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Outline

® Introduction to Powdermet

m Hierarchically Structured Materials
B PComP™

® Work Plan

m Testing

m Conclusion
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Y Powdermet

m Application Driven Powder Development
Company

m Specializing in Powder Modification

m Particle Size Engineering

m Bottom up/Top Down
= Compositing
= Agolomeration

m Particle Coating

m Develop Powders to Meet Specification
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Materials Approach

m Combine hardness of lightweight ceramic with

ductility and toughness of metal

m Start with low cost, lightweight ceramic (Al203 or SiC, -Si3N4 for low
friction). 3-4g/cc, 0.1-1 micron particle size

= Blend and Spray-dry with corrosion resistant ductile metal alloy binder
(N1 baseline)

m Keep structure nanocrystalline, high hardness, corrosion resistance, and
strength

® Encapsulate with additional matrix for toughness/ductility

m Micron-scale “lamella” in coating to allow for dislocation motion (ductility)
m Thermal spray to form ductile wear and corrosion resistant coatings.

m [aser fuse, cold-spray alternatives

m Patent-pending materials technology
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Microcomposite coating features

Micro-Composite
Coatings

Chrome Plate

WC-Co-Cr thermal
spray

Coating density

4-5g/cc (low)

9¢/cc (medium)

17g/cc (very high)

Total coating cost Less than 1X Baseline (1X) 2X

modulus 20-30MSI 0 (cracked) 65 MSI

Gun throughput >3X Days to coat 11X

Surface finishing SiC or alumina Alumina wheel Diamond wheel
COStS wheel

Ductility 4% <0% (cracked) <1%

Wear Performance 10X chrome 1X chrome 3X chrome
Thickness limitations | >40 mils 3-5 mils 10-20 mils
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PComP ™

® Drop-In Replacement for Thermal
Spray Materials

® Reduced Density (3.5-6.5 g/cm>)

® Doesn’t Require Special Tooling
mNo Diamond/CBN Grinding

mLow-

mDensity, Friction, Stiffness
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PComP ™ Materials

B WC-Co
mApplied by PT1
mTested by Boeing
m Core Reinforcements
s TiN, Si,N,, TiC, ALO,
m Metal Binders
aNi, Ni-Cr, Ni-Cr-Mo
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Powder design variables

Coating: composition, thickness
Core: diameter, density, grain

size, pore size, metal/ceramic
V%
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Nanocomposite Powders Developed

Powder #1

25 microns

Powder #2

10 microns
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DJ- Cut, HVOF powders

lagy 1
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omposite Structure
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Fatigue life for bare and coated samples at different test stress conditions

Fatigue Results for Coated WC-Co

Axial tension-compression fatigue (R= -1.0), in room temperature air, at 2 Hz. Fatigue

100000
O Bare

10000 L@ coated powder |
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specimens were cylindrical bar 8 inches long, 0.75 inches in diameter, with an hourglass shape
narrowing to a minimum of 0.3 inches. The fatigue debit as a result of coating is less than a
factor of 2.

Copyright © 2006 Boeing. All
EOT_PW_no-icon.ppt | 14 rights reserved.
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2,120 No spalling before failure
7604-10C

2,129 Crack in coating at 750 cycles.
7604-12 C Spalling at 1500 cycles.

2,258 No spalling before failure
7604-13 C
7604-14 C 1,949 No spalling before failure

?

EOT_PW_no-icon.ppt | 15

006 Boeing. All
rights reserved.
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Closing

m Hierarchically Structured Coatings Offer
Numerous Advantages

B PComP™ Improves on Meso-Structured
Composite Materials

m PComP™ Can Meet Rigorous Landing
Gear Requirements (AF/Navy/Civilian)

m Need Specifications for Materials Design
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QUESTIONS?
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