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£ 743e) #7314 ulg £} A3

Country Annual corrosion cost % of GNP Reference Year
UK £ 1.365 billion 3.5 1970
USA $ 534 billion 6.0 1998
Japan ¥ 9694.7 billion 1.9 1997

Australia $ 2 billion 1.5 1982
USSR $ 6.7 billion 2.0 1969

W. Germany $ 6 billion 3.0 1969

Finland $ 54 million - 1965

Sweden $ 77 million - 1964
India $ 320 million - 1961

Kuwait $ 1 billion 5.2 1987
China $ 35.5 billion - 2000

Atsle] S e A
Holo] A5HIE

<A BA A E>

- 167 -

(AFRL)3} gt=Fsho] Scorpius EE
Hepiba AFETE
om o]F SR-XM-1 27| &

] 50cm, Ze°|7} 110cm®E

=
o7 AAEl9gdorm] 38 bar XL el AY 4 oA A




A=, NASAE 20054¢ XCOR Aerospacerte} ¥H7 "Long—Life, Light
Weight Oxidation Resistant Cryogen Tank" T Z781°] d3gto g 7wial g
= 59 FAL dHANA AR 7hed Ak AARVIE NEsida W E
Aol gArsl= A7 st E45A (Fluoropolymer) 415 Ab-ggte 2z o3}
260C~280CH#7kA o] F&gH A= Abge] 7led &AE 7WEgh
HyperCompAte= H3A 488715 Aw-HoE AAst= 3|AHE NASAY
Deep Space Probes ZE#lel dFE NASA® Marshall Space Flight
Centers} 37 F454, HAEA, WS vbfdt a7l ste SA42
Zata 27 U glo]|=E A A9 S. NASAS] Marshall Space Flight Center
o] 4= RLV (Reusable launch vehicles) ZTZ 138 & Lockheed Martin <}

bolol X338 A ARl BaA R/ EA AREINE Ao s
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AL SEAMEE AR £ Aspibast dsALE AZE ¢ 3 -250T
WA AL ¢ e LNG ®2E JWdsted H-I1 A EAbAl el =/ o =3
5t Sl

F5° A9, ESA (European Space Agency)ell4l FetwlEelld Fo

CFRP F#& H3ba §7)9 A4#g Azsiglon, eree|ol FF¢
42E AHEA BE3)41el Magna Steyret 2004~2008W7F AHE g
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A5+ 474 3}8 polyimide 7H%. Kanekaoll A H 3= polyimide® & A A,

= A& grom BAAMFo

polyimide €| ™E ¥|5A17]l A& Befo Ze|zgas FATgHHoz A
=

25t HEsted 7hd/7hdste] SRAMEE AXI. 7I1£2] polyimide &2|aH

= Sallde] YeoermE FiEc 7AA AEE WA o8 S 7HA AL
glo], o] & s A7l ¢l F7HAIel poly(amic acid)E o] g3t o} o|m| =3}
SAANA WAt EEARE e FFoE FHF AFY JIAAH BEE AS
Al 7

tEAZ Qe NEE 42 A48 polyimide: §814E A
1

]
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274 3}8 polyimideE o]&3F BFAAHF &34 (Kaneka)

® TenCate Advanced Compositesiit (v])= deo|lFw& HFLoxe} £2 A 2®E
FHote HES|AFE A cyanate ester, epoxy Z | Z#| 2, HZA 2 syntactic
foam, AF+H A4, 22 loss tangent ® AEFFA 59 ¢33 EAS {5
I 9lS. olHY, reflectors, #lo]&, sonar domes, "lolazv T3 2 2
dolt & 72 s= 4, A, 37 2 mAd S E AR s

e 2= FelAd S, quartz 2 oaramid AH 52 &

Electronically Transparent Materials — Low Dielectric Composites

e KDT 7w (e =IH 85 93 22A HEId4AE FA FHFHAZ
Organopolysilazane (A% : DI-200)E AAkstz 212m™, polyceramic

matrix composites A &
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Hista dw. &, $ 4A54 # vl 3 Fak E4 (8-14 GHz Fo}
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O =33 E Ay~
°

20184 3ol s Aot FEEE AA el disste vlmE o
2018 34 3% MD AR F% st 20189 34 Fx
]_

3T
Q.
S8 o] u] Fupie AL AT J1E Hu $4ES F b

o odlo Mo
%2 b o



Za% AAR] X519 g} AldS 7HES7| Hd dlake Tl
ZAA L6 2017004 2020 B|ADEAA el Ak 10370k Dejel| A 3
of 9Wint g2 S, 2021dele 2320RE Hert Rk SRS FUkE v
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HFe] G284 Al97] X-51
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gtd= (FAA)ollA Continuous Lower Energy, Emissions, and Noise
(CLEEN) Program< X¥¢), GE, =¥ ol 3|EY, EAFo|~ YA 5 5

Ho] A 7]4]E& tjAreZ 2015 — 2018 47t F 2,500 & AEE £ FY.
olF % K<), GE, & o|2oA CMC 7<= FH$AH HAAE T35t U+
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4) http://www.yonhapnewstv.co.kr/MYH20180303010300038/
5) https://milidom.net/news/904140
6) https://milidom.net/news/255870
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<(a) AEATF42] Y SiC & (b) 60volne €889 F5A>

<A BAFalA A= SiCy/SIC CMC>

F 3—40) thekst vl o 72 A A2E Aegd EI3Age B4 A9
3 . AxFA g2 C/SiC E3A el EA8)
R 2= CV1 PIP MI
1T (g/lem?) 2.1 1.8 2
718E (%) 10 10 2
QA7 T (MPa) 350 250 110
strain to failure (%) 0.9 0.5 0.3
ek A4 (GPa) 90 — 100 65 65
U&= (MPa) 580 — 700 590 470
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37+ (MPa) 500 — 700 500 190

AW FA S (107K) 3 1.16 -0.3
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100 X 4 mm =Z7]9 €453 CMC AxE F34592.
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Polycrystalline diamond (“PCD”) anvils and associated ultra—high pressure
apparatuses employing such anvils. The PCD anvils include an anvil body defining
an anvil face. The anvil body comprises a plurality of diamond grains defining a
plurality of interstitial regions, with a metal—solvent catalyst occupying at least a

7|&8 i . . .. : . . .
I€8ef portion of the plurality of interstitial regions. The plurality and diamond grains
and the metal—solvent catalyst of the PCD collectively exhibit a coercivity of
about 115 Oe or more and a specific magnetic saturation of about 15 G-cm3/g or
less.
EEH

1. A polycrystalline diamond anvil for use in an ultra—high pressure apparatus,
comprising: an anvil body defining an anvil face, the anvil body comprising: a
plurality of bonded diamond grains directly bonded together and defining a
plurality of interstitial regions, the plurality of bonded diamond grains having an
average grain size of 30 um or less; a metal—solvent catalyst occupying at least
E F73 a portion of the plurality of interstitial regions, the metal—solvent catalyst present
in a concentration from 1 weight % to 6 weight %; wherein the plurality of
diamond grains and the metal—solvent catalyst collectively exhibit a coercivity
from 115 Oe to 250 Oe; and

wherein the plurality of diamond grains and the metal—solvent catalyst
collectively exhibit a specific magnetic saturation of about 15 G:cm3/g or less.

