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INTRODUCT TON

Advanced aaronauti cal structures  technology &t  NASA
E PV CT CHTIED G405 55 62 8 “ohodn the  technology base  and projects
wpmnwmr@d By Lhw Aircratt  Energy Efficiency (ACEE) Froject
Dffice. Base technology research includes mechanics of
compusite  structures, crash dynamics, and landing dvnamics.
ACEE pruﬁurt" involve development and fabrication of selected
composi te structural components  for itsting commercial
L.mnbpurt alroratt. The  technology  emanating  from  this
research  ig 4 to result in airframe structures with
iLmproved ef fici X

TECHMOLOGY

Mechanics of Composite Structures.— dircratt struc turses
fabricated from composite materials which incorporate graphite
o Feviar  filaments  emnbedded in arn  epoxdy resin matrid can
Frave aubstantial I ower thian equivalent metal
structures ot bLIUtLhFH mass can lead to reduced
el Cwmsurmti trcre: perf ormance. NASHA  base
technol ogy harnics of composite structures are
primarily Fmguhﬁzd an advancing technology to introduce these
structur into  commercial transport aircoraft.  This work is
illustra in figure 1 and  include:s resesarch on design
technology, damage tolerance, behavior of structures with
buckled sl (post hurrllnq) and  analvtical methods
(rionlinear aral i It Jn(Judw% raesearch oan
fundamental pro failuwe 'xll“%&%ﬁ design,
structural  joints Les, fatigue and
fractwe, non-d htects of service
sy e onment . AL E iled configurations of
laminated, filamentary N Rl R T ol they axhibit
Plure  modes  which  are unk netal struchures. These
lure modes must  be arnd uwnderstood  so that
nnnfh mrediction  analy developed and validated.
Example ...... of such  failure illustrated in figures 2
- Recent sl b roh oare contalmed in

ence 1.

shural

matiix P
evaluation, and
the  detb
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Certain types o damage can  saveraely reduace the
load-carrving ability of th i lru:cht z For example,
impact damage  from runway  debris can cause del amination or
cther internal  damage, s not  detectable by visual
examination, which can be very deletericus 1 qr concepts
are neesded which tolerate damage in the sense that the damage
is  contained within & local rore and damage propagation is
Limited. Research is  in progress on faill-safo structuras,
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that is, structuwral arrangements which incorporate sufficient
redundancy  to  carry ‘&2 loads  in the event of failure of
selected structuwral elements.  The objective of this effort is
to provide technology to design structures which can function
in damaged o partially failed conditions until a safe landing
and possible repairy can be accomplished.

&

atuwres  in comnposite structures
can be seriously weakened by fastener
ized load esccentricities  that cause
i arnd shear Research is
s Th govern jolnt failures and
o predict strengths and fatigue lives
jeints.

Joints are oritical ez
because the matarie
holes &l by
through-—-the-thickr
underwe to unde
to develop proceduwrass U
of beolted and bonded

= aeh 18 also undesrway to find resins with isproved
toughness, molstuwre resistance, and processability.  Research
on  fatigue of thick-section composite structures is underway
along  with in-depth studies of fractwe and crack growth
OrOCeEss sonil o methods of non-destructive evaluation
at e studied theorstically aricl dmentally to gain
understanding  of their use for ive analysis  of
proper-tiss  and integrity of composi te: searrch is underway
to detsrmine long-—time duwrability of composites under sxpscted
SEr Y e b, Fimalls ; Y ] nonlinear
behavior of : include
buckled skin bebavior and

Do

Crash  Dyrmami s
aviation alrcratt has be
S M) Y97E, & total
performed  on various :
mi.litary helicopbers T bhis progeamn
prl s ared @ |

by an orash dynamics of general
underway alt Langl roh Center
TEOFuil ale have been
aviabtion aircratt and
a data base of crash
developed to provide
it ative dwirami o for wse in design of

itrframe structure as  well zl 1 oor, 25l and cooupant
restiraint ey structure. I addition, Load-Limiting
aubflaoor struactural concepts and L concepts have been
devel oped which can reduce dyvrmamic loads to occupants in crash
situations by as much as 90 percent.  This work is illustrated
in figuwe 4, and results  on crash pulesess are contained in
raterence .

