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Project Objectives

® Problem: Processing science and pathway for certification and qualification of defect

prone materials critical rotating components fabricated through additive manufacturing
do not exist

e Objective: Perform full-scale engine test using additive manufactured turbine blades to
demonstrate similar or better performance to conventionally manufactured components

e Approach: Utilize computational tools to certify a set of additively manufactured
turbine blades to be hot-fired for an engine validation trial

e Challenges:

e Materials are traditionally non-weldable
and defect prone

 Certification and qualification tools do
not exist for critical rotating AM
components

« Perceived notion AM material properties
are inferior to cast material
® Project enables accelerated manufacturing
of high performance components and

systems for improving energy efficiency in \ Solar Turbines {
gas turbine engines A Caterpillar Company '




Technical Innovation

Present: Investment Casting Proposed: Electron Beam Melting

I_‘—--—.—"——____'..A
e Enabling novel airfoil designs through AM enhances engine

performance and reduces fuel consumption
e Every 1% efficiency gain saves $2 million
e Impactful Outcomes:

e Short Term: Enabled pathway for fabrication of novel prototype
airfoil designs and decreased engine development cycles

e Long Term: Digital framework for qualification and certification of
critical AM components for commercial production with additional
advancement of materials for extreme environements



Technical Approach:

Fabrication of Blades

* Cracking in AM Ni-
Superalloys is scan
pattern dependent

* Process Optimization
performed on Mercury 50
Blade Geometry

* Determined efficient
procedure for eliminating
cracking based on in-situ
monitoring, data analytics
and modeling

Computational
Modeling

n-Situ Defect Detection
Using Al

* Demonstration of
multiple build to
fabricate a full set of
blades

RESULT: Crack-free complex blade geometry



Technical Approach

* Determined methodology for final finishing,
inspection, and qualification

Surface Finishing

X-ray Computed  In-situ data registration
Tomography for statistical analysis

Geometric Accuracy




Results and Accomplishments

Demonstrate ability to complete 10 builds and perform

identical in-situ process monitoring to show no crack J

MS1 formations in the airfoil geometries using previously
developed machine learning algorithms to analyze the in-
situ data.

Confirmation of repeatable mechanical performance of the
MS 2 AM Inconel 738 as determined through destructive
mechanical testing

Confirmation that a complete set of AM Inconel 738
MS3 airfoils through data analytics techniques are defect
(crack) free to proceed with spin-pit testing

Successful spin-pit test of rotor comprised of AM Inconel
MS 4 738 airfoils as confirmed by Solar Turbines that no blade
failed during room temperature testing

Hot-fire of a Stage II rotor comprised entirely of AM
fabricated Inconel 738 airfoils in a Mercury 50 engine

MS 5

Next steps:

v

Process parameters optimized for
fabrication of defect-free airfoils

Mechanical properties meet or exceed
cast Inconel 738

e Exhibit reliable repeatability

Data analytics framework developed for
identifying defective blades and creating
a digital twin

Manufacturing science for finishing
blades successful with accuracy meeting
or exceeding cast counterparts




Transition (beyond DOE assistance)

e Moonshot program accelerated development cycle of new
materials for AM through digital and computational means

e Program enabled a strategy of engagement with turbine
companies on additive and end applications

e Technology readiness level (TRL) of 6 will be demonstrated

e Successful demonstration of rapid prototyping new blade
designs to enhance engine performance/efficiency

® Program enabled dissemination of Inconel 738 materials
processing coupled with data analytics tools

To be presented at ASME Turbo Expo 2019: Paper GT2019-90966

Significant knowledge gained related to control processes,
finishing processes, qualification and certification, high
fidelity CT
e Reassurance Ni-base superalloys fabricated via AM can be
commercialized for critical applications
e GE, Siemens interested in Inconel 738 and other higher
temperature Ni-base superalloys fabricated through EBM
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