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Mississippd Stale University is investigaling
key elerments in the developrment of a dam
age tolerance plan for mulifunctonal com
posites that accounts foe koss of stroctural
integrity as well as degradatioms in muli
functionality, While the effect of inservice
or discrete source damage on composile
structural integrity is reladvely well under
stood, the effect of damage on safery-of
Might aspects of multfuncionality remains
10 he explored. A crucial consideraton i
for cases whete loss of mission-critical oom
pasite lunctionality cecurs while strucoural
e85 must
addressed if the full weight-saving poter
of multiflunctional strectural compasites is
10 he realized.

The Air Force Institute of Technolog
continues o work on the bickogical charac
teristics of o Manduca sexta for ag LN
10 a Mappin ing micro air vehicle. The
tearmn has dissected the species and studied
the thorax o evaluate the dorsal veniral
muscle and determine its lifing ¢ r. This
liny creature, appropeiately 1.5 g in rmass,
ain produce a lifing power of 73 Wkg. Iis
thomx/wing structure can be modeled as a
mechanical spring system. Loads applied o
the thorax by the flight muscles cause com
pression, which in tm wes the wings
through hinges on either side of the thorax.

Carb nanotube, graphene, oxide
nanoparicle, and nanoclay-reinforced poly
mer nanocomposiles research continues at
Michigan Technological University (MTL)
and MIT, which are collaborating on mod
experiment comparison and  correl:
across length scales for next-genen
composiles for NASA applications, MIT is
working on lasge-scale hulk stroctured ma
tetials that have nancscale reinforcement
and take advantage of nanoscale physics.
MIT and Metis Design (MDC) have collabo
rated on Air Force and Navy programs o
leverage muliifimctional nancengineered
larminate properties for ice protedion sys
tems and souctural  health monitoring.
Nanomaterals are literally geting bigger as
evidenced by the recent MIT-MDC full-scale
test of a nanoengineered composite,

Arizoma State researchems are synthesiz
ing novel muldfunctional core-shell com
pasite particles, compaosed ol 2 polymeric
core andd an morganic shell, which are
responsive o environmental damages. The
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new rmalnix system that uses poly Gonic g
will replace the traditional epoxy,
ing addigon: wing and healing

benefits 1o composite structures under sery

ice conditions.

ALNASA Glenn, ‘srmart materials' are be
ing used w achieve performance improve
ments, Stdies have shown that substangal
giing in engine noise, fuel effidency, and
emissions can be achieved not just by in
creasing material propedies but alse by in

clural compoments
could remain as those of wday, bat could
then be used in comliguraions that take ad
properies oplimized 1o spedfic
environments, Analytical and experimental
methods on piezoeledrsic blade vibra
damping have produced the first suc
demonstration of vibra damping on
GE's GEnx engine cormpasite lan blades.
The damping levels ac ed lead to re
duced dynamic stresses. New composilions
have been developed to extend the tem
perare capability of high-performance
piezeelectrics to near 400 C
The Structures and Materials Division at
Glenn has established the NASA Multiscale
Analysis Center of Excellence, o develop,
integrate, and vali
date physics-based
maodels the as
sociated muldscale
compautational de
sign, analysis, and
oplimization o
requitedd 1o make
these models ac
cessible o the en
gineering 1 ma
terials science communities. Working with
industry (GE Aircraft Engines, HyperSizer,
Firehole Composites) and academia (Uni
versity of Michigan, Mississippi Ste, Uni
wy of Alabama, Miami University, Clark
. NASA is developing methods and
wols for advanced composites (PMCs,
CMCs), high-temperaure mewllic allo

and smart (piezeelectric, shape memory al

loy) materials that ink microstructure-scale
mechanisms o structural  performance.
Prajects include modeling of lightning dam
age on PMGs, deformation and Muiguee life
prediction for hot engine component
CMCs, eflicient muldscale microstructural
maodeling of nickel-based superalloys, and
development of nano-informed damage
maodels for polymer matnix maeals. &

Antickg mas demovstratad an
unmnanined air system oanmsurfoe.
Left: Acaswioce (whits) with
N madified egions. Righ
Dedcing during doe tvned testh
Courtasy: MIT and NOC
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