crash

The general aviation corash  dynamics program is phasing
ety ancd attention is now being focussed on crash dynamics of
transport  airoraft. Im cooperation with the Federal Aviation
Administration (F a0 & Full-scale remotel y-piloted
air—~to-ground crash  ltest ; plammasd using & Boeing 720
transport ailrcraft. The purposes of  this  test are to
evaluate & Ffuel antimisting tobo prevent fuel fires in
crashes  and to acguire fundamental crash response daeta from
Alrfreaime, seat and  restraint systems. and occocupant dunmies.
The airfra R 1B @HPE c y provide & metallic baseline
for fubture research on crash dyvnamics of composite structuwres.
~ gram on crash dynamics of composite structures
iamplenanted. The approach is very tundamental and




includes sysltematic tes and analvses of structwral elements
and components. Initial tests of abrasion of aluminum and
compasite elements are in progress.

Landing Dyrmamics. — The puwrpose of landing dynamics
research is  to provide techrnology for safe, econoamical
all-weather aircraft ground operations. The scope of the
etfort 1 illustrated in figuwe 5 and incluwdes investigation
of  tire mechanics  and tire pro ~ties, operational problems
such  as  runway  traction and steering response,  data and
asoftware for  ground  handling  simalation, arnd  new landing

imciuding activelv-control led landing gear  and
air-cushion  landing gear. In addition, research is conducted
on dymamics of brakes and anti id svstems and definition of
landing hazeards such as low  altitude tuwbulence, runway
slipp s, and bire blowoubs.

ayat e

Pl @i b
Furndamental eipe
properti
arnal ysil s

ig being placed on  tire mechanics.
iments are plarned to measwre tire mechanical
and  to develop tire mathematical modeling and
s technology. A actively-controlled landing gear can
reduce  fatigue damage and lmprove ride guality in ground
LT W The concept may b slicable to large, flexible

o rlf ] Fighter aircraft which must negotiate
ged and repaired runwavs. Development of such a gear
o the point where a flight or taxi test is needesd to
icats  the concept. Arlroratt Landing Dymamics Facility
Langl ey (Fig. &) being upgraded to incresse speed
pility  From 110 o 220 knots and bto inore the

be tested.
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ATRCRAFT ENERGY EFFICIENCY PROJECT OFFICE

Frojects sponsored by the ACEE Project Office involve
gdevelopment  of selected structural components for edisting
commercial  transport ailroratt. The transport manufactuwrers
redesign the components with composi tabricate
SEveEr al articles arich P f o m ground
gqualification tests, argt in some place conposite
structural  components into alrline service The objective of
this program s dndicate on figure 7 along with aspechts of
technology and confidence being addressed.

Ui

i APEEC 1 dsm bto start
components, that is, compornents
flight. Subsequently, so-call
addressed,  that is, components
stabilizers. Firally, 1&g

wilth secondary structuwral
rnot critical to satety of
mediwn primary structure is
such as empennage fins and
te primary fuselage and  wWing
components  are to bhe  addr 1. The secondary component
progerams  are complete, and lected articles are in flight
service on comnercial  airliners (ese filg. 8. The articles
includes rudders on Douglas  DUE-10 zdroraft, allearaons  on
Lockheed L—-1011 aircraft, and elevators on  Boeing 727
aircraft. The medium primary componesnt programs have passed
through development, design, and fabrication phases and have
conpleted  &il  ground gualifi The large primary
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comporent REograms are just getting uwunderway in study
contracts with the transport manufacturears.

