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Program Objective
Design, build, and validate
a new method to rapidly
screen the oxidation
performance of metal
alloys for extreme service
conditions
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Technical Approach Technical Challenges

* Multi-material test coupon with * Production of high-quality refractory powders

steady-state temperature « Additive manufacturing of multi-material
gradient specimens

. Atmo.sphel"e contrQI * Producing steady-state temperature gradient
* Real time diagnostics in desired range
» Data collection process built for
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Step Change Relative to State-of-the-Art Oxidation Testing

Conventional commercial bottom
load furnace cycle test (FCT)
furnace considered as a state-of-
the-art benchmark

Metric lerr.ent HOST Goals
Limits
Throughput
{tlme—ltemp- 8 40"
material

points/week)

Maximum
Temperature 1600°C  2200°C+
(°C)

Temperature Single 1000°C+

Range (°C)  temp. gradient
Tunable gas
Environment Labair species and
pressure
Real-time
In-situ i
Diagnostics  None ) 4
visual
inspection

Solution

Approaches

Multi-material
additively
manufactured
specimen
Non-contact
radiative/
induction
heating

Actively cooled
sample holder

Controlled
environment
chamber

Optical & IR
cameras,
multi-
wavelength
pyrometer

*Assumes 10 discrete temperature points along a 4-material
sample as proof-of-concept; can be expanded to more
materials and/or temperature points in the future.




Program Task Structure and Relationships

GE Research

Data for Interpretation Task 1 - Design, Construct, & Specimens for Test
Operate the HOST Rig
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University

Alloy Recommendations Specimen Requirements

Task 3 - Data Analysis & Task 4 - Program & Task 2 - Manufacture Multi-
Interpretation Collaboration Management Material Specimens

Data sharing, technical guidance,
site visits, center planning

DEVCOM-ARL & Other
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Preliminary Thermal Simulation and Early Challenges

Thermal Boundary Conditions Temperature, °C

. Heat Flux: 3.e +006 W/m?® . 2050.9 Max
. Radiation: 50, "C, 0.85 1925.2
= 1807.5

— 1685.9
Multi-material Specimen 1564.2

10x4x1cm . 1442.5
! 13209

1199.2
H@‘*“ I 1077.5
- 955.87 Min — .

o 1000°C gradient
O
A

Thermal model of a multi-material specimen with thermal conductivity ranging from 70-100 W/m-K
* Includes a heat source (3x10° W/m?) and radiative heat loss (0.85 emissivity assumed)
 Significant radiative loss biases temperature gradient to the hot end - will be managed through

detailed specimen design on program and the inclusion of secondary heat sources and/or
reflectors as needed



Multi-Material Specimen Manufacturing

Powder Produced Using NU's
Atomizer (Example of Ti, Tag,)

Additive Rapid Prototyping Instrument (ARPI) at Northwestern University

Existing two
hoppers

+ New two
hoppers

2 In-situ intensity
monitoring system
(up to 200 kHz)

15.0kV X270 WD 17.2mm  100pum

Northwestern will produce custom metal
alloy powder and build multi-material test
coupons per GE’s design Material A J

Multi-material test
coupon




Project Schedule, Milestones, and Deliverables

Program Activities

GE
NU
DEVCOM-ARL

April 2022-March 2023

Apr |May | Jun | Jul | Aug Sep | Oct Nov | Dec  Jan | Feb | Mar

Month:

Task 1: Design, Construction, and Operation of the HOST Rig

1.1: Rig design

Deliverable: Blueprint and BOM for rig construction

1.2: Rig construction

Deliverable: Rig commissioned and operational per design requirements
1.3: Rig operation

Milestone: First complete HOST run

Deliverable: Multiple documented experiments complete

‘“W

Task 2: Multi-Material Specimen Manufacturing

2.1: Custom powder production

Milestone: First batch of powder for AM trials
Deliverable: Powder production complete

2.2: Additive manufacturing of multi-material specimens
Milestone: First build demonstrated

Deliverable: Multi-material specimen production complete

L 4

\4

4
\

Task 3: HOST Data Analysis, Interpretation, and Sharing

3.1: Alloy campaign definition

Milestone: First campaign defined

Deliverable: Alloy campaign definition complete

3.2: HOST data cleaning, analytics, and interpretation

Milestone: First complete analytics workflow demonstrated

Deliverable: Machine-readable datasets and basic analytics/visualization
3.3: Adaptive learning development

Deliverable: LVGP-derived alloy chemistries for future HOST testing

4

o C———— |

—

Task 4: Program and Collaboration Management

4.1: Program management

Deliverable: Q1 report; Q2 report; Q3 report; Final report

4.2: Collaboration management

Milestone: Partners identified for collaboration

Milestone: Visiting researchers at GE to see/operate/learn HOST
LDea'i verable: Detailed Center plan complete

4 Denotes Milestone W Denotes Deliverable

Responsibilities: @ Denotes Primary O Denotes Collaborator

Key Early Milestones/Deliverables
1.1: Blueprint and BOM for HOST rig (mo. 3)
1.2: Rig commissioned and operational (mo. 5)

2.1: First batch of powder processed (mo. 3)
2.2: First multi-material specimen built (mo. 5)

3.1: First alloy campaign defined (mo. 1)
3.2: Complete test workflow demonstrated (mo. 7)

4.2: Partners identified for collaboration (mo. 2)
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Building a world that works



