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A REPORT OF A CONFERENCE Olf
ADVANCED COMPOSITES =~ AN ASSESSMENT OF THE FUTURE

June 10-11, 1975

THE_CONFERENCE -- IN SUMUARY

. The conference was held to evaluate the current status
and future commitment to ccmposites by government and
industry. This reassessment, the first cince Project RECAST
in 1972, was felt nceded because of an apparent transition
in the acceptance of composites. Whereas composite applica-
tions prior to 1972 were largely of the material rcplacement
category, aircraflt are beginning to have composite secondary
structural components in their bascline design., Yet, their
extensive acceptance for secondary structvrce and thoir
.growth to priwary structure apy::réd to Va reaching ncw
obstacles. Thus, it wes opportune to have the manageaent
of government agencies restate their progress end commitment
to the development of composites and to have industiial
management define their concerns ind requirements to commit

to the future usc of composites.

The most significant result of the RECAST study of
1972 was that the barriers te increased uvtilization of

composites were confidence and cost, Ac a consequence,

government programs since that time have cmphasized substi-

tution type flight demonstrations of ccmposite airceraft
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components and the development of manufacturing methods

to reduce delivered cost.

The results of the 1975 assessment again identified

confidence and cost as the major factor: inhibiting the

future use of composites. Currently, however, cornfidence
exists in applications to seocondary structure, wherecas
additionzl demonstration programs of primary structure
are stil) required, including their continued operation
in the service envirorment. The reemphasis on cost
includes not only the cost of a delivered component,, but
also a verification of assumed monufacturing learning

curves, certification costs, and meintenance ccsts during

THE_AGENCY VIEYiIQINTS

One characteristic of the agency statements was the
consistent assurance of the potential perflormance lhenefitv
of advanced composites. Virtually reogardless of the
applicction, each agency readily identified composite
components which rqﬁulted in weight reductions of from
15 to 50%. To utiliée a composite material in the final
item or component it must be proven to bz cost effective.
The value of weight saved depends on the application,
varying from 6 cents per pound for simple bridges to
$50 to 3200 per pound foi aircraft to $1000 or more per

pound for space vehicles,



o A
» pAGE
ORIGINAL Ty
. L3 OF Pl““ QUA
The sumnmaries which follow emphasize the assessment
and commitment to the major application= of ecach agency.
Each agency stated a parallel commniiment to increcse the

predictability of the performence of composite structure,

ARMY STATUS AND COMMITIENT

Army applications includc the complete spectrum of
systems from aircraft and missiles to ground vehicles and
civil engincering systems. Some of the current Army
compenent programs intended tc demonstrate the uscfulncss
of acdvanced compesite materials are listed in Figure 1.

The application of advonced composites to new designs
has been conservative and cavticus beccuse of the lack of
conflden e in cost end 1on¢~tﬁr; durability. The Advanced
Development Programe listed in the firat lfigure will
evaluate structural concepis using advanced composites

in & more liberzal mannar to explore their full potential.

In addition to the Advanced D;VeIOpment Program, thc
Advanced Structures Technology Demenstrator (ASTD), showm
in Figure 2, will meke maximwn use of advanced composites
in its baseline design and provide a test bed for component
structural test and service evaluation. The ASTD aireraft
is intended to overcome the limitaticns of replacement
componei:ts and demonstrate the synergistic effect of
advanced composites on the rcduction of structural weight

fractions, design gross weight, and installed horsepowcer.
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A preliminary design study is nearing completion to develop
structural concepts for a medium-range utility helicopter

prototype.

The culmination of the advianced composite design,
fabrication and test programs is the installation of
components on aircraft for flight evaluation. The Army
plans for coumponent and proilotype flight is included in

Figure 1.

Perheps the most radical departure from conventional
military operations in the pacst two decades has heen the
growiang trend towsrd air mobility, with the resultant

tactical reliance on the helicopter. Implicit in this

.trend is the need for lightweipght, cost-cfective
E & ] H

‘reliable helicopters and the field equipment and motericl
I qQuip

to bLe carried Ly them. Thus, 2 much greater use of
advanced composite materials will be macde for applica-

tions, such as those listed in Figure 3.

For coet benefits reasons, most of the current appli-
cations for advanced composites have been to meet aerospace
requirements, and most of the Army applications have been
for helicopters. This is reflected in the current status
and future plans for the use of compesite materials in

Army helicopters as shown in Figure 4.

