clarified that large surface 14 

defects could be rendered harmless when LP was used in comparison with SP.  15 

2. EXPERIMENTS 16 

2.1 Materials and specimens 17 

High-strength aluminum alloy A7075–T651 was used as the test material. The 0.2% 18 

proof stress of the as-machined material was 505 MPa and its tensile strength was 570 19 

MPa. Fatigue test specimens with a thickness of 4 mm were machined. Figure 1(A) shows 20 

the shapes and dimensions of the bending fatigue test specimens.  21 

Figure 2 shows the flowchart of the machining process of the bending fatigue test 22 

specimens. The tested specimens were classified into six groups: as-machined specimens 23 

(AM), AM specimens treated with laser peening (AM+LP), AM specimens treated with 24 



shot peening (AM+SP), AM specimens with a semicircular slit (AM+Slit), LP treated 1 

specimens with a semicircular slit (LP+Slit), and SP treated specimens with a semicircular 2 

slit (SP+Slit). 3 

Figure 1(B) shows the shape and dimension of the semicircular slit. A semicircular slit 4 

was introduced into the smallest cross-section of the specimen with electric discharge 5 

machining to emulate a crack-like surface defect. The direction of the semicircular slit 6 

was perpendicular to the longitudinal direction. The depths of the semicircular slits were 7 

a = 0.1–0.6 mm for the AM+Slit specimens, a = 0.4 and 0.6 mm for the LP+Slit specimens, 8 

and a = 0.1 and 0.2 mm for the SP+Slit specimens. The widths of the slits were 9 

approximately 0.03 mm. In the cases of the LP+Slit and SP+Slit specimens, a semicircular 10 

slit was introduced after LP treatment to avoid peening inside the slit.  11 
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(B) 22 

FIGURE 1 Shapes and dimensions of (A) bending fatigue test specimen, and (B) 23 

semicircular slit (unit: mm) 24 
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FIGURE 2 Flowchart of the machining process of tested specimens 7 

 8 

2.2 Laser peening conditions 9 

Laser peening was performed on AM specimens in water. Figure 3(A) shows the setup 10 

of the laser peening device. Coating was not used on the surface of the specimens. The 11 

second harmonic of Q-switched Nd: YAG laser was used. The laser peening condition is 12 

listed in Table 1(A). This condition was selected based on the study by Masaki et al.27. 13 

Figure 3(B) shows the tracked laser in the laser peened area. The spot diameter (D) is the 14 

diameter of each laser spot. The pulse energy (Ep) indicates the energy contained per laser 15 

pulse. Additionally, the irradiation density (Np) indicates the number of pulses irradiated 16 

per unit area. The pulse interval (overlapping pitch) was 0.134 mm, as shown in Figure 17 

3(B). Thus, the laser was irradiated at 7.46 (pulse/mm) per unit length. We then obtained 18 

Np = 56 (pulse/mm2) per unit area. The power density G can be calculated by the following 19 

equation using the Ep, the spot area Ap (= πD2/4), and pulse duration (t), 20 

𝐺𝐺 = 𝐸𝐸p
𝐴𝐴p𝑡𝑡

                                                                                       (1) 21 

 The coverage Cv, which is the overlapping amount per unit area, is calculated using the 22 

following equation7 based on the irradiation density Np and the spot area Ap: 23 

𝐶𝐶v = 𝑁𝑁p𝐴𝐴p                                                                                (2) 24 



As a result, the power density G = 12 GW/cm2 and the coverage Cv = 700%.  1 

The laser peened area of the specimen is shown in Figure 1(A). It has been reported 2 

that the test specimens with thickness of 2 mm warped after LP on one side24. In this 3 

study, we performed LP on both sides of the test specimens to suppress the wrap. The 4 

laser beam was rastered over the specimens in the y (width) direction followed by shifting 5 

in the x (longitudinal) direction in one layer (see Figure 3(B)).  6 
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(B) 20 

FIGURE 3 Schematic of laser peening procedure: (A) setup of laser peening (LP) 21 

device, and (B) laser tracking within the laser peened area 22 

 23 

 24 



TABLE 1 Peening conditions:(A) laser peening, and (B) shot peening 1 

(A) 2 

Spot diameter, D 0.4 mm 

Pulse duration, t 6.2 ns 

Pulse energy, Ep 93 mJ 

Irradiation density, Np 56 pulse/mm2 

Power density, G 12 GW/cm2 

Coverage, Cv 700% 

 3 

(B) 4 

Shot material ZrO2 

Shot hardness 1330 HV 

Shot diameter 300 μm 

Air pressure 0.2 MPa 

Standoff distance 100 mm 

Coverage 300% 

Arc height 0.173 mmA 

 5 

2.3 Shot peening conditions 6 

SP was performed on both sides of AM specimens using a direct pressure peening 7 

system. Table 1(B) lists the conditions of SP. In this case, ZrO2 ceramic shots were used 8 