A x| A& 71€8 A

Use of aluminum nitride to obtain temperature measurements in a high
temperature and high radiation environment

el §3
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49l U.S. Department of Energy EH 37} Us
535Hs 9322720 £44d 2014-02-21
7| & Hof 2EE5R H A A el 5
el =3 -
An aluminum nitride piezoelectric ultrasonic transducer successfully operates at
temperatures of up to 1000° C. and fast (>1 MeV) neutron fluencies of more
7% 9ok than 1018 n/cm2. The transducer comprises a transparent, nitrogen rich aluminum
= . } i )
nitride (AIN) crystal wafer that is coupled to an aluminum cylinder for
pulse—echo measurements. The transducer has the capability to measure in situ
gamma heating within the core of a nuclear reactor.
HEE
1. A temperature sensing apparatus for testing a nuclear reactor, the temperature
sensing apparatus comprising:
an electrode; a piezoelectric wafer connected electrically to the electrode, the
piezoelectric wafer withstanding neutron fluencies of 1018 n/cm2 or more; a
sensor block that thermally expands with a change in temperature in the nuclear
reactor, the sensor block being connected to the piezoelectric wafer; a
WE F7a compression mechanism; and a transducer housing and a cap, both the transducer
- ° housing and the cap enclosing the piezoelectric wafer, the electrode, the sensor
block, and the compression mechanism; wherein the transducer housing and the
cap are electrically grounded, and the sensor block and the compression
mechanism are connected electrically to the transducer housing and the cap; and
wherein the apparatus is configured to measure within the nuclear reactor a time
an ultrasonic pulse takes to travel from a first end of the sensor block to a
second end of the sensor block and back to the first end of the sensor block.
A A AFgE 71&€ 8 4
Himj o] wj X Ultra high temperature environmental protection coating
49 Lockheed Martin Corporation 437} us
535H3E 9581030 44 2011-01—-21
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An environmental protective coating (EPC) for protecting a surface subjected to
high temperature environments of more than 3000 degree F. The coating includes
a dense platelet lamellar microstructure with a self—sealing, compliant binder
material for holding the platelets together. The platelets may be formed from
materials that are resistant to high temperatures and impermeable, such as
ceramics. The lamellar microstructure creates a tortuous path for oxygen to reach
the surface. The binder material may have free internal volume to increase the
strain capability between the platelets and absorb increased volume during
operation. The binder may be formed from a material that is softer and has a
lower temperature capability than the platelets to provide the system with the
required compliance and sealing capability. The binder may have sufficient glass
content and glass—forming content for initial and long—term sealing purposes.
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1. A method of protecting an oxidative surface of an aircraft comprising:

a. forming a binder by mixing together ceramic mortar and elongate refractory
oxide shells that are hollow and have ends open on opposing sides;

b. forming a mixture by mixing the binder with refractory material platelets,
wherein the mixture has an amount of volatile material;

c. applying the mixture to the oxidative surface which is selected from the group
consisting of a turbine blade surface, an exhaust washed surface, and an aircraft
wing surface;

d. forming a protective layer on the surface by heating the mixture to a
temperature so that at least some of the volatile material volatizes to create free
volume voids at random locations in the binder; and

e. operating the aircraft to expose the protective layer to at least 2000° F.
thereby inducing a strain in a portion of the layer that is absorbed by the free
volume voids to substantially minimize stress in the layer from the induced strain.
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Process for the production of carbon nanoparticles and sequestration of
carbon
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US2015-0376012, US2015—-0210558, IN02965/CHENP/2013,
W02014-0014495, US2014-0014495, JP2013—-542907,
US2013-0295000, KR10—2013—-0121098, EP2619134, CN103221338,
US8420042, CA2810543, W02012—-040303, US2012-0068124,
US2011-0256049
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Process for producing carbon nanospheres and other nano materials with carbon
dioxide and magnesium. The carbon dioxide and magnesium are combusted
together in a reactor to produce carbon nanospheres and magnesium oxide, which
are then separated to provide the individual reaction products. The reaction occurs
at a very high temperature, e.g. 2000° F.—5000° F. and also produces large
amounts of useful energy in the form of heat and light, including infrared and
ultraviolet radiation. Other oxidizing agents such as aluminum can be combined
with the magnesium, and the metal oxides produced by the reaction can be
recycled to provide additional oxidizing agents for combustion with the carbon
dioxide. By varying the reaction temperature, the morphology of the carbon
products can be controlled.

HE FT

1. A process for producing a carbon product, comprising the steps of combusting
carbon dioxide and magnesium together at a temperature of about 2000°
F.—5000° F. to produce carbon nanoparticles, magnesium oxide, and heat and light
energy, separating the carbon nanoparticles from the magnesium oxide and any
other reaction products, and recovering the separated carbon nanoparticles.
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In—situ formation of reinforcement phases in ultra high temperature
ceramic composites
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A tough ultra—high temperature ceramic (UHTC) composite comprises grains of
UHTC matrix material, such as HfB2, ZrB2 or other metal boride, carbide, nitride,
etc., surrounded by a uniform distribution of acicular high aspect ratio
reinforcement ceramic rods or whiskers, such as of SiC, is formed from uniformly
mixing a powder of the UHTC material and a pre—ceramic polymer selected to
form the desired reinforcement species, then thermally consolidating the mixture
by hot pressing. The acicular reinforcement rods may make up from 5 to 30 vol
% of the resulting microstructure.

