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Effect of Laser Shock Processing Parameters on Residual Principal
Stresses and Its Directions of 2024 Aluminum Alloy
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Abstract In order to study the effect of laser power density on principal stresses and their directions by laser shock
processing (LSP). 2024 aluminum alloy samples are processed with five different laser power densities. Residual
stresses of three directions are measured by X-ray diffraction (XRD). and the principal stresses and their directions
are calculated. Experimental results show that effect of laser power density on the amplitude of principal stresses and
the spread of its direction, stress intensity and maximum shear stress by LSP. The variance of maximum principal
stress and its direction of 2024 aluminum alloy are 1987 and 13905 respectively, with the laser power density of
2.8 GW/cm?®. Residual stress is of uniform distribution, and the angles of principal stress directions are scattered.
But the average of maximum principal stress of 2024 aluminum alloy is —158 MPa. The average of maximum
principal stress of 2024 aluminum alloy is —239 MPa with the laser power density of 2.1 GW/cm®. The variance of
maximum principal stress and its directions of 2024 aluminum alloy is 5471. Residual stress is less uniformity.
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Table 1 Chemical composites of 2024 aluminum alloy (mass fraction, %)

Si Fe Cu Mn Mg Zn

Others
Ti Others Al
Single Sum

0.5 0.5 3.5~4.9 0.3~0.9

1.2~1.8 0.25

0.15 Cr0. 10Ti+Zr0. 20 0.05 0.15 Bal.
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Fig. 1 Samples of laser shock processing. (a) Before LSP; (b) after LSP
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Table 2 Residual stresses of the shocked region by different laser power densities

Power density / ) a b ¢ d

(GW/cm?) Station Stress Error Stress Error Stress Error Stress Error Stress Error
a —90 +58 —91 +30 —87 +27 —57 +11 —138 +29
1.8 a: —149 +31 —96 +11 —114 +28 —100 +27 —89 +20
as —203 +32 —80 +18 —85 +27 —77 +5 —122 +30
a —185 +24 —56 +19  —134 +4 —185 +35 —189 +32
2.1 a —173 +64 —119 +31 — 205 +32 —141 +56 —161 +14
a; —142 +48  —199 +4  —181 +52  —228 +11 —160 +40
a —40 +11 —74 +45  —163 +44  —138 +10 —153 +16
2.8 a: —140 +12 —109 +16 —113 +31  —163 +10 —143 +36
a; —99 +13 —114 +15 —101 +10 —105 +18 —182 +29
a —127 +58 —23 +8 —104 +23 —198 +16 —238 +9
3.2 2] —170 +20 —134 +11 —128 +53 —161 +17 —186 +17
as —109 +43  —109 +17  —129 +12 —146 +35 —206 +44
ai —128 +36 —164 +52 —143 +91 —76 +43 —176 +32
3.5 a: —86 +31  —102 +12 —141 +32  —133 +33 —155 +26
as —71 +40 —90 +18 — 144 +28 —201 +17 —51 +24
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Fig. 3 Distributions of stress intensity by different

laser power densities
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Fig. 4 Distributions of the directions of principal

stresses by different laser power densities
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