with diameters of 300 μm. The peening intensity evaluated with an A-type Almen strip 9 

was 0.173 mm. 10 

 11 



2.4 Measurement of surface roughness, residual stress distribution, and vickers 1 

hardness distribution  2 

Arithmetic mean roughness Ra was measured in the longitudinal direction of the 3 

specimen using a stylus-type roughness measuring machine. The measurement length 4 

was 4 mm and the average values of three data points were compared. The three-5 

dimensional (3D) profiles of the AM, AM+LP, and AM+SP specimens were measured 6 

using a laser microscope.  7 

The residual stress from the surface to the depth direction of the test specimen was 8 

measured by the cosα method using an X-ray measurement apparatus. Table 2 shows the 9 

detailed conditions of the residual stress measurement. Electro-polishing was used to 10 

remove different specimen layers. The residual stress in the longitudinal direction at a 11 

central part of the surface was successively measured for each layer. Stress redistribution 12 

occurred after the removal of the surface. Thus, stress correction calculation28 was 13 

performed for each measured result. 14 

Vickers hardness distributions were measured for the polished cross section of each 15 

specimen using a micro Vickers hardness tester. The hardness tests were conducted with 16 

a holding time of 15 s and a load of 0.98 N. Three points were measured at each depth 17 

and the average value was plotted.  18 

TABLE 2 Residual stress measurement conditions 19 

Method cosα 

Tube bulb Cr 

Measurement surface (3.1.1) plane 

Collimator diameter Φ1.0 mm 

Voltage value 30 kV 

Current value 1.0 mA 



2.5 Fatigue test method 1 

Fatigue tests were performed using a bending fatigue testing machine at a stress ratio R = 2 

0 and a frequency of 20 Hz at temperatures in the range of 23–28 °C in air. The nominal 3 

bending stress at the surface of the minimum cross-section of the specimen was also 4 

evaluated. Typically, fatigue limits of aluminum alloy could not be defined. Thus, the 5 

fatigue strengths were evaluated after 107 cycles. Three to four specimens were used to 6 

determine the 107 cycles fatigue strength of each test condition. The minimum step of the 7 

stress range Δσ was set to 20 MPa. After the fatigue tests, the fracture surfaces of the 8 

specimens were observed with a scanning electron microscope (SEM). 9 

 10 

3. EXPERIMENTAL RESULTS 11 

3.1 Surface roughness of specimens 12 

The measured values of Ra were 0.146 µm, 2.108 µm, and 2.277 µm for AM, LP, and 13 

SP materials, respectively. The surface roughness increased after LP and SP. The values 14 

of Ra after LP and SP are almost identical. Figure 4 shows the 3D profiles measured using 15 

laser microscopy. Machining scratches were confirmed in the longitudinal direction in the 16 

AM specimens (Figure 4(A)). Laser peening eliminated the machining scratches and 17 

made ablation marks on the surface because coating was not used in the LP process 18 

(Figure 4(B)). In SP specimens, shot peening also eliminated the machining scratches and 19 

made crater-like dents on the surface (Figure 4(C)). The dents were caused by the impact 20 

of shots. These surface irregularities increased the surface roughness. 21 
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(C) 22 

FIGURE 4 Three-dimensional (3D) profiles of tested specimens: (A) As-machined 23 

specimen, (B) LP specimen, and (C) shot peened (SP) specimen 24 

 25 

Ablation marks 

Crater-like dents 



3.2 Residual stress distributions 1 

Figure 5 shows the residual stress distribution for the laser peened specimens. 2 

Normal stresses in the longitudinal direction were measured. For comparison, the residual 3 

stress distributions for the AM (non-peening) and SP specimens are also indicated. A 4 

compressive residual stress of 50 MPa was induced by machining and is measured in the 5 

AM specimens. The surface compressive residual stress of the LP specimens was 295 6 

MPa, and the depth of the compressive residual stress is 0.7 mm. The residual stress value 7 

of the surface of SP specimens was 211 MPa, and the depth of compressive residual stress 8 

was 0.2 mm. Thus, the compressive residual stress at the surface of the LP specimen was 9 

larger than that of the SP specimen. Moreover, a deep compressive residual stress was 10 

introduced by LP as compared to that of the SP.  11 
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FIGURE 5 Distributions of residual stress in the longitudinal direction 23 