HE 37

1. A method of forming a ceramic composite, the method comprising:

mixing a pre—ceramic polymer and a solvent into a powder of an
ultra—high—temperature ceramic (UHTC) material, and allowing the pre—ceramic
polymer to coat grains of the UHTC material approximately uniformly, wherein
the process of mixing comprises: (i) creating a slurry comprising the powder of
the UHTC material, the pre—ceramic polymer and the solvent; (ii) producing
droplets of the slurry; and (ii) removing or separating at least a portion of the
solvent from the slurry, wherein said UHTC material is a boron—containing
material, comprising at least one of HfB2 and ZrB2 and having a melting
temperature of at least 2000° C.; thermally consolidating the mixture at a
consolidation temperature of at least about 2000° C. for a thermal consolidation
time interval in a range of about 30—180 minutes and at an applied pressure of
at least 10 MPa; and allowing acicular reinforcement rods or fibers or whiskers
to grow from the UHTC grains during thermal consolidation.
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Nickel—based super heat resistant alloy and method of manufacturing the
same
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7| 8 ok

The present invention relates to a nickel—based super heat resistant alloy and a
method of manufacturing the same. In the nickel—based super heat resistant alloy
according to the present invention, an amount of solid solution strengthening
elements (chromium, cobalt, molybdenum, or tantalum) is adjusted to improve a
mechanical property, such as a creep property, at high temperatures, and
aluminum or titanium is included in a predetermined amount to improve a
corrosion property. The nickel—based super heat resistant alloy has excellent
elongation, strength, and creep properties at normal temperature and high
temperatures, and thus it is possible to manufacture parts of, by way of
non—limiting example, a thermoelectric power plant, an aircraft, or a very high
temperature reactor in various shapes on a large scale.
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1. A nickel—based heat resistant alloy comprising:

20 to 25 wt % of chromium (Cr), 10 to 15 wt % of molybdenum (Mo), 10 to
17 wt % of cobalt (Co), 0.01 to 0.15 wt % of carbon (C), 0.01 to 1 wt % of
zirconium (Zr), 0.01 to 1 wt % of hafnium (Hf), 0.01 to 5 wt % of tantalum
(Ta), 1 to 100 ppm of boron (B), 0.01 to 1 wt % of aluminum (Al), and a
balance of nickel (Ni),

wherein the nickel—based heat resistant alloy is polycrystalline and does not
comprise titanium (Ti) or an aligned eutectic reinforcing fibrous phase.
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Ultra High Temperature Environmental Protection Coating
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An environmental protective coating (“EPC”) for protecting a surface subjected to
high temperature environments of more than 3000 degree F. The coating includes
a dense platelet lamellar microstructure with a self—sealing, compliant binder
material for holding the platelets together. The platelets may be formed from
materials that are resistant to high temperatures and impermeable, such as
ceramics. The lamellar microstructure creates a tortuous path for oxygen to reach
the surface. The binder material includes engineered free internal volume, which
increases the elastic strain of the EPC. The binder is softer than the platelets,
which in combination with its free volume increases pliability of the EPC. The
binder may have sufficient glass content and glass—forming content for initial and
long—term sealing purposes.

HE 37

1. A coating for protecting a surface comprising:

heat resistant platelets arranged in layers on the surface;

a compliant binder between the platelets and the surface; and

elongate voids in the binder having a generally rectangular cross section so that
the binder material is formed into axially spaced apart elongate layers connected
by axial web members.
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ELECTROSTATIC LEVITATION CRYSTAL GROWTH APPARATUS FOR
SOLUTION AND CRYSTAL GROWING METHOD USING THE SAME
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An electrostatic levitation crystal growth apparatus for a solution and a crystal
growing method using the same. The apparatus may include an upper electrode, a
lower electrode vertically spaced apart from the upper electrode, a power supply
unit configured to apply a vertical electrostatic field between the upper electrode
and the lower electrode, and a droplet dispenser configured to eject a solution
into a region between the upper and lower electrodes and thereby to form a
solution droplet. The solution droplet may be maintained in a charged state and
may be electrostatically levitated against the gravity exerted thereon, by the
vertical electrostatic field. The solution droplet may be evaporated in the
electrostatically levitated state, and a solute dissolved in the solution may be
grown to form a crystal.
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1. An electrostatic levitation crystal growth apparatus, comprising: an upper
electrode; a lower electrode vertically spaced apart from the upper electrode;

a power supply unit configured to apply a vertical electrostatic field between the
upper electrode and the lower electrode; and a droplet dispenser configured to
eject a solution into a region between the upper and lower electrodes and thereby
to form a solution droplet, wherein the solution droplet can be maintained in a
charged state and electrostatically levitated against a gravity by the vertical
electrostatic field, the solution droplet can be evaporated in the electrostatically
levitated state, and a solute dissolved in the solution can be grown to form a
crystal.
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Device for expelling/containing liquids for a spacecraft tank
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A device for expelling/containing a predetermined liquid. The device configured to
be built into a liquid tank operable at low or zero gravity and comprising a
unitary three—dimensional sponge structure. The sponge structure comprises a set
of substantially wire—like elements that extend between a peripheral area of the
sponge structure and an area for expelling/containing liquid. The wire—like
elements are substantially oriented in the direction of flow of the fluid within the
device. The wire—like elements are connected together by crosspieces and are
arranged such that the capillary gradient is positive or zero in the direction of
flow of the fluid from the peripheral area to the area for expelling/containing
liquid.

HE 37

1. A device for expelling/retaining a predetermined liquid and suitable for
integration in a liquid tank operable at low or zero gravity, the device comprising:
a peripheral zone; a liquid expulsion/retention zone; a single three—dimensional
structure comprising a set of wire elements spaced apart from one another and
extending between the peripheral zone and the liquid expulsion/retention zone, and
a set of spacers intersecting and linking the wire elements together to form a
lattice; wherein the wire elements are substantially oriented in a direction of flow
of the liquid within the device, the liquid being retained between the wire
elements by capillarity; wherein, for at least part of a surface orthogonal to the
wire elements, intersections of the wire elements with an orthogonal surface are
points determining sides of polygons forming a paving of the orthogonal surface;
and wherein the wire elements are linked together by spacers comprising
projections, parallel to a direction of the wire elements, on the surface orthogonal
to the wire elements merged with the sides of the polygons.
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An inflatable module space station 1s disclosed. The module has an avionics
architecture designed for the module serving as a space station. The module also
has at least one hundred and eighty cubic meters of internal habitable volume and
at least one window. The module is capable of supporting at least two humans in
7|48 < a zero gravity environment for at least one month. There is also a propulsion bus
designed for a space station and attached to the module. Furthermore, there is a
docking mechanism designed for a space station and attached to the module. The
module is capable of orbiting a mass like a planet or moon. The space station can
be one or multiple expandable modules.
fEEd
1. A space station configuration comprising:
an expandable module;
the module having an avionics architecture designed for the module serving as a
space station;
the module having at least one window;
oz 3t the module capable of supporting at least one human in a zero gravity

environment for at least one month;

a propulsion bus designed for a space station and attached to the module;

a docking mechanism designed for a space station and attached to the module;
and

the module capable of orbiting a mass for an extended period of time.
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A passive phase separator separates and traps gases that may be present in a
liquid flowing through a system. The phase separator includes an inlet in fluid
communication with a first separator chamber and an outlet in fluid communication
. with a second separator chamber that is disposed annularly about the first
71& 8 F . . . .
separator chamber. Gas introduced into the first separator chamber is pushed
downstream through the first separator chamber to a gas storage chamber. Once
gas is trapped within the gas storage chamber it remains there for the entire
operational life of the phase separator.
fEEd
1. A phase separator for separating phases of a two—phase mixture comprising:
a housing including an inlet and an outlet;
a first separator chamber within the housing, the first separator chamber including
walls of porous material defining a passage from the inlet to a gas storage
s H4g chamber through which a two—phase mixture of gas and liquid flows; and

a second separator chamber within the housing, the second separator chamber
including walls of a porous material defining a space open to the outlet and
disposed about the first separator chamber through which at least some liquid
flows to the outlet.