The prihcipal Army effort in the area of designer/user

con.fidence has been the deterioration program. The objec-
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- tive of this program is to predict and prevent chemical

and machanical deterioration in fiber-reinforced composites.
The concept is to take well-characlerized composite
materials and measure their properties before, during,

and after environmental exposure. Another area of iuvesti-
gation requiring user confidence is that of composite
material damage tolerances In an experimental evaluation,
it was shown that hybrid composites containing Kevlar and
graphite are superior in damage tolerance to metal

components =-- and save weight

The major emphasis for cost reduction in advance
composite materials 1s the manmufaecturing technolegy disci-
pline. Some of the Army's recent cfforts include autonated
'tape lé}Jp and filancnt winding of large, complex seclions
of helicopter structure; & machine designed to utilize
composite broadgoeds for the layup of wide parts or complex
components with ribs and stiffencrs; the use of ¢ cost
‘Hot layup Tocling (HLT) to fabricate compley: ecemposite
structural componente; the microwave curing of thick
composite sections, :urh as rotor blade root ends and tank
armor applications (cure time reduced {rom 16-20 hours to
2 hours); and the Pultrusion process for the forming of
composite reinforced constant cross-seciion channels or
shapes,

Recent developments in graphite reinforced aluminum

matrix compesites makes this material attractive for Army



‘applications., Based on the utilization of a low=-cost
grephite fiber ($5-$10 per pound) and the development of
a continuous wire/tape production precess, the futurc

cost of Gr/Al composites is predicted to be competitive.

. Several Army Gr/Al composite developrent and manufac-
turing techn-logy programs are under way or planned,
including the construction of a Gr/Al wire production
facility and the fabricaiion of crown frames and trans-

mission housing stiffeners for the CH-A7 helicopter.

Future Ay progrém efforts will be di:acted toward
both resin matrix and metel matrix composites development
and opplication for aircraft, as well as missiles, surface
‘vehiclc3; bridping compenentsg, protective equip.eﬁt and

Weaponry.

AVY STATUS AND COMMITITNT

The Navy invelvement in advanced composite aevelopmcnt
began in the early 1960's with the evaluation of composite
materials and feasibility demonstrations. By 1970 this
technology base begﬁg feeding into programs concerned with
small aircraft component develoﬁmcnc. Several of these
components, which are currently under construction and
evaluation, are listed in Figure 5. These applicaticns
offcr a potential weight savings ranging from 8% to 54%
and a cost reduction of 17% to 30%. Valuable information

for future aircraft designs'will be obtained in the arcas
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-af comédhent reproducibility, production quality control,
cost, operational durability, maintenance experience,
repair techniques, redesign recommendalions and problem
identification., The Navy is aluo evaluating battle damage
tolerance and containment design conccptn, ineluding

fuf.«scale component testing.

The data and experience gained under these programs
are currently providing the bLasig for the lary. rrimary
structure component designs showvn in Figure 6., These
designs make extenelve use of Graphite/Eporxy (Cr/L)

corpceites in sccondary and primary stiucture.

Advanccd composite feasibility is flirmly establishcd,
‘The‘preéont (question is thelr practicality, acceptability
and exte.t of usc. Compositesa technuology musi now rely
on linited service data, soft or questionable cost ectimates,
metal backup designs, long development lead time, and a
variable industrial state-of-thoe-  rt. Near te:rm production
applications are the Key to advanced composites maturity.
The critical technical/confidence factors are: (1) adequate
design and fabrication techﬂology, (2) long~term service
durability, and (3) greater credibility in production and
life cycle costs.

The current Navy commitment to Gr/E advanced composites
for airframe applications is characterized by selected

components of secondary structure, full depth honeycomb
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primary- structure and flight critical primary structure
where accessability, mctal rgll-back, cost and schedule
are satisfactory. Advanced design Navy aircraft being
considered for advanced composites include the F-18,
Advanced Harrier and V/ST0OL concepts. The current F=18
design includes Cr/E in about 137 of the structural weight,
More extencive usc of these composites is expected in the
V/STOL type aircraft due to the increaced propulsicn
weight which ploces a premium on airfram» weight reduction,

as showa drematically in Figure 7.