 24 



3.3 Vickers hardness distribution 1 

Figure 6 shows the Vickers hardness distribution measured on the cross section of 2 

each specimen. The average hardness distribution was obtained from three measurements 3 

of the hardness at each depth. Compared with the AM specimen, the hardness values of 4 

the LP and SP specimens increased. The increase in the rate of hardness showed the same 5 

trends as the residual stress distribution. 6 

 7 
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FIGURE 6 Distributions of Vickers hardness at the section of each specimen   17 

                                                               18 

3.4 Effects of LP and SP on fatigue strength 19 

Figure 7 shows the relationship between the stress range ∆σ and the slit depth a. The 20 

solid symbols indicate the fractured specimens during the fatigue tests. The open symbols 21 

represent the specimens that did not fracture after 107 cycles. The maximum value of ∆σ 22 

among the nonfractured specimens corresponds to the fatigue strength after 107 cycles 23 

𝛥𝛥𝜎𝜎𝑤𝑤.  24 



The fatigue strength of the AM specimens (𝛥𝛥𝜎𝜎𝑤𝑤0 ) after 107 cycles respectively 1 

increased by 27% and 7% after the LP and SP treatments. This result is discussed in 2 

section 4.1. The figure outcomes demonstrate that the fatigue strengths of the nonpeened 3 

specimens decrease when the slit depth increases. However, both peening types increase 4 

the fatigue strength. The 𝛥𝛥𝜎𝜎𝑤𝑤 values of the specimens with slit depths a = 0.1 mm and 5 

0.2 mm increased by 100% with SP treatment. The 𝛥𝛥𝜎𝜎𝑤𝑤 of the specimens with a slit depth 6 

a = 0.4 mm and 0.6 mm increased by 400% and 433% with the use of the LP treatment. 7 

Thus, LP is more effective than SP in increasing the fatigue strengths owing to the large 8 

and deep compressive residual stress induced by LP.  9 
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FIGURE 7 Fatigue test results on nonpeened, LP, and SP specimens 20 

 21 

3.5 Fracture surface observation results 22 

Figure 8 shows the fracture surfaces of the AM, AM+LP, and AM+SP specimens. 23 

Crack initiation sites were found to be sub-surface in all of the AM, AM+LP, and AM+SP 24 



specimens. This is because the compressive residual stress was induced on the surfaces 1 

of these specimens (see Figure 5). The fatigue cracks were initiated mostly due to 2 

cleavage-like matrix cracking. This type of cracking is often observed when fatigue crack 3 

propagate in aluminum alloys after an initial crack occurs at the interior of specimen12,19,27. 4 

The depths of the crack initiation sites of the AM+LP specimens were much deeper than 5 

those of the AM and AM+SP specimens. This behavior can be attributed to the deeper 6 

compressive residual stress of the LP treatment because the fatigue crack propagation 7 

behavior was affected by the compressive residual stress8.  8 

Figure 9 shows the fracture surfaces of the AM+Slit specimens. The fatigue crack 9 

initiation sites for these specimens were identified at the slits. The fatigue cracks were 10 

initiated uniformly at the front of the semicircular slit and propagated along a semicircular 11 

trajectory. 12 

Figure 10(A) and (B) shows the fracture surfaces of the LP+Slit specimens. The 13 

fatigue crack initiation sites for these specimens were also identified at the slits. The 14 

fatigue cracks were initiated at the deepest point of the semicircular slit and propagated 15 

along a complicated trajectory owing to the effects of compressive residual stress. 16 

Figure 10(C) and (D) shows the fracture surfaces of the SP+Slit specimens. 17 

Specimens with a 0.1 mm slit fractured outside the slit (Figure 10(C)). This is probably 18 

because the slit depth was as small as 0.1 mm, and specimens fractured from matrix 19 

cracking similar to AM+SP specimens. 20 
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FIGURE 8 Scanning electron microscopy (SEM) images of fractured surfaces: (A) AM, 10 

(B) AM+LP, and (C) AM+SP 11 
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FIGURE 9 SEM images of fractured surface of AM+Slit: (A) a = 0.1 mm, (B) a = 0.2 23 

mm, (C) a = 0.4 mm, and (D) a = 0.6 mm 24 
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FIGURE 10 SEM images of fractured surface: (A) LP+Slit a = 0.4 mm, (B) LP+Slit a = 12 

