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from x rays generated by impacts of en-
ergetic electrons. These shields must be
thick [typically 2 to 3 ft (about 0.6 to 0.9
m) if made of concrete] and are there-
fore expensive. They also make it diffi-
cult to bring large structures into and
out of the curing chambers.

Currently, all major companies that
fabricate composite-material spacecraft
and aircraft structures form their
layups by use of automated tape place-
ment (ATP) machines. In the present
improved method, an electron-beam
gun is attached to an ATP head and
used to irradiate the tape as it is
pressed onto the workpiece. The elec-

tron kinetic energy between 200 and
300 keV is sufficient for penetration of
the ply being laid plus one or two of
the plies underneath it. Provided that
the electron-beam gun is properly posi-
tioned, it is possible to administer the
required electron dose and, at the
same time, to protect personnel with
less shielding than is needed in the
prior method. Adequate shielding can
be provided by concrete walls 6 ft (≈1.8
m) high and 16 in. (≈41 cm) thick,
without a ceiling.

The success of the present method de-
pends on the use of a cationic epoxy as
the matrix material in the prepreg tape,

heating the prepreg tape to a tempera-
ture of 50 °C immediately prior to layup,
and exposing the workpiece to an elec-
tron-beam dose of ≈2 Mrad. Experi-
ments have shown that structures fabri-
cated by the present method have the
same mechanical properties as those of
nominally identical structures fabricated
by the prior method with electron
beams of 3 to 4 MeV.

This work was done by Catherine A. Byrne
and Alexander Bykanov of Science Research
Laboratory, Inc. for Marshall Space Flight
Center. Further information is contained in
a TSP (see page 1).
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Aluminum-Alloy-Matrix/Alumina-Reinforcement Composites
Relatively inexpensive, lightweight composite parts could be substitutes for some superalloy parts.
Marshall Space Flight Center, Alabama

Isotropic composites of aluminum-
alloy matrices reinforced with particu-
late alumina have been developed as
lightweight, high-specific-strength, less-
expensive alternatives to nickel-base and
ferrous superalloys. These composites
feature a specific gravity of about 3.45
g/cm3 and specific strengths of about
200 MPa/(g/cm3). The room-tempera-
ture tensile strength is 100 ksi (689 MPa)
and stiffness is 30 Msi (206 GPa). At 500
°F (260 °C), these composites have
shown 80 percent retention in strength
and 95 percent retention in stiffness.
These materials also have excellent fa-
tigue tolerance and tribological proper-
ties. They can be fabricated in net (or
nearly net) sizes and shapes to make
housings, pistons, valves, and ducts in
turbomachinery, and to make structural

components of such diverse systems as
diesel engines, automotive brake sys-
tems, and power-generation, mining,
and oil-drilling equipment. Separately,
incorporation of these metal matrix
composites within aluminum gravity
castings for localized reinforcement has
been demonstrated.

A composite part of this type can be
fabricated in a pressure infiltration cast-
ing process. The process begins with the
placement of a mold with alumina partic-
ulate preform of net or nearly net size
and shape in a crucible in a vacuum fur-
nace. A charge of the alloy is placed in
the crucible with the preform. The inte-
rior of the furnace is evacuated, then the
furnace heaters are turned on to heat the
alloy above its liquidus temperature.
Next, the interior of the furnace is filled

with argon gas at a pressure about 900 psi
(≈6.2 MPa) to force the molten alloy to
infiltrate the preform. Once infiltrated,
the entire contents of the crucible can be
allowed to cool in place, and the com-
posite part recovered from the mold.

This work was done by Uday Kashalikar
and Boris Rozenoyer of Foster-Miller, Inc., for
Marshall Space Flight Center.

In accordance with Public Law 96-517,
the contractor has elected to retain title to this
invention. Inquiries concerning rights for its
commercial use should be addressed to:

Foster-Miller, Inc.
350 Second Avenue
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page number.

Fibrous-Ceramic/Aerogel Composite Insulating Tiles
The best features of aerogels and fibrous ceramics are exploited.
Ames Research Center, Moffett Field, California

Fibrous-ceramic/aerogel composite
tiles have been invented to afford com-
binations of thermal-insulation and me-
chanical properties superior to those at-
tainable by making tiles of fibrous
ceramics alone or aerogels alone. These
lightweight tiles can be tailored to a va-
riety of applications that range from in-
sulating cryogenic tanks to protecting
spacecraft against re-entry heating.

The advantages and disadvantages of
fibrous ceramics and aerogels can be
summarized as follows: 
• Tiles made of ceramic fibers are

known for mechanical strength, tough-
ness, and machinability. Fibrous ce-
ramic tiles are highly effective as ther-
mal insulators in a vacuum. However,
undesirably, the porosity of these ma-
terials makes them permeable by

gases, so that in the presence of air or
other gases, convection and gas-phase
conduction contribute to the effective
thermal conductivity of the tiles.

• Other disadvantages of the porosity
and permeability of fibrous ceramic
tiles arise because gases (e.g., water
vapor or cryogenic gases) can con-
dense in pores. This condensation
contributes to weight, and in the case