Extensive use of composites in future Navy systems is
dependent on a data basc of mechanical properties, environ--
mentel effects, fabrication chiracteristics and functional
facﬁors. Navy composite evaluation progr ns will emphacice
the areas identified in Figurec &, particularly as they

relate to the marine environucnt.

Otﬁor composite systems under Javestigation for specific
applications include: (1) B/Ti Composites for VIOL hot gas
exposures; (2) Polyimide resin matrix for high temperatures;
(3) Reinforced thermoplastics for low cost formed cheet;
and (L) Polyurethane protective voatings for resin mntrix
composites. Characterization is of particular impoirtance
in quality control and emphasis will be placed on the
evaluation of detection techniques to identify and control

the molecular structures concerncd.



The objective of the Navy data generation programs is
to establish a sufficient data base for the acceptance of
composites in future designs -- with confidence in their

performance and durability.

AIR FURCE STATUS AND COMMITMENT

The Air Force emphasis on confidcnee and cost includes
materials/manufacturing processes, component demonstrations,
service expericnce, life assurance, and conéeptual design
studies. A varliety of aircraft structural components are
being designed, fabricated and c¢valuatad, as shown in
Figure 9, to gain experience for prodvetion and flight
demonstiation. Other, more recent, component fabricatlo
.progrémg inelude the B-1 horizontal stabilizer, F-L5 cpeed
brrke,.F‘lll horizontal stebilizer and Advanced Developuent

Program torque box covers,

Thé Air Force in-gservice evaluations, listed ian Figure 10,
have greatly increcased confidence in the operaticrnal use of
advanced composites. Some performance difficulties have
been uncovered, such as thin skin damage, moisture incursion,
hole def'ormation, disbonds and maintenance damage. Correc-
tions have been relatively straightforward through design
and fabrication modifications, UIvidence indicates that the
ability to repair is excellent, but criteria on when to

repair are lacking.
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Anq&hbr potential u;; of advanced 6omposites is eﬁgine
components, such as fan blades, stator vanes, coupressor
blades and frame sections. In these applications, both
weight and cost reduction are iamportant and will be
exploite’, As showa in Figu:2 1), composites in current
military cnginec make possible a 30-40% component weight

and cost reduction,

The "first generation" of Air Force advance composite
structures were designed cn a material substitution hLasis,
The "second generation" of designing for composites duriug
the conceptual stage hzs been initiuted in the Light VWeight
Fighter forwarl fuselegc program and the B-l empennage and .

secondary structure prograuns,

A mejor cost reduction program includes the development
of new or improved materials an? Lanafucturdng metlhods.
Thesc¢ "major thrusts" in component cost reductlon wvrc
indicated in Figure 12. In particular, graphite reinflerce-
ment could be obiuinable at $7-S/}b. in the near future if
sufficient volume production could be achieved through

commercial applications.,

An item of growing interest to all is the amount of
energy required to produce aircraft components, Advanced
composites offer significant energy savings. For F-15

wing skins, advanced composites offer a 6-fold reduction in
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energy compared to aluminum and a 4f5-fold reduction -

compared to ti' .nium,

It is clear that the development of advanced filamentary
composites has progressed well beyond a materials technology
into a structural and air vehicle system technology. As
indicated in Figure 13, during the past five ycars, a
stable material basc and the ability to design stiffncas
eritical structures has emerged and sevcra) such components

have gone into pruduction,

Durirg the next five years, the ability will be
developed further to apply compesite materials to larger,
strength critical structures. Existing applicetions will
continue to evolve in alircraft, engincs, missiles, and
spacecraft. Compesive structurcs will come into actual

cost parity and begin to show as much as 15% cost saving.

Beyond the carly 1980's the opportunity for a substen-
tial, volume production of composite siructures will be
apparent. Designs for advanced air vchicles built pre-
dominantly from compcsite materiale will develop with a
significant departure from today’s vehicle designs and
production approaches, In this period, the airframe usc

of composites will grow from the current 5-10% to 40-65%,

In the near ter:., the factors to be addressed must
include structural certification strateg), detailed decipgn

of strength critical structure, low cost wanufacturing,
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materials, and aercelastic tailoring. At present, either
composite structure must be overdesigned or each article
must be proof lcaded to meet the requirements of the
Aircraft Structural Integriiy Program and Mil Spec 1530,
Life assurance technology must be available before the
general use of composite materizls in airframe structures

can become a reality.

