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FOREWCRD
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Compeny, "Study on Utilization of Advanced Composites in Commerciel Aircraft Wing
Structure,” which was conducted from August 1977 through April 1978.

The study wes performed under the direction of the Structures and Materials
Division of the Lockheed-Cslifornie Company for the NASA~Langley Research Center,
ACEE Program Office, Hampion, Virginia. The study maneger for Lockheed was
1. Frank Ssketa. He was assisted by Robert B. Ostrom, Plan Development, and
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STUDY ON UTILIZATION OF ADVANCED COMPOSITES
IN COMMERCTAL ATIRCRAFT WING STRUCTURES

by

I. P. Segkate and R, B. Ostrom
LOCKHEED-CAL,IFORNIA COMPANY

SUMMARY

A study waS°perf9rmed to plen the effort required by ccmmerciael transport
manufacturers to accomplish the transition from current consiruction meterials and
practices to extensive use of compositesz in wings of aircraft that would enter ser«
vice in the 1990 time period. The study defined the technology and date needed to
support the introduction of composite materials into the wing primaryﬁstructg;e of
future production eircraft, and developed, in detail, the ingredienté of a wing
structure development progrem. In eddition, the study delineated the need and
requirements, and a plan for development of & new, improved composite material

system.

The planned wing structure development progrem will provide the technology and
date needed: (1) to produce a cost-competitive advanced composite wing strueture
which achieves the fuel-savings goal of NASA's ACEE composite program, (2) to pro-
vide Company management confidence to commit to production of such & structure in
the 1985-1990 time period, and {3) to achieve certification of an aireraft embodying

such a structure.

The material development and evaluation progrem will result in e new material
system with improved characteristics that will lead to an optimum wing structure

program. j

A multi-diseiplinery approach was used in the study, including all of the
engineering and manufacturing disciplines which normally perticipate in the design,
development and production of e new sircraft product, to ensure that all of the
factors that enter a Company decision to commit to production of a composite wing

structure were addressed.
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The study effort was comprised of tws parallel and Highly interactive elements:
a conceptual design study, and the plan aefeiopménf;  The-éonceptua1 design study
provided the framework for identifying and investigating unique design aspects and
problem arees in the use of composites in commercial tremsport wing structure, and
catalyzed the identificetion of technology and date needs and the subsequent plenning
for their development and validation. The conceptuel design study elso provided the
basis for definition of needed development testing, and facility and equipment
requirements for supporting the developmeni; progrnm and for subseaquent production
of composite wing structure. The plan development effort defined the technology
needs, formulated approsches for effecting the required Jevelopment, and evaluated
and assessed the resultant wing structure and materisl development plane.

Essential technology development which must be incorporated in the wing strue-
ture development program or addressed in eppropriate technology development programs
were defined for the technology areas of design, menufacturing, maintainability and
materials. Based on assessment of the technology needs and development approaches,
and the insight provided by the conceptugl design study, a comprehensive wing struc-
ture development plaﬁ wes defined.

The definition of the material development program is based on the belief that
while current composite material systems could be used as the basis for composite
wing development, these systems will be 20 years old by 1986 and improvements to
these systems are both feesible and desirable. The proposed development program is
a joint Government-industry effort, involving all three of the major commercial
transport manufacturers, to define the requirements for en improved meterial system,
to plan and coordinate its development and evaluation, and to characterize its
behavior. The program consists of five tasks: esteblishment of industry stendards
and target specifications for the new material; meterial development by suppliers,

and screening/evaluation by the users; material characterization and substantiation;

investigation of material and process variables effects; and design sllowable testing.

The program timing provides for phesed incorporation of the new material system into
the vwing structure development program, and for development of design allowable data

in time for a composite wing production commitment in the 1985-1986 time period.
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The wing structure development program embodies the following ingredients:
enginee:ing and manufacturing studies; manufseturing development; and development
testing fo_generéte &esign analysis dete, to support concept development, apd for
design verification., 1In addréssing thése esgentiel ingredients, the development
plan is structufed into four tesks: design data testing, design concepts evaluaticn,
preliminery design, and demonstration erticle development. The Design Data Testing
task will provide needed supplementary date to the existing T300/5208 graphite epoxy
date base, verifying or determining strength and durability cheracteristics of the
meterial under the wing design enviromment. Under the Design Concepts Eveluation
task, promising structural approsches for composite wing structure will be identified
through anslyticsl design studies and development fabricaetion and testing. The
composite wing structure design will be expanded and refined, employing the most
promising structursl concepts, under the Proliminary Design task. Design and menu-
facturing peremeters will be verified; cost-weight trade studies performed; and
verificetion tests conducted on a variety of wing sub-components. The improved
meterial system developed under the proposed meterisl development program will be
incorporated into the wing design. Finally, under the Demonstreation Articlev
Development task, fabrication of a 1argé wing covér ségmént, an& désign, manufacture
and testing of & representative wing box struéture will be undertaken to demonstrate
the reediness of compesite wing structure technology.

In rocognition of the current uncertainties concerning the funding and timing
of NASA's planned composite wing development effort, recommendations are made that
(1) the development, of an improved material system be started immediately so as to
provide a firm material base for the application of composite primary wing structure,
and (2) that efforts aloco he initiated to develop the design data neéessary to

demonstrate the durshility and damage tolerance characteristics of composite wing
structure,
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INTRODUCTION

The Nationai'ébféhéutiés end Space Administration (NASA) Langley Research
Center is pursuing & iesgarqh progfaﬁ, the Alreraft Energy'Efficieney (ACEE) Program,
to establish, by 1985, the technological bmsis for thé_design of subsonie commercial
transport aircraftArequiring & minimum of 40 percent less fuel than current designs.
Obteinment of these fuel-savings is being sddressed through structural weight reduc-
tion, improved engine efficiency, snd improved serodynsmics. The composite struc-
tures element of the ACEE program is focused on structural weight reduction, and the
provision to the commercial aircraft menufacturers, the TAA and the airlines of the
experience and confidence in advenced composite structures in future commercial

aireraft.

The program includes development of the technology for composite wing structure.
This effort will exercise and demonstrate composite wing technology to the extent
that aireraft manufecturers can incorporate composite wing structures into new air-
ecraft in the 1985-~1990 time frame.

As a part of the ACEE program to advence the technology for wing siructures,
NASA has awarded contracts to three commercial transport manufactur:rs (Lockheed,
Boeing and MecDonnell Douglas) to study and plen the effort required by commercial
transport manufacturers to accomplish the transition from current construction
meterisls and prectices to extensive use of composites in wings of eircraft that will
enter service in the 1990 time period. Specific objectives were the definition
of the technology and data needed to support the introduction of advanced composite
meterials into the wing structure of future production aircraft, and development
in detail, of the ingredients for a development program which will ﬁrovide the needed

technology and data.

The study outlined an appropriate wing structure development plan and defined
the technology end datas needed:

(1) to produce a cost-competitive advanced composite wing structure which

achieves the fuel-saving goal of the ACEE composites program,

(2) to provide Company management confidence to commit to producticn of such

a structure in the 1985-1990 time period,
(3) to achieve certification of am aircraft embodying such a structure.

In addition, the study delineated the need and requirements for development of

& new, improved material system.
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A multi-discip;;nary approach was used in the study, including sll of the
engineering and manufacturing disciblineé which'hormally'participate'in the design,
development;aﬁ&'prbduétion of & new aireraft product. This approach ensured that
all of the factors that enter into & Company decision to commit to production of s
composite wing structure were addressed. The study was comprised of two parallel and
highly interactive elemen’.s: & conceptual design study, and the plan development
(Figure 1).

The conceptual design study provided the framework for identifying and investi-
gating unique design aspects and problem areas in the use of composites in commercial
aircraft structure, These, in turn, catalyzed the identification of technology needs
and subsequent plenning for their development and velidation. The conceptual design
also provided the basis for definition of needed design development and verification
testing, and facility and equipment requirements for supporting the technology develop-

ment program, and for subsequent production of composite wing structures,

The plan development effort identified technology needs, formulated plans for
effecting the essential technology developuent, and formulated a wing development
plan.

CONCEPTUAL DESIGN

e UNIQUE DESIGN ASPECTS

RE-1011]| Ve WING
DESIGN DEVELOPMENT DR L OPMENT
® FACILITIES AND EQUIPMENT|  [pan .

PLAN DEVELOPMENT
e ESSENTIAL o TASKS
' TECHNOLOGY TECHNOLOGIES o SCHEDULES
- BT |V |+ nom
COSTS

Figure 1. Study Elements for Wing Development Plan
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The plen which resuited From the study defined two separste deveélopment programs: o

, At ‘ : : 7 .

(1) A materisl development program: a joint gavernment-inaustry’effort involving , ™

the three manufacturers and the meterial suppliers; and U

: v

(2) A wing structure deveélopment program, to be performed by each of the three _‘J%
major commercisl transpert menufacturers. "

The mat rial preserted in this report summarizes the study performed by the ] ‘ é
Lockheed~California Compadny. The resultant wing structure and materisl development %
plans are presented in the body of the report. Supporting data for the development o i&j
plans are presented in the sppendices, including summary discussions of the conceptual =

design study, techuology needs, and facility snd equipment reguirements. An execu-
tive summary of the study results is presented in Reference l.




COMPOSITE WING DEVELOPMENT

The advencenéent in sirfreme design from the 10-15 passenger aircraft of the
1920's to the current widebody trensports has been sn evolutionary process. During
the period many material improvements heve been implemented in the airframe design
which heve enhanced their operational efficiency. The incorporation of extensive
amounts of graphite composites in the next generation of commercisl transport air-
craft potentially can lead to further advancement through significant reduction in
structursl weight end consequently, substantial fuel savings. However, in order
for the epplication of composite meterisls in primary structures such as the wing
box to be economicelly viabiz, & firm technology base for design, anelysis, menu~
facture and inspection of composite primary structure must be established. In
addition, the technology and dats must be available prior to project go-shead for the
new aircraft.

Aircreft Development Timing

The point in time when techno ogy readiness must be established for utilization

of composite meterials in primary wing structures depends upon:
(1) what degree of technology advancement is reguired;

(2) what funding support is to be made available to esteblish this
technology;

(3) when can & new aireraft that incorporates this technology be produced;
and nmost importantly,

(%) when will the merketplace be in e position to accept and employ this

nev advanced technology aircraft?

The timing for new long-range advanced technology sircraft needs is shown by
the trends of fleet size of the current widebody aireraft over the next decade on
Figure 2. As displayed on the figure, the fleet size of these subsonic wldebodies in
the 1980-1990 time-period are projected to consist of inereasing numbers of derivative
aircraft.
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The abllity of the airlines to purchase new equipment is related to the
airline debt-to-equity ratio. The trends of this economic indicetor also is dis-
played on Figure 2 and show the presently improving economics of the airline
industry. However, the anticipgted sghort-~to-medium range 200~-220 passenger equip-
ment purchese by the airlines to replace their current narrow-body equipment
(i.es T2T7-100, 707, DC-B8) will drive the debt~to-equity ratio back up again (indicated
by the shadsd ares on the figure), These trends indicate the early 1990 time-period
as the earliest dste in which the sirlines will have the ability to purchase a new
long-range aireraft.

A look st the historical commercial air transport development further indicates
the eyelic nature of the sirline industry (Figure 3). Starting with the initial
passenger gircraft of the 1920's, there has been an introduction of an advanced tech-

nology transport approximstely every 12 years.

These trends indicate the potential aveilability of airline resources for new
equipment buys for advanced technology aircraft thet will enter service in the early
1990's. Targeting technology readiness for the mid-1980's will provide sufficient
time to pursue a systematlic composite wing technology development program.

Development Plan Phllosophy

Advencement of the technclogy for prodection of composite wing structures
and their extensive gpplication in commercisl traensport sircraft requires industry-
wide development of a technology base which will support the design, manufacture
and operstion of such eircraft. Much of the »equired technology and experience is
not reedily transferred from one company to another. Consequently, each of the
three major commercial transport menufacturers, Lockheed, Boeing and McDonnell
Douglaes, will require similar development efforts. The most appropriate form for
NASA's ACEE composite wing technology development program, therefore, is one which
assists each of the three manufecturers in developing the tecknology end data it
feels it needs to commlt to production of composite wing structures for fubure

commercial transport aircraft.
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Figure 2. New Long-Range Aircraft Timing
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Figure 3. Commerecial Air Transport Development
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: Production Erogram Belationship. - An impprtant Tectar, ig defzning a composite

} wzng &evelppgen$ progpam is the- re1g$icnship of such g prOgrqm %o & supsgquent new
eireraft: pmgiqhtiap program. This relatiopship i 11lustrated in Fig\zre b, In
order to intx-odugg & new aireraft Inte service in the ea,rly 1990'3, the ;uroauctmn
progrem must be initisted in the mid-tg-lg$e 19aq's. Mhe productipn program includes
the normel design dgvelopment, desigp verificgtiqg apd flight test programs.

ACEE and Composite Research and Técﬁﬁblogy Programs, - NASA's eurrent ACEE
development programs are alveady helping to ready composites for commercial transport
aircraft. These programs are generating composite design and manufacturing technology

within the three major commercial tyansport mapufacturers, using existling material
systems, to the extent necessary for coumitment of secondary and small and medium
primary structural components to current subsonic commercial transports. NASA.also
g has implemented a number of composite research and technology programs addressing
: areas of major concern., The current ACEE and composite technology programs are indi-
cated in Figure 5. The majority of these programs will be completed in the 1981-1985
time period and will contribute significantly to the data and technology required
for composite wing development.