0.6 mm, (C) SP+Slit a = 0.1 mm, and (D) SP+Slit a = 0.2 mm 13 

 14 

3.6 Maximum defect size that can be rendered harmless 15 

The conditions used in this experiment to render the slit harmless were defined based 16 

on our previous studies29 as follows: (a) the 𝛥𝛥𝜎𝜎𝑤𝑤 value increased by more than 95% 17 

compared to the 𝛥𝛥𝜎𝜎𝑤𝑤0  value for the AM+LP (AM+SP) or (b) more than half the 18 

specimens fractured outside the slit. 19 

As shown in Figure 7, in the case of a = 0.4 mm, the 𝛥𝛥𝜎𝜎𝑤𝑤 value of LP+Slit specimens 20 

was 400 MPa and >95% of 𝛥𝛥𝜎𝜎𝑤𝑤0 for AM+LP specimens (380 MPa). Conversely, in the 21 

case of a = 0.6 mm, the 𝛥𝛥𝜎𝜎𝑤𝑤 value of LP+Slit specimens was 320 MPa. From these 22 

results, it is revealed that the maximum defect size that can be rendered harmless by LP 23 

is amax = 0.4 mm. As the SP+Slit specimen with a = 0.1 mm slit satisfies both (a) and (b), 24 



the maximum defect size that can be rendered harmless by SP is determined to be amax = 1 

0.1 mm. Therefore, larger surface defects could be rendered harmless by applying LP 2 

compared with SP. 3 

 4 

 5 

4. DISCUSSION 6 

4.1 Effects of residual stress, hardness, and surface roughness on fatigue strength 7 

The fatigue strength of the AM specimens (𝛥𝛥𝜎𝜎𝑤𝑤0) after 107 cycles increased by 27% 8 

and 7%, respectively, after the LP and SP treatments (see section 3.4). Here, the effects 9 

of LP and SP on 𝛥𝛥𝜎𝜎𝑤𝑤0 are discussed in terms of residual stress, hardness, and surface 10 

roughness.  11 

As mentioned in Section 3.2, the compressive residual stress at the surface of the LP 12 

specimen is larger than that of the SP specimen. The compressive residual stress was 13 

deeper for LP compared to SP. Thus, fatigue crack growth in the laser peened specimens 14 

could be hindered more effectively than it could in shot peened specimens. As a result, 15 

the depth of the fatigue crack initiation site of the former was much deeper than that of 16 

the latter, as noted in section 3.5. The values of HV at the sub-surface in the laser peened 17 

specimens were larger than those of the shot peened specimens. Thus, the fatigue strength 18 

of the LP specimen is larger than that of the SP specimen.  19 

Next the effects of surface roughness are discussed. As mentioned in section 3.1, 20 

surface roughness increased after LP and SP. The fatigue crack initiation sites for the 21 

AM+LP and AM+SP specimens were sub-surface. Thus, the surface roughness did not 22 

affect the fatigue strength in this study. However, if the surface roughness increased due 23 

to peening, the roughness could affect fatigue strength.  24 



4.2 Effects of LP and SP on the defect tolerance 1 

The effects of LP on the defect tolerance of aluminum alloys were investigated. First, 2 

we compared the apparent threshold stress intensity factor ranges ΔKth,ap for each 3 

specimen. The values of ΔKth,ap were calculated based on the following equation. 4 

𝛥𝛥𝛥𝛥th,ap = 𝐹𝐹𝛥𝛥𝜎𝜎𝑤𝑤√𝜋𝜋𝜋𝜋 ・・・(3) 5 

where F indicates the shape factor of the surface crack which was calculated using the 6 

Newman–Raju's equation30. The ΔKth,ap is different from intrinsic threshold stress 7 

intensity factor range (ΔKth), which is a material property. Table 3 lists the values of ΔKth,ap 8 

calculated based on the 𝛥𝛥𝜎𝜎𝑤𝑤 values of each specimen. Figure 11 shows the relationship 9 

between the ΔKth,ap and the depth of slit a. It is noted in Figure 11 that the values of ΔKth,ap 10 

were almost constant for each specimen. The average value of ΔKth,ap for nonpeened 11 

specimens matches ΔKth obtained from several experimental results for similar 12 

materials31,32. It was revealed that the ΔKth,ap increased by approximately two times with 13 