The mediuwn primary structuwal component programs sponsored
the ACEE  Froj - fice are illustrated in figwe 9 and
S OMP & the wvertical stabilizer for the Douglas DC-10, the
tical  Finm for  the Lockheed L-1011, and the horizontal
stabilizer for  the HBosing 7. & oprincipal element in the
program Yo @ach component is an extensive ground test series
o full size structure. The programs for two components. the
TE7  horizontal stabilizer and the DE-10 vertical finm, include
ground  tests  and Flight checkout For FAA certification.
Following . 4ic&timn the manwfactuwrers are eypected to
plﬂre the : i airline flight qmrvirpu The ground
""" e g = fﬁ' ﬁhfaa components, therefor are essential
irs ' rnmpllunLL witi FHH certifticaticon
Juirements, e ; . onponents ranged from 28 to 28
pEr cent lower i tharn  the comparable  aluminum
components. A 29 roent raduction in structural mass for the
tota airplan pacted to correspond bto reduction in fuel
corsumpt L on “ 12 to 1% percent. The ground test exdpasrience
From these mediuwm primary components was very 111umiﬁatiﬂg.
Ir all thres cases initial ground testing resulted in
Lructural i Lure at 1l than h[hxmatm desiagn load.
wiseguent stigation and analysis of ‘ failwe revealad
sigrnificant mons  For Fectlve use composttes 1n large
=ty c\_x¢urtu..~3£-';:e structures do not

Yz vht, ion of local

: eccentricities,
stiffrness changes, and discontinutities in

_Iuhgﬂu.t shructur
C Tike metal structure
dsn is difficult to

irregul e shap:

BT"UC:(ri contiguration calse through-the-thickness

gnsion and  shear. Comia
susceptible to failuwre wunder
conditions. Sources, pots of such
secondary  stresses need to be  thorouwghly  understood  and
accounted for to arrive at safe designs. Design modifications
shirwctural compornents, and all
fully completed. Additiconal

med in reterence .

sbructwes are particularly
t inter]
magni tudes., and &dAd

AL rar stiress

bies

Mave peoen made on &ll the
ground tests have now
detail on these programs

COMNCLUDING

Research 1in  composi 2 ] crrash dynamics, and
Landing dynami o is producing (FLHﬂDlﬁqy for improved
aerchnautical  structuwres. DHafetv-reilated research in progress
o filamentary composite struactuwres  includes understanding
fallure modes, bonded and bolted joints norn—destructive
evaluation, arch envivronmantal eftects,. Crash dynamics
rasearch  has  produced corash pulse data, structural concepts,
and seat concepts which can 1ncrease ocoupant swurvivability in
ganeral aviation alrcradt crashes. Landing dynamics researach
on tire mechanics, runway tractian, tire blowouts, low
altitude twbulence, and actively-controlled gesar can lead to
improved safebty.

b

Transport manutachurars are challenged to develop



cadpos te components and © Oty selected articles for fFlight
with sl ve ground t oprograns. Theouoh this proc 3
the  manudactuarers  are validating  the reduced mass
reneditea poe : 2 structuwres  and
valwe Cion, and certifi
of e tur for  commercial
T ar ot
Lean
mei it

terms oF
o bec

) i the past
sournd stractuwral engingering in
and  qualification testing
techrology.
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Figure 1. Research on mechanics of composite structures.
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Figure 2. Local delamination failure mode in a 48-ply composite plate under in-plane
compression load.



Figure 3. Shear crippling failure mode in a composite plate under in-plane compression §
load. . |
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Figure 5.

Aircraft landing dynamics research.
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Figure 6.

Aircraft landing dynamics facility at Langley Research Center.
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A C E E COMPOSITE PROGRAM

OBJECTIVE
PROVIDE THE TECHNOLOGY AND CONFIDENCE SO THAT COMMERCIAL

TRANSPORT MANUFACTURERS CAN COMMIT TO PRODUCTION OF

COMPOSITES IN THEIR FUTURE AIRCRAFT:
SECONDARY STRUCTURE - 1980 TO 1985

PRIMARY STRUCTURE - 1985 - 1990

CONFIDENCE

DURABILITY /WARRANTY
© QUANTITY COST VERIFICATION
°© FAA CERTIFICATION

AIRLINE ACCEPTANCE

TECHNOLOGY

© DESIGN CRITERIA, METHODS AND DATA

© QUALIFIED DESIGN CONCEPTS

© COST COMPETITIVE MANUFACTURING
PROCESSES

(o]

o

Aircraft Energy Efficiency (ACEE) Project Office composite structures

Figure 7.
program.
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Figure 8.

Aircraft Energy
components.

Efficiency (ACEE) Project Office transport secondary
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9. Aircraft Energy Efficiency (ACEE) Project O0ffice transport
components.

medium primary
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