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N/\SN BACKGROUND

NASA Convergent Aeronautic Solutions Project Sub-Task:
High Voltage Hybrid Electric Propulsion
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Currently funded under NASA's Transformational Tools and Technology
Project (TTT) under the Transformative Aeronautics Concepts Program
(TACP)



NNASN

Electrical challenges for aerospace
With high alfitude, high voltage
( >600 V) and high frequency
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NASN SOA MATERIALS

NASA developed a Micro- Compared to SOA Teflon-Kapton-

Multilayered- Multifunctional Teflon (TKT) . |

Electrical Insulation (MMEI) 91 % increase in dielectric
break-down Voltage

Other multifunctional layer o 99% decreose 18 iﬂSU|CIﬂOﬂ

Other mufltifunctional layer e.g.. corona barrier: Kapton® CR i
e.g., heat dissipation; eGRAFE thickness

Other multifunctional layer
e.g., EMI shielding; CNT

Highest increase: ~ 91%
- ~98% thickness reduction
(0.54 vs. 24.6 mm)

High dielectric layer
e.g., Kapton® Pl

Bond layer, fuse-bondable

& as a moisture barrier
Conductor substrate e.g., PFA, PEEK, PET, PP, PE
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NASN COLLABORATIONS WITH PARTNERS

Development of Bus bar
prototype with MMEI system
with MERSEN.

Collaborations with Ohio State
University Conducting coupon s
testing of various SOA and
MMEI insulation materials to
optimize PD-resistant MMEI
structures:

* Capacitance as a function
frequency from 1 kHz to 10
MHz

e PDIV and PDEV @ 60 Hz AC
at 100 Torr (48k ft alt.) and
/60 Torr (1 atm)

* Developed a cylinder
extension for the OSU PD
test chamber to evaluate
the 40"L bus bar prototypes

Completed the full-scale 1 m
long, 3-phase prototypes for 10
MW at 20 kV, 400-4000 Hz.

Eugene E. Shin



HEXAGONAL BORON NITRIDE AND NANOTUBES

NASA Glenn Research Center Sl Insulatior.\ A0S
(GRC) has 2 decades of v’ Constant wide band gap above 5.2 eV
expertise synthetizing BNNTs e Good Mechanical Strength
and other BN nanomaterials for
different Aerospace
applications due to their

High Thermal Conductivity
v Thermal Conductivity (W/(m-K)):

multifunctionality v BNNT > 600, W/m-K
BN Applications: v h-BN in plane > 100, W/m-K
v’ Aerospace structures and v h-BN through plane ~ 30 W/m-K
components v' Ability to dissipate heat in nanoelectrics
Radiation Shielding Promising resultfs in thermal shock m‘
Electric propulsion components experiments e o o

Energy Storage

Chemically and Thermally Stable

i, oot v Hydrophobic
STMoeiectiic v Chemical stability h-BN

v Oxidation in air above 1100 °C

Tribology

Ballistic Armor
Cosmetics




ENGINEERED CERAMIC NANOPARTICLES AND
COMPOSITES DEVELOPED AT GRC

k. = Momentive hBN used for
Intercalation and Exfoliation
v' PT110: ~45 um, 0.6 m?/g
5 v AC6097:~0.5 um, 31 m?/g
= «5;;3 A
PT1101.5.&nmx25.u<§(1zu1's' ke " e fo (b) '

Pristine PT110 “Iniercaltv‘eréﬂll lPTrl 10 with
FeCl; - Backscatter Detector
Methodology Process: Iron Chloride Intercalation
v' Process analogous to graphite intercalation to make graphene
v Activation agent is needed to make BN reactive: NaF
v Intercalation and exfoliation happen in 2 reactions

v' Repeating these reactions were examined to see if the additional ) )
effort cause further exfoliation For “stand alone” h-BN sheet (or

v' Further chemical treatment with HCl is done to remove impurities Sl ileO MEEsCes XL, il

: : : above process needs to be
and intercalates and obtain a clean and thinner BN =reaTee) sevenel s

Ching-cheh Hung, Janet Hurst, Diana Sanfiago C.C. Hung, J. Hurst, D. Santiago, R. Roger, NASA TM-2014-218125 7



h-BN INTERCALATION/EXFOLIATION PROCESS MODIFICATIONS

Higher processing temperature

v hBN modifications will help us
to target multifunctional
properties in a component.

2 um

AN
- Activation Agent Study was done using NN\ \ \

NaF, KF, LiF, NaCl. KCl and LiCl to v Studies of the optimization of

optimize the intercalation and
exfoliation process.

