Laser Shock Peening

Introduction:
During this report on the process of Laser Shock Peening it will cover the following aspects such as the processes crucial scientific principles which will contain the fundamentals of what is Laser Shock Peening, an analysis of how Laser Shock Peening may be used for various applications that will include Manufacturing, Environmental, Health and Safety issues and also will cover how this technology will impact the industrial and market sectors. 
Scientific Principles:
Laser Shock Peening also known as LSP is a process that produces compressive stress in the surface layer of metal materials such as Titanium, Aluminium and Nickel alloys, Steel & Stainless steel etc… This process greatly increases the materials fatigue life expectancy where the material will be used in applications where the failure is caused by surface-initiated cracks. This process uses a high energy pulsed laser that will generate a high-volume stress wave on the surface of the subject material. This stress wave will then spread through the material thus causing the surface of the subject material to permanently deform, as such will then develop a residual compressive stress. Laser shock Peening has been compared to that of Shot Peening. It has been found that the residual stresses in the surface layer of the subject materials from both Laser Shock and Shot Peening are similar, but the compressive stress induced from Laser Shock Peening has been found to extend far deeper, thus the resultant increase in fatigue life has been shown to be greater through that of Laser Shock Peening. 
Laser shock peening is a non-thermal mechanical process that is used for treating metallic materials. The laser that is used in this process is a high energy pulsed neodymium glass laser. For this process the laser emits a short pulse that is around 15 to 30 nanoseconds long and has a wavelength of 1.06 μm. The beam of the laser is guided through a chain of a combination of mirrors and lenses to the surface of the material that is to be treated. The material being treated has two different types of overlays applied to the area being treated. The first overlay is opaque and the other is transparent to the laser. The opaque overlay used in the process doesn’t need to be any specific material as long as it is opaque to the laser, as  such a commonly used material for the overlay is simple black coating (e.g. black paint). The same can be said for the transparent overlay so long as the overlay is transparent to the laser it is not crucial, as such the most common transparent overlay that is used is simply water. 
So once the two overlays have been applied the beam of the laser is then directed down to the target area of the material and passes through the transparent overlay and then collides with the opaque overlay. When this happens the opaque overlay is then vaporised, the vapour that is produced then absorbs the laser energy resulting in the surface layer of the material and the inner surface of the transparent overlay being rapidly heated and expanded. 
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The transparent overlay that is used on the surface of the material contains the thermally expanding vapour and plasma against the surface layer of the material. Due to this it results in an increased pressure that would be much lower if it were not present in the process. This abrupt increase in the pressure taking place against the materials surface layer then produces a shock wave that multiplies as it passes through the material. So long as the dynamic yield strength of the material is lower than that of the peak of the shockwave the material will then plastically deform. This shockwave will continue to make its way through the material and so will the materials deformation, until waves yield strength drops below that of the material in question. As a result of the material deformation process the materials properties also undergo a change where an increase in strain hardening and compressive residual stresses at the surface, which is one of Laser Shock Peening’s major benefits. 
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The above pictures show a direct comparison of topographies of unpeened Spring Steel (shown on left) vs Laser Shock Peened surfaces (LSP shown on right). 
Depending on several factors such as material & Laser type and processing factors. The spot size of the treated area can range from up to 25mm down to a diameter of 2.5mm. A nominal spot size can range between 6 to 9mm, and future higher power laser machines can even achieve larger spot size areas. 
Friction stir welding has become a very popular method of joining materials due to its advantages over other fusion welding techniques. However due to the clamping arrangement and the heating cycle the specified material undergoes during the process can greatly affect the materials service performance by aiding the materials fatigue crack growth process. As such the following article (Hatamleh, et al., 2007) has investigated the fatigue strength of Aluminium alloy 7075-T651. The study compared the results of the alloy that has not undergone any form of peening compared to specimens that have been shot peened and Laser Shock Peened. The material was supplied as a 0.635cm plate and had been friction stir welded and produced to a size of 122cm 40cm 0.635cm.  The specimens were then shot peened, laser shock peened and unpeened samples were also retained for comparison. Once the peening processes have been completed two 12.5mm long by 0.25mm thick starter cracks were induced into the specimens at the welded centreline and 7.5mm away from the edge of the weld using an electric discharge machine. Then finally once the specimens were grinded and polished to the appropriate surface finish both a tensile test done in accordance with ASTM 8 and a fatigue test were performed among all specimens. 
The tests were continually cycled until a pre crack of 0.5mm was produced on both sides of the notch produced by the electrical discharge machine. The results were then recorded against the fatigue crack length (a) vs the number of cycles performed (N). The graph below shows the relevant data amongst the specimens. 
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As stated in the article if the fatigue life of the specimens is considered to be the point where a-N become almost vertical it can be easily seen that all peened specimens show an increase in fatigue strength, and the specimen that was laser shock peened up to three layers has a dramatic increase in fatigue life over the other specimens. It can also be seen that even laser shock peening up to one layer gives a greater performance over that of shot peening. It is considered that laser shock peening has a better fatigue life performance due to the fact that the laser can induce higher and deeper compressive residual stresses into the material compared to that of shot peening. 
