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Laser Peening, a deterministic, highly controlled process
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Laser Peening coverage is made highly uniform by

rectangular pulse footprint

Rectangular, highly
uniform laser beam
intensity distribution is
coupled to the part using
an optical delivery
system that preserves
the uniform intensity.
Peening pulses are
applied sequentially in
complete rows without
the need for re-coating
the surface ablation layer
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Deeper residual stress provided by laser peening is

especially important in high stress load applications

Depth (mm)
K5I 0 'E:E ,5 '?;5 1, 125 MPa
o — — — F — — — — — — — — — — — — — - 0
Shot Peened 0.0104
_Eﬂ L
- -200
-40 F
60 - -400
BT - -G00
Lasershot*" Peened
-100 by MIG-LLNL
- -800
120
-140 4 _
Inconel 718 1000
-1aG0
- -1200
-180
-200 ' ' -1400
] a1 02 03 04 05
Depth {in )
j " } | . -
CURTISS () ONFR Cm% i)
2SRRI G AT _'7/ P Corporation



Since 2002, MIC has processed over 35,000 wide-chord fan

blades for commercial aircraft

Boeing 777 with MIC laser
" peened blades

Laser peening extends lifetime
of new and used blades by
>20x \
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MIC laser peening iIs forming thick sections of the wing
panels for the 747-8 Intercontinental & Freighter

Wing skin panels have
been in laser peen
forming production since
2008

First aircraft to fly with
laser formed panels -
flight occurred Feb 15,



Laser Shot Peening Specification AMS 2546 - Released

ﬁlEAerospace SAE | AMS 2546
An SAE International Group AEROS P ACE — —
MATERIAL
SPECIFICATION

Laser Peening

1. SCOPE
1.1 Purpose:

This specification covers the requirements for computer controlled laser peening of metal part
surfaces to induce residual compressive stresses at and beneath the surface.

1.2 Application:

Laser peening is utilized to induce compressive residual stresses at and beneath the surface of
metal parts to depths of 0.040” to 0.080” (1 to 2 mm) depending on the metal properties and the
laser peening processing parameters. These residual stresses can provide improved fatigue life
and stress corrosion resistance, although usage is not limited to such applications.
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MIC Laser Peening is FAA and EASA approved
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* February, 2003 — MIC Livermore acquires approval as an FAA Repair Station,
Specialized Service — Laser Peening. The first of its kind.

 November, 2003 — MIC Livermore acquires approval as a JAA approved Repair
Station, also the first of its kind.
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Tail hook shanks have fatigue issues at the hook

attachment end

T-45 tail hooks
statistically require
replacement at 400
traps vs.

goal of 2000

NAVAIR estimates
replacement

cost of $63k
T-45 hook shank (shown here)
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MIC/NMC program with Navy has focused on improving

the fatigue life of the T-45 tail hook shank

«  T45 tail hook shank
» shanks are currently shot peened

» designed fatigue sample to replicate stress in

full shank
« tested with NAVAIR using realistic loading " T-45 tail
spectrum and inspection intervals o ¢4—— = hooksshank
Photo © 2000 Hawk
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Fatigue coupon: Notched area of gauge designed to
match geometry and loading of T-45 hook shank

* Fatigue coupon loaded and tested in a manner consistent with
carrier operations

» Coupon inspected between blocks of fatigue cycles and
determined as failed if a crack is detected

* Observable crack typically 0.02 inches
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T-45 arrestment hook shank RS with conventional shot peening

(CSP) only counteracts loading stress to a depth of ~0.01 inches
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Laser peening in landing gear steel provides residual stress to 0.10

inches (2.5 mm) depth enabling mitigation of loading stresses
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X-ray diffraction picks up near surface detail that the slitting technique
overestimates
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Deep residual stress %enerated by laser peening can
t

dramatically change the load stress profile
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Operational cost savings and enhanced safety become compelling
reasons to deploy laser peening for T-45 hook shank

« 250% lifetime increase for T-45 hook shank could generate significant savings over 27
year lifetime of aircraft

» Extended lifetime and reduced crack growth rate enhance safety
» Positive ROI could occur in the first year of deployment
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Laser shot peening pattern covers high stress boss
area with overlapping pattern

LSP AREA
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Tail hook shank mounted on robot for laser peening

Area to be
laser peened
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Laser peening is providing impressive lifetime

improvement to tail hook like fatigue specimens
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Baseline and Supplemental Test Results
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Corrosion Fatigue Test Results positive for laser peening
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Momentum is slowly building to enable deployment

on T-45

« More definitive data required to calculate the expected return on
investment from deploying laser peening

- NAVAIR has estimated hook shank replacement cost is $63k

- Laser Peening of hook shank would cost less than a few percent of
replacement cost

- What is mean rate of replacement of hook shanks in the
235 aircraft fleet? 1 per 3 years?

- Assuming above above replacement rate is correct, over 27 year
deployment savings would be in range of $70M

- Steps for process qualification and process certification are being taken
to enable deployment of laser peening of arrestment hook shank aboard

T-45 aircraft
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Summary

 Laser peening has been shown to provide >2.5x lifetime
enhancement against fatigue failure for coupons
replicating T-45 arrestment hook shanks

 Deployment on aircraft would reduce maintenance costs
and add to aircraft availability
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