The Air Force management options for comporitc structure
are ehovn in the very prelimintry roaduwap of Figure 4.
The pacing techno! zy in the midterw is the conversion of
the composite materials/structures potential into an
advance” ~ystema potentisl, Thiz could be accomplished
eithe. by a step by step cvolution through a conponent
mod £icatlon program or by experlmental demonsiratica
through demonstrator/prototype aireraft. The cmpunnap®,
wing, and fuselage replacevent components for the B-l and
F=16 aiveraft will be available in 1976 or 7y, The study
and preliminary design activities to support an advauced
design composite aircraft would also be definitive by
that time. A decision muct then be made either to coatinue
the step by step processes or move toward a complete
demonstrator vehicle. The fuselage components are a
continuing development for existing alircraft, whereas the
integration dumonstrator leads to the prototype/production

opportunity.
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Tre projected Air Force economic commitment to con-

"tinue the development ond transition of composite technolog
into system applications is show in Figurc 15. Exploratory
Development funds will be used for the technology base and
new technology leads, such as a moiabu;e resistant resin,

a fracture ar: ot mechaniocm, a new analysis techuique, etc.

A substantially incrcasecd progroa is planned to develop new
or improved,; low cost ranufacturing tochniques. Advanced
Development include. the Air Force's structural deimonstraticn
programs, the life acscurance rrograms, and the syotens

integration activitics,

In svmnary, while progrece has been substantial during
the firut half of this ducade, contimued developmert effort
will be required throvghout the rest of this decude. It
can be projected; at current inve:iment rates, that a
maturce adveiicad composite structures technology will exist
in the mid-cightics to which the fLir Force could confidently
‘commit a complete composite airframs to a producticn air-

craft progran.

.

NASA STATUS AND COMMI ‘j-'.‘t-’!NT
' The NASA advanced composites program, csummarized in
Figure 16, has emphasized confidence buviiding through an
on-going base technology activity, design and cost studies,
and hardware applications. The broad application goals

emphasize comuercial aireraft, but also include military

13
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aircraft, helicopters, alreraft engines, and space trans-

portation systems and payloads,

As shovm in Figure 17, a number of advanced composite
applicati:ns have becn made or are under study for a
varicty of spacc vchicles, Particulariy important is the
production use of several composite naterizls on the
Space Shuttle., Safety and reliability were factors in the
selecticn of compositez overwrapped tanks becavee of thelir
nondestructive failure modec. The specinlized use of low
coefficient of expunsion composites ic particularly well
suited (o space structurcs, such ar teleecopes, which

require precise dimensional stability.

_NASA has initiated a comprohensive program to impirove
the impact resistance of advaiced composite blades through
tha use of fibeyr hybridization and improved resin mete. lals,
and a more dactile mctal and larger diamctesr filers in
metal matrix cemposities. The improvement in impact resis-
tance for a large resin matrix blade is chown in Figure 1€,
An interdependent Air Force/NASA prograi Is directed :
towvard meeting the FOD requirements of B/Al composite

blades for the J=79 éhrine.

A significant effort is being develcd to determining
the effects of long-term environmental ciposure on the
properties of composite materials for ¢ 'rframe applications.

Stressed and unstressed samples are beln; exposed world wide
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.at several airports., Laboratory gimulation of ambicnt
and altitude pressures/temperatures and outdoor exposure
up to 50,000 hours, followed by testing of exposed
spccinens is presently underway on numerous t pes of

advanced compouites.

The NASA flight service programs, summarized in
Figure 19, are conducted to obtalin expecrience in the
design, manufacturing, and opcrationnl performance of a
varioty of aircraft components. The primary focus for
the flight programs 1s commercinl alreraft which allow
the accumulation of about 3000 hours per year of flight

time,

" The complexity of the demonstration compenents has
increased from th: early fairin;s, through progressively
more complicated secondury strucstuirz; to the reecently
initiatced L-1011 vertical teil program; shown in Figure 20,
Each of the commerciel aircraft "light articles iz TAZ
certified and flown by several séhcduled airlines. A total
of over 2,5 million flight hours vill be logged on these

~ components by 1982.' .

NASA's future advanced composite programs are primarily
aimed at twec applications. The first is a continuation of
programs to demonstrate low cost and long life and to gain
maintenance &and repair experience for applications to civil

aircraft and engines. The second supports the wide variety

15
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of devices used to go into, operate in, and explore and

exploit space.

