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EBPVD_TBCs Technology for Blades of Aircraft Gas Turbine Engine
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- Sub. Heating & ingot melting by e-beam
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« coating structure -typically columnar
« individual columns of this columnar prevent build-up of any tensile stresses and match the
CTE differences between TBCs and the base metal
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EBPVD TBCs for Blades of Aircraft Gas Turbine Engines

@ Technology Overview

» The thermal barrier coatings (TBCs) offer the potential to improve efficiencies of aero engines
significantly. TBCs, typically consisting of an yttria-stabilized zirconia top coat and a metallic bond
coat deposited onto a superalloy substrate, are mainly used to extend a lifetime of gas turbine
engine parts.

+ TBCs fabricated by EB-PVD are favored for high-performance applications, because of reduced
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thermal conductivity, increased temperature capability, life prediction modeling, process modeling,
bond coat oxidation, and hot corrosion resistance as well as improved erosion behavior.

« EB-PVD devices for near mass production: + [Metal bond coat +YSZ top coat] + YSZ microstructure control;
- 3 crucible, 5 X 50kW e-beam gun, combined process YSZ columnar structure control;
- One Load-lock chamber, (one-stage EB-PVD process) blade co-initiator coating

- Sub. heating & ingot melting by e-beam
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© Highlights and Strengths

+ Korea's largest EB-PVD device available for semi mass production

Standard VPS/APS coating
« Lower production cost based on one-stage EB-PVD process that can « coating structure -typically lamellar  typical porosity of 10-20%

control [metal bond coat + YSZ top coat] Z"e’:zgz:gnz::‘:f;’;;g(;fypical + bonding mechanism-mechanical

+ Bond-coast : composition controllability, functionally graded layer formation | £+ ”
** s EB-PVD coating

+ coating structure -typically columnar
« individual columns of this columnar prevent build-up of any tensile stresses
and match the CTE differences between TBCs and the base metal

* Pratt & Whitney 4000-family
- General Electric/SNECMA’s CFM56-7-version and a great variety of other
= aero-engine types

« [Patent] KR10-1438799 ULTRA HIGH TEMPRATURE SHOCK AND OXIDATION TEST EQUIPMENT USING LASER BEAM

@® Business Cases

«'DH' : Heavy-duty gas turbines of over 150 MW =

«'HT'/'ST engine: Mid duty of 30-64 MW 200

«'HT": Light-duty gas turbines of 22 MW in partnership with 'G'
(for the defense industry)

« After-market for civil/military aircraft engines

In hundred millon dolars = Extra large (180 MW)

= Large (100-180 MVW)
Medium (30-100 MW)

= Wicrolsmal (up to 300 W)
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Global market for land base gas turbines Market share by maker

* Data on aircraft gas turbine market is not available.
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