Development Plan Ingredients. - A develcpment program that will leed to exten-

sive use of composite materials in lerge primary wing structures involves the
establishmeni of a technology base through analytical studies, menufacturing develop-
ment and development testing. Development of the data base must include extensive

ground testing of full-scale sub-components. However, flight progrems involving

the design, fabrication and certification of a composite wing box or partial wing

box for & commercial transport (or alternstive flight options) are not considered a
necessary ingredient of & composite wing technology development program. Of prime
concern is the demonstration to Compeny menagement of the technical feasibility and

the cost-effectiveness of incorporating composite wing structure in future eircraft.
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Once & sufficient data base exists to convince a company that the benefits of utilizing

s,

composite wings can be achieved with acceptable risk, it can proceed with the

o

f production, certification and marketing of the new aircraft. The attainment of
‘ airlines acceptance and FAA certification will be eddressed in the normal fashion

?' using the procedures associsted with the introduction of any new aireraflt.
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NEW AIRCRAFT PROGRAM
ACEE & COMPOSITE W GO-AHEAD W INSERVICE
R&T PROGRAMS . (-~1985) (~1980)
N DESIGS
) o amT \ DEVELOPMENT
| ACEE COMPOSITE N
| WING DEVELOPMENT
e e e VERIFICATION
TESTS
LOCKHEED
COMPOSITE IRAD FLIGHT
TEST
Figﬁre L, Production Program Relationship .
7 |78 | 79 | e |® | w2 | e | |5 |w | w | we
COMPOSITE STRUCTURES PROGRAMS I l | l '
INITIATE PRVT GRD/FLT TESTS PRVT COMPLETE
LOCKHEED L-1011 VERTICAL FIN & Y
FLIGHT SERVICE EVALUATION
LOCKHEED L-1011 AILERON
GRD TESTS
BOEING 727 ELEVATOR RO/FLT TESTS
BOEING 737 HORIZONTAL STABILIZER - T
INITIATE FLIGHT SERVICE EVALLIATION
McDONNELL-DOUGLAS DC-10 UPPER AFT RUDDER SRDLT TRETE
"4TIATE FLIGHT SERVICE EVALUATION
McDONNELL-DOUGLAS DC-10 VERTICAL STABILIZER 1
COMPOSITE TECHNOLOGY DEVELOPMENT PROGRAMS

COMPR PANEL NAM. TOL INVEST, II:”lET!
DURABILITY AND DAMAGE TOLERANCE |

COMPLETE
ENVIRONMENTAL EXPOSURE EFFECTS

QUALITY ASSURANCE METHODS/EPDX Y GRAPHITE PREPREG

IN-SERVICE INSPECTION METHODS
REPAIR TECH'S DEVEL

INITIATE LARGE AREA REPAIRS AND EVAL
REPAIR TECHNIQV'ZS AND PROCESSES % | I

Figure 5. ACEE and Composite Research and Technology Programs Schedule
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The dbjeeﬁivé cf tﬂe cOmpdaiﬁé ﬁiﬁg develcpment phin 18 4o define the scope
aHia Mﬁgniﬁﬁde of e efPort whick Iotkhesd féels-is- neeesaary Jor it to achiéve
techndif”'}féaaiﬂéss, gt di aEc&pﬁ&ﬂib'level of risk, fbr the extensive use of‘
composite Haterisls ih commercial airerast wing structurs, Development testlng
requirements havé been defined in detail £6 provide & realistic basis for defining
the effort reduifed. Ihsight inbo %ﬁéfﬁﬁﬂﬁéf; size and t&pe of specimen to be
tested has beén basef on currefbly éptisioned design data: needs. Based on these,
manpower, materigl snd tiﬁétspan'réqﬁiréménts heve been éstimated. It‘was recug-
nized that details of the planned developmént testing, as well as details of the
other engineering &id maﬁﬁf&éﬁﬁ?iﬁéuﬂev910ﬁﬁéh£ eff6}ts; might change during the
actual performaricé of the composite wing dévelopﬁéh% program, However, it was felt

that such detailed planhing was necessary to ensure that & realistic development
program effort was obtained.

For purposes of providing & basis for the planned development effort, base-
line premises were established relative to the structural design concept and the
manufaeturing epproddh., These Wérd baséd on the result of the study's conceptual
design effort, and included consideration of facility and equipment requirements. The
baseline strvciural concepts and menufecturing spproaches are described in the
following sections.

Struetural Design Concep%; &« A structural design concept was formulated using
the baseline airplane configuration shown on Figure 6. The airplane is an advanced

technology subsonic transport which incorporates three advanced, wixed-flow, turbo-
fan engines, a superfcritical wing with reduced leading-edge sweep, active controls,
and the use of composite materials for both primary and secondary structure. The
airplane has a takeoff gross weight of 183,970 kg (405,600 lbm), can carry 400 passen=-
gers end has transcontinental range potential.

The planform of the high aspect ratio wing is shown on Figure 7. The‘wing has
a semi-span of approximately 28.7 m (94 ft), with a chord of approximately 12.2 m
(10 £t) at the wing~fuselage intersection, and has a planform area of 300 m?
(3560 f%a). The structural box is approximately 6.1 m (20 £t) wide at the fuselage
sidewall, with a box height of approximately 2.5 m (5 ft), and approximately 0.9 m
(3 ft) wide near the wing tip, with a height of approximately 0.3 m (L £t).
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Figure 7. Wing Characteristics of Baseline Airplane i
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A multi-rib structural arrangement, as shown on Figure 8, is used for the wing
box. It has a menufacturing joint at the wing-fuselage intersection, a location
which is outside the highest surface load intensity area, provides for easier fuel
tank sealing, and reflects consideration of mading requirements for large components
febricated in separate tooling fixtures. A blade-stiffened surface structure is
employed, with the stringers parallel. to the rear beam in the outer wing region.
This stringer orientation permits aligmment of the rib normel to rear besm, simplified
access door design, and standardized rib-clip designj; requires moderate stiffener
twist; provides for simplified backup stiructure design for trailing edge control
surface designi and permits relatively simple paxrt and assembly tooling. The
structure also employs & one-piece spar design, based on considerations of fail-
safety and tooling complexity. As indieated in the figure, provisions are included
for the main landing gear support structure and fuel tank requirements, Additional
structural interface requirements include the engine pylon attachment structure
ard mounting provisions for the leading and trailing edge structure. Systems that
interface with the wing structural box include the Ffuel, elecizical, bydraulic,
deicing and control syﬁtems.

The blade-stiffened panel configuration is illustrated on Figure 9, where
representetive cross-sections for the upper and lower surfaces of the inboard
wing region are shosm. A constant stiffener specing of 20.3 cm (8.0 in) is mein-
tained for the entire wing. The lower surface skin thickness ranges from a mini-
mum cf 0.572 cm (0.225 in) in the outboard region to 1.32 cm (0.52 in) in the
inboard region. Thicker laminates will be regquired in high load introduction areas
such as at the main landing gear attackment. The associated leminate layup config-
uration varies over the wing surfaces as illustrated on Figure 10 for the typical
wing panel structure. Again, structural interface regions and special design aspects

. such as access doors will :aguire local modifications to these layups.

Menufecturing Approach, - The manufacturing epproach is based on sugmentation
of the Company's existing production facilities. Process development will be per-
formed on prototype equipment not necessarily designed for quantity production of
full-scale wing components., Aveilable fecilities will include those developed for
“he composite I~-1011 vertical fin production, i.e., the automated layup equipment,
ovens end refrigeration capable of supporting the wing development effort, and
Lockheed's existing 6.7 m (22.0 £t) diemeter, 18.3 (60.0 £t) long sutoclave.
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Figure 8. Multi-Rib Structural Arrangement of Baseline Wing
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Figure 9. Representative Cross-Sectional Data for
‘ Blade-Stiffened Panel
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THE LOWER WING SKIN AND CHANNEL
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Figure 10. Lower Surface Laminate Layup of Baseline Wing
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The premised manmufacturing breskdown is shown in Figure 11, The wing covers
are proposad to be laid-up on a master wing tool using a broadgoods dispensing
machine, The gtiffeners, doublers and fillers are laid-up using the same machine.
The stiffeners are placed on the inner surface of the skin, caul plates added, the
surface bagged and inserted into the autoclave for curing. An alternative ‘approa.ch
is to use a self-contained "project tool which has an integral hea:, vacuum and
pressure application system,

The wing spar concept is a one=piece integrally molded laminate with caps, webs
and stiffeners cocured. The broadgoods are proposed to be laid-up on a flat table
to form doublers, web stiffeners, etc., cut to size, wrapped and stored in a freezer.
The hasic spar configuration, including partial plies, then is laid~-up on a flat
tool, transferred to a spar molding tooil, doublers and web stiffeners added, and
cocured using a hot platten press or an autoclave.

A similar approach is premised for the wing ribs. In this case, however, the
rib caps are formed in a metched mold tool and attached to the web with mechanical
fasteners. Mechanical fastening of the separately mamufactured major wing cover,
spar and rib assemblies are also premised to form the completed wing box structure.

Required Technology Department

There are four major areas where development is needed to bring the
technolygy and date base to a level consistent with embarking on a production pro-
gram using composite wing structure. These are material, design, manufacturing
and maintainability, The technology and data in each of these areas must be
developed to the point where composit meterials present a viable aitemative to

~ the use of metals in a new aircraft program, i.e., a cost-competitive alternative.

Meteriel Development. - & key factor in any new eircraft production program

will be the selection of materials. While current composite materials could
be used for the wing, these materials will be approximately 20 years old by

1985. The current composite materials are deficient in terms of processing
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cost, mechanical property scaetber, duetility and toughness, as reflectéd in. impact
and delamination resistance, flame revistance, and envircmmental duravility: A new
improved material system is needed. The major suppliers are developihg improved:
and new class materials, (It is alsc anticipated that significantly improved metals
will be available by 1985, which might make it more difficult for composites tc

compete. )

With readiness to commit targeted at 1985, there is time to develop an improved
meterial system for design of az new wing. However, & coordineted industry-wide,
effort is needed to ensure that the improved material will be ready in time for appli-
cation to primary wing structure of the next generation of commercial transports; and
to prevent duplication and dilution of the material development effort (thereby mini-

mize the development time and cost and, consequently, the subsequent production cost).

There is also a neged for multiple meterial sources which are capable of providing
meterial which is indistinguisheble and interchangeable on & ply-by-ply basis. A
proprietary, sole-scurce material procurement environment represents an intolerable
vulnerability f'or a company considering embarking on a billion dollar plus aireraft

production progran,

Design Technology Development. - Design of an aircraft employing composite wing
structure requires the establishment of appropriate design technology and data
base. This wmust include development of structural design data (both, basic material
data, end analysis methods), development and verification of structural concepts
and spproaches, and compilation and documentation of the data.

Additional design data is needed on the response of composite laminates, parti-
cularly in terms of their durability and damage tolerance, when subjected to the wing
design enviromuent., The wing structure of commercial trauspert aircraft is highly
loaded and subjected to large numbers of loading cycles, including a significant
ground=-air-ground cycle, The capebility of composit: structure to withstand this
loading environment, in conjunction with temperature and moisture, must be
determined, In addition, the effects of foreign cbject impact on the thick
laminates agsociated with wing surface structure must be determined; such impact
damage in thick laminetes may not be visible., Finally, the effecits of fuel on
composite laminates must be esteblished,

19

[ — -

T T w.‘.‘-g
LIV J PSR t-- T SULT RN I VRSN RE -1 W

e et e R ot K R I T L
. , oL . . .
. e Lo W
L M LN



i

Religble snelysis methods are essentisl for effective spplication of composite

‘wing: sbrunbups: - The-wing-1s. hiehly. loaded; its stryetural integrity: is.wital; and
- composite-affer slgnifioant veight savings: if thelr inherent.properties cen be .

exploited effedyively. .For exsmple, the industry is. currently. uneble to exploit

* the postebuckiing-vegime:of composite structure -.as it can in metgls.

Strnetural abprondhes Por compbsite wing structure must be developed and evalu-
ated in detail. Major design aspects, e.g., the wing-fuselage interface, the mein
landing gear interface, and fuel tank containment, must be investigated. The static
end dynamic cheracteristics of composite wing structure must be sssessed, including

- its sensitivity, for varjous structursl approsches. The zercelastic charscteristics
- of the wing will be important. Finally, weight and cost data for the various

gpproaches must be agaembled. Both, structural snd manufacturing considerations
will have to be inecluded in the evaluations.

Promising structural concepts and spproaches will have to be developed and
verified by test. The required testing includes: static and fatigue tests, with
the effects of impact and environment; damage growbth tests; and residual strength
tests. OSurface panelp, including pasnels with jolnts or access doors, spars, ribs
and structural assemblies must be tested to demonsirate that the structural integrity
and durability requirements for the wing can be met.

Finally, & major objective of the design technology development effort will be
the development of the guidelines, dats and handbooks necessary to support the large
production design force vwhich will be required to design and menufacture composite
wing structure. These must include composite structure design headbooks, and compo-
site structure snslysis methods manuals such as the Lockheed Stress. Memo and Struc-
tural Life-Assurance Msnusls vwhich are currently used to support the design of
metallic structures.

Menufacturing Technology Developiment. - Development of the manufacturing data

base requires the development of, both, manufacturing approaches for composite wing
production, including materiel end component producibility end tooling, and cost
datae for the verious epproaches. The lerge components, thick laminetes and complex
tooling assoclated with the menufecture of composite wing structure will heve signi-
ficant cost impacte. Manufmcturing development alsc must include development of
quelity assurance procedures and techniques.
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Menufacturing development is configurstion sensitive, and must be performed in
conjunction with the atructural design developmenh effort. The manufacturing
development must address realistic composite wing design concepts. The basie problem
is the appreciable manufacturlng scale-up required for wing production {e.g., the
wing semi-span will be approximately 30.5 m {100 ‘ft), the wing box root chord

-approximately 6.1 m (20 £t), end the box depth approximamely 1.5 m (5.0 ft) at the
root. Fabrmc&tion approaches need to be developed for the large, complex wing
structures, and processzng date for the thick leminates (with surface panel thick-

nesses gregter than 1.27 cm (0.5 in) is needed.

Candidate tooling approaches for wing preduction must be delinested, and the
tooling and layup development needed to resolve specific manufacturing problems must
be identified. Agein, the problems are size, laminate thickness, snd the variation
of thickness and cross-section. The wing surface skins and stiffeners, for example,
ere tapered, cembered and twisted. These present added complexity in their effects

on thermal expension, shrinkege gnd warpsge during the menufacturing process.

A major objective of the manufacturing technology development, in addition to

i the development of manufacturing approaches, is the development of valid cost numbers
for assessing & production commitment. These must include, both production and tool-
ing cost estimates, and capital facility and equipment requirementis, for alternative

manufacturing epproaches.

