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Abstract 

 Laser peening technology is an important contributor to improved fatigue 
lifetimes and reduced susceptibility to stress corrosion cracking, and more recently for 
mitigation of cavitation and fatigue erosion.  It has use or potential for a broad range of 
ship systems including hulls and superstructure, shafts, control valves, pumps, 
propellers and impellers.  The process induces deeper levels of plasticity than 
conventional surface treatments resulting in compressive residual stress to depths of 
0.30 inches (8 mm) or greater. The laser process is highly proven in commercial 
applications such as the engines for Boeing 777, the Airbus A340, Gulfstream V and the 
new Boeing 787, military aircraft including the F-22, F-18 and F-35, and electrical power 
gas and steam turbines. Until recently, applying the laser peening process was 
relegated to a shop environment .   This paper discusses development and successful 
deployment of transportable laser peening systems and advanced beam delivery that 
enables field deployment on large structures such as but not limited to aircraft, ships, 
pressure vessels, and nuclear power plants.   

The benefits of laser peening can be dramatically realized in systems where 
operational loading generates areas of high stress and consequent crack initiation and 
fatigue and corrosion failure. Figure 1 shows the results for a four-point bend specimen 
of MP35N alloy where a notch with a 0.25 inch ( 6.1 mm) radius (Kt=1.3) replicates the 
high stress region of a component on a Navy submarine.  . The fatigue testing was done 
for Metal Improvement Company by Prof. Mike Hill and his students at UC Davis.  The 
greater Kt factor emphasizes the value of surface compressive residual stress in the 
notch area for impeding the nucleation of fatigue cracks. 

 
MP35N is a nickel-cobalt base alloy of the multiphase alloy system that has ultra 

high strength, toughness, ductility, and outstanding corrosion resistance. As seen in 
Figure 1, the addition of laser to the high stress radius area dramatically improves the 
fatigue lifetime and  fatigue strength.  At a maximum stress load of 170 ksi, the fatigue 
lifetime is increased by seven fold.  At 800,000 cycle operation, the fatigue strength is 
increased by 70%. 

 



 

Figure 1.  Laser peened and unpeened fatigue data for four-point bend bars with 
Kt=1.3 manufactured from MP35N.   

 

Figure 2. Laser peening of 316 stainless steel dramatically retards stress corrosion 
cracking. 



In order for stress corrosion cracking (SCC) to initiate and grow in a material 
three conditions must be met: the material must be susceptable to SCC, there must be 
a corrosive environment and as the SCC name implies the material must be subjected 
to tensile stress.  Eliminating any of the three conditions will greatly retard SCC growt 

Figure 2 qualitatively shows the ability of laser peening to mitigate SCC.   In this 
demonstration, a 1 inch (25 mm)  thick plate of Type 316 stainless steel was cut in half 
and then welded back together. The square section of the plate indicated by the black 
dashed lines was then laser peened.  Two large pieces of glass tubing were then 
epoxied on to the steel and  filled with a magnesium chloride (MgCl2) solution held to a 
temperature of 155 oC.  After the solution and glass were removed, it became evident 
that the area without laser peening was cracked transverse to the weld and also had 
cracks running longitudinally along the heat affected zone.  In dramatic contrast no 
cracking was evident in the laser peened area and cracks in the unpeened area that 
propagated toward the peening arrested upon reaching the peened zone.   

 Cavitation erosion is basically a local fatigue effect driven by the shock waves 
from the collapsing bubbles on the surface of the material.  For each bubble collapse, 
the shock generates a trampoline effect on the metal surface, driving the local material 
through an elastic indent and rebound.  After many shocks on a surface, a microscopic 
crack will develop due to fatigue and a small amount of material will spall off.  This loss 
of material generates a local stress riser and allows more rapid spalling at that site.  
Eventually significant material erodes out.  

 

Figure 3.  Cavitation erosion is reduced by compressively loading susceptible 
areas via laser peening; 

Engineering compressive stress into components that suffer from cavitation 
erosion will greatly reduce the effect.   This can be explained with reference to Figure 3.  
When a caviation bubble collapses and causes a shock pressure impulse on a 
component with neutral surface stress as the starting point  the shock load causes the 
surface to move up the stress-strain curve as indicated by the blue lines in the figure.  If 
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this same surface area is pretreated with compressive stress then the same pressure 
impulse load will result in a much lower load stress as indicated by the red lines in the 
figure.  Lower load stress results in longer lifetime before material erodes.   Cavitation 
erosion is a serious problem for the Navy. It can occur in control valves, pumps, 
propellers and impellers.  For example, action of a ship’s propeller results in areas of 
greatly reduced water pressure causing small vapor-filled bubbles. An effect with similar 
results, water droplet erosion plagues gas turbines and steam turbines where blade 
edges are worn away, requiring costly shutdown and blade replacements.   As a similar 
fatigue mechanism is operative in blade erosion such as induced by desert sand. We 
believe that laser peening will reduce this problem. 

Finally the laser peening technology has been packaged within transportable trailers 
to enable field processing.   Figure 4 shows one of multiple self-contained systems that 
are deployed for field work.  The trailer systems are Underwriter Laboratories certified 
enabling them to be moved to a site used as an accepted piece of equipment.    

 

 
Figure 4.  Self-contained laser peening system for field processing such as shipboard 

applications  

 

 Laser peening could provide significant cost avoidance in applications for ships.  
In ship superstructure and hulls, such as guided missile cruisers, it can prevent 
formation of new stress corrosion cracks (SCC) and arrest growth of existing ones.  It 
can mitigate fatigue erosion of the inlet nozzles of combat littoral ships and cavitation 
erosion of ship propellers.  The transportable laser peening technology now field 
deployed to peen the F-22 fighters can be similarly deployed dockside at Navy ship 
overhaul facilities and the beam piped on board to treat needed areas.  The laser 
peening technology is fully developed, proven in industry and ready for deployment to 
generate cost avoidance on marine systems of all kinds.      