- 239 -




A %] Ah g )% 84
W o] %) MANUFACTURING IN MICROGRAVITY AND VARYING EXTERNAL
° FORCE ENVIRONMENTS
Z4 MADE IN SPACE, INC. =437} uUsS
535H3s 15/021360 44 2014—08-08
7| 2o A7) A Al el
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Lz &3 2016—539833, US 2016—0333486, US 2016—0243759, EP 3027389,
US 2016—0101463, US 2016—0082652, US 2016—0082664, US
2016—0082665, WO 2016—044837, CA 2962090, US 2015-0231826
Additive manufacturing devices operable in various external force environments
are disclosed. In an aspect, an additive manufacturing device operable in
. microgravity 1s disclosed. In other aspects, devices which are operable in
71& 8 9F i o . i . )
high—vibration environments or varying external force environments are disclosed.
Additive manufacturing devices herein may produce parts from metal, polymer, or
other feedstocks.
fEEd
1. An additive manufacturing device 100 operable in a microgravity environment
to create a part, the additive manufacturing device comprising:
a feedstock source 106 comprising feedstock;
a material bonding component 104, the material bonding component 104 configured
to receive portions of the feedstock from the feedstock source 106, the material
s H3 bonding component 104 positioning and bonding each of the portions of the

received feedstock according to part creation instructions;

a material bonding component positioning system 102 configured to position the
material bonding component 104 according to the part creation instructions; and

a build volume, the part being created within the build volume according to the
part creation instructions.
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A liquid reservoir for use in a microgravity environment includes a bladder for
holding a liquid. The bladder includes flexible walls and an opening for extraction
7129 oF of the liquid from the bladder. An internal structure is shaped so as to form a
channel to conduct the liquid from an end of the bladder that is distal to the
opening. The internal structure is configured to prevent the walls of the bladder
from blocking the channel when suction is applied to the opening.
Eed
1. A liquid reservoir for use in a microgravity environment, the reservoir
comprising:
a bladder for holding a liquid, the bladder including flexible walls and an opening
for extraction of the liquid from the bladder; and
a central internal tubular structure that is shaped so as to form at least one
channel to conduct the liquid from an end of the bladder that is distal to the
. opening, wherein the central internal tubular structure is sufficiently rigid to
EEAE R S ——

prevent the walls of the bladder from blocking said at least one channel when
suction is applied to the opening, and wherein the flexible walls of the bladder
are away from the central internal tubular structure when the bladder is filled and
come In contact with the central internal tubular structure when at least partially
collapsed, and

wherein the bladder further comprises an additional opening at an end thereof that
1s distal to the opening.
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Apparatus and methods for creating cast metal objects in space and other
environments. Molds are created using additive manufacturing and are injected
7|1 & 8 9F with a castable metal having a melting point lower than a mold melting point. In
some aspects, the additive manufacturing device and the metal casting unit are
contained in the same unit.
gExed
1. A casting apparatus operable in a microgravity environment, configured to cast
objects using a mold created by an additive manufacturing device, the casting
apparatus comprising:
an additive manufacturing device comprising an additive manufacturing device
feedstock source providing feedstock to the additive manufacturing device for
making the mold; and
- ey a casting formation unit comprising:
WE FTe 5 prisins

an enclosure;

an injector configured to inject a castable material into the mold;

a castable material source supplying the castable material to the injector; and

a mold retaining device configured to retain the mold and position the mold in
fluidic contact with the injector;

wherein the enclosure is configured to prevent contamination of an outside
environment by the castable material and the feedstock.
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The gravity control apparatus (1) comprises: a first rotating body (10) that
rotates along a first shaft (11a) as a result of being driven by a first driving
device; a second rotating body (20) that rotates along a second shaft that is
orthogonal to the first shaft (1la) within the region of rotation of the first
rotating body (10) as a result of being driven by a second driving device; an
accelerometer (40) that is set at any position on the second rotating body (20)
and detects acceleration; and a control device (50) that controls driving by the
first driving device and the second driving device. The control device (50)
controls driving by the first driving device and the second driving device on the
basis of acceleration data detected by the accelerometer (40).

HE 37

1. A gravity control apparatus, comprising: a first rotating body that rotates along
a first axis as a result of being driven by a first driving device; a second rotating
body that rotates along a second axis orthogonal to the first axis, within an
inside region of the first rotating body, as a result of being driven by a second
driving device;

an accelerometer that is positioned at any position on the second rotating body
and detects acceleration; and a control device that controls driving of the first
driving device and the second driving device; wherein the control device calculates
an acceleration vector from Equation 1 below and controls driving of the first
driving device and the second driving device on the basis of acceleration data
detected by the accelerometer so that the integral of teh accelaration vector over
a prescribed time becomes a prescribed value:[Equation 1]

A=g+ro2(Equation 1), where A, g r, and o respectively represent an
acceleration vector at an arbitrary point P in the second rotating body, a
gravitational acceleration vector at the point P, a distance vector from a point of
intersection of the first axis and the second axis to the point P, and an angular
velocity vector at the point P.
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Satellite testbed for evaluating cryogenic—liquid behavior in microgravity
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Provided is a testbed for conducting an experiment on a substance in a cryogenic
liquid state in a microgravity environment. The testbed includes a frame with
rectangular nominal dimensions, and a source section including a supply of the
substance to be evaluated in the cryogenic liquid state. An experiment section
includes an experiment vessel in fluid communication with the storage section to
receive the substance from the storage section and condense the substance into
the cryogenic liquid state. A sensor is adapted to sense a property of the
substance in the cryogenic liquid state in the experiment vessel as part of the
experiment. A bus section includes a controller configured to control delivery of
the substance from the storage section to the experiment vessel, and receive
property data indicative of the property sensed by the sensor for subsequent
evaluation on Earth.