] Concurrent and in conjunction with the development of manufacturing approaches

| is the need for development of quality assurance methods and data. These must cover
the total masnufacturing process, from material acceptance through final assembly
inspection. Standards must be esteblished for quality conirol of meterials, processes
and hardwere, and new test methods must be developed. A major need is the develop-
ment of cost-effective non-destructive manufacturing inspection techniques; i.e., the

development of automated inspection techniqueg which can hendle large, variable

thickness, variable cross-section wing structure.

W

4

Maintainability Technology Development. - Currently, two NASA compesite tech-

nology programs gre addressing in~service inspection and in-service repair. Each of
these technologies will require edditionel effort to verify their appliecability to ;
wing structure. In-service inspection will require NDI techniques. The suitability §
and effectiveness of these techniques for inspecting thick leminates will have to be

‘..n-ﬂ.
!‘ . N
O A O L I

assessed. In the case of in-service repeir techniques, the fatigue and environmental

durability of wing repairs will heve to be verified.
21
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Dévelophent Progrims Sifinary’

The comppsite wing develomtent program plan developed by this study is
sumearized on Figure 12, '.l‘he plan reflects the timing factors and the plen philosophy
discussed earlier, as well as the esgential technology development identified by the
study. Two separate programs have been defined, a material development program and
a wing structure development program, '

The material development program is defined as & joint government-industry
effort, involving ell three of the major commercial transport manufacturers, to
develop & new maberiel sysbem with improved characteristics that will lead to a
cost~competitive composite wing structure.

The wing structure development program defines the scope and megnitude of the
effort which Lockheed feels is necessary for it 1o achieve technology readiness at
an acceptable level of risk, for the utilizztion of composite materials in future
trensport aircraft. It is believed that each of the other two manufacturers (Boeing
and McDornmell Douglas) will require similar composite wing technology development

programs.,
1197811979119801 198111982 1983|1984 | 1885 |
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Figure 12. Composite Wing Development Program Schedule
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PART 1 - MATERIA{, DEVELOFMENT PROGRAM

 Introduction

A key factor affecting the decision to produce major aireraft structural compo-
nents incorporsting fibrous composites is the selection of basic construction mate-
- rials. These meterials must be proven by comprehensive testing and evaluation
wivhin technological and cost constraints to a point where a commitment to produce a
- mejor commerciel sircraft component may be undertasken with acceptable risk. An
assessment of the state-of—theQart in composite materials teéchnology indicetes that
this technology has not matured and is still repidly changing. Anelysis of trends
shows thaet materiels improvements are iiminent which may result in reduced production

costs as wall a8 inereased structurel efficiency, integrity, and reliability.

A mejor ares of concern is the proper selection and velidation of the base mate-
rial system relative to processing cost together with its service performence in wing
structures. The inherent neature of fibrous composite materials imposes some unigue
problems in product design. Those materials may be characterized as "mini-structures"
vhich mey be delibermtely designed or tailored to incorporate fibers, fiber forms,
metrices, and spatiel configurations to provide an optimum product for a given appli-
cation. An infinite number of such systems cen be envisioned. Thus, because of cost
considerations, standard systems must be devised which zre near optimum for multiple
epplications. Locking at the eerly history of composite meterials development, it
appears that there was no deliberate orchestrated approach to design and development

of optimum materimls systems. Selection wes based more on what was available at the

time instead of deliberate engineering development. Because of usage beginning with

T e e .

early military hardware development programs, & large data base has beeen accumulated.

Thus, these early maierisl systems, by uncontrolled evolution, have become industry

standards for structural design.

These meteriel systems could be used as a basis for development of wing struc- :

RS
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) tures in commercial transport aircraft. The existing data base would expedite
development to some extent. However, there are certain undefined meterial character~

. istics (as discussed later) which are considered critical in a commercial aircraft
wing design that have not been evaluated to any extent by quantitative testing.

b et ke e e

e am wad o t

23 : i

m- !}\-‘.u.M‘L-:.Anu el . e - & aeia LS SN




Qualitatively, these characteristice of current standard composite materials are
judged to be non-optimum. The probebility of devising design solutions for all
functional or cost problems posed by noneoptimum material properties is judged
to be costly. Therelore, & cooperative industry-wide approach to development of
new, optimum waterial systems and standerds is proposed as described here-in.
The time frame of this program makes this approach feasible., In addition, such
an effort would benefit from concurrent structural design development since

more defi ditive design criteris would be readily avaiisble for guidance,

The mejority of composite hardwere development programs in this country have
been focused on applications for military supersonic aireraft. Az a result, certain
classes of composite meterisls in prepreg tape form have been evolved which ostensibly
satisfy design requirements for this type of spplication. Due to this concentrated
dévelopment effort, a considerable amount of quentitative property data has been
accumuleted on a class of graphite/epoxy materiels typified by specific proprietary
materials such as Narmeo 5208/7300, Fiberite 934/T300 and Hercules 3501/AS. This
dats base, however, primerily covers static strength and stiffness properties which
may be readily measured by existing semi-standard quentitative tests such es tensile,

compression, flexure, and sheer properties.

Thefe are very little date svailable which cover other critical charsascteristics
or properties required for design of commerciel transport aircraft such as:
(1) chemical stability and resulting durability of composite elements and composites
in hostile chemicel, thermal, and stress environments; (2) processing characteristics
of pre-impregnated composite materisls as e function of fiberﬂreinforéement form and
resin rheology; (3) undefined mechenical properties of composites which are dependent
on matrix end fiber coupling agent characteristics affecting ductility end toughness
(these properties include strein capability and delamination resistance under impact,
cyclic, or concentrated loeding in a production or service environment); and (4)
flemmability characteristics of composites including flame propegetion rates and
retention of structural integrity aftef fire exposure.
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One of the prime reasons for the dearth of dete covering the shove characteris-
tics is & lack of definitive, quentitative standards ineluding design eriteria,
specifications, and test methods which cover these perticular proﬁerﬁies.

Another general sefety problem which should be considered in this material
development program is the hazard to ground industrial or transmission electrical
equipment posed by the accidental release and atmospheric transport of electrically

conductive graphite fibers. This problem, pending further definition, has been
flagged as critical by various government egencies. In relation to aircraft struc-
ture, as presentliy conceived by this contractor, the problem is priwerily concerned
with release of fibers when an organic matrix in a composite is completely consumed
by fire under crash conditions on the ground in populated areas. This problem may

be approached from two standpoints; (1) determination of the statistical probability
of occurrence of such an event which may be sufficiently low to be negligible, or

(2) modificetion of the material system %o prevent release of fibers into the atmos~

phere in case of fire.

The latter spproach may require tradeoffs in struetural properties. However,
the epproach described herein of using nonecrimped fabric with £ill fibers of
meltable glass or char-forming plastic functioning es e binder under fire conditions
appears to offer a possible solution to the problem without undue sacrifice of
structural properties. In addition, metel coating of laminates required for other
reasons noted herein may also solve the fiber relesse problem if metallic coatings

are properly selected.

Pre-impregnated, non-woven, graphite/epoxy tape is predominately used as the
besic bullding block for current herdware development programs in the aircraft
industry. Typieal proprietary material systems employed are Narmc. 208 resin on
Union Carbide Thornel 300 fiber, Fiberite 934 resin on Union Carbide Thornel 300
fiber, end Hercules 3501 resin on Hercules Type AS fiber. These materials are
commonly menufactured by casting g thin filwm of resin and then pressing collimated

graphite tow or yarn strends into the resin film to form & grephite/resin tape 5 )
to 6 mils thick and 2.54% em (1.0 in) to 30.48 cm (12.0 in) wide. The resins are !
usually unmodified, highly cross-linked, epoxy polymers formulated to meet elevated ‘
service temperature requirements for supersonic eircreft. They are designed to have

s ST gy it L b i e e e

high flow in order to thoroughly wet fibers during the curing process since
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iicomplete wetting occurs in the impregnation process. These types of resins
are relatively brittle in nature with associate& characteristics of low strain
capability, poor ductility and toughness., A qualitative assessment of the
current material systems indiga‘bes that they are not optiwmum for production
of mejor structural couponents on commercial subsonic transport aircraft from
the standpoints of both fabrication cost end service performsnce as discussed
belows

] The difficulty in handling prepreg non-woven tape combined with high flow
epoxy resins and excess resin content leads to high fabrication éosts and
reproducibility problems due to the complex ley-up and curing processes
associated with the tape characteristics.

o The relatively poor ductility and toughness of currently used epoxy
resins coupled with questionable fiber-resin bonds leads to poor inter=-
laminar cleavege and delamination resistance, This in turn affects
wmachining, drilling and handling costs in production because of extra
precautions required to prevent delamination demage, Service performance
is also affected by relstively low delemination resistance leading tc
reduced damage tolerance and erretic behavior or leminstes under impact
or cyclic loading conditions.

To realistically commit to production of flight hardware, it must be demon- '
strated that composite structure is cost-competitive and has the required structural
integrity and reliebility. A new approach utilizing noncrimped woven graphite
febries, net resin coatent, and iow, controlled flow, high viscesity resins as a
basic building block sppears to offer several advantages over current material sys-
tem types. It is proposed that such materials be invesiigated in this program.

The ultimete objectives of the materials development and evelustion task are

to: (1) simplify material processibility to reduce fabrication cost and provide
: agsurunce of reproducibility, (2) improve inherent properties of fibers, fiber
! finishes, resins and resultant composites which are critieal in meeting structural
integrity and relisbility goals, (3) upgrade the quality level and consistency
of prepreg consitituents and composites to winimize property scatter caused by
defects, (i) determine effects of material batch veriations and process variables

26 B

- ' j

T ——— . - . .- Ly
o T 2 . e - . RS — A
e Do e A A A A VP N Iy e M e NN 4 VL L e e T 0 s e e+ s ¢ L e oo et S A E Dhare AL ram e o R




on mechanicel properties of cured laminetes, ,(5) establish industry standards

covering specifications and test methods, and (6) develop material property
deta for design based on adequate statistical property data.

Progrem Summery, Schedule and Resources

The five-task materisl development and evaluation program encompasses:
establishment of industry standards, material development and screening, material

characterization and substantiation, investigation of materisl and process veriable

effects, and design allowable testing.

The progrem schedule is presented on Figure 13. The progrem extends over a
69-month period, with the material selection target dete at the end of 1980, This
permits incorporation of the new material system in the wing structure development
program during the Preliminary Design task and aslso affords sufficient time for
developing design allowsble dete for & production commitment in the 1985-1986 time

period.,

Figure 1b presents a summary schedule of estimated program expenditures.
Equivaient man-years versus program span are indicated. The total expenditure required
for the three~menufacturer meteriasl develcpment progrem is estimeted at approximately

115 equivalent man-years.

The technical approach end work to be performed under each task are described
in detail in the following sections.

Establishment of Industry Standards

NASA-Industry-FAA Task Force. - A task force of key personnel representing

the following egencies will be orgenized:

e The National Aeronauties and Space Administration - Structures and
Materials
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Figure 13. Materiel Development Program Schedule {Sheet 1 of 2)
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Figure 14, Material Development Program Cost Schedule
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¢ Fiber suppliers

® Prepreg suppliers

@ Airframe manufacturers - Boeing, Lockheed, McDonnell Dougles
& Federal Aviation Administration - Alrframe Structures

® Technical advisors - Air Force and umiversity

The purpose of this task force will be to establish industry standerds and sid
in the definition and implementation of development and test prograems as described
in Teble 26 of Appendix B. Appropriate sub-groups will be organized ess reguired to
perform the detail tasks. ’

Other Development Tesks. - The other subtesks inelude: establishment of

appropriate design requirements and specifications; the development of standardized
test methods; providing coordination with the prepreg suppliers; preparing ancillary
technology development program plans including test methods, inspection methods and

basic material processing; and, development of the materisl specifications.

Materiel Development and Screening

Based on target specificntions development, meteriasl development by suppliers,
user evalustion will be initiated. '

§Egplier Development. - The approach to the development of improved prepregs

initially will be limited to resins and grephite fabrics that are commercislly
availsble. Those which show the most promise to provide solutions for many of the
processing end functional problems encountered with currently used meterials will
be selected. A compsarison of the characteristics of state-of-the-art material
systems with those of new target meteriasl systems to be investigated in this
program is presented in Table 1. Initial development will consist of applying a
state-of-the-art resin (5208} on a unidirectionsl noncrimped graphite fabric |
(Figure 15). Several other candidate resins will also be epplied on the same fabric

to provide a basis for comparison. ILaminates will then be fabricaeted from these
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TABLE 1. COMPARISON OF CHARACTERISTICS OF STATE-OF-ART AND
NEW TARGET MATERIAL
TYPICAL
STATE~OF-ART INTERIM ULTIMATE
CHARACTERISTIC 5208 /7300 TAPE TARGET MATERIAL TARGET MATERTAL
Fiber Type. - Thornel 300~3K Same Improved Thornel
300 or equivalent
Fiber Finish Union Carbide 309 Same Improved Finish

Reinforcement
Form

Resin Type
Cure Temperagture
Resin Flow

Prepreg Reain
Content

Resin Duetility/
Toughness/Strain
Capability

Fleme Resistance

Epoxy Solution
Coating

Non-Woven Tape

5208 Epoxy
k30 ¥ (350°F)
High - 25 wt%

High - 40 Wt%
Ble:eding Required

Poor

Slow Burning

Nonerimped Pabric
Unidirectional
5% Fill Mibers
(See Figurel5)

Same

Same

Same

Net - 34 Wt%
Alr Bleed Only

Sane

Seme

Noncrimped Fabric
Unidirectional
5% Fill Fibers
(See Figure 15)

Improved Resin
<422 K (300°F)
low - B%

Net - 34 Wt%
Air Bleed Only

High Cleavage/
High Impact
Resistance

Self-Extinguishing
FAL U45° Test

O LT

prepregs and comparstive eveluation tests conducted including tensile, compression,

interlaminar shear, interleminar cleavage, and a suitable weight-drcp impact test.
The quality of the leminates will be evalusted further by determining resin/fiber

digtribution, using suiteble chemical tests and micro-snelysis methods.