A future commercial transport might consist of a
composite vertical tail and horizontal stabilizer, composite
fusclage, compesite nacelles, and o comﬁosite wing =~ in
other words, virtually the entire aiiframe could be of
advanced composites, Recent progress in producing FOD
resistant, advanced composite fan hlades has convinced
NASA that the required toughncss can be achioved., Thus,

a large portion of the cold end of the engine might contain
composites, At Jome later time, high temperature compesites,
such as eutectics and fibor reinforced superalloys, could

be used in the turbine (hot) end of the engline.

Thé payload of future'spac: ghuttles could be increased
by the incorporation of additional advanced ccuposite
components. Further in the future, a much grcéter payload,
second ge..eration space transportation system might have a
higher temperature, advanced compboite primary structure,

control surfaces, and tanks,

NASA has a firm commitment to continue the advanced
compousites, base technology program and an equally firm
commitment to conduct those demonstrations needed to assure
user confidence in performance and to verify predictions

of low initial and operational cost.
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A major program cuf;ently being planned is the design,
_ fabric;tion, ground test, and flight service demonstration
of an advanced composite wing, as shown in Figure 21, Flight
gervice will be demonstrated on a commercial transport with
a wing span of 80 to 100 fect and a targel weight savings

of 25%,

In addition to the composite wing, a program ie being
planned to apply advanced composites to a sizable section
of @& civil aircraft fusclage. The program is in its early
planning stage and would follow the wing. The initial
concept is to design, fabricate, ground test, and perhaps
fly a fuselage section some twelve fect in diametler by

about twenty-ive feet long.

NASi will continue to pursue its interest in applying
advanced couposites to the cold end ol the engine - with
most of this interest concentrated on fen blades., Muture
progroms would include fan blades, fan frame, and the
containment ring. The program would provide design,
component. development and ground tests, inecluding those

to demonstrate resistance to foreign object damage.

The application 'of composites to the current space
Shuttle has already been mentioncd, The goal of a recently
initiated program is to develop materials and manufacturing
methods for composites to operate up to 600°F, and to

fabricate and test full size structural components. The
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program has been designed so that the cption is retained
to demonstrate performance on a Shuttle vehicle at some

later date.

Pigure 22 is a financial swumary of the NASA on-going
and future programs, These programs constitute the con=-

tinuing NASA commitment to the development of composites.

NASA has a strong conviction that composites will make
a significant contribution to the nztion's future and is
firnly committed to a growing and agprassive progrem to
demonnitrate the technolcegical readiness of advanced com-

posives for spacecraft and coumereial aircraflt and engines.

 COMFOS(TES =~ THE NATURT OF INDUSTRIAY COMATTMENT
A_ROUNDTARLE

The roundtable discussior might bust be characterized by
a mood of cautious optimism, It wes clcuir that the deterring
factors tc the acceptance of composites vas confidence in the
lifetime %ehavior of the materials and in their initial and
life cycle cost. The ultimate user of tlie vehicle system,
be it military or cqmpercial, mist have the assurance that
‘the product wiil perform as designed and that there will be

no surprises in terms of maintenance and operational cost.

AIRCRAFT MANUFACTURERS

During the past ten to fiftcen yearc, the aerospace

industry's interest in applying composites has basically

18
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" remained the same, a desire for more efficient airframe
structure. But the promise of composites is yet to be
fulfilled. An insuffliciert under tanding of composite
performonce is reflected in the feeling of high risk

relative to the currcent standard of metallie structures,

Neither the government nor industry appears conlident
enough to proceed aggressively to full scale use ot
‘composites in military aircrafli. Ovchcliing their use
results in a belief that the success of composites will
only be aclileved through 1007 ussge for structural
components, This overselling is closely allied to the
governmont process for obtaining fund: which allows for
‘auccossés only, both in lechnology and in major wcapon
systein developments. A nunber of conposites technology
programs have experienced characteristic steart and false
sturt, as well as stop and go, syndromes, Recent military
aircralt programs indicate that therec has bteen a lack of
high leve) government and vehicle program SPO confidence
in the application of composites to important vehicle

system programs. o

The tendency for government interlaboratory competition
for responsibilities and goals has appeared to delay progress
in some development programs. Industry has a parallel dif-
ficulty in the internal conflicts between expericnce material

designers and the new composite design specialists,
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The manufacturer repeatedly has heard over optimistic
projections of material costs, which never scem to reduce
as rapidly as the anmal projected forecasts indlcate.
Furthermore, nonuniformity of batches of materials seems
to be the norm on most composite programs. The limited,
small statistical samples of materials and cowponents on
which future behavior must be predicted is not confidence
inspiring. On laesc bases; cori tradeoils are still
marginal, the reliability of the cost data are questionable,
and cost benefit ratios necd to be more clearly understoed

and defined.