HE FT

1. A testbed for conducting an experiment in a microgravity environment on a
substance in a cryogenic liquid state, the testbed comprising: a frame having a
rectangular shape and comprising a source section, an experiment section and a
bus section; the source section comprising a supply of the substance to be
evaluated in the cryogenic liquid state; the experiment section comprising an
experiment vessel in fluid communication with the source section to receive the
substance from the source section and condense the substance into the cryogenic
liquid state; a sensor adapted to sense a property of the substance in the
cryogenic liquid state in the experiment vessel as part of the experiment; and the
bus section comprising a controller configured to control delivery of the substance
from the storage section to the experiment vessel, and to receive property data
indicative of the property sensed by the sensor for subsequent evaluation on
Earth.
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Provided is a combustion experiment device, which includes a reaction tube into
which a sample fluid flows and to which a temperature gradient in which a
temperature rises toward a downstream side is imparted, and a burner part that is
7|1 & 8 9F configured to flow a combustible gas along and around the reaction tube from the
downstream side to an upstream side of the reaction tube and to maintain a flame
surrounding the reaction tube from the outside in a radial direction of the reaction
tube.
Exd
1. A combustion experiment device comprising:
a reaction tube into which a sample fluid flows and to which a temperature
gradient in which a temperature rises toward a downstream side is imparted; and
g X3 a burner part configured to flow a combustible gas along and around the reaction

tube from the downstream side to an upstream side of the reaction tube and to
maintain a flame surrounding the reaction tube from an outside of the reaction
tube in a radial direction.
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Replication of undifferentiated cells in a weightless environment, uses
thereof and a facility for such replication and the acceleration of the
evolution of plants and animals
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The present invention provides manufacturing processes for biological replication
of undifferentiated plant and animal cells and tissue in a weightless condition,
including those systems used in current stem cell research and development and
use of undifferentiated parenchyma in plants. The present invention further
provides methods for adapting plants and animals to survive outside their native
environments. In particular, undifferentiated cells from plants or animals are
replicated under weightless conditions in which cell replication or proliferation is
accelerated and sustained. Under such conditions, the undifferentiated cells can be
“forced” to express sets of genes useful for survival in particular environmental
conditions. In this manner, cells surviving prolonged exposure to specific
environmental conditions can be selected for and cultivated to produce an
organism adapted to that particular environment in an accelerated manner.
Methods of identifying specific genes associated with adaptation of a plant or
animal to a specific environment are also disclosed.
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HE 37

1. A method of adapting a citrus plant to grow in a cold environment, the method
comprising: providing replicating citrus parenchyma cells to produce a cell
suspension culture comprising a plurality of undifferentiated citrus parenchyma
cells; culturing the cell suspension culture comprising the plurality of
undifferentiated citrus parenchyma cells while simultaneously exposing the cell
culture to both a microgravity condition and a cold environment to which the
citrus plant is to be adapted; harvesting citrus cells that replicate during the step
of culturing, wherein the culturing simultaneously exposes the cell suspension
culture to both the microgravity condition and the cold environment, to cause the
plurality of undifferentiated citrus parenchyma cells to express genes that enable
the harvested cells to adapt to the cold environment; and sequentially removing
the harvested citrus cells from the microgravity condition, and cultivating the
harvested cells to produce a mature citrus plant; wherein the cold environment is
a temperature of about 25° F. or less.
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APPARATUS AND METHOD OF STIMULATING CELLS USING 3D
CLINOSTAT AND ULTRASONIC WAVE
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Provided is an apparatus for stimulating cells using a 3D clinostat and ultrasonic
waves in experiment equipment for studying adverse influences on a human body
under microgravity and taking a countermeasure against the influences. Further,
provided is a method of stimulating cells using a 3D clinostat and ultrasonic
waves to study adverse influences on a human body under microgravity and to
take a countermeasure against the influences.
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HE 7

1. An apparatus for stimulating cells using a 3D clinostat and ultrasonic waves in
experiment equipment for studying adverse influences on a human body under
microgravity and taking a countermeasure against the influences, the apparatus
comprising: a base plate; supports each having a first end coupled to a side on
the top of the base plate; an outer frame formed by four members coupled in a
rectangle and rotating about an axis between the two supports spaced at a
predetermined distance from each other; an inner frame formed by four members
coupled in a rectangle, disposed inside the outer frame, and rotating about an axis
perpendicular to the rotational direction of the outer frame; a cultivating plate
fixed inside the inner frame to cultivate cells; a first motor unit disposed on the
base plate or one of the supports and connected to the outer frame to transmit
torque;

a second motor unit disposed on the outer side of the outer frame and connected
to the inner frame to transmit torque; a controller electrically connected to the
first motor unit and the second motor unit to control the first motor unit and the
second motor unit; an output unit fixing member fixed to the inner frame at a
predetermined distance from the top of the -cultivating plate and having a
longitudinally oblong fixing hole; an ultrasonic wave output unit disposed at a side
in the oblong fixing hole of the output unit fixing member; and an ultrasonic
device connected to the ultrasonic wave output unit and stimulating cells on the
cultivating plate.

- 247 -




A A Ah g %8
") o] v X 3D biomimetic platform
The United States of America
as represented by the
£4<l Administrator of the National £} US
Aeronautics and Space
Administration
E3HE 9557322 £44 2014—06—26
71& 5o} FAA 3ot % = A =
e 53 -
An apparatus and method that utilizes a radiation source and a simulated
microgravity to provide combined stressors. The response of cells/bacteria/viruses
7|48 <% and/or other living matter to the combined stressors can be evaluated to predict
the effects of extended space missions. The apparatus and method can also be
utilized to study diseases and to develop new treatments and vaccinations.
EEd
1. An assembly for identifying combined effects of microgravity and radiation, the
assembly comprising:
a bioreactor comprising a rotating wall vessel configured to simulate reduced
qE A+ gravity in a test space therein; and

a gamma radiation source configured to provide steady gamma radiation, wherein a
specimen disposed in the test space is exposed to the gamma radiation, the
specimen including at least one of: cells, bacteria and viruses.
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< California Institute of Technology, Callisto France,