It is anticipated thet each of the chenges in rew material characteristics

described in Table 1 will result in reduced production processing costs, and/or

improvement of properties, quality level and consistency of cured leminstes. The
anticipated effects resulting from meterial changes are outlined and discussed

below:
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Effect of Reinforcement Form on Processing Cost: Changing the reinforcement
from tape to noncrimped febric will result in reduced processing labor and cost due
to the following:

& Elimination of resin film casting: The fabric is adaptable to resin
impregnation by immersion in a resin-sclvent solution. Use of the sol-
vent process on fabric eliminates the resin film casting operation com-
monly used for tapes and provides better fiber wetting, It is recognized
that solvent~resin impregnation imposes some problems concerning residusl
solvent in the preimpregnated product. Hot melt impregnation mey also
be used for fabric. However, since high viscosity resins ere envisioned
for this program, it is belleved that the solvent impregnation advantages
of better wetting and lower cost outweigh any adventages of the hot

melt process.

e Higher impregnation production rate: Fabric is available in widths up to
152.4 ¢ém (60.0 in. vhile the tepe is normally limited to 30.48 em (12.0 in)
in width during impregnetica by the resin film method. Accordingly, the

production rates and prepreg widths of solvent-resin impregnated fabric
ghould be substantizlly grester than that of tape resulting in a possible

cost saving.

e Simplified lay-up: Grephite/epoxy tepe is inherently fragile since fibers
are bonded together by reletively weak uncured resin. The tepe is
normelly prepared with & paper backing to prevent fiber sepearation during
shipping and handling up to the point of leminete lay-up. The backing is
removed for lay-up ond cere must be exercised to prevent fiber separation,
especially where compound shepes or corners are lnvoived. Unlike tape,
noncrimped fabric is composed of unidirectional graphite fibers re-
strained by fill fibers of Dacron, Kevlar 49, or glass. Therefore,
fivers cannot be separated during backing removel or lay-up operation,

resulting in reduced labor and cost.

¢ Reduced frequency of unacceptable prepreg defects: Due to control problems

currently inherent in tape manufacture, there are usually severasl unaccept- i
able defective areas in every roll of tape. These defects include fiber :

gaps, laps, crogsovers, ete. In fabric on the other hend, fiber collimation

oLl e s T
PR N U ¥ LS

33

L L e amd met sl

R

&
;
|
Beie, .

B S B Sl e e .
- =3 e - = A Y e e -l g PRI o sy A




and orientation 13 controlled by weaving, which potentially sliminates
most of the tape-related defects. Morsover, resin uniformity problems
will be minimized by use of solvent impregnation instead of the resin
film process which is difficult to control. The use of prepregs with
fewer defects will minimize lebor required for inspection and defect
removal a8 well as for time consumed during mechine shutdown and setup
in the case of ley-up machines,

Effeet of Resin Type and Fiber Finish on Processing Cost: Changes in
type of vesin, FPiver finish, and prepreg resin content are expected to re-
sult in reduced provessing cost es indiecated below:

¢ Elimination of resin bleeding: Use of low-flow resins combined wifh
eliminatlion of excess resin in preimpregnated material will resuld
in a simplified lsmineting process because the prebleeding operation
will not be reguired. Moreover, net resin content prepregs will
eliminate labor required for fabrication and plecement of edge dams,
bleeder matericls, and extra vacuum bags used in the prebleeding
operation. Deletion of prebleeding also saves the cost of bleeder

materials and reduces energy requirements.

@ Reduced cure temperature and cure cycle time: Use of a low flow

resin combined with & low cure temperature, say 394 K (250°F) as
opposted to 450 X (350°F), could result in & 50-percent reduction
of overall cure cycle time. The reasons for this are:

(1) High flow resins under production conditions require relatively
é slow heat~up rates to stege resin and prevent excessive edge
| bleeding of laminates. ILow flow resins, on the other hand,
will tolerate fmster heat-up rates since excessive edge bleeding
is not a problem.

(2} The lower cure temperature requires less heat-up and cool-down

~ times.
Reduction of cure ecycle time results in fewer equipment and tool repli-
cates and cost requirad to meet a given production rate. A saving in
heat energy coet is also realized.
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¢ Reduced heat resistance requirements for tool and bagging materials:
Reduced cure tempersture, sey 394 K (250°F) as opposed to 450 K (350°F),
generally allows the use of less expensive and more easily workable
materials for tools, bag, and bag sealing. In addition, the use of
lower temperatures tends to increase tool and rubber bag life, These
factors result in substantially overall lower fabrication costs.

e Resistance to delimination during machining and handling: Use of a
tough, ductile resin combined with a fiber finish that produces a
higher strength fiber-resin bond will provide laminates with increased
cleavage and delemination resistance. This will result in lower pro-
duction costs during machining and drilling cperations. Additional
cost savings will oceur since fewer rejections will resalt from
damage inflicted during handling asnd assembly.

Effect of Reinforcement Form and Resin Type on Leminate Properties and
Quality: The use of nonerimped fabric combined with low flow resin instead of
tape incorporating a high flow resin 1s expected to provide better control
of fiber spacing, collimation, alignment, and resin distribution resulting in

several potential structural performance benefits such as:
o Improved interfiber stress transfer and distribution.
e More uniform {ransverse tensile strength.

® Minimum property scatter resulting in higher statistical design
allowables,

Effect of Resin and Fiber Finish Type on Laminate Properties: A btough,
ductile yesin system such as an elastomer-modified epoxy coupled with a
fiber finish which produces a good fiber-resin bond has the potential to
produce laminates with a more forgiving matrix and increased interlaminar

cleavage/delamination resistance resulting in:

e Higher impact resistance and damage tolerance in the delamination

failure mode,

e Better fatigﬁe resistance by minimizing premature delamination failures.
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¢ Mope resistance o propugation of interlumines trbonded Flaws or voids.
b Highier stradd capabliity o $ailpre resulbing Profi resin forgiveness.
Sebsenine Destd: = 4 prelimdeery test pian 3s présented in Table 2. This
proposed plan is désigned to incibde & minimut number of test parsmeters
concerning critical properties bub sufficiently comprehensive to provide a valid
basis for btrade-off stidies and maberial selection. The screening tests for
chemical/micro-structure, protessing and mechanical properties will be based
upon standdrdized criteria and test methods developed in the previous task.
The number of tests given in the mateix sy be reduced 1f the program is
refined and revemped using statistical techiniques.

It should bé nobed that the proposed test plan (and subsequent plans)
were formulated in sufficient detail %o scope the effort and to estimate
resources., The final plans will be developed by the government-industry
task force with the cooperative inputs of the participants.

Evaluation &nd Selectioni. ~ Wheh sufficiemt test data are generated, it is
planned to conduct comprehénsive property/cost trade-off studies leading to
selection of materlal systems worthy of further in-depth testing and structural

development.
Material Characterizetion and Substantiation

In order to reduce risk associated with use of new materiel systems in
primary structure, a comprehensive testing program to prove selected base
materials in meeting all design and manufscturing conditions is mandatory.

Such a program, as preésently conceived, 1s presented in Table 3.
Material and Process Varisbles Effects

In order to establish tolerable limits on variables in material and process
specifications, the effects of these variables on finished composite properties
must be investigated. Varieble limits as established by specification will also

affect zstablishment of design allowables since property scatter may be increased.
A test plan is presented in Table &,
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TABLE 2. SUMMARY OF MATERIAL SCREENING TESTS
_ DESCRAIPTION WUMSER .
ITEM TYPEOF MATERML 0F SPECMEN
ne. EVALUATIGR WMATERIAL VARIATIONS TESTR TYPEQF TEST TEST VARIABLES CONFIGERATION PURPDIE OF TEAT
22 CHEMICAL AND A. FIRERS SEISERTYPES m CHEMICAL ANALYSH; | § RANDOM BAMFLES, 396m (1I0FTI SAMPLES  |DETERMINE HEPURITIES,
MICACGRAPHIE UNFIBISHED ITYPES OF TESTS EACH OF 3TYPES 3000, 6000 AND 12989  |DEGREE DF GRAPHITIZATION,
ANALYRIS OFTON: FILAMENT TOW CHEMICAL AND THERMAL,
1S TOTAL SAMPLES STASILITY
1] MICRO ANALYSIE: DETERMINE MICROBI AUCTURE
. ZTVPES: STANDARD, FLAWS, UNCFORMITY
: ELECTRON
' 5. FIBER 2FIDERTYPER [ CHEMICAL ANALYSS;  |SRAMCT RAMSiES, 3.06m (TaFTI SAMPLES  [DEVERMINE CONPRIITION,
' FMSHES | SFINSHES ITVIES QF TESTS EACHOF 10 TVPES WNFILAMENY TOW  [CHEMMCAL AND THERMAL -
STARMTY -
C FASRICS | STVRESEUNCWES » MACAD ARALYES SRANDOM SAMPLES, 04m2 (10 VDT SAMPLES [DETERMINE WEAVING
. FABRICS; EACHOF 8TVPER PATTERN INIFORMITY,
) FISEADIRECTIGN
v | I JASTORYION, ETC.
JUMDIRECTIONAL & ® RICAD ANALVSIS DETERSANE ENTENT OF
) SRIDIRECTIONAL FIREA WEAVING DAMAGE
)
: D. RESINB 18 TVPER [ ] CHERMOCAL AWALYSIS; | 3BATCHES, UNCURED RESHE DEVERMINE COMPOSIFION,
TYPEROF TELTS EACHOF 19 TYPES CHEMIEAL AND THEAMAL
ETABILITY
E. PREPAECS | 305VSTEMS: 117 CHEMICAL ANALYSH; |1 BATCHEACHOF A.1e2 (YD SAMLER [ETERMING RESIN CONTENT
& RESINS; 3 FIBER X ITVPER OF TESTS M TYPES: SSAMPLES AR DISSAILTION,
FORMS:2 FIBER | - . EACH BATCH VOLATILES
FINISHES . ‘
10 WICRO ANALYSIS DETERMINE EXTENT AND
UNIFORSHTY OF RESIN - -
FIBEAWETTING. .. .. :..
EVALUATION A PHEPREGE | 15SYSTEMS: s THERMAL ANALYSIS: | 3BATCHES, ERCHOF 10.7m2(20 VO?) SNAPLES |DETERMINE CPTIMUM CURE
OF PROCESSING  HESINS; I FIBER DIFFERENTIAL TNTYPEL; CYCLES PASED QN RESIN
CHARACTERISTICS FOAMS: 1 FIBER GRAVIETRIC, AND 3REPLICATES, EACH RHEDLOGV-TIME, .
FINISH MECHAWICAL;ATYPES  |SATCH TEMPERATURE, VISCOMTY,
CFTESTS OUTGASSIMG, EXOTHERM,
ERDOTHERM,
PTLATIONSHIPS
0. CURED . a» LAMMRATE FABRICATION| SPROCESS VARIATIONS | 2042X 3568 X0.20¢m Inwsmr DFTINEM LAY-UP,
LAKINATES TRIALD (120X TADX000(N.)  [SLEEDING,CLURING TECHNIQUES'
PAREL
% CHEMICAL: RESIN EVALUATE QUALITY
CONTENT. VOIDS OF TRIAL LAMINATES
5 MICRO ANALYSIS: VDIDS)
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TABLE 2. SUMMARY OF MATERIAL SCREENING TESTS (Continued)
GESCATION wimeER
()13 TYIEOF T MATERIAL oF BECNEN
TS EVALUATION MATENAL VANIATIONS TESTS. TYPROF TELT TERY VARIARLES CONFIBURATIEN PUNPOSE DF YEST
22 | secuamear NESTAEIW. | 18TVPES " TemsnesmeneTia | (0 g::}:;‘g;%‘ 171 1524Xem | ACIMNSCREDRINE:
PROPERTIES NRBULUS {1009F) WET: {eSXeN M)
3IREPLICKTER ooeacaE
™ TENSILE CAZEP M AT, JEKIMF | 1rX X o | MOUBNSCREENNG:
§ REPLICATES ASREIXTISM
. OB SONE
CONPORITE MIVSTENS: n FrEmsHE R IRERECATES: | 137X203 X0 FRERTENMLE.
LAMMATES | SRESINS, ICIER (FENTIEEEEIND.
FORMS, 2FHER :
FINIENES .- I TEMRE: ) 2N, 87, | ISXUTTOWem: | BATMXDEHANISAT
HEX(TM]T06 | (1XIREXN S,
(1309F) WET; -
ny SYCOMPAERSION. SREPLIERTEE ZHXBIXEIRem: | FIRERCOMPRESEION; INTER
IEXAESEXEN 1% LAANAR TENSISN-OF-RENN:
. GHIERFINEL JOw:
ne SYINTERL AMIRAR EMXISIXEZ0w | SREARQFRESRFISER:
SHEAR' (EIEXRSXANIG) | ENBHINR:
» NN INTERLAMAR | g2 to 1™ OECAMRATIONEESHTANCE:
CLEAVATE - (sxazmyrona: |
I 7
"w- oY WIACT: AM{AFR; AT, HENHTen. DECAKSNATIUNRESSTANCE
WEHHT DOREDSE SREPLICATER (XA ZAZPLY Lo
RESTRANED PANEL [0
» AN TERIRECAEES AT, RN 2XNINAD e | BT ADY TSRS
GRAEFLICATES {IEXTRSX AMIR) PRGELEN-
FLAMMASILITY coMeOSITE | 1ssVSTEMS: " FLAME RESISTANCE | {5} RT. IS6K(1339F) TREENEen SURMBR ANTERSELT:
LAAINATES | 5RESING,3FIBER FAR 246" NETHTO muggum. (aax1zemiconeom: | ExTivcomENG:
FORNa 2LAYV-UH; CHANACTERQTIES:
IREPLICATES
" URNING SMOXE NDEX |  RY:2THICKNERSCH, | 16I8X1E20 TOKKITY
S BASARALYSE- LAV, (EXBINIPANEL
_ SAEPLICATES
HOTE: (1) ELEVATED TEMPERAYURE TESTE MAY BE RUN AT 422 K
{3W"FDN 3 TYPES ASTING SUITASLE 50 HIGH
TERPERATURE AMPLICATIONS.
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TABLE 3.