On the positive side; the rapid progress of composites
in the last 10 to 15 yeers coupares favorably vith that of
‘metallic materials introduccd in the pagt. The deliberate,
simultancous development of materials, design, analysis,
and manufacturing technologies is one lactor in this rapid
development. The early reccognition and achievement of
competitive materials sources is indicative of the simul-

taneous developmont.

Systems desigﬁ studies and composite component develop-
ment and test progrhms have satisfied the initial goal of
demonstrating potential weight savings on a substitution
design basis., These design studies led to the early
developuient of productien applications, such as those on

the F-14 and F-15 aircraft. Finally, the evolution of
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.basic technologies at user facilities, rather than
exclusively at universities and government laboratories,

will aid in their carly use,

The inherent advantages of composites in we!ght,
stiffness, and strength, together with their potential
cost saving and increascd service life, make them most
attractive for almost every t;pe of future military
aircraflt application, With cufficient confidence in
the technical and economic aspcets of composite applica-
tion to production cemponents, extensive use will occur

on future military aircraft,.

In commercial transport eireraft; advanced coumponsites
in ﬁecond:ry structures will be the basis for an evelution=-
ary increase in eecondary structure applications, provided
they arc cost effectives. This cost effectivencss will
have to cover, of course, both the initial cost and main-
tenance or cost of ownership. ngcvcr, no ore at this time
has the confidence or the background to commit to their
use in primary structure. Wings now cost on the order of
$40 per pound and any new material must be competitive in

terms of total life cycle costs,

The current trend in court judgements on the broad
subject of product liability is of increasing concern to
anyone considering the use of advanced technology. Any

new material must have the same high derec of safety and
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reliability as that which is being replaced. The current
NASA Programs have been insufficicnt in scope to get the
needed expericnces Obviously, the FAA a.l the airlines

must be deeply involved in such programs.

. The genciral aviation manufacturers have been following'
the deveclopment of composites for potential application.

The greatest deterrent to use 15 cost. Crophite; which

22

has looked best, is far more expencive per pound than aluminvm,

In addition to the basin material cost problem, reliable
manufacturing wethods must be alle to produce parts which
are cost competlitive in the less expensive, gencral aviation

aircraflt.

“lack of expericuce or confidence 1s anolhor problem. It
took many years to develop the skills for desigaing and
building safe general aviation eirfreme structures from
metals, Although these new materizls arc attractive in
many ways, therc is little hope for extensive usc wntil

lower cost and better confidence exist.

AIRCRAFT ENGTIES

Presently, 2-5% of the weighi of current engines is
composites, Projections for the use of composites in
engine structures and rotating parts indicate a weight

savings of 30-35% and a concurrent cost reduction of 20-25%,

The primary fan blade preoblem continues to be the

sensitivity of composites to foreign object damage (FOD).
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Headway is being madc toward a solution to this problem,
but it is still a long way off. Solution of this problem
is an absolute requiicment before composite materials will
be used in rotating engine ports. Both the weight and
performance benefits possible with composzite fan blades,

however, warrant solving the FCD problem.

In swamary, progress to date hag been slow, but satis-
factory. The continued development of composite bladcs,
frames and containment should uvltimatcly be combiied in a
composite demonsirator engine programs The dewonstrator
would be theroughly ground tested and certified, followed
by experiment-? flight testing, ard flight acceptance for

in-gervice demonstirat.on.

IRLTNES

Becausc of the prerent economic situantion, the Air Trans-
portation Industiy will not be able to absorb the econdmic
disappointmcats of ncw techuclogy,in the future as they did
in the past. Therelore, homework must be done more thoroughly

in the future before the introduction of new and even more

expensive technologies will lLe accepted.,

A new structural technology must not contain any main-
tenance and reliability surprises. Quiclk, field repair
without the need for exotic equipment is a major requircment,
Aireraft out of service time, due to the kinds of structural
damage presently experienced, must not be increascd beccause

of composites.



