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Motivation to Introduce LSP to Navy

Protection Fatigue Life

Stress Corrosion Metal Shape Forming
Improvement Cracking

Decrease Downtime Proven ROI

https://www.researchgate.net/figure/CG-47-Ticonderoga-Class-Guided-Missile-Cruiser-USS-Chosin-mid-2015_fig4_295927336

https://www.facebook.com/CarderockDivision/photos/a-photo-showing-a-piece-of-cracked-aluminum-deck-removed-from-the-uss-port-royal/229698797081084/
https://www.sciencedirect.com/science/article/pii/S0261306910006588

https://collinsmachine.com/
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T Aviation & Aerospace
+ Power Generation

+ Automotive

t Heavy Equipment

+ Machines & Tooling
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Extend service life Resist Improve Enhance Prevent and Reduce maintenance
up fo 10 times metal fatigue damage tolerance corrosion resistance arrest cracking and downtime
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Where did LSP Get its Start?
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What Is Laser Shock Peening?

Shot Peening

(steel ceramic
or glass spheras)

Small spherical shot (steel,
ceramic, or glass beads)
are accelerated onto
surface and a residual
stress can be imparted into
the metal (depth: ’

Laser Shock Peening (LSP)

Opaque Overlay
)

High energy laser generates

shock waves which plastically
compress the metal , Plastic

Strain results in residual
compressive stress (depth | )
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Laser Shock Peening Parameters

Laser Pulse energy: 1  £50J

Pulse width of 5 +40 ns

Power density of 1 £10 GW/cm2

Flat top beam = smooth distribution of energy
Common LSP laser wavelengths:
near-infrared (~1060 nm) and green (532 nm)

Typical Overlap: (D Shot Diameters Vary:

> 2.5mm +=3.5mm

26-29 September | Houston, TX

30 - 50%




How LSP Imparts Residual Stress

Surface
enhancement
applied

Processed volume
plastically deformed

Surrounding material
elastically adapts to plastic
strain volume

ﬁ
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Plastically deformed
material has differen
dimensions
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Elastic strain leads to

creation of residual stress
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How LSP Imparts Residual Stress

Water forms a clear
overiay on the part A plasma shock wave
surface applies pressure
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Precise Engineering of Residual Stress

Works on all metals

Power Density
(GW/cm2) adjusted
depending on
material properties

Additional control
by repeated shock
events, typically
accomplished by
overlapping shots

Power Density

Versatility of LSP: precise
control of process
parameters enables
engineered beneficial
compressive residual stress

Titanium

Aluminum

AME
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Marine LSP Applications

LSP extends the fatigue life of metal parts by providing enhanced
resistance to common marine failure mechanisms:

Water Jet DDG Rudder  Aluminum Deck  DDG Propeller

Corrosion zxErosion zCavitation Pitting xFatigue Cracking zEXxfoliation
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Sensitized Aluminum Life Extension

8,000,000
6,000,000
4,000,000

2,000,000

Cycles to failure

0

USS Vella Gulf Sensitized Aluminum -

Cycles to Failure

6,750,000

140,000

Untreated Laser Peened

Samples

8 coupons - high cycle fatigue testing at

130ksi

USS Vella Gulf (CG-72) sensitized aluminum LSP Improvements (48x)




Laser Peen Forming

LSP can form complex maritime geometries without heat



Laser Peen Forming

Predictive modeling and LSP forming provides precision shapes



Laser Peen Forming

Pre-forming plate prevents introducing stress when welded into ship



Metal Strength and Lifetime Improvement

LSP improves Aluminum fatigue life



Prevent/Delay Structural Cracking

Cracks can be stopped and prevented using LSP



LSP Extends Shalft Life

MIL-S-23284A steel
Rotating cantilever beam
(RCB) samples

Untreated samples failed
at 4M cycles

LSP samples ran out
>100M cycles without
failure

25X life improvement



Navy Projects Summary

NSRP (Repair)
AA5456H116
USS CSG
(CG-71)

SBIR (NewCon)
AA5083H116,
USS Omaha
(LCS-12)

CONFORM

Steel Shafts
Life Improved



LSP In Service around the World

Original Business Model
-On-VLWH DW /6379qMV IDFLOLW\

New Business Model
- LSP equipment on customer
production lines

Future capability
- LSP equipment in shipyards
(repair facilities) & onboard ships



LSP Onboard CG- 71

Latest Navy Project:

Successfully developed Fiber

optic Procudo® 60 system

Integrated with Procudo

5HDFKE +LGGHQ 6XUIDFH 7RRO
& Kuka Robot & Controller

- Installed at Vigor Shipyard

Seattle, WA & onboard USS Portable & Ruggedized +Demonstrated

Cape St. George (CG-71) for First Time Ever in dirty shipyard env &
treating Aluminum flight deck onboard U.S. Navy warship



Conclusions

Last 7 years, Hepburn and Sons teamed
with LSPT and have introduced the many
benefits of LSP to the Navy

Poised for immediate transition into:

All Aluminum ship applications
Aluminum superstructure applications
Forming Aluminum complex geometries
Steel shaft life improvement

All metals - fatigue life improvements

LHA, LPD, LCS, EPF, CG, LCAC, SSC, Small
Boats, and Amphibious Assault Vehicles



Thank you for your attention this concludes the presentation

Questions?
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