« KClis the best activation agent (and a
more environmentally friendly chemical)

* Processing temperature and time study
is being done.
« Inifial observation: Higher temperatures

and longer processing times are helping
to exfoliate more the hBN platelets

processing temperature and
time will help us to decrease
the number of steps needed
to obtain thinner hBN sheets.

awyy Buissaosoid 19buo




NASN MAKING A CERAMIC COMPOSITE WITH h-BN

Adding Alumina to h-BN for
Ceramic ComPOS"e h-BN intercalated

v Alumina properties: and °X.°éf°' with
3

\ Thermal Conductivity Tests done

ot s i ek h-BN/Alumina at Netzsch:
Temp. & Pressure Composite

Chemical and physical
stability

o v'h-BN/Alumina composite of 60
Thermal conductivity: 30 BN coated wt.% hBN and 40 wt.% alumina
W/m-K with AICI, R R with a density of 2.45 g/cm3

High heat resistance v Tests indicate an in-plane

thermal conductivity value
much higher than the through-
plane value, as expected

High strength and hardness

v Alumina can help decrease the
hot press temperature needed
to make a ceramic composite
with h-BN
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oo C.C. Hung, J. Hurst, D. Santiago, M. Lizcano, M. Kelly, NASA/TM-2017-219472
Ching-cheh Hung, Diana Santiago, Maricela Lizcano, Janet Hurst, Sean McDarby 9



NASN POLYMER DERIVED h-BN FIBER DEVELOPMENT

Polymer Derived Ceramic Process

Forcespinning Machine Sample
Collection Setting

Polymer
Polymer pyrolysis
Shd in d PDC ollection rods|
ar?d < ggwders ! d Polyvinylpyrrolidone
l'Ol SiS . . Spinneret (PVP), C6H9NO
Polymers sintering B B
7 o \o
Shaping Pyrolysis Boron Oxide, B,O4
v Fibers were spun in under 3 :
e[ PDC Powder minutes
Polymer )
v'PVP/B,O, fibers were very
dry and fluffy
.l r-——--——-=-=-=== Shaping/
Pyrolysis ' Further Shaping Sintering
| /Sintering |

Shaped PDCs Shaped PDCs

Diana Santiago, Maricela Lizcano, Kristina Vailonis



POLYMER TO CERAMIC CONVERSION!
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v'"Mechanically strong at produced BN
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"= orlike being cut

Diana Santiago, Maricela Lizcano, Tom Sabo !



NS THERMALLY CONDUCTIVE AND
ELECTRICALLY INSULATING POLYMER COMPOSITES

PPSU Characteristics:
« High foughness and impact resistance
« 230 °C T, Polyphenylsulfone (PPSU)
« Heat deflection temperature of ~207 °C — . .
* Inherently flame retardant
« Chemical resistance
* Low moisture absorption
* Limited to 190 °C continuous operating temperature
« Not UV stable

Boron nitride (BN):
» Exceptionally high thermal conductivity
 Electrically insulating

g

Literature on the dielectric properties of PPSU andiheir coosites are
limited.

Tiffany Williams


Presenter
Presentation Notes
Our group began this work by preparing composite films from either silicone or polyimide with a variety of inorganic fillers.  Most of the materials that we made were prepared using basic benchtop mixing techniques with solvents and oven curing, which was time consuming.  Not only that but often times we observed a knockdown in dielectric strength compared to that of the virgin polymer.  In the past year or so we moved to extrusion and we started off by investigating polyphenylsulfone as a potential composite insulation candidate.  Polyphenylsulfone is a high performance polymer with great toughness, low moisture absorption, and inherent flame retardancy.  It has a glass transition temperature of about 230C, so while the Tg is not as high as the Tg of a pseudo-crosslinked polyimide,  it is still pretty high.  Another drawback to polyphenylsulfone is the it is not UV stable if that is a property that is needed. But when searching for properties on this polymer as an insulator, the data is limited, with there not being almost any published data about polyphenylsulfone composite insulation.  So for that reason, we thought it would be a good candidate to study.  The fillers that we chose were boron nitride just because of its exceptionally high thermal conductivity and it is electrically insulating.


NASN THERMALLY CONDUCTIVE ELECTRICAL INSULATION

Water- chllled roIIers cmd air knlfe

Electrical Insulation Development:
Thermally conductive electrical
insulation necessary to optimize
high energy density components.

w 5 Goal: ~1 W/mK thermal
A % conductivity
,,,,,,,,
EE
] [ | h-BN/Polymer
3

hBN loading, wt% hBN loading, wt% ig h 2 b en d ra d i u SM

Composite insulation showed 16% improvement in dielectric sirength and 5x’s
increase in thermal conductivity relative to the neat polymer

T. Williams, B. Nguyen and W. Fuchs, 2020 IEEE 3rd International Conference on Dielectrics (ICD), 2020, pp. 541-545, doi: 10.1109/ICD46958.2020.9341910.

Tiffany Williams, Baochau Nguyen, Witold Fuchs 1S



NNASN Cu/CNT HYBRID CONDUCTORS

Loading profile, Conductivity and Acoustic Emission helps understand
failure modes.

