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Laser shock processing (LSP) is an advanced material surface hardening technology that can significantly improve

mechanical properties and extend service life by using the stress effect generated by laser-induced plasma shock

waves, which has been increasingly applied in the processing fields of metallic materials and alloys.
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1. Introduction

Laser shock processing, also named as laser shock peening, is a novel material surface treatment technology by

using the stress effect generated by laser-induced shock waves to improve the material properties, such as anti-

fatigue, wear resistance and anti-stress corrosion, etc. .

2. Fundamental Principle

The schematic of the principle of LSP is shown in Figure 1 . Before the process of LSP, the LSP surface needs to

be coated with an absorbing protective layer such as black tape, black paint or aluminum foil, and then covered

with a transparent constraint layer such as water or optical glass, with the main purpose of improving the

absorption rate of the laser energy for the metallic materials, and protecting the surface of the metallic materials or

alloys from the laser thermal ablation. The laser beam with high power density and short pulse width passes

through the transparent constraint layer and acts on the surface of metallic material, the absorbing protective layer

that is coated on the surface of metallic material absorbs the laser energy, causing the material temperature to rise.

The phenomenon of gasification and ionization will be occurred, and the expanding plasma with high temperature

(>10 K) and high pressure (>1GPa) is formed at about the same time. The plasma continues to absorb the laser

pulse energy, and due to the restriction of the absorbing protective layer and constraint layer, the plasma expands

rapidly and then explodes to form a high-pressure (GPa level) laser-induced plasma shock wave that acts on the

surface of metallic material and propagates inside . When the laser-induced plasma shock wave is loaded

on the surface of metallic material, uniaxial stress will be generated along the propagating direction of the shock

wave, which will lead to plastic deformation in the LSP area. After the laser-induced plasma shock wave is over

(about tens of nanoseconds), the plastic deformation region will be limited and restricted by the surrounding

material, so a biaxial compressive residual stress field will be generated, which is paralleled to the LSP surface .

The compressive residual stresses can eliminate the harmful tensile stresses due to the process of material

processing such as mechanical machining, heat treatment, welding, laser cutting, plating and hard coating, etc. In

addition, the compressive residual stresses can inhibit the initiation and expansion of fatigue cracks. Consequently,
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after the treatment of LSP, the mechanical properties of the metallic materials or alloys can be improved

evidently . The schematic diagram of compressive residual stress induced by LSP is shown in Figure 2 .

At present, the process structure of the constraint layer and absorbing protective layer is the most typical structure

for the LSP treatment . Whether being the constraint layer or the absorbing protective layer, its thickness should

be suitable. The thickness of the constraint layer can affect the transmittance of the laser and the pressure of laser-

induced shock waves, the lower thickness can increase the transmittance but easily cause the breakdown of the

pressure, and the suitable thickness of the constraint layer such as water for most of the LSP process is about 1.2–

2 mm . The absorbing protective layer can improve the absorption rate of laser energy and increase the peak

pressure of laser-induced plasma shock waves as well as protect the materials from thermal melting. The related

research shows that there exists a critical thickness of the absorbing protective layer, and that higher thickness can

lead to the pressure losses of laser-induced plasma shock waves, but lower thickness can lead to the thermal

melting in the near-surface layer of material and the formation of rougher impact pits, and the common thickness of

the absorbing protective layer such as black tape is about 100 μm . Therefore, in the LSP treatment, the

suitable thickness of the constraining layer and absorbing protective layer can improve the transmittance and

pressure of the laser-induced plasma, resulting in obtaining a better hardening effect .

The common feature of surface treatment technologies is to utilize the severe plastic deformation in the near-

surface of metallic materials or alloys to get the result of material surface strengthening . In contrast to the

traditional surface treatment technologies, the LSP utilizes the laser-induced plasma shock wave, which increases

the pressure of the shock wave by the typical structure of the absorption protection layer and constraint layer in

general. Compared to other surface treatment technology, LSP has the advantages of ultra-high pressure, ultra-

high shock wave mechanical energy and ultra-high plastic strain rate, so the strengthening effect is better. In

addition, the spot size and position of the pulsed laser can be adjusted precisely by the industrial robot, so LSP is

suitable to strengthen the structures with complex shapes or shapes that are difficult to handle with traditional

processes .

Figure 1. The schematic of the principle of laser shock processing (LSP) .
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Figure 2. The schematic diagram of compressive residual stress induced by LSP .
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