Ionetix Corporation, Secretary of the Air Force, Siemens PLC,

University of Maryland, College Park 5°] U+

2011 2012 2013 2014 2015 2016 2017

US8487623 EP2699925 US9543066 US15/448284
SUPERCONDUCTING LOW—-NOISE,
Low field squid MRIii MAGNETS WITH Superconducting ULTRA-LOW
devices, components THERMAL ‘magnets with thermal TEMPERATURE
and methods RADIATION radiation shields DISSIPATIVE
SHIELDS DEVICES
US8558485
Compact, cold,
superconducting
isochronous cyclotron:
EP2619901
CRYOGENIC LOW
NOISE AMPLIFIER
US9091463
Pulse tube
refrigerator with
tunable inertance
[ 11] &4 WA~
E2HT TEHE
ﬁu‘j x E = = g} oc—l gil) = O\J
B | (zg9) | (329) B
1 olm|A W | US13/090931 | US8487623 Low field squid MRI devices, California Institute of
w3 (2011.04.20.) | (2013.07.16.) components and methods Technology
EP2012-71222 EP2699925 SUPERCONDUCTING MAGNETS
2 8 (2015.10.14.) WITH THERMAL RADIATION Siemens PLC.
X% 2 | (2012.03.08.) o SHIELDS
715
3 US15/042750 US9543066 Superconducting magnets with Siemens PLC
(2016.02.12.) | (2017.01.10.) thermal radiation shields ’
n US13/178421 US8558485 Compact, cold, superconducting Tonetix Corporation
wop (2011.07.07.) | (2013.10.15.) isochronous cyclotron P
Al ‘n-l ZF % _
s | 5FF ! EP2OTLZTO153 £pag19901 CRYOGENIC LOW NOISE Calliste France
(2011.09.20.) (2015.01.07.) AMPLIFIER
6 US13/293100 US9091463 |Pulse tube refrigerator with tunable Secretary of the Air Force
(2011.11.09.) | (2015.07.28.) inertance tube y
7)e} 717 2
A LOW—-NOISE, ULTRA-LOW . .
7 US15/448284 _ TEMPERATURE DISSIPATIVE University of Maryland,
(2017.03.02.) DEVICES College Park
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US 8698498, US 8008914, JP 2010—-530611, JP 2010—525892, US
sz &3 7671587, EP 2145197, EP 2142090, US 2009-0322324, US
2009-0072828, WO 2009-023303, WO 2008—137485
Low field SQUID MRI devices, components and methods are disclosed. They
include a portable low field (SQUID)—based MRI instrument and a portable low
field SQUID—based MRI system to be operated under a bed where a subject is
7% 9ok adapted to be located. Also disclosed is a method of distributing wires on an
= image encoding coil system adapted to be used with an NMR or MRI device for
analyzing a sample or subject and a second order superconducting gradiometer
adapted to be used with a low field SQUID—based MRI device as a sensing
component for an MRI signal related to a subject or sample.
EEY
1. A portable low field superconducting quantum interference device
(SQUID)—based magnetic resonance imaging (MRI) instrument, comprising: a
sensing coil assembly to sense an MRI signal from a subject or sample;
. a SQUID to receive the MRI signal from the sensing coil assembly; a cryogenic
WE BTy an, g ¥ a cryog

cooler associated with the SQUID and a superconducting magnetic shield; an
enclosure enclosing the sensing coil assembly, the SQUID, the superconducting
magnetic shield and the cryogenic cooler; and a portable frame containing the
enclosure and adapted to contain main field coils and field compensation coils.
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A cylindrical superconducting magnet comprising a plurality of axially—aligned
annular coils (10) of superconducting wire, arranged for cooling by thermal
conduction through a cooled surface (15) in mechanical contact with the coils.
The coils are provided with a thermal radiation shield (24) between their radially
inner surface and their axis. The thermal radiation shield comprises a metal layer
in thermal contact with the cooled surface.

HE 37

A cylindrical superconducting magnet structure comprising a plurality of
resin—impregnated axially—aligned annular coils of superconducting wire (10) and
a tubular support structure (15) of greater diameter than the coils, the
axially—aligned annular coils being bonded by their radially outer surfaces (12) to
said tubular support structure (15) of greater diameter than the coils, and further
comprising means for cooling to a cryogenic temperature connected to the tubular
support structure , the coils being provided with a thermal radiation shield
between their radially inner surface and their axis,

characterised in that the thermal radiation shield comprises a cylinder of metal
(24), mechanically joined to the tubular support structure at axial and
circumferential intervals, and thermally linked (26; 32; 28) to the tubular support
structure by structures having a low thermal resistance such that a thermal
resistance between the cylinder of metal (24) and the tubular support structure
(15) is less than each respective thermal resistance between each of the coils
and the tubular support structure.
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Superconducting magnets with thermal radiation shields
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A cylindrical superconducting magnet has a number of axially—aligned annular
coils of superconducting wire, arranged for cooling by thermal conduction through
a cooled surface in mechanical contact with the coils. The coils are provided with
a cryogenic radiation shield located between respective radially inner surfaces of
the coils and respective axes of the coils. The cryogenic radiation shield is
formed of a metal layer in thermal contact with the cooled surface.
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1. A cylindrical superconducting magnet structure, comprising:

a plurality of resin—impregnated, axially aligned annular coils of superconducting
wire, each coil having an axis around which the coil is wound, and a radially
outer surface and a radially inner surface;

a tubular support structure at least partially surrounding the respective radially
outer surfaces of said annular coils and having a larger diameter than said radially
outer surfaces, each of said annular coils exhibiting a thermal resistance between
the respective annular coil and the tubular support structure;

a cooling arrangement in thermal communication with said tubular support
structure that cools at least said tubular support structure to a cryogenic
temperature; and

a cryogenic radiation shield between the respective radially inner surfaces of the
annular coil and the respective axes of the annular coils, said cryogenic radiation
shield comprising a conformal layer of metal foil applied over the radially inner
surface of each of said annular coils, and an electrically and thermally insulating
layer interposed between each of said annular coils and said metal foil layer, and
wherein said conformal layer of metal foil is also applied over axially facing
surfaces of each of said annular coils, with said electrically and thermally
insulating layer also interposed between each annular facing surface of each coil
and said metal foil layer, with a thermal resistance between each metal foil layer
and said tubular support structure being less than the thermal resistance between
the respective annular coils and the tubular support structure.
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A compact, cold, superconducting isochronous cyclotron can include at least two
superconducting coils on opposite sides of a median acceleration plane. A
magnetic yoke surrounds the coils and a portion of a beam chamber in which ions
are accelerated. A cryogenic refrigerator is thermally coupled both with the
superconducting coils and with the magnetic yoke. The superconducting
1sochronous cyclotron also includes sector pole tips that provide strong focusing;
the sector pole tips can have a spiral configuration and can be formed of a rare
earth magnet. The sector pole tips can also be separated from the rest of the
yoke by a non—magnetic material. In other embodiments, the sector pole tips can
include a superconducting material. The spiral pole tips can also include cut—outs
on a back side of the sector pole tips remote from the median acceleration plane.
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1. A compact, cold, superconducting isochronous cyclotron comprising: at least
two superconducting coils that are substantially symmetric about a central axis,
wherein the coils are on opposite sides of a median acceleration plane, and
wherein the coils have (a) outer surfaces remote from the central axis and (b)
opposed median—acceleration—plane—facing surfaces; a magnetic yoke having an
outer radius measured from the central axis no greater than 36 cm surrounding
the coils and in physical contact with the coils across the outer surface of each
coil and across the median—acceleration—plane—facing surface of each coil to
substantially reduce or eliminate strain on the coils due to decentering forces and
without an intervening cryostat between the magnetic yoke and the coils, wherein
the magnetic yoke contains at least a portion of a beam chamber, wherein the
median acceleration plane extends through the beam chamber, wherein the
magnetic yoke includes a plurality of sector pole tips that form hills on each side
of the median acceleration plane and valleys between the hills, where the hills
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and valleys are positioned with a constant sector periodicity that produces an
azimuthal variation in the magnetic field generated in the median acceleration
plane, wherein the hills are radially separated across the median acceleration
plane by a gap that is narrower than a gap that separates the valleys across the
median acceleration plane, wherein the superconducting coils and the physically
coupled magnetic yoke are configured to generate a radially increasing magnetic
field that is at least 6 Tesla at an inner radius for ion introduction and that is at
least 7 Tesla at an outer radius for ion extraction in the median acceleration
plane when the superconducting coils and the magnetic yoke are cooled to a
temperature no greater than 50K and when electric current is passed through the
superconducting coils at the coils' critical current capacity, and wherein the
azimuthal variation in the magnetic field produced by the hills and valleys
provides a restoring force orthogonal to the median acceleration plane to counter
an inherent instability of an ion accelerated by the radially increasing magnetic
field; a cryogenic refrigerator physically and thermally coupled with the
superconducting coils and with the magnetic yoke; and a cryostat mounted outside
the magnetic yoke and containing the coils and the magnetic yoke inside a
thermally insulated volume in which the coils and the magnetic yoke can be
maintained at cryogenic temperatures by the cryogenic refrigerator.