Testing Results Correlating Failure Modes

Sample 7A-2

3

Conductivity
—Stress

Conductivity

Stress (MPa)

Amjad Almansour, Maricela Lizcano, Diana Santiago, Dagny Sackstetter, Anthony Goretski M



NEW COLLABORATION WITH UNIVERSITY OF CINCINNATI

NIVERSITY OF

NANOWORLD

University of Cincinnati Team:

Dr. Vesselin Shanov, Dr. David Mast, Yanbo Fang,
Vamsi Krishna Reddy Kondapalli, Kavitha Joseph,
Mahnoosh Khosravifar, Kyle Brittingham, Nhat
Phan

Wetting
process

, - - = = . e il i i Multiply CNT

E = i fiber
T ——— * , T A — P o Fabrication of thick fiber Fabrication of multiply fiber
from 4 wide CNT arrays. from 3 thick CNT fibers.

[ WD HV WD ‘ ‘
15 kv

D = 44.99 um D=385um  D=3322pum

Dr. Vesselin Shanov
Controlled diameter CNT filaments


mailto:shanovvn@ucmil.edu

Copper Electrochemical Deposition Setup ‘

NIVERSITY OF-l(C

Cincinnati

o 35S
il ; e > : - o

Coated CNTC and ES Choroc’rerizo’rion

Turbo-pumped vacuum
o system with nano-voltmeter
o ot an W oo | oo oo and current source

LX) Standard ETD 0.10 nA 10.00 kV 1000 x 12.1 mm 127 pm 0.0 *

Professors Vesselin Shanov, and David Mast



SPACE APPLICATIONS IN HV POWER TRANSMISSION

NASA STMD Early -Stage Innovations (ESI21)

Mission Program
Topic 1 : Advanced Materials for High-Voltage Space Nuclear Propulsion
Power Transmission on the Moon

NEP PMAD
2 University Grants awarded.

NASA Team Members collaborating with Universities

Maricela Lizcano, Diana Santiago v



WA\ Esi21 TOPIC 1: ULTRA-CONDUCTIVE  ESI21 TOPIC 1: LIGHTWEIGHT, MULTIFUNCTIONAL
COPPER WIRES FOR LUNAR HVPT NANO-COMPOSITES FOR HIGH-VOLTAGE

Pl: Mehran Tehrani, University of Texas at Austin INSULATION ON THE MOON

Co-Pl: Michael Cullinan, University of Texas at Austin PI: Dr. Zhiting Tian, Cornell University
Co-Pl: Dr. Yuanyue Liu, University of Texas Austin

@ Boron Nitride | Wl These nanocomposites will
l ¢ M have improved
electromagnetic interference
(EMI) shielding, thermal
conductivity, and dielectric
strength for use in high voltage
power tfransmission (HVPT)
cables. This multifunctionality
will be given by the addition of
BN and MXene nanofillers.

Research Objectives:
« Obijectives: Design, manufacture, and characterize ultra-

conducting graphene-copper wires for high voltage Research Objectives
applications. Create multifunctional nanocomposites with improved

« Innovations: design of novel ultra-conductors using atomistic thermal conductivity, dielectric strength, EMI shielding, and
simulatfions and machine learning, fabrication and mechanical durability in relation to current state of the art.
characterization of the designed multi-layered nanostructures, . Study BN fillers for thermal conductivity and dielectric

and their assessment for lunar applications.

« State-of-the-art advanced electrical conductors are only a few . . . :
oercentages more conductive than copper. This project aims to Study MXene fillers for EMI shielding and dielectric strength

fabricate copper-graphene ultra-conductors that significantly * Investigafe combining BN and MXene fillers for multi-
outperform copper's specific conductivity. functionality

« The proposed project is currently at a TRL2 and will fransitontoa  *  Advance from TRL 1 to TRL 3
TRL3 upon completion.

strength.



NNASN

« HVCC: High-Voltage Coordinating Committee

Key focus on SAE HV roadmap and prioritization, coordination between SAE committees, and develop strategic
partnerships with industry stakeholders

« AE-10: High-Voltage Committee

Key focus on performance, aging factors, failure mechanisms, and design considerations for HV components
AIR7058: High Voltage DC Electromechanical, Solid State and Hybrid Switching Devices in Aerospace Applications
AS7499: Aircraft High Voltage DC Power Quality Standard

AS8441: Minimum Performance Standard for Permanent-Magnet Propulsion Motors and Associated Variable-Speed Drives

« AE-11: Aging Models for Electrical Insulation in High Energy Systems

Key focus on material science, aging factors and failure mechanisms

AIR7374: Aging Mechanisms of Electrical Insulation Materials in a High Energy System

ARP7375: Test Guidelines for assessment of Electrical Insulation Materials Ageing in a High Voltage System
ARP7380: Electrical Insulation Aging and Life Models for a High Energy System

« E-40: Electrified Propulsion Committee

Key focus on complete propulsion system, accounting for electrical and mechanical factors
AIR8678: Architecture Examples for Electrified Propulsion Aircraft

ARP8676: Nomenclature & Definitions for Electrified Propulsion Aircraft

ARP8677: Safety Considerations for Electrified Propulsion Aircraft

ARP8689: Endurance tests for Aircraft Electric Engine

W. Ritner, Glenair

OVERVIEW OF SAE COMMITTEE ACTIVITY
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