SUMMARY OF MATERIAL SUBSTANTIATICHN TESTS

, QERCRANTION HIABER
TR WATERIAL oF SPECIMEN
nO. TYPE OF EVALUATION VARIA™IONS TESTS TYPEOF TERST TEST VATIABLES CONFIGURATION PURPOSE OF TEST
1} LAMIMATE GTATIC MECHARICAL | AMATERIAL SYSTENS, " P TENILE 17X N7X010om | FIBEATENSHE
PROPEATICES 2 RESING; 54 K (T00°F) HSX 105X 0.841K)
AND €22 K {30°F);
| SEAVICE TEMPERATURE :
2 IANRICS: THING = LG TENINLE AEKRATINE | 25ax27%0Mem | MATRIX - FIBER FINISH BENAYIOR
O 422 X (160°F OR J00°F) 119X 195X 0.90IW)
" DAY AWET: 8 CONDITIONS;
" NP/La5° TEMSILE FREPLICATER LEAXUTAL M em REPRESENTATIVE STRUCTURAL
nax1sxominy | Lavur
128 0% COMMERSION 2HXNTNOI5am | FIDER COMPRETSION INTERLANINAR
NSRILEXOMEIN) | TERSION OF REMIN B FIBER FINIH
‘ 8080
1% $%:45° CONPAESSION 2EAXUTX0Mem | AEPRCSENTATIVE RTRUCTIRAL
0AX0EX58M) | LAY -
12 0% INTERLAMINAR OMIXLEZXRMem | SHZAR DF MESING FIBER FINEH
SHEAN (RZEXQSX0MIM) | BOMDINTERLAMINAR
g+ o /L aE  INTEALAMINAR SMXISIXAMen | AEPRESENTATIVE STRUCTURAL
SHEAR WSHUSXOMM) | LAV-I®
18 %445 INTERLAMINAR 268 X205 cm DELAMINATION RESIETARCE
CLEAVAGE - (EHX 1210}
20RAELIES
o “ 0%+4G" INPLANE SHEAR | R.Y. DRY SWET:2C08- | 78X I5.2X0. 0 cm SHEAR DISTOATION OF FIBER
_ : LTy OITIONS;GAERLICATES | (LAX O X Q.08 IN) PATTEAN AS FUNCTION OF MATRIX
- o 0%/4+46" (MPACT WEIBHT | 218K LE6°F, AT 508 X S0 em DELAMINATION REEIETANCE
DROREBGE RESIRAINED| 12 CORDITIONS (200X 20010),
FANEL 5 REPLICATES 120y
= 4O TEMsiLeCnEEr | AT, 3EEKORA2ZK 264X 207K 028cm | VERIFY CAEEPRESISTANLE
{1K9F 0R 30897}, DRY &
WET.AConDmoks; | (X BSXDRRY
5 AEPLICATES
LAMIRATE FAYICUEPAOPERTIES | AMATERIAL SYSTEMS: m FATIGUECONSTANT | 2LAVUPS: FIEERODM- | 254X 227X9Mom | VERIFY FATIGUE RESTSTANCE
2 AERINS: 38 K (1°F) AMPLITUDE IRANT AND HATRIX (10X 105X 008 IN.)
AND 22 K (W0F) ®=-1 DOMINANT
SERVICE YEMPERATURE,
:,fﬁ,'““"’s‘ THIN & SETAESE LEVELS: 40%.,
50%, AND 0% OF ULTI-
MATE; 16 AEFLICATES
w
0
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TABLE 3. SUMMARY OF MATERIAL SUBSTANTIATION TESTS {Continued )
DESCRIFTION NUSIER
iTEM MATZRIAL oF SPECIMEN
NO. TVRE OF EVALUATION VARIATIONS VESTS TVPE GF TERT TEST VARIABLES CONFIGURATION FUAPOSE OF YEET
1 LARINATE FLAMMABILITY, SKOKE MATERIAL SYSTEMS, 191 | COUPON SCALE FLAME | 2PRELONDITIONS: BEFORE] 70K 385cm VERIFY FLAME RESISTANCE
TOMEITY ::gu‘;zs:w K [100°F) REIISTARCE FAA +45% | & AFTER SIMULATED (3.9 X 120120} COLPON
2 K (38OF); WETHOO
gs ;l\‘ztglsgmmwn. WEATHERI®G
JHER s 2TEMPERATURES: BT,
56X DR4ZTX {130°F OR
XWFL; 2 LAV-UHS;
2 THICKNESEES,
JREMICRYESY
142 | SURNMIG SMOKE IBDEX 10X 152w DETERMINE TOXSCITY-
ANTGASARALYSTS (AAXTYINI PANEL
125 | PANELSCALE FLAME | 2 ERERGHED™ 25ANUS 122X\ 22w DETERSHNE FEAME PROPAGATIEN:
PAUFADATION - WRTTERGIFT UGXASETIPANEL | RATES G TIME TOTGNITTONT
BABIART-FLUNTEST
2POMTIONS: VERTICAL
ANDHURIZONTAL, 2LAY-
UPE, 2THICKHERSES,
2MEFLICATES-

LAMINATE FLUID AESISTANCE 189 | tasVTENSILE IAMAYERIALBATCHES; 2K L ENWew | OEVERMINES ZUSHYTYEFFELTS:
SYRENGTRAND: BFLUITEXPOSURES: HUXA2SX000IN] | OFFLUID EXPESUREDRMATAIX
wMoBuLYS FUEL, 0iL, HYBRAULIC

FLUKD; AND JCLEANING
SOLVENTE
wee | 145 TERBLECREEP | JEMPOSURE TIMES 2SEXTEI N0 ew-
5 REPLICATES (LIRS XAIIN
a2 EXVIRDNMENTAL — ACCELERATED AMATERIAL SYSTEMS; 584 | CHEMICAL ANDMICRD- | 2EXPOSURE CONDITIONS: | 7.8X-305X0.20cm- DETERMINE CHEMIGALE MCRO-
WEATHERING - LABDRAYORY. 2RESING: 356 K (109F) GRAPHIC ANALYSIS STRESSED AND UNSTAES. | (3GX120X0AIN} | STRUCTURCCHANGESTAUSEDNY-
LAMINATE PROPERTIES BEFOAE AND 422 K (300°F) SED; 4 EXPOSURE TIMES: ENVIRONMENTAL EXPOSURE:
SEAVICE TEMPERATIRE,
AND AFTER EXPOSUHE ~ ZFASRICS: THIN G D, 3,8, V2 MONTHS; 2LAY-
STRESSED AND UNSTRESSED THIZK P3: 3TYPES OF TESTS;
3 REPLICATES
1280 | +46° TENSILE g" E:a'&i%nag :;gomog: 2WAWBIN00m | MATRIXE RESIRFIGEHADND
3‘;" . umu“;’“m"‘: {LOX D5 X008IK]. | DEGRADATION
.0,3,8, I2MONTHS: 4 TEST
1200 +45° TENSILE CREEP CONT TIDNS: 210K-(562F), | 254X 287X 0.20cm
RY., 36K VRAZZK 1.0X185X 008 1R
{1339F DR 300°F) GAY
AND WET: 10 AEPLICATES
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TABLE 3. SUMMARY OF MATERIAL SUBSTANTTATION TESTS (Continued)
DESLAIPTION NUMBER
1TEM MATERIAL of SPECHIEN
ND. TYPE OF EVALUATION VARIATIGNS TEETS TVPE OF TEST TESY VARIASLES CONFISURATION PURPUSE OF TEST
32 EMVIRONMENTAL — ACEELERATED | 4 MATERIAL SYSTEMS, 1280 | 0°/445° COMPRESSION 2BAX267X02W0¢em | FIBER, FIBER FINISH,MATRIX
WEATHERING ~ LABORATORY. 2 RESING: 368 K {1809F) (OXICEXUN8IN} | DEGRADAVION ~ REPRESENTATIVE
LAMINATE PROPERTIES BEFORE AND 422 K (3009F); APPLICATION LAV-UP
AND AFTER EXPDSURE ~ SERVICE TEWPERATURE, 1200 | 0°44%° FATIGUE 254X 287 X020 em
STRESSED AND UNSTRESSED 2 Enacs: THIN G (R=-1} (19X 105X 0.001N)
182 | 0%445° INPACT SAME AS ABOVE E"BE;T P ] SeAXEUSXD20em | OEGRADATION OF DELAMINATION
. 2TEST CONDITIONSAT | 125 %200 0.000N) | RESISTANCE
200 K {-850F), B.T.: PANEL
3NEPLICATES A
ENVIRGNMENTAL CYCLING - 881 | CHEMICAL ANDMICAO-| 35TRESS LEVELS:A0% 60% | 254X262X020cm | CHEMICAL & MICRDSTRUCTURE
LABORATORY GRAPHIC ARALVSIS | BO% ULTIMATE:4EKE,- | (LOX1BSXO008IN} | CHiNOES )
SURE TIMES: 0,3,8,12
FATIGUE STRESS HUMIDITY - MONTHS; 2 LAY-UPS; 3
TEMPEAATURE EXPOSURE TEST YYPES; 3 REPLICATES
CYOLES
1020 | +45° FENSILE 39TRESS LEVELS: 254X262X020cm | MATRIX,RESIN -~ FIBER BOND
LAMINATE PROPERTIES BEFGRE 40%, 60%, 0% ULTIMATE | 10X 105X DO8IN] | DEGRADATION
AND AFTER EXPOSURE
W2 | +45° yENSILECREEP | § EXPOSURETIMES: 03,60 254x o2~ x0200m
ZMONTHS; 8 TESTCON- | 149 x 105X 0.08 1N,
g;;mns; 20K (620, BT,
120 | (45O COMPRESSION | 3005 DR a tepe | O FIBER, MATRIX, RESIN ~ FIBER BOND
10 AEPLICATES DEGRADATION
28 | 0%2457 IMPACT SAME AS ABOVE EXCEPT: | 203X 508X020em | DEGRADATIGN OF DELAMINATION
2 TEST CONDITIONS, 219K | (8.0 %206 X 0.08 IN) RESISTANCE
{650F), R.T., 3 REPLICAYES
1 120 | 0°£45° EXPOSURE 3ISTRESS LEVELS; 10 254%207X020em | STRESS LEVEL/LIFE COHRELATION
> .| EYCLESTOFAILURE | RAEPLICATES (1.0X10.5 X 0.08 1N]
3 ENVIRONMENTAL — QUTOOOR AMATERIAL SYSTEMS; 1638 ( CHEMICAL & MICRD- | AWEATHERING SITES: 26X 305%020em DETERMINE CHEMICAL AND MICRO-
2 WEATHERING 2 HESINS: 358 K (180°F) DRAPHIC ANALYSIS POINY LOMA, 1,05 ANGE- | (30X 120X 0.0818) | STRUSTURF CHANGES CAUSED BY
9 | :g:vﬁzs';t{-:ﬁrng:\ru - LES ATRPORT, NORFOLK, WEATHERING EXPOSURE
] LAMINATE PROPERTIES BEFORE [ |3500E0 ¥ la T ORE. FLORIDA; 4 EXPOSURE
.. AND AFTER EXPOSURE —STRESSED) Tuiek TIMES: 0,1,3,5 YCARS:
o ARD UNSTRESSED 2 CONBIYTONS: STRESSED .
i AND UNSTRESSED: 2
ﬁ} LAY-UPS: 2 TYPES OF
i TESTS: 3 REPLICATES .
£
[
£
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TABLE 3. SUMMARY OF MATERTAL SUBSTANTIATION TESTS {Continued)
DESCAIPTION NUMBER
ITEM MATERIAL oF SPECMER
LT TYPE OF EVALUATION VARIATIONS TESTS TYPE OF TEST TEST VARIABLES CONFIGURATION PURPDSE OF TEST
32 | ENVIRONMENTAL - Y TB0OR AMATERIAL SYSTEMS, 5120 | 45° TEMSILE SWEATHERING SITES AS 254X 267X 0.20¢em MATRIX AND RESIN FIBER BOND
WEATHERING — LABORATORY. : r?ﬁ:::( 7;30 lg Fl;ﬂ"ﬁ :BE?(:ESI.IBE TES: (10X 105X 008 1N} BDEGRADATION
LAMINATE PROPERTIES BEFORE d
AND AFTER EXPOSURE - giﬂ&ﬁﬁ;ﬁf:ﬁ%ﬂ& stzn | a0 Tensiecaees | B LOSYEARRZCON | 25ax267x0200m
STRESSED AND UNSTRESSER THICK UNSTRESSED; 4 TEST 19X 105K 0.00 (N}
CONDITIGNS: 218K
5120 09/+45° COMPRESSION | {86%F), AT, 3SEKOR . FIBER, FIRER FINISH, MATRIX
— - ;:: v“ .u-nz;r R3N°H), DEGRADATION; REPRESENTATIVE
- v g
5120 fal._ﬁ FATIGUE 10 RERLIGATED APPLICATION LAY-UP
763 0974457 (MPACT SAME AS ARDVE EXCEPT 50.8 X608 X 020 cm DEGRADATION OF DELAMINATION
USE2TEST COMDITIONS: | (700 X 230 XDO81K) | REGISTANCE
28K {85°F) AND &.T.; PANEL
3AEPLICATES
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; TABLE 4. SUMMARY OF MATERIAL AND PROCESS VARIABLES TESTS
' | DESCAIPTION KUMBER
; TN TYPE OF WATERIAL OF SPECIMEN
' "9, EVALUATION VARIATIONS TESTS . TYPE OF TEST TEST VARIASLES CONFICUAATICN PURPOSE OF TEST
' a FIER/FABRIG BATCH A MATERIAL SYS- 1 0° TENSILE 3FIIER BAVCHES; IFABRIC| 5.27X 287X 0.10em | FIRER STRENGTH AKD MODULUS
VARIATIONS — TEMS, 2 RESINS: BATCHES: § TEST CON- {05X 105X 0.08IN} | VARIATIONS
LAMINATE PRO- 3SEK OR 422 K DITION: BT, 5 REPLICATES:
PERTY EFFECTS {130°F OR 300°F) ) 2° COMPRESSION FIXOTHERVARIABLES | 254X 28.7X0.20em
SERVICE TEMPERA-
TURE: 2 FABRICS: (1.0 X 125X 003 1K)
THIN AND THICK
E. FINER/FABRIC FINISH i1 +45° TENSILE IFIBER FINISHBATCHES: |[254X26.7XD20cm | FISCA-RESIN BOND INPLANE OF
: BATCH VARIATIONS — ATEST CONDITIONS: (10X 105X 0081) | LAMINATE
1 LAMINATE PROPEATY & REPLICATES:
bt EFFECTS 1] 0%/+45° INTER- FIX OTHER VARIALLES 258X Hem INTERLAMINAR FLIERRESIN
LAMINAR CLEAVAGE (10X 1200) XAPLY | BOND
RESINFREPREG » CHEMICAL ANALYS!S | 3JRESIN/PREPREG BATCHES: | 30 Y0 SARPLE COMPOSITION VARIATIONS
BATCH VARIATIONS IREPLICATES .
LAMINATE PROPERTY
EFFELTS » RHEOLOGY TESTS VARIATIONS (N FLOW, GEL, EKDD-
[THERMAL ANALYS!S) THERWS, EXOYHERMS ETL.
1] +45° TENSILE JRESIN/PREPNEG BATCHES: | 256 X 267X 0.0 e | MATRIX STRENGTII INPLANE OF
ATEST CONDITIONS; (10X 105X 000K) | LAMINATE
5 REPLICATES;
FIh] 0/+45% INTER: #1X DTHER VARIABLES 254X Wem MATRIX DELAMINATION
LAMINAR CLEAVABE (DX 1Z0tK)} X4PLY | RESISTANCE
a2 STORAGE AND ATING a3 RHEOLOGY TESTS 3RESIN/PREPREG BATCHES: | 2743 m 130 VD) VARIATIONS IN FLOW, GEL, EXQ-
TIME VARIABLES ~ (THERMAL ANALYSIS) | & AGING TIMES @ 0°F: SAMPLE THERMS, ENDOVHENMS, ETC.
LAMINATE PROPERTY 0,1, 3,8, 12ZMONTHS;
EFFECTS 3AGING TIMES @ AT
. 0.1, 2 4WEEKS;
3REPLICATES:
FIX OTHER VARIABLES
120 +45° TENSILE SAME AS ABDVE EXCEPT | 254X 267X0.Mcm | MATRIXSTRENGTH INPLAKE OF oo
USE 5 REPLICATES (DX 105X DI81M) | LAMINATE =
| —
o] /40 1P TER 264X 3Mem MATRIX DELAMINATION QY
LAMINAR CLEAVAGE {OX120IN.) X 4PLY | RESISTANCE 8 E
LAY-UP — FIBER PAT- 100 0° TENSILE S FiBER PATTERN 127X 267 %X0.10cm | STREMGYHREDUCTION DGE YO = g
TERN VARIATIONS — VARIATIONS; {0EX1DSXO04IN) | FIBEAMISALIGRMENY
LAMINATE PROPERYY 5 REPLICATES; 2 L)
8 EFFECTS 100 ©° COMPRESSION FIX DYHER VARIABLES 250X 287X D.15¢em (= B
P (10X 195X 00BN} o
N T
CURE PROCESS 380 245° TENSILE 3RESIN BATCHES:BCURE | 254X 267X 020cm | MATRIK STRENGTH INPLANE OF &
;o VARIATIONS - VARIATIONS; 6 REPLI- NOKICEXO0LSIN] | LAMIMATE a
& LAMINATE PRD. CATES: FIX OTHER 5
v PERTY EFFECTS 360 0°7445° INTER- VARIABLES 254X Wem MATAIX DELAMINATION B
] LAMINAR CLEAVAGE MOXIZINIXAFLY | RESISTANCE -
-
; 216 CHENICAL ANALYSIS | SAME AS ABOVE EXCEPT | 254X 30X 0.20¢cm POLYMERIZATION
(. USE 3REFLICATES 00X 12X 000 IN} JTATE
?'." \
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Deglign Alloweble Testing