A 2| A 7% 87
o] 53 CRYOGENIC LOW NOISE AMPLIFIER
£ Callisto France 4371 EP
535H3E 2619901 EH4d 2011-09—-20
71% %o FZ 27 CERE 5=
Aoz =3 AU 2011304354, EP 2619901, ZA 201302086, US 2013—-0249628, FR
- 2965129, WO 2012—-038400
A radiofrequency amplifier comprises a low noise amplifier (25) held in a
hermetic enclosure (11) of a cryostat cooled by a cold head (30) and in which a
mild vacuum is maintained. The low noise amplifier receives the signals from an
input coupler (23) and transmits the signals through an output coupler (26). The
input coupler (23) and output coupler (26) are embodied in respect of a
structural part with a material of thermal conductivity equal to or lower than
71& 8 oF 50W/m.K and in respect of an electrically conducting part by a plating on at least

one of the faces of said structural part of a material of electrical conductivity
greater than 10E7 Siemens/m. The cold head (30) comprises at least two stages
(302, 303) whose cold terminations (304, 305) are at different cryogenic
temperatures, a terminal stage (305) operating at a temperature close to the
temperature at which the low noise amplifier (25) must operate and at least one
intermediate stage operating at an intermediate temperature.
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Radiofrequency amplifier (10) for low power radiofrequency signal reception
device including a low noise amplifier (25) maintained in a hermetically sealed
space delimited by an envelope (11) of a cryostat in which space a reduced
interior pressure 1s maintained compared to the external atmospheric pressure,
said low noise amplifier receiving signals to be amplified from an input coupler
(23) crossing the envelope (11) in a sealed manner, and transmitting the
amplified signal through an output coupler (26) crossing the envelope (11) in a
sealed manner, said space being cooled by a heat pumping cold head (30) inside
the structure characterised in that in the radiofrequency amplifier (10): — The
input (23) and output (26) couplers are made, for a structural part, from a
material with thermal conductivity equal or less than to 50W/mK, and for an
electrically conductive part by a plating on said structural part made of a material
with electrically conductivity higher than 10E7 Siemens/m.— The internal pressure
in the envelope (11) of the cryostat, before its temperature is reduced,
corresponds to a low grade or primary vacuum pressure of between atmospheric
pressure and 10Pa.— The hermetic space delimited by the envelope (11) is filled
with a silicon based nano—structured thermal insulation in the form of an
aerogel.— The cold head (30) includes at least two stages (302, 303) whose
cold terminations (304, 305) are at different cryogenic temperatures, a base
stage (303) operating at a temperature close to the temperature at which the low
noise amplifier (25) must operate and at least one intermediate stage (302)
operating at a temperature between that of the base stage and ambient
temperature, a cold termination (305 of the base stage (303) being thermally
linked (315, 316) to the low noise amplifier (25) in order to implement heat
pumping of said low noise amplifier and an intermediate cold termination (304) of
the at least one intermediate stage (302) being thermally linked (314) to support
structures (27) or to internal elements of the amplifiers (10) in order to achieve
distributed heat pumping inside the envelope (11).
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Pulse tube refrigerator with tunable inertance tube
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An inertance tube for a pulse tube refrigerator which can be tuned to optimize
performance. Apertures in the inertance tube fluidly communicate the inertance
tube with a fluid reservoir. The effective length of the inertance tube is changed
by alternatively closing or opening the apertures. Changing the effective length of
the inertance tube causes a phase shift between the mass flow and pressure
waves in the working gas which, in turn, changes the acoustic power. Controlling
the phase angle improves Carnot efficiency. The cooling load capacity of the
pulse tube refrigerator is a function of the acoustic power.

Hx F7a

1. A tunable pulse tube refrigerator for cryogenic cooling, comprising: a pulse
tube having a cold end and a hot end, for containing a working fluid; a cold heat
exchanger for accepting heat from an external heat source, being in fluid
communication with the cold end; a hot heat exchanger for rejecting heat from
the pulse tube refrigerator, being in fluid communication with the hot end; a
pressure wave generator for generating pressure waves in the working fluid; an
inertance tube and a fluid reservoir for causing a phase shift between pressure
waves and mass flow in the working fluid, with the inertance tube having a
proximal end for fluidly communicating with the hot heat exchanger and including
an aperture being in a state comprised of either a closed state or an open state,
with the open state being for fluidly communicating the inertance tube with the
fluid reservoir; the inertance tube being coiled in a spiral around an axis; and a
bypass mechanism comprised of a plurality of elongated curved tubes, which are
also wound around the axis and are rotatable about the axis, for sliding over
different sections of the inertance tube, respectively, when the curved tubes are
rotated about the axis relative to the inertance tube, for changing the state of the
aperture, whereby the inertance tube has an effective length which can be
changed, to thereby change an inertance value which is a function of the effective
length.
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A dissipative device has a planar configuration with one or more resistor elements
formed on an insulating substrate. Conductors are formed on the insulating
substrate and are coupled to the resistor element(s) to transmit signals to/from
the resistor element(s). The geometry of and materials for the dissipative device
allow the conductors to act as heat sinks, which conduct heat generated in the
resistor element(s) to the substrate (and on to a coupled housing) and cool hot
electrons generated by the resistor element(s) via electron—phonon coupling. The
dissipative device can be used in cooling a signal to a qubit, a cavity system of a
quantum superconducting qubit, or any other cryogenic device sensitive to thermal
noise.