SP and by five times with LP. The increase of the ΔKth,ap was caused by the retardation of 14 

the crack propagation owing to the compressive residual stress. The values of ΔKth,ap for 15 

nitrided steel33 and copper alloy34 specimens with microholes were increased by at most 16 

two times after SP. Thus, the LP is more effective in increasing the value of ΔKth,ap 17 

compared to SP.  18 

Figure 12 shows the Kitagawa–Takahashi diagram35 which plots the relationship 19 

between 𝛥𝛥𝜎𝜎𝑤𝑤 and the crack (slit) depth. Many equations have been proposed to model 20 

the Kitagawa–Takahashi diagram. Among them, Smith’s model36 was used for its 21 

simplicity. In the Smith model, the relationship between 𝛥𝛥𝜎𝜎𝑤𝑤  and crack depth is 22 

expressed by two straight lines37. The horizontal straight lines show the 𝛥𝛥𝜎𝜎𝑤𝑤0 values for 23 

the AM, AM+SP, and AM+LP specimens. The lines with slopes equal to −1/2 indicate 24 



the calculated values of 𝛥𝛥𝜎𝜎𝑤𝑤 based on the substitution of the average values of ΔKth,ap in 1 

the following equation. 2 

𝛥𝛥𝜎𝜎𝑤𝑤 = 𝛥𝛥𝛥𝛥th,ap

𝐹𝐹√𝜋𝜋𝜋𝜋
 ・・・(4) 3 

The values of the fictitious intrinsic defect size (a0), which is the intersection of the 4 

two straight lines of Smith’s model, were calculated by the following equation38. 5 

𝜋𝜋0 = 1
𝜋𝜋
�𝛥𝛥𝛥𝛥th,ap

𝛼𝛼𝛥𝛥𝛥𝛥𝑤𝑤0
�
2
 ・・・(5) 6 

It can be observed from Figure 12 that the Smith’s model can estimate the fatigue 7 

strength with higher accuracy. The calculated values of a0 were 0.03 mm for nonpeening, 8 

0.10 mm for SP, and 0.40 mm for LP. It is noted that the value of a0 is close to the 9 

experimental results of amax which were obtained in this study. These analytical results 10 

demonstrated that the defect tolerance of the aluminum alloy was increased with LP.  11 

 12 

TABLE 3 The values of Δ𝛥𝛥th,ap for each specimen 13 

Specimen a [mm] Δ𝜎𝜎𝑤𝑤 [MPa] 
Δ𝛥𝛥th,ap  

[MPa・m1/2] 

AM+Slit 

0.1 160 2.04 

0.2 100 1.79 

0.3 100 2.16 

0.4 80 1.99 

0.6 60 1.79 

LP+Slit 
0.4 400 9.92 

0.6 320 9.56 

SP+Slit 
0.1 320 4.09 

0.2 200 3.93 
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FIGURE 11 Relationship between ΔKth,ap and depth of slit 12 
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FIGURE 12 Relationship between Δσw and depth of slit 24 



5. CONCLUSIONS 1 

In this study, we investigated the effects of LP on the fatigue strength of the aluminum 2 

alloy A7075–T651 which contained crack-like surface defects. The effects of LP on the 3 

defect tolerance of the aluminum alloy were investigated based on fracture mechanics. 4 

The evoked results can be summarized as follows. 5 

1. By performing LP, a compressive residual stress can be introduced at the depth of 0.7 6 

mm from the surface. Thus, a deep compressive residual stress was induced 7 

compared with the case of SP (0.2 mm). 8 

2. The maximum defect size that can be rendered harmless by LP was 0.4 mm, which 9 

was much larger than that induced by SP (0.1 mm). Thus, larger surface defects could 10 

be rendered harmless by applying LP compared with SP. 11 

3. The apparent values of threshold stress intensity factor range (ΔKth,ap) increased by 12 

approximately two times when SP was used and by five times when LP was used. 13 

The increases of the ΔKth,ap values were caused by the compressive residual stress 14 

which was induced by LP. 15 

4. The Kitagawa–Takahashi diagram of the LP specimens showed that the defect 16 

tolerance of the aluminum alloy increased when LP was performed. 17 

 18 

TABLES 19 

TABLE 1 Peening conditions:(A) laser peening, and (B) shot peening  20 

TABLE 2 Residual stress measurement conditions 21 

TABLE 3 The values of Δ𝛥𝛥th,ap for each specimen 22 

 23 

 24 
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(B) AM+LP, and (C) AM+SP 13 

FIGURE 9 SEM images of fractured surface of AM+Slit: (A) a = 0.1 mm, (B) a = 0.2 14 

mm, (C) a = 0.4 mm, and (d) a = 0.6 mm 15 

FIGURE 10 SEM images of fractured surface: (A) LP+Slit a = 0.4 mm, (B) LP+Slit a = 16 

0.6mm, (C) SP+Slit a = 0.1 mm, and (D) SP+Slit a = 0.2 mm 17 

FIGURE 11 Relationship between ΔKth,ap and depth of slit 18 

FIGURE 12 Relationship between Δσw and depth of slit 19 
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