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Lightweight Concepts

Hybrid Composite

Nanotube Yarn

aterials and Structures Division (LM)

Power System Materials
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Materials Research Driven by Key
Aerospace Challenges

Higher temperature and harsh _ _ _
environment for aerospace Lightweight requirements for Low carbon and low

propulsion and planetary entry IargruPtures _ emission aircraft
. - ":4;‘_ 1.1 e

Figure
Removed

Lightweight and durable
mechanical system/mechanisms FEeses

mssm————

p I

Long-term durability in
harsh environments Computational modeling across

multiple length scales

Glenn Research Center at Lewis Field
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High Temperature Materials

SiC fiber reinforced SiC Environmental barrier High temperature nickel-
ceramic matrix composite coating (EBC) for SiC/SiC  base disk alloy system with

(SIC/SIC CMC) with 2700° F _ CMC LS00P CempilElilie
- i 100 Projected capabilit
and higher capability = Weirgljﬁchss e P y
~ '5 in High Pressure
= 8 60 Burner-Rig
(@]

2 540
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2200 2300 2400 2500 2600 2700
Temperature, Degree F

Mullite + BSAS Key challenges:

Key challenges: o - Desired properties in
i ' P el 00 the bond between

« Higher temperature = - nun

Ighe : powder metallurgy alloy
SiC fiber _ Key challenge: and single crystal alloy
 Low cost composite e Durable and thin EBC « Thin hot corrosion
fabrication process at 2700°F and higher resistant coating
* Process modeling temperature

Glenn Research Center at Lewis Field



Lightweight Materials and Structures

Cotedr =

orma C Nanotoughened
PMC

Toughening of PMCs through
nanocmposite approach

4

Multifunctional aerogel
antenna

High strength carbon
nanotube (CNT) yarn

Multifunctional structure with
energy storage capability

Key challenges:

» Achieving greater than carbon
fiber strength in CNT yarns,
fibers, and sheets

* Design of viable multifunctional
materials/structures

« Cost effective fabrication
process for
multifunctional/multimaterial
structures with capability to
engineer material at nanoscale

Glenn Research Center at Lewis Field
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Electrical and Power System Materials

High Power Density
Solid Oxide Fuel Cell
(3X SOA)

Materials for high power
density electric mgtor

Lightweight power\
transmission System

SUPERCONDUCTING
STATORWINDINGS

Small diameter
superconducting MgB, fiber

Thermoelectric-based
energy harvesting

Materials for high power
density power electronics

Key challenges:

« Materials with significantly higher
electrical conductivity than Cu

* Magnetic materials with high
magnetic strength and higher
temperature capability

« Capacitors with higher
temperature capability

« Electrically insulating materials
with high thermal conductivity

» Defect free silicon carbide
semiconductor

Glenn Research Center at Lewis Field




Lightweight and Durable Mechanical

ms

High temperature soli
lubrication coating

High Temperature SMA

Chevron

Key challenges:

« Cost effective manufacturing
process for shape memory
alloys (SMASs)

* Long-term durability of SMA-
based actuation devices

 Liquid lubricants with high
temperature capability

« Stability of lubricants in space

=~ Rover tires based on environment (vacuum, dust)

superelastic materials

Lightweight actuation based
on shape memory alloy

Seals for space environment
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Material Tests in Low Earth Orbit (LEO)
for Environment Interactions

Materials International Space Station Experiment (MISSE)

Long Duration
Exposure Facility

Atomic Oxygen Testing (LDEF)

Glenn Research Center at Lewis Field
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Computational Modeling

Modeling of Decomposition of Multiscale Modeling of Composites  Kinetic Monte

Thermal Insulation Carlo Simulation
\(\ Scale Micro Meso . Macro (Structure) Of DIﬁ:USIon |n
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Anisotropic Probabilistic !
1 of global accuracy

Failure Models
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Damage | 1 time
Key challenges:
Environmental Degradation Modeling « Process modeling for advanced
of Composites materials fabrication and integration with
Crack ——_ Gas multlsc_:ale model |
0, * Modeling tools for design and
Density development of multifunctional and

multimaterial structures

Flux direction  Use of material informatics and big data
(through analytics to design and discover new
coafing) materials

Glenn Research Center at Lewis Field =




Additive Manufacturing R&D

Non-metallic Gas Turbine Engine

Acoustic rF~.
_ ' Guide vane
liner ZI
Components
!
Shrouds
Fan Bypass & Nozzles
Stator
- Additive

of CMC Vane

manufacturing

Additive Manufacturing of
Hybrid Disk

Single Crystal
| | Blades Cast Rim Allo

. LDS 1101+ Hf

Single
Crystal
Rim

B Bond Line

Bore/ Web Alléy

Regeneratively
Cooled GRCop-84
Chamber
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Development of Flight Structures

Orion Fairing Jettison Orion Exploration Flight Test - 1
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Large Scale Structure
Testing

Structural Analysis and
Optimization

Large Composite
Structures

Flight Hardware
Vibration Testing

Glenn Research Center at Lewis Field
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