Technology Applications:
As discussed earlier laser shock peening is a process that is used in order in order to prolong the fatigue life of a material. Due to this laser shock peening has a multitude of uses in different manufacturing processes which include various aviation components such as turbine engines and aircraft fuselage and wings where the components are subjected to high stresses. Also because of laser shock peening’s process of plastic deformation it is also able to produce more fuel-efficient profiles on aircraft thus helping to keep costs down for air travel. Laser shock peening is also used in the automotive industry for components such as leaf springs, power generation in nuclear plants such as the turbines for their cooling systems, titanium medical implants etc…



Nuclear Power Stations
If we look at the Nuclear power industry as of April 2020 there are currently 440 operable nuclear power reactors in the world, as such there is a dire need to be able to operate these plants both safely and stably. One of the most common problems that reactor components face is stress corrosion cracking which significantly ages and reduces the reliability of these components. Nuclear power plant components are subjected to several tensile stresses which include metallurgical susceptibility, critical environment, static etc… So to be able to effectively strengthen, service and maintain these plants in a safe and stable manner is a great concern both economically and socially. Laser shock peening is crucial for preventative maintenance work on reactor core components for under water nuclear power plants. According to article (Zhu, et al., 2012) back in 2009 the company Toshiba performed eight underwater power plant maintenance’s utilizing laser shock peening and the technology was so successful that departments from the US such as Electric Power Research Institute, decided to cooperate with Toshiba and adopt the practice for their own nuclear power stations. 
Medical Implants
Taking a look at medical implants utilizing laser shock peening process medical procedures use a bone cement in order to secure their implants into position, but as of 2016 according to article (Khanddaker, et al., 2016) more than 600,000 cases of poor union between titanium hip implants and the surrounding tissue were reported. It was determined that the main cause of the failure was due to aseptic loosening of the components of the implant. Several tests were conducted in this article on the surface morphology, osteoblast cell adhesion, and interface fracture strength of titanium implants that have undergone a mixture of polishing and laser shock peening, and it was found that the process greatly changed the Nano architecture of the titanium which had an increase of the osteoblast cell adhesion on the materials surfaces. This means that the union between the bone cement and implants is improved and due to the LSP process the service life of the implants was increased by up to 10 times. 
Automotive
Laser shock peening has now also been implemented within the automotive industry on components such as a vehicles leaf springs which is used in the suspension. The suspension used in vehicles in constantly subjected to various stresses and overtime fatigue fracture can occur. Looking at the following article (Ganesh, et al., 2012) compared leaf springs that have been regular shot peened compared to those that have been laser shock peened. The results found that laser shock peening produced largely comparable magnitude of surface compressive stress but relatively lower thickness of compressed surface layer. Although laser shock peening specimens surface finish remained mostly unaffected and did not produce process induced defects. The fatigue service life of the leaf springs was also found to be significantly improved than that of regular shot peening, which is associated with the fact that laser shock peening produces a better surface finish without peening induced defects. 
Health and Safety
When working with lasers they can focus large amounts of energy into a singular area which laser shock peening takes full advantage of. Although if this energy is not controlled or handled correctly can present major hazards to its operators. These hazards can include risk of eye damage, risk of fire and risk of damage to material surface. Lasers are categorised into seven classes which depend on the beams potential to cause harm. The classification for the hazard depends on the beam’s wavelength, power, energy and pulse characteristics. By being able to categorise the threat of the beam into a class this can help determine what safety measures need to be implemented. The lasers that are used in laser shock peening are classed as class 4. This means as per the following website (Anon., 2011) that “Class 4 lasers are hazardous for direct intra-beam, direct reflected and diffuse reflected beam viewing. They may cause eye or skin injuries and may constitute a fire hazard.” There are several steps that need to be considered when using lasers, such as the laser must first be registered, risk assessment must be carried out, safe system of work must be completed, staff must be trained so that they may work with lasers safely and competently and appropriate PPE must be supplied such as protective goggles if the beam cannot be enclosed. 
Impact on Industrial Sector:
Laser shock peening is making a very important impact on industry as a reliable and production qualified advanced technology. Laser shock peening can offer designers of various components some of which have earlier been discussed, the ability to implement residual compressive stress into materials in vital areas for required applications. By increasing the fatigue service life of required materials laser shock peening can help reduce the costs for manufacturers through labour intensive service maintenance and component replacements through fatigue cracking. If we look at the maritime industry ships are continuously being subject to tensional forces and corrosion which are forcing downtime for maintenance periods. But due to laser shock peening process it can increase ship components service life which results in less cost lost through downtime. 
There have been numerous studies that show clear evidence that laser shock peening provides a significant increase in a components service life than that of standard shot peening. This service life extension can help to revolutionise many different industry practices some of which have been discussed earlier, and not only does laser shock peening increase the service life of components so costs can be saved their but then can also be manufactured with less material due to its higher accuracy so it is able to save costs on required materials and increase efficiency. Its hard to predict what the future may hold for this advanced process as technologies are continually changing, but based on the articles read it is likely that laser shock peening will be adopted by more companies due to its major advantages over regular shot peening. It is likely that laser shock peening will become even more cost efficient with advancements in laser technologies, the lasers will most likely become more portable and easier to use which will help with maintenance processes such as the underwater nuclear power plants as previously discussed. Due to this processes many benefits it is feasible that this process will grow with time. 
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