HE 37

1. A dissipative device comprising: a substrate; at least one resistor element in
contact with the substrate, each resistor element having first and second ends in
plan view and comprising a first material having a first electrical conductivity
value; and at least two heat sinks in contact with the substrate, one of the heat
sinks being coupled to the first end in plan view, another of the heat sinks being
coupled to the second end in plan view, each heat sink comprising a second
material having a second electrical conductivity value higher than the first
electrical conductivity value, wherein the at least two heat sinks are constructed
to conduct heat generated in the at least one resistor element to the substrate
and to cool hot electrons generated by the at least one resistor element via
electron—phonon coupling.
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Surfaces of magnesium—base alloy workpieces may be mechanically worked and
deformed to increase their resistance to corrosion, especially corrosion occurring
in the presence of water or water and salt or other corrosive media. Workpiece
surfaces that are to be thus protected are engaged in squeezing, sliding, and
frictional contact with a suitable burnishing or other working tool that traverses
the surface to compress and deform it and to refine the metallurgical grain
structure. For example, the grain size is reduced in a surface layer that may
extend to a depth of up to a few millimeters. And grain orientation is altered
within that depth. The tool is not employed to intentionally remove material from
the surface of the workpiece. The initial dimensioning of the workpiece may take
into consideration the alteration of surfaces by the mechanical working process.
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1. A method of producing a magnesium—based alloy surface layer on a surface of
a magnesium alloy article to improve the resistance of the magnesium alloy
surface to corrosion from contact with water, the method comprising: traversing
the surface of the article to be protected with a surface of a tool, by movement
of the tool or of the article, and applying cooling liquid at cryogenic temperature
to the article surface as the article surface is being traversed by the tool, the
tool surface being pressed against the cryogenically—cooled surface of the article
in sliding frictional contact to compress and deform the surface layer, without
cutting material from the surface layer, to a predetermined depth to change the
metallurgical grain structure of the surface layer, the tool repeatedly traversing
the cryogenically—cooled surface while progressively advancing into continued
engagement with the cryogenically—cooled surface, the changed surface layer
having greater resistance to corrosion than an untreated region of the
magnesium—based alloy article.
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A zirconium alloy for use in nuclear fuel assemblies is provided, which provides
increased resistance against oxidation and corrosion and also improved bonding
with parent material, because pure metallic material such as silicon (Si) or
chromium (Cr) is evenly coated on the surface of the parent material by plasma
spraying. Because the plasma spray coating used to coat the pure metallic
material on the zirconium alloy does not require vacuum equipment and also is
not limited due to the shape of the coated product, this is particularly useful
when evenly treating the surface of the component such as 4 m—long tube or
spacer grip arrangement which is very complicated in shape. Furthermore, because
the coated zirconium alloy confers excellent resistance to oxidation and corrosion
under emergency such as accident as well as normal service condition, both the
economic and safety aspects of nuclear fuel are improved.
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1. A method for fabricating a coated zirconium alloy article, the method
comprising steps of: pre—treating a surface of a zirconium alloy parent material
(step 1);providing a pure metallic material of silicon (Si) or chromium (Cr) in
powder form (step 2);maintaining a distance between a plasma gun and the parent
material at 10 cm and plasma spraying only the pure metallic material of Si or Cr
on the surface of the pre—treated parent material of step 1 with the plasma gun
(step 3) to form a coating layer on the pre—treated parent material;
andthermally—treating the coated parent material coated in step 3 in an inert
atmosphere (step 4) to create a diffusion layer comprising zirconium and the pure
metallic material of Si or Cr between the parent material and the coating
layer,wherein the pure metallic material of Si or Cr is coated on the parent
material to a thickness ranging between 20 um and 500 pym to form the coating
layer, and the thermal treatment of step 4 is performed at 350° C. for 4 hours.
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An advanced reflexive structure system is disclosed. The reflexive system mimics
the pain withdrawal reflex on which the human body relies. The reflexive system
incorporates a continuous health and performance monitoring system via an
embedded dielectric film, an adaptive composite structure based on shape memory
composite material, and an intelligence system which will be interfaced with both
the health/performance sensors and the adaptive structure. When activated shape
memory polymer will recover its structural integrity via shape recovery and a
reptation healing process. These features enable the use of SMP as an adaptive
structure in the proposed reflexive system. The development of a reflexive
system for structures will enable increased safety and security and demonstrate a
better understanding of integrated performance systems. This reflexive technology
could find immediate implementation on all current and future systems and future
implementation on platforms such as the International Space Station, Lunar, and
Martian habitats.

HE T

1. A self—healing system comprising: at least one composite panel formed from a
cured product of stacked plies, the stacked plies comprising: a first ply of an
adaptive structure comprising a shape memory polymer chosen from thermoset
shape memory polymers and thermoplastic shape memory polymers;a second ply
comprising an array of heater sections formed from a matrix of discrete heating
elements, wherein each discrete heating element is configured to heat a region
corresponding to a single heater section; anda third ply comprising a sensor grid
array;a damage detecting system that sends a waveform to the sensor grid array
and receives a response from the sensor grid array to produce a data set;a
control system that analyzes the data set to determine at least one damage
location of damage to the at least one composite panel, determines a target
healing area based on the damage location, and selectively activates and
deactivates individual heating elements of the matrix of discrete heating elements
to cause localized heating in the target healing area that activates a combination
of self—healing mechanisms in the adaptive structure, the combination of
self—healing mechanisms comprising shape memory effect and reptation.
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An environmental protective coating (“EPC”) for protecting a surface subjected to
high temperature environments of more than 3000 degree F. The coating includes
a dense platelet lamellar microstructure with a self—sealing, compliant binder
material for holding the platelets together. The platelets may be formed from
materials that are resistant to high temperatures and impermeable, such as
71& 8 9F ceramics. The lamellar microstructure creates a tortuous path for oxygen to reach
the surface. The binder material includes engineered free internal volume, which
increases the elastic strain of the EPC. The binder is softer than the platelets,
which in combination with its free volume increases pliability of the EPC. The
binder may have sufficient glass content and glass—forming content for initial and
long—term sealing purposes.
fEsd
1. A coating for protecting a surface comprising: heat resistant platelets arranged
in layers on the surface;a compliant binder between the platelets and the surface;
qE X3 andelongate voids in the binder having a generally rectangular cross section so

that the binder material is formed into axially spaced apart elongate layers
connected by axial web members.
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