A test plan covering development of mechenical property values to be used for
structural design is presented in Table 5.

A total of 6540 coupon tests are defined, primarily static tests, but including
a smell number of fetigue tests.,

The static strength tests will provide the date for establishing design allow-
ables for the material. Ply-level lemire tests wlll be used for determinstion of
the material strength and stiffness. Laminate tests, on both notched and unnotched
specimens, will be used to verify predicted laminate strength and the notch effects.
Pin bearing tests will be conducted to determine laminate bearing strength. In
eddition, s selected set of spectrum fatigue tests are specified for verification of
the design strain level.
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TABLE 5., SUMMARY OF DESIGN ALLOWABLE TESTS
—
—_— NUMBER SPECIMEN
DEGCRIPTION OF TYPE OF TEST TEST VARIABLES PURPOSE OF TESY
NO. CONFIQURATION
SPECHMENE
51 | DESIGN ALLOWASLES A, PLY-LEVEL DATA 800 STAIC STAENGTH: 3 VEST ENVIRONIMENTS: DETERMINAT ION OF LAMINA MATERIAL STRENGTH
- ¢ TENSION 29K (-tﬂ‘l‘i DRY; 127 X287 em
ATD; 0.5 X 105 in) X 12PLY
0% coMmn.3S10M 38K im’F} WET 064 X 14.0cm
10,25 X 5.5 in] X 200LY
+ 457 VENSION 254 X 287 em
(1.0 X 108 IN} X 12PLY
20° TENSION 2.54 X 28.7 cm
1.0 X 10.5in} X 12PLY
90° COMPRESSION 2.54 X 26.7 cm
11.0X 10.6in} X 120V
B, LAMINATE DATA €000 STATIC STRENGYH: A LAMINATE CONFIGURA. ::gmcnlcm oF ;ueo]rc!sn LAMINATE STRENQTI;
EAMINATION DF NOTCH EFFECTS
0° YENSION ENVIRONMENTS. | 250 26,7 em
NOTCHED & UNNOYCHED | (1.0 X 10.5 in); VARIOUS PLIES
0° COMPRESSION 2.54 X 26.7 em
11,0 X 10.8 in}; VARIOUS PLIES
%0° TENSION 2.54 X 26.7 cm
11.0 X 10.5 in}: VARIGUS PLIES
. 00 COMPRESSION :23 x ‘2: g N ARIDUS PLIEE
in}: VARIDUS
IN-PLANE SHEAR LGZ’)‘( !uu:- t
[3 X 6 inl; VARIOUS PLIES
C. BEARING DATA ™ STATIC PIN BEAHING | 4 LAMINATE CONFIGURA- | DOUBLE LAP; 8.0 IN. X 5D OETERMIMATION OF LAMINAYE PIN BEARING SYNENGTH
STRENGTH TIONS, 3D EOGE DISTANCE, VARIOUS
3 TERT ENVIRONMENTS, | NUMBERS OF PLIES
2PIN $1ZES
5.2 DEBIGN STAAIN LEVEL 20 SPECTRUM FATIGUE, 1DESIGN STRAIN LEVEL, 254X 267em VERIFICATION OF DESIGN STRAIN LEVEL
ATO, COMPRESSICN - | 2 LAMINATE CONFIGURA- 11.0 X 10.5 ink; VARIOUS
DOMINATED LOADING |  TIONS, NUMEBERS OF PLIES
SPECTRUM, 4 LIFE- NOTCHED & UNNOTCHED
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Y} PART 2 - WING STRUCTURE DEVELOPMENT PROGRAM

Program Summary and Schedule

The schedyle for the task-oriented wing structure development program is
prgsented on Figpre-;é, ?he program extend;_over-ﬁg eigﬁt-yaar_period and |
encompasses four tasks: design date testing, design concepbe evaluations, pre-
liminery design, and demonstration srticle development. These tasks are summarized
below and described in detail in the following sections.

Design Data Testing. -~ Supplementary dgta on the strength and durability
characteristics of T100/5208 grephite/epoxy leminates will be determined over a
testing span approxim -tely five years, The majority of the testing will be completed
in the first 27 months, with only the moisture tests continuing into 1983.

Design Concepts Evaluation, - The most promising structural approeches for
e large, high aspeect ratio wing will be identified through anaiyticel design
studies and development testing. A 33-month technical effort is planned with go-
ahead early in 1979.

Preliminery Design. - The composite wing structure design will be expanded

and refined employing the most promising structural concepts and incorporating
into the wing design the nev, improved materisl system.' The design/manufacturing
paremeters will be verified; cost-weight trede studies performed; and verification
tests conducted on selected subcomponente of the wing structure. The 36~month
analyticel and development effort is planned to proceed on January 1981,

Demonstretion Article Development. - Fabrication of a large wing cover segment,

and design, manufecture and testing of & representative wing box structure will be
undertaken to demonstrete the feasibility of designing and fabricating a cost-
competitive composite wing structure. Technology readiness will be demonstrated by

this 30-month program.
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DESIGN.DATA

g 100 8

R —
ey PROMISING CONCEPTS
PRELIMINARY e
DESIGN i
DEMONSTRATION NEW, WING DESIGN
ARTICLE IMPROVED
DEVELOPMENT MATERIAL MFG/
STRUCTURAL
INTEGRITY
DEMO/
VALIDATION

Figure 16. Wing Structure Development Program Schedule
Program Resources
The composite wing structure development program will require a Lockheed

effort of approximately 460 man-years of engineering, manufacturing, and testing
effort, extending over an eight-year period from 1978 through mid-1985. It would

. be expected that similar efforts would be required by the other major transport

airframe manufacturers.

Teble 6 presents the estimatel (ROM) wing structure development program costs
by program task, end by function (i.e., engineering, manufacturing, and test).
Manuafacturing, for purposes of this report, includes tooling and quality assurance
as well as the primary manufecturing activities. The estimated costs are presented
in equivalent man-years, where these include both direct labor cost and the equi-

valent labor cost of materials. The development program costs also are summarized
graphically on Figure 17. .
Table T presents an estimated schedule of labor expenditures for the

development program. Estimated yearly labor expenditures are indicated for each
task. On Figure 18 the labor costs versus program year are presented graphically

by function. The estimated man-years for engineering, manufacturing, and
| testing are presented in Tables, 8, 9, and 10, respectively.
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TABLE 6, WING STRUCTURE DEVELOPMENT PROGRAM COST MATRIX
(Eqmvmm mﬁamms 1)

.FUNCTIVQN

PROGRAM TASK . - ‘ it
e "ﬁ:énl . MFG. TEST o
; A. DESIGN DATA tss*fme - 26 | o8 9.8 13.2
; 8. DESIGN CONGEBTS sw\wmﬁm o 400 100.5 24,0 1745
C. PRELIMINARY DESIBN | 76.0 80.7 474 206.1
D. uemamsramuunﬂcné nsvemmsm. 10.0 47.0 8.9 69.9
TOTAL | 130.6 229.1 100.1 459.7

(1) INCLUDES EQUSVALENT MATERIAL COSTS

TASK A — DESIGN DATA TESTING I

TASK 8 — DESIGN CONCEPTS EVALUATION N |

TASK € — PRELIMINARY DESIGN

I
i TASK D — DEMONSTRATION ARTICLE
DEVELOPMENT D
TOTAL PROGRAM N ENGR.NN] MFG.

l i ] i ] i i ! ]
0 50 0D 150 200 250 300 350 400 450 GOD
EQUIVALENT MAN-YEARS

e e

naia i — s atn L emmte e s tmm

Fa.gure 17. Wlng Structure Development Program Cost Summary
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MAN-YEARS

TABLE 7. WING STRUCTURE DEVELOPMENT PROGRAM/TASK LABOR SCEEDULE (MAN-YEARS)

'YEAR ‘
PROGRAM TASK . S— - (0} 71
Bl il | 1978 | 1978 | 1980 | 1981 | 1982 | 1983 | 1984 | 1985
 DESIGN DATA TESTING 29 | 67 | 25 or T oot b | 129
DESIGN CONGEPTS 5 | 1081 | 302 oy
PRELIMINARY DESIGN. 55.0 {1137 | 303 1 | 1900
. DEMONSTRATION
ARTICLE DEVELOPMENT 420 | 192 | 1.0 | 623
TOTAL 29 |325 |1076 | 89.3 | 1138|724 | 193 | 1.0 |4388
ORIGINAL PAGE IS
OF POOR QUALITY
19 113.8
110 107.6 ) TOTAL LABOR COST
160 438.8 MAN-YRS
90 893
80.
70
60
50
£0
30
20
10 29
1978 1979 1980 1981 1982 1983 1984 1985
YEAR
Figure 18. Wing Structure Development Program/
Function Labor Schedule
L9
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TABLE 8.

WING STRUCTURE DEVELOPMENT PROGRAM ENGINEERING
LABOR SCHEDULE (MAN-YEARS) .

PROGRAMTASK  fomropte o el e o
N | A I A B B e
BESIGN bATA TE'STING 07 101 08F dal. 041 01 25
-u:..wgmu-. - S T e X ; —
D smnacclmcepr.. 60 [ 200 50 | oy
C. PHELIMINARY DESIGN 300§ 48] so | 780
D. DEMGNsmATiomAnncLE - ' 1
| DEVELOBMENT I O T O B Bl L
TOTAL 07 | 160 | 205 | 35.1 | 401 | 171 | 05 | 05 | 1305
TABLE 9. WING STRUCTURE DEVELOPMENT PROGRAM MANUFACTURING
LABOR SOHEDULE (MAN-YRARS)
PROGRAM TASK - YEAR
) 1978 | 1970 | 1080 | 1981 [ 1082 | 1083 [ 1984 ] 1988 'O At
A. DESIGN DATA TESTIMG 0.2 6.7 0.9
B. DESIGN CONCEPTS ,
EVALUATION 83 ] 626 | 21.7 2.6
C. PRELIMINAHY DESIGN 176 ] 48.7 ] 98 76.0
Fo'_. DEMONSTRATION ARTIELE
TOTAL 02 | 90 |626) 302|487 428 108 213.3
TABLE 10. WING STRU@I'URE DEVELOPMENT PROGRAM TESTING
LABOR SC@EULE (M—YEARS)
YEAR
PROGRAM TASK
1978 | 1979 | 1980 | 1981 | 1982 | 1983 ] 1984 | 1985 [0
A. DESIGN DATA TESTING 20| 50| 20 9.0
B, DESIGN CONGEFTS
DESIGN CONC 25 1 225| 75 225
C. PRELIMINARY DESIGN 75 | 250 125 5.0
B, DEMONSTRATION ARTICLE
DEVELOPMENT 80 ] 05 ] 85
TOTAL 26 | 75 | 245 | 150 |250 | 125 | 80 | 05 | 50

ORIGINAL PA
OF PCOx QUAEEI:TI?




