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S1. Simulation of the laser peening process
51.1. Pressure loading condition

In current simulation model, similar to most of the literature studies [1-3], the pressure load induced by LP was
defined as a function of elapsed time. As can be seen in Figure S1, slightly after the LP process starts, the pressure rises
to a maximum pressure during the laser pulse. Once the maximum pressure is achieved, the pressure rapidly goes
back down. Two main components of temporal pressure function, P(t), are (1) the pulse time and (2) the peak pressure.
It has been shown that one can approximate the P(t) with a 6th order polynomial function [4,5]. Thanks to presence of
the dielectric transparent material, the pressure pulse time in the confined ablation mode, typically last two to three
times longer than the length of laser pulse [6,7]. In this report, a pressure pulse three times longer than the 18 ns laser
pulse duration was considered. Since it is very challenging to evaluate the spatial distribution of the pressure pulse
experimentally, commonly, particularly for a pulse with a square geometry, a uniform distribution at the laser impact

region is considered [8-11]. This approach was also implemented here where the loaded pressures were applied uni-
formly at the entire peened area.
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Figure S1. Temporal pressure profile.
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The peak pressure can be calculated via Equation (1) [12-14]:

a
2+ 3

P (GPa) = 0.01 VZ (g/cm?s)y/I, (GW/cm?) 1)

where P is the peak pressure, Io is the laser power density and « is the efficiency of the interaction in the range of 0.2
to 0.5, typically. Z denotes the combined shock impedance defined by:
2
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where Z1 and Z2 are the shock impedance of the target material and the confining overlay, respectively.

With the propagation of the pressure wave into the specimen, the material becomes plastically deformed up to a
depth at which the peak pressure of the wave becomes smaller than the metal’s HEL [15-17]. At HEL, the transitions
from a purely elastic state to an elastic-plastic state happens in a solid due to a strong pressure wave. The HEL is
related to dynamic yield strength, oy, and Poisson’s ratio, v, of the material through HEL = 11_;21; gy. According to the
Poisson’s effect, where material tends to expand in directions perpendicular to the direction of compression, when the
pressure wave deforms the material surface and subsurface, the metal spreads transversely to conserve volume. The
neighboring material resists the expansion, generating a compressive stress at the surface and subsurface regions. In
order for the specimen to stay in equilibrium, a tensile field is also induced where its distribution depends on the
geometry of specimen. Up to the depth where the pressure wave exceeds the HEL, high strain rate plastic deformation
results in the generation of entangled dislocations with a large density. Of course, when the peak pressure of the stress
wave is less than the HEL, no plastic strains occur. As shown in Figure S1, all of the selected power densities in this
research produce peak pressures (Preak of 0.72 GPa to 2.44 GPa) which are more than the HEL of Al 5083 (0.57 GPa).

S§1.2. Solution time

Two analysis steps with proper solution times were considered to obtain the efficient and accurate results. By
considering a solution time much longer than the length of the pressure pulse, enough time is given to the reflection
and interaction of the pressure waves that are traveling in the specimen. This of importance since it adds to the accu-
racy of the resultant dynamic response of the material in the first step [11]. Therefore, it is vital to determine the opti-
mum solution time of the dynamic response that gives enough time to all the plastic deformation to take place. When
the wave propagates in the material, a conversion of the internal energy to elastically stored energy, plastically dissi-
pated energy, and artificial strain energy occurs [18]. Figure S2a illustrates the changes in the internal energy in the
first step of the simulation during the dynamic response of the material. While the internal energy initially increases,
reaches its maximum value, and then slowly decreases and becomes stable after 4500 ns, the plastically dissipated
energy increases and reaches a saturation level in less than 500 ns. This indicates that it takes approximately 4500 ns
for all the plastic deformation to occur. Therefore, with an addition of 500 ns to increase the reliability margin, a 5000
ns time period was chosen as the solution time for the dynamic analysis [19]. The surface residual stresses obtained in
the second step have been shown in Figure S2b for different step times. These stresses were measured along a line
from the center to the edge of the laser spot. As seen here, there is no observable changes after 100,000 ns. Therefore,
the second step time was considered to be 100,000 ns to obtain an equilibrium of the stresses and an accurate residual
stress field [1,8].
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Figure S2. (a) History of the internal energy, elastically stored energy, plastically dissipated energy and artificial strain
energy during the first step (b) In-plane stress profiles (ox) versus distance from the center of spot at different calculation
times during the second step (A dynamic state towards a residual state). It can be concluded that a quasi-equilibrium state
is reached above 100,000 ns.

S2. Residual Stress Measurement

Diffracted X-rays were collected for a given family of planes {hkl} and the lattice spacing, d" was determined

via Bragg’s Law. The strain (sgg}d}) was then calculated from the change in lattice spacing by Equation (3):

{hkl} {hk1}
E{hkl} _ dlplP B do (3)
oY T d{hkl}
0

where dgi;fl} is the lattice spacing measured at a sample orientation denoted by ¢ and ¥ angels, and dghkl} is the

lattice spacing of the unstrained sample. For the cosa method, strains are measured by comparing the distorted Debye

ring of the stressed sample with the perfectly circular ring from a stress-free sample (Figure S3) [20]. Equation (4)

shows how strain (§éhkl}) is calculated from four points located at 90° on the Debye ring (sglkl}, s,{:ﬁr’z}, g:xkl} ,{,h_ﬁ} ):

el e
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By varying « from 0° to 90°, stress can then be calculated as a linear function of regression between gtk

by Equation (5),

Yand cosa

_E 1 FEa
" 1+ vsin2n - sin 2¥, dcosa

®)

Op

where E, v and 21 are the Young’s modulus, the Poisson’s ratio of the material and the semi-angle of the Debye ring,
respectively [21]. The angles of ¢, 1, ¥ and a are shown in Figure S3.
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Figure S3. Debye ring measurement schematic.
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