The NASA proposed composite wing and fuselage programs
are commendable and should be supported with the preoper
funding to sec them through complction. This includes a
flight test progranm in a cimulated airline operation to

gain the knowledge concerning time, cycles, and environ-

mental effects on composite structures,

The coanfidence level in all aspects of this new struce
tural techaology must be high before coraltiing it to use,
Greater involvement of FAA in composite cdemonstration
. programs must be assured, because FAA certificaticn is a

must to the airlines.

SPACECRAFT
The largest; nesr term use of comprsites in spaceocraft
will be in Space Shuttle orbiters. The orbiter now

utilizeg about 5,000 pounds of composcite structure.

Other uses for compozites on the Shuttle are being
considercd, as well as their use on other spacecraft. The
shuttle and other spacecraft are unique in that the cost
for putting a pound,{pto orbit is far greater than the
costs experienced in the fabricgtion of composité structure
and the number cf operational cycles is orders of magnitude

less than aircraft.

Future technical development should be channeled to

develop composites for higher temperaturcs, more cfficient



v

~and reliable design and fabrication techniques, a broader
base for new woven form: of graphite, and the improved

toughness of materials,

MATERT/IS SUFPLIERS

. Considerable research and development work has been
done Ly the DOD, NASA, private industry and universities
to gain the required understanding of composite materials,
Curren.ly, the user ls concerncd with mo.sture efflects
(particularly at high temper-ature), impact resistance,
and the nonductible propertics of comporite, but thens

problems are not insurnountable.

The cost of 2 finished product is & major considecration
4n 'mat. rials sclection. Although the comporite raw muterials
costs dre high, the fabilcation and asseubly costs are
usually lower, so that the overall cost is lower forr typical
applications. In addition; the pricc of graphite fiber is
dropping and will continue tc¢ go ?own ag “he vclume increases.

The following table shows the probable treand.

FIBER PRODUCTION FIBER COST
VOLUMT (1b/yr) ($/1b)
’ 20,000 ' 150
50,000 75
100, 000 50
1,000,000 25

2,000, 000 20



»
ROUNDTAE © _SUMLARY

- The rapid progress in the development of composites as
a class of materials and the rapidity of thelr maturation
were obszerved on numercus oeccasions. In the long tem,
the panel envisioned extensive use of composites witlh an
evolutionary increase from their current limited use in
secondary structure. Lconomic conditions are such that the
near term risk to extensive use of composites carnot be

Justified in thc current aerorpacce mavketplace,

Continued technology efforte rnust address each of the
issues discussed by the panel; however; tie follewing
factors are ley to expanded user

1, The cffoect of lung tora environsental factors on
the'berformanc: of composite structures must be undarstocd.

2, The cost of compduite materials/structurcs must be
realistically forecast end reduced,

3, DMore emphasis chould be placed on the dcsclopﬁcnt
of manufacturing methods as well as life cycle maintaiu-
ability and reliability.

4o New denonstration components incorporating major
composite applicatiche chould lead to a larger statistical

producticn and flight sample.
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‘EIGURE 8. NAVY COMPOSITES TECHNOLOGY AREAS OF EMPHASIS
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FIGURE 11. ADVANCED COMPOSITE SAVINGS PER FNGINT

ESTIMATED SAVINGS
ENGINE  POUNDS OF COMPOSITES  WEIGHT(%) COST(%)

la

TF39 186 37 Ll
TF 34 68 32 31
CF6 280 37 39

Fl01 L1 L6 38



FIGURE 12. AIR FORCE ADVANCED COMPOSITE
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FIGURE 16, NASA COMPOSITES PROGRAH
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FIGURE 17, NASA SPACE VEHICLE COVMPOSITE APPLIC/TIONS

» 0
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COMPONENT MATERIAL Wr. SAVINGS
EXPLORFR_LQ =~ Support Booms | Boron/Epoxy ——
PIONEER 10 - Tube Struts Boron/Epo.y -
SPACE TELVSCOPE -
~Mirvor oupport Structure Graphite/Epoxy ———
SPACE SHﬁTTLE - Baseline
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Orbitsl Maneuvering Pods iraphit.c/Bpoxy 300 LB
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