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_ Agenda

' Tire FOD Explained
Impact of FOD on Retreading

Cut Tire Dynamometer Study

Cut Tire Propagation Test

New Tire Technology

Moving Forward
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Aircraft tire construction
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What is FOD?

" Aircraft rivets, fasteners
Luggage hardware
GSE nuts, bolts
Pavement material, rocks, concrete
Construction material, nails
Anything on the ground where a/c operate
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Objects removed from airline tires
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The debris that impaled this tire also became
dislodged and damaged the rear engine!!!!



Tire replacement costs
Labor costs for tire changes
Operational cost for downtime and delays

Aircraft damage

* Dislodged FOD

e Tire bursts

e Detached tire pieces

FOD is #1 cause of early tire removals



Cuts present in almost all returned tires
In most cases the causal debris Is missing

Cuts more than 40% deep require tire to
be scrapped

FOD iIs #1 reason for retread
rejections



: FOD
New worn tires 7 6%

15t Qtr 2008 data

All Others
9.8%

Retreaded
OK
82.6%



Current detection methods

Visual...

Alir Injection...

Shearography (SDS)...
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FOD-related tread separations in service
* Prompted study on effects of cuts on tire integrity

H40x14.5-19 (B737 Classic MLG) test tires

Test Variables:

 New vs retreaded tires

 Inflation pressure (rated vs 10% underinflated)
e Cut depth (top RT ply vs top casing ply)

e Cut location (C/L vs shoulder)



Cut location

Casing
Buff cushion



Data suggests tire integrity decreases
with:
1. Cut in centerline versus shoulder
2. Increasing cut depth
3. Lower inflation



H43.5x16.0-21 B737-600/700 MLG
e Cut made through RT plies @ 50psi

TIRE

ROTATION OF
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«From 50 to 195 psi *After 1st taxi-T/O cycle

Rated: 210 psi & 40,600 Ibs
Test: 195 psi & 37,760 Ibs



Tread loss

« 2"d taxi-takeoff cycle
o Speed ~190 mph

e Video length ~ 2 sec



cut

/




Kevlar belts

Radial vs bias

Advanced retreading

Sandia retread FOD detection



Cords more resistant to cut penetration

Deeper tread thickness = better protection
from full penetration

Aramid belts used In:
e Flight Custom Illl GUA tire
 Many radial tires

Greater stiffness = greater cut tendency



Higher resistance to puncture
e Thicker crown area
 Aramid belts

But:
* Does not reduce retread FOD rejections
e Higher crown stiffness may increase # of cuts



New retreading process

e Potential FOD reduction

* Lower chance of tread loss
 Smaller degree of tread loss



Standard retread — 1 cycle Advanced retread — 7 cycles

~950 ir? 89 ir?
tread loss tread loss




Joint project with Sandia National Labs

echniques to be explored:
* Visual camera

 Thermal camera

 Eddy current

e Ultrasound




FOD iIs #1 cause of:

« Early tire removals
e Rejections during retreading

New tire technology will help reduce FOD

But tires will remain susceptible to FOD
* Very high contact pressures on aircraft tires

Therefore, FOD prevention will stay critical
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