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What is Laser Shock Peening?

« cold working process

« uses high-energy nanosecond laser pulses to induce plastic def‘;'f;g‘t’ion sacrificial
strain in materials layer
« the result is a hardened surface layer with deep
compressive residual stresses b b
« treatment of larger areas is achieved via laser patterning .
with overlap between pulses 4__.3_:'_ laser
- treatment effects: i puiae
« prevention of crack initiation and propagation H
» fatigue lifetime extension 4"\'\" Sxpaniding
* increased hardness e N\ plasma
 reduced material wear shock %% waler
Waxe confinement

* prevents SCC
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LSP in comparison

Laser Peening vs Shot Peening

Deep compressive residual
stresses up to 2 mm

Total control over laser
impact location

Roughness lowered through
precise laser spot overlap

Up to 10x component life
improvement in some cases

0000000000000 00
Applicable to large parts in hard to
reach places and environments
00000000

Creates less waste material

and uses less consumables
0000000

Impact ot high speed

\ creates a dimple

Dimple

COMPRESSION

Shallow compressive residual

—— Depth —— stresses up to 0.25 mm

— Precision — Semi-random shot distribution

—_ Roughness — often necessary

— Fatigue life — shallow compression depth

—— Utility —— component size

—Environment - and material with limited use
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Uses shots of various sizes
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Shot peening process

Shot peening mechanism, Credit: AmTech International 2020
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Deeper compressive stress -> Longer life
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In-depth residual stress measurement on Ti6AI4V

Shot peened surface, Credit: ASCo American stripping co.
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LSP in Aerospace industry

» Target applications

prevention of costly failures
decrease in downtime

fuel savings through light weight
components

passenger safety

* Treatmentareas B-B1 Lancer Bomber, Credit: Air Force Fractured blade of AirAsia engine

* Commonly used materials

engine fan blades Magazine 11 February 2018 failure. Credit: avherald.com 2020
critical airframe locations
welded components
wing attachments
landing gears

tailhooks

Al, Ti, composites

Piper PA—28R-201 and broken off wing, Damaged engine of Airbus A380,

.. . Credit: Mike Eizer 2020 Credit: Jacob Soboroff (Twitter
Civil aeronautic sector @jacobsoboroff) 2017
what when challenges

LSP —|MRO > (‘time constraint
X: portable LSP system, laser delivery
_strict safety standards

Q-

manufacture |——| integration into the manufacturing process

e |
: . , MRO, Credit: Media India Group
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LS P i n N ava | i n d u St r 5o = Cracksiships inspected - Expon. (cracks/ships inspectad)
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» Target applications 10
* maintenance reduction 25
« fuel savings through light weight 20
components o
« cavitation 5
» stress corrosion cracking (SCC) 0
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* sensitization resistance ) - .
. . Average number of cracks per Ticonderouga class ship inspection,
* corrosion resistance Credit: W.J. Golumbfskie et. al (2015), http://dx.doi.org/10.5006/1916.

« laser forming susceptible |corosion  COrrosive -
« Treatment areas material environment s
« propellers

sSccC ' Stress Corrosion
corrosion Cracking

fati )
« structural parts T Cratigue |
« Commonly used materials tensile
+ Al steel stresses
..w‘-',
SCC factors Stress corrosion crack in AA5456,

Credit: W. Goins, NSWCCD

100 h
Cavitation on water pump propeller LSPed water pump blade Cavitation experiment on LSPed disc
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HiLASE facility capab|||t|es

* High intensity laser system
« 10ns,7J,10 Hz @ 1030 nm
e 10ns,3.5J,10Hz @ 515 nm
* square, top-hat laser beam profile
* real-time beam diagnostics
« water tank for underwater peening

« Sample manipulation
* 6-axis robotic arm
» fully automated process
* processing of complex geometries
» 20 kg load capacity and 80 ym precision

» Sample characterization
+ metallography equipment
* in-depth residual stress analysis (XRD, hole drilling)
» confocal microscope
+ electrochemistry

Metallographic cell Hole drilling XRD machine
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