DESIGN DATA TESTING

The proposed testing outlined for this task will provide supplementary data
to the existing T300/5208 graphite/epoxy data base. It will verify/determine the
strenghbh and durability characteristics of the T200/5208 material when subjécted
to the wing design énvirohment; these data will be used during the subsegquent
design concepts evaluation task. Included in the initial testing will be the
characterization of T300/5208 unidirectional (noncrimped) fabric. If the equiva-
lence of this material form to the currently used tape is verified, unidirectional
fabric will be used for the remainder of the design data testing and incorporated

in the concept development effort.

The design data tests are summerized in Table 11; a total of 840 individual
tests are specified. These tests are divided into the following sub-task areas:
characterization of the unidirectional fabricj assessment of design strain levels,
including the effects of cyclic load and environment, foreign object impact, stack-
ing sequence, and fuei‘and hydraulie fluid soak; pin bearing tests; and thick
laminate moisture shsorption/desorptiorn evaluation.

The design data test schedule is presented in Figure 19. The testing spans
a period of five years, with the great majority of the testing completed in the
first 27 months, and only the moisture tests continuing through 1983.

Fabric Characterization

Static strength tests will be conducted or the unidirectional (non crimped)
fabric to characterize the mechanical propert.es of this material form. One-
hundred and fifty (150) tests are defined; inciuding 0° and 90° tension and com-
pression on unidirectional laminetes, and O0 tension on a simple iﬁso laminate.
Material property data will be obtained at three test environments: room tempera-
ture, dry; 279 K (-65°F), dry; end 356 K (180°F), wet (1% moisture content). These

data will determine/verify the material properties for the basic lamina, and provide

the basis for the prediction of laminate strength properties.
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» TABLE 11, SUMMARY O DESIGN DATA TESTS
NUMBER
ey OESCRIPTION oF TVPE OF TEST TEST VARIKALES SPECIMEN PURPOSE OF TEST
PECIMERS! CONFIBURATION j
a2 FABRIC CHARACTERIZATION 150 STATIC STRENGTH:; 3TESY 127 = 20.87em CHARACTERIZATION OF UNDIRECTIONAL ;
0° TENSION ENVIRONMENTS: 0.5 % 10.5 IN) x 1ZPLY  § FABRIG STRENGTM - R
° 219 K(-B59F), DRY 064 x 13.87cm .
0~ COMPRESSION ATD: AND (0,26 x 65 IN) w20 PLY
+ 45TENSION 258 K{1800F). WET 264 % 28.57em
o {1305 IN.I % 12PLY :
80° TENBION 2543 26.8Tem ;
20 COMPHEESION 1.0 x 105 IN} x 12 PLY
2 .54 n 20.67cm :
1.0 % 10.5 IN.) x 12 PLY ) i
A3 DESIGN STRAIN A. DESIGN STRAIN 240 SPECTRUM FATIGUE, 3 DESICN BTAAIN 2508 t26.67em OETERMINATION OF DESIGR STHAIN LEVELS
kgsasléra NS ATD. & LIFETIMES légvit.g. 1‘ k?":g:“e 1.0 2 105 IN.J; VARIOUS -
NFIOU 5. LUMBER OF BLI "
‘NOTCHED & UNNOTCHED, N FLIES
TENSION DOMINATED
AND COMPRESSION
DOMINATED LOADING
SPECTRA
B IMPACY EFFECTS 30 IMPACT UNDER LOAD; | 3 iMPACT CONDITIONS. THICK PLATES: SIZE TED | DETEAMINATION OF iMPACT ON DESIGN
SPECTRUM FATIGUE, 2 LAMINATE STRAN ILIFEI
ATD, COMPRESSION CONFIGURATIONS vy
DOMINATED LOADING .
SPECTAUM -
4 LIFETIMES e
€ STACKING 80 SPECTRUM FATIGUE, 4 STACKING SEQUENCES, | 251 x 26.67cm DEYERMINATION OF STACKING SEGUENCE <L
SEQUENCE 4 LIFEFIMES 2 TEST ENVIRONMENTS, 1.0 10.6 {N.} » 18 PLIES;| EFFECT ON DEDIGN STRAIN (LIFE} i
EFFECTS TENSION DOMINATED UNNOTCHED o
AND COMPRESSION
OOMINATED LOADING <
SPECTRA i
o cyeue 80 SPECTHUM FATIGUE, 4 LAMINATE 264 z 26.67cm DETERMINATION OF CVELIC ENVIRONMENT
ENVIRONMENT WITH CYCLIC CONFIGURATIONS, (1.0 % 106 N} VARIOUS | EFFECT ON DESIGN STAAIN (LIFE)
EFFECTS TEMPERATURE AND NOTCHED & UNNOTCHED, | NUMBERS OPPLIEB
HUMIDITY, & TENSION-DOMINATED
LIFETIMES AND COMPRESSION
DOMINATED LOADING
SPECTRA
E. FUEL AND HYDRAULIC
FLUID SOAK EFRECYS
1} SOAK EFFECTS 100 STATIC STRENGTH 3SUAK CONDITIONS 254 % 26.567cm DETERMINATION OF FUEL & HVDRAULIC
2 SDAK FERIODS, 2 (1.0 % 1D.6 1IN x 12 PLIES | FLUED SOAK EFFECT ON LAMINATE STRENGTH
TEST TEMPERATURES, HOLE NOTCHED
TENSION AND
COMPRESSION
(21 FUEL AND a0 SPECTRUM FATIGUE. 2 SOAK CONDITIONS, 2 264 « 26.87cm DETERMINATION OF FUEL & HYDRAULIC
HYDRAULIC FLUID! WiTH GYCLIC SOAK PEAIODS, TENSION | {1.0: 1.6 1N} x 12 PLIES;] FLUID S0AK EFFECT ON DESIGN STRAIN (LIFE)
cveLic TEMPERATURE AND DOMINATED AND HOLE NDYCHED
ENVIRONMENT HUMIDITY, COMPRESSION DORMIMNATED
o % EFFECTS 4 LIFETIMES LOADING SPECTRA
vxi aa HANICAL FA! : 120 SIATIC STRENGTH 4 LAMINATE DOUBLE LAP; 20.32em | CHARACTERIZATION OF LAMINATE PIN
"5 MECHAN STENER {PIN BEARING) TESTS CONFIGURATIONS, 18D}« 6D, BEARING STRENGTH
vt ITEST 3D EDGE DISTANRE
a ENVIROMENTS. 2 PIN
SIZES
‘?d g‘ A5 THICK LAMINATE A. ACCELERATED 12 CONTINUOUS & TIME INTERVALS: 1.27cm 10.50 IN.) DETEAMINATION OF MOISTURE DISTRIBUTION
MOISTURE AGSORB/ CONCITICNING TEMPERATURE AND 1,2,3,4.6, AND THICK PLATE V5 TIME IN THICK LAMINATES SUBJECTED 10
B D2 vo DESDAB TESTS HUMIDITY EXPOSURE: | 6 MONTHS 0.30 2 0.30m (1 x T FT) ACCELERATED ENVIRONMENTAL EXPOSURE B
B [ = DISSECTED AND
E - WEIGHED *
L
b e} B. PAV. CHAMBER 1} CYCLIC TEMPERATURE | 6 TIME INTERVALS: 1.27cm 10.50 1N} DETEAMINATION OF MOISTURE DISTRIBUTION fyt
i TESTS AND HUMIDITY 6MONTHS, 1.2 3, THICK PLATE VE TIME IN THICK LAMINATES SUBJECTED TO w
i -t EXPOSURE: 4 AND & YEARS 0.30 % 0.30m (1 x T FT) LONG TERM CYCLIC ENVIRDNMENTAL EXPOSURE )
F o DISSECTED AND B
l; WEIGHED I
J |
P -
Lt ES
r £y
! 5
e

Y
-
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YEAR 1978 . 1979 1980
MONTHS |J|Fimialmfals|a[s|oln|ojsirimiaimisis|a]s[o[nin]sTEIM[AIMIITA]A]S
Task oner  EEa,  MSLR | omaioae
SUBTASK BESCRIPTION IMAJOR v i 4 . v
MILESTONES I _ﬁ_.s
ORDER PAVT TES
MATERIAL (THAY 1953)
MECH. PR%P«
1.0 SECIMEN FABRICATION i
11 ORDER MATERIAL v
12 RECEIVED MATERIAL v v,
$3 FABRICATE SPECIMENS g Y
20 FABRIC CHARACTERIZATION |=Y
B & LAMINATE CONFIG, -
3.0 DESIGN STRAIN LEVEL ASSESSMENT R AR G ROP/
3.2 DESIGN STRAIN/IMPACT EFFECTS : 4 LAMINATE CONFIG.
33  DESIGN STRAIN/CYCLIC ENVIRONMENT _ _ |
EFFECTS i 4 STACKING
34 DESIGN STRAIN/STACKING SEQVENCE STATIC STRENGTH/ - . SEQUENCE/
EFEFCTS T LAMINATE CONFIG. " < ; 1. LAMINATE
SPECTRUM FATIG -
35 FUEL & HYDRAULIC FLUID SOAK EFFECTS | ha, CONFIC.

o DESiGA STRAIN/FUEL / HYDRAULIC
FLUID, CYCLIC ERVIR. EFFECTS

40 MECHANICAL FASTENER (PiN BEARING) TESTS

5.0 THICK LAMIHATE MOISTURE ABSGRB/DESORR
61 ACCELERATED CONDITIONING TESTS
6.2 PRVT CHAMBER TESTS

3 1 LAMINATE CONFIG.

§
Y STATIC BRNG. STRENGTH/

1 4 LAMINATE CONFIG.

-y MOISTURE DISTURB./ MOISTURE DISTRUB./

1-6 MO. EXPOSURE 65 MQ, -5 YR. EXPOSURE

- |

Figure 19.

Design Data Testing Schedule
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Design Strain Level Assessment

Durability testing will be conducted to develop the data necessary to establish/
verify the permissible design strain level for the design of composite wing struc-
ture for a commercial %ransport. These tests will assess the effects of fatigue

loading spectra, and verious environmentel factors, on these design strain levels.

Design Strain. -~ The design strain level will be established by spectrum fatigue
testing four laminete configuretions, for bhoth hole notched and unnotched specimens,

at three design strain levels, The four laminate configurations will cover the
envelope of probeble designs, including both fiber-domineted and matrix-dominated
laminates, The test specimens will be subjected to one of two flight-by-flight
commercial transport wing fatigue loading spectra: a compression-dominated spectrum
representing upper surface loadings, and a tension-dominated spectrum representing
lower surface losdings. The severity of the loading spectra will be coutrolled
such that the peek strein applied to the specimen will correspond to the specified

limit design strain level.

Two-hundred and forty (240) specimens will be tested. The specimens will be
tested in a room temperature, dry, as-febricated condition. The tests (as well as
the other design strain level fatigue tests described below) will be continued to

failure, or for a maximum of four lifetimes.

Impact Effects. - The effects of forzign object impact on the fatigue life of

thick laminates will be assessed by impacting and spectrum fatigue testing composite
plate specimens. Both as-fabricated and impacted specimens will be subjected to a
flight-by-flight, compression-dominated, upper surface loading spectrum. The asso-
ciated peak strain level will be based on the results of the design strain level
assessment tests. Two impact conditions will be investigated: hailstone impact, and
tool drop. The energy levels for these conditions will be representative of the
maximums which reasonably can be expected to ocecur during the lifetime of the air-

craft. The specimens will be impected under loed, at levels consistent with the
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impact environment. Two laminate configurations, representative of different loca-

tions on the upper wing surface, will be tested.

A %otal of thirty (30) specimens will be testsd, in & room temperature, dry,

condition,

Cyclic Environment Effects., - The effects of e¢yelic environment on fatigue

life will be sssessed by repeating the deslign strain level assessment tests at

one selected design strain and combining a temperature and humidity cycle with the
spectrum fatigue loadings. The tempersture end humidity environment will be repre-
sentative of the enticzipated operationel environment. As before, four laminate
configurations, for both unnoiched end hole~notched specimens, will be subjected
to tension-dominated and compression-dominated flight-by-flight spectrum fatigue
loadings. A total of eighty (80) specimens will be tested.

Stacking Sequence Effects. - The effects of stacking sequence on fatigue life

will be assessed by testing four stecking sequences for a single, unnotched, 16-ply
laminate configuration. Both tension-dominated and compression-dominated spectrum
fatigue tests, at one design strain level, will be conducted. Tests will be con-
ducted, both, in the room temperature, dry, and in the cyclic temperature and
humidity, wet (1% moisture content) environments. Eighty (80) specimens will be

tested for this investigation.

Fuel and Hydraulic Fluid Effects. - The use of composite materials for trans-

port wing structure requires an ass:ssment of the effects of fuel and hydraulic
fluid soek on the material strength. This assessment is divided into two aspects,

static strength and fatigue stre-gth.

Soak Effects on Static Strength: Static tension and compression tests will

be conducted on as-Fabricated specimens, and on specimens soesked in fuel or hydraulic

fluid for periods of 30 and 60 days. Tests will be conducted at room temperature

and 356 X (lBOOF); on hole-notched specimens using one, wmatrix-dominated laminate

configuration. One-~hundred (100) specimens will be tested.
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Soak/Cycli; ‘Enviromment Effects on Fatigue Strength: Spectrum fatigue
tests, with cyclic temperature and humidity, will be conducted on soaked
specimens to assess the effects of these factors, Again, tests will be
conducted on hole-notched specimens soaked in fuel or hydraulic fluid for 30-
and 60-day periods. Both tension-dominated and compression-daminated spectrum
fatigue tests will be conducted, Specimens which survive four lifetimes of
loudings will be residual strength tested for comparison with the static test

‘results. Forty (#0) tests will be conducted.

Pin Bearings Tests

Static strength tests will be conducted on double lap shear specimens to deter-
mine the leminate bearing strength. Tests will be conducted on four laminate con-
Tigurations for two pin sizes, 3/16 and 1/4 inch diameter. Three test environments
will be included: room temperature, dry; 219 K (-65°F), ary: 356 K (180°F),
wet (1% moisture content), These data will Provide the basis for development
of methods for the prediction of laminate bearing strength. One~hundred and
twenty (120) specimens will be tested.

Thick Laminate Moisture Absorption/Desorption Evalustion

The thick leminates associated with the application of composites for wing
structure require an evaluation of the rate of moisture absorption/desorption and
the resultant moisture distribution in these laminates as a function of time when
they are subjected to temperature and humidity. Two types of exposure will be
investigated: (1) continuous exposure to temperature and humidity, and (2) cyclic
temperature and humidity exposure. The test data will be used to determine the
time reguired in an operationﬁl environment to reach an equilibrium condition in
thick leminates and to evaluate the use of accelerated laboratory conditioning to

simulate the condition in thick laminate testing.
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Accelerated Conditioning Tests. - Twelve 1.27 cm (0.5 in) thick laminate speci-

mens will be subjected to continuous exposure to temperature and humidity. Selected
specimens will be removed from this environment, after exposure for 1, 2, 3, 4, 5 or
6 months. These specimens will then be dissected in thin slaebs perallel to the sur-
face and weighed before and after drying to determine the moisture distribution
through the laminate.

PRVT Chamber Tests. - Eighteen 1.27 ecm (0.5 in) thick laminete specimens will

be placed in the enviropment chawber being used for the Advanced Composite Vertical
Fin (NASI-14000) PRVT (Production Readiness Verification Tests). These specimens
will be used to determine the effects of long-term exposure to cyelic temperature
and humidity renresentative of the operetional environment., Selected specimens
will be removed at time intervals of 6 months, 1, 2, 3, 4 and 5 years, and the

moisture distribution through the thickness determined.

DESIGN CONCEPTS EVALUATION

The principal objectives of the 33-month Design Concepts Evaluation task are:
to assess the relative merits of verious design approaches for primary wing struc-
tures employing significant amounts of composite materials; to select the most
promising structural approach for a high aspect ratio wing with an advanced air-~
foil and active controls; snd to provide construction details, weight and cost
estimates based on in-depth structural design stvdies. The effects of the propul-
sion and control systems on the design of the basic wing box will be considered.

In addition, the effect of the key structural/systems interfaces will be identified

and sccounted for in the wing design.

Achievement of cost goals will require meticulous attention to develop
cost-competitive fabrication methods and structural configurations adaptable
to these methods which will result in cost-competitive hardware having adeguate
quality and reproducibility.

Studies are proposed to be performed in accordance with the schedule of Fig-
ue 20 and to the depth required to establish firm guidelines and concepts for the
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YEAR 1979 1980 1481
mONTHS (A|mis]|a]als|o|nio|s]Fimlalmlsla]aisioln]ols]rimialmislslalsloinlp
TASK AND GO- FIAST DWG FINAL DWG FINAL PAA%TN s;;@i_m.
SUBTASK DESCRIPTION ﬁlAl:iEosﬁ‘n e AHEAD REL%ASE RELEASE FABRIC I.?v v
§ STAHT RARDWARE MDST PROMISING TESTS
TGOL/FABRICATION STRL'C. CONCEPTS COMPLETE

AND EVALUATION

1.1 CONFIGURATION, PERFORMANCE AND
STRUCTURAL DESIGN CRITERIA

1.0 CONCEPTS DESIGN AND ANALYSIS

SEL.
SYM.FLT

1.2 DESIGN CONBITIONS AND LOADS
1.3 MATERIALS EVALUATION AND SELECT,
1.4 PRELIMINARY DESIGN DATA

1.5 DESIGN CONCEPTS DEFINITION

1.8 WING STRUCTUHRE DEFINITION

1.7 AERCELASTIC ANALYSIS

BASELINE
AIRPLANE/
PERF.DATA WING

PRELIM.ENVIRO. DESIGN

REQMTS AND DATA CRITER!A

SYM.FLT/ROLL/
GAD HANDLING

5208/T300 FABRIC/TAPE

DESIGN SPECS.AND
STANDARDS

DESIGN
DATA

BASIC
CANBIDATE 80X

MODIFIED STIFFNESS

MOST PROMISING

DESIGN ASPECTS §?

ANALYSIS

CONCEPTS DESIGN COMCEPTS
Y \V4 LY
| |
1
UPDATE 1 UPDATEZ2
Y V4 1
M PHELIM.QEF.EVGY/ $-STRUCTURAL/
WTSIAR"".ANGEMT}' 'FLUTTER SVSTEMS |NTERFACE

o W R R i i e b PR s ML

Figure 20.

Design Concepts Fvaluation Schedule (Sheet 1 of T)




YEAR 1878 1980 1981
mMoNTRS [Alm[Jfs]Aais|o|n|ols]|Flm]almlalslals]o|n]n]al imalmisls]a] siain|D
o Meso e e A
FAB! ¥
SUBTASK DESCR!PTION MAJOR v v v
MILESTONES
START HANDWARE MOST PROMISING TESTS
TOOL/FABRICATICN STRUC. CONCEPTS COMPLETE
WG FIN WG
1.8 TEST SPECIMEN DEFINITION AND e oo
- DRAWING RELEASE [ —
414,418 4.1C, 41D 4.4B (3), 4.49 (4)
+2A,428 4.2C v
4.2D
4.38 4.3A
v V 4/.30 445
YV 4B (1) = =
. 4.4B12) o G2
4.4B {5) i 8 =]
CRIT PORT
GeroRT « P
1.9 DOCUMENTATION 2 vy
% >
G
=
2.0 PRODUCIBILITY AND FABRICATION METHODS PRELIMINARY j
— DATA FOR DESIGN BULLETINS ’ Ea
_ thIQA PROLCESS SPECS.
21 MANYFACTURING/QA METHODS AND DATA — Y
R CANDIDATE WING
%SIGN CONCEPTS

2.2 MANGFACTURING/QA CONCEPTS

TOOLING/PROCESSING/QGA
vAPPROACH FOR SPECIMEN

{ FABRICATION
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Figure 20.

Design Concepts Evaluation Schedule (Sheet 2 of T)
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ITEM NO.
4.1A

4.18

3.0 PROCESS DEVELOPMENT AND FABRICATION

3.1 PROCESS DEVELOPMENT

3.2 SPEGIMEN FABRICATIDN

PRELIM.
N PROCESS
| SPECS.
THICK LAMINATE/SHRINK, WARP, THICKNESS VARIATIONS/

CURE CYCLE/VACUUM BAG/BLEEDER MATERIAL/
'TOOL MATERIAL/HEAT UR/DIM CONTROL/ETC.

ITEM QUAN. TOOL § ]
187 PART LAST PART
SKIN-STIFFENER PANEL 6 FAB QM
. g
ROOT JOINT SPECIMEN 12/6 W @

YEAR 1979 1980 1381 .
moNTHS |A[Mla]a]alsiofaln]s]Flmlalmisislais|ojnlnisl Fim{almia] slals]elin]n
TASK AND Go- R FIERST DWG FQNAIAISJWG :mei g:% .I:'m ;;ryrm.
SUBTASK DESCRIPTION MAJOR y HEAD RELSISE o A ¥ R
MILESTONES e
START HARDWAHRE — MDST PRGMISING TESIS
TOOL/FABRICATION STRUC. CONCEPTS COMPLETE |
CANDIDATE WING
DESIGN CONCERTS
L7 COST DATA FOR
2.3 MANUFACTURING COST ANALYSIS { CONCEPTS
kv 7 PRELIMPLANS
2.4 MANUFACTURING FACILITIES PLAN L —] FOR PRODUCTION
PRELIM. PRELIMV.DESIGN
SPECS. SPECS/BULLETINS
FAS A¥D v REFORT
2.5 DOCUMENTATION 1A WETHODS
REPORT

Figure 20,
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YEAR 1479 1960 1081 :
monTHS  |A[M{d|JiAls|e|nip|alFlmlalm]l s]ala]s[oinipls] Flm[almls]sfa] s[o|n|D
gl Reso RoLEaL” e PN R
SUBTASK DESCHIPTION MAJOR & v v el -
MILESTONES —
START HARDWARE MOST PROMISING TESTS
_ TOOL/FABRICATION STRULC. CO’NE_P‘I'S COMPLETE
3.2 SPECIMEN FABRICATION (CONT) '
ITEM NO. ITEM QUAN,
— — - TaOoL [
a.1c SURFACE CUTOUT PANEL  6/3 FAB Mﬁﬁi
]
41D FAIL-SAFE PANEL 10/6 Wsmd
[ |
a2n  SPARWEBANDCUTOUT 3 P
| ]
428 SPAR CAP/WES JOINT 9/6 EM \é
’ i ]
4.2C SPAR CAP 20 EZW
[ ]
4.20 SPAR WEB FAIL-SAFE 6/3 EZM(J
] TEST
4.3A RIB WEB AND CUTOUT .4 ﬂ , TIES" '
1 R
7 i
4.38 RIB TO SKIN JOINT 35/6 : lﬁl -
& Figure 20. Design Concepts Evaluation Schedule (Sheet 4 of T)
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YEAR 1979 1980 1981 .
monTHS [Alm[a[sla|s]o|niolslrimla|mls]alals|oln] ]s] Fimjalmlalaialslojalo
gt Sreao RAR Iy I
SUBTASK DESCRIPTION MAJOR Y Y v v
| MILESTONES
: START HARDWARE MOST PROMISING TESTS
: TOOL/FABRICATION STRUC. CONCEPTS COMPLETE 1
32 SPECIMEN FABRICATION (CONT) ;
: ITEMND. ITEM AUAN. TooL |
4.3 RIB CAP FAIL-SAFE 4 FARB ﬂ
é OVER TO
4.4 c T0 SPAR-TANK 12
SEAL ﬁ
4.48(1),(2) ROOT JOINT-UPPER AND 4 EZZM L
5 LOWER ‘
i
L
| IS |
4.48(3) MAIN LANDING GEAR 1 ,
INTERFACE :
—
4.4R{4) ENGINE PYLON INTERFACE 1
l-u————-l
4.48(5) ROOT RI8 TO FUSELAGE 1 my
Figure 20. Design Concepts Evaluation Schedule (Sheet 5 of T)
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YEAR 1979 1480 : 14981
months  |Alms[s[Als[o]n[pla]Fim[alm{s]s]a]s|o[nip]s] =|mla[mls]siA]s]o[n|D
TASK AND go-E D FIERST DWG ;gm. sows mei P:_‘l_i“l; N gg}m '
SUBTASK DESCRIPTION MAJCR HEAD RELGSS Y w FABRICATICS T ¥
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structural design of an edvanced technology subsonic transport wing employing com=

composite materials. A description of the verious tasks and subtasks of the Design _
Concepts Evaluation element of the wing structure development program aere présented; - é
Both analytical and experimentel studies are proposed to provide ingredients for the ‘ﬁi%
engineering and menufacturing dete bases for composite wing development. A

Concepts Design and Anslysisg

fa
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An anaelytical design sbtudy will be conducted to assess the various structural
approaches applicable to a high aspect ratio wing employing active controls. The

most promising concepts for composite wing primery structure will be identified

through design/manufacturing studies of candidate concepts.

-

Design Criteria. ~ The baseline airplane and performance date will bDe selected j

for a reduced energy transport with transcontinental range capabilities as a minimum. j
Applicable structural design eriteria will be formulated early in the task based on v
current understanding of requirements and updated as the essential technologies are

developed through ¢n-going military and commercial programs.

Design Conditions and Loads. - Aerocelastic loads will be developed for a limited

number of symmetric and asymmetric flight conditions and ground conditions. This
veriety of conditions will provide representative design loed envelopes for the wing
box along the span of the wing. The loads date will be utilized to size the struc-

ture and will be repeated as necessary using the eppropriate stiffness data.

Material Eveluation and Selection. — The existing T300/5208 graphite/epoxy data
base will be expanded, as appropriate, to reflect the application of unidirectional
fabric. The change in reinforcement from tape to noncrimped fabric is proposed to

reduce processing labor and cost as deseribed in the Materials Development Program.

¥
15
L da
¥
i

i
A
)
*
k!
b

65




a‘?n':‘eil,:i.minav.x‘jF Design Data. - Fabric chavecterization results from the Design Date
Testing task will be provided to establish preliminary design data for the noncrimped

_fabric form. Static strength “ests will be performed to provide basic lamina data

which will be the basis for prediction of laminste strength properties.

Design Concepbs Definitlon and Evalustion. - Investigations, analyses, design

studies needed to (1) essess the relative merits of various structural arrengements,
concepts, and meterials for & high espect ratic wing of a new transport airecreft,
end (2) esteblich design guidelines to cope with the meny interactive design param-
eters will be performed. The wing box siructural arrangement developed in the
conceptucal design study of Appendix A will be revised to incorporst= benefits of the
nev concepts and changes in configuration, such as beam lbcations, end rib and

stringer spacing end orientstion.

Wing Structure Definition. - The preliminsry definition of the wing box, includ-

ing structursl arrangement and menufacturing epproach will be in accordance with the
conceptusl design study results (Appendix A). As a starting point, the stiffness
characteristics will be representative of a multi-rib wing box employing blade-~
stiffened wing surface panels, These properties will be updated as refinements are

made and pew concepts ldentified.

In assessing the various structurel concepis and materials for the major wing
components, such factors as ease of fabrication end assembly of components, sealing
of fuel tanks, maintenance and servicing, and enelybical capability for analysis
and des.gn of such ~omponents consistent with the requirements of Federal Aviation
Regulations - Part 2% (Re. rence 2) will be considered. The components include the
-7fing surfaces, front and reer beams, ribs, wing production joint, landing geer sup-
port structure, engine pylon support structure, and control surface interfaces.

1

Aeroelastic Analysis. - Aeroelastic loads, control effectivensss and a pre-

liminery flutter anslysis will be conducted using the appropriate stiffness data. The
effect of laminate orientation on the design requirements will be assessed. All aero=-
elastic enelyses will utilize a simplified stick model to represent the structural
characteristics of the wing.
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Test Specimen Definition. - Developmental and enslytical methods verification
tests are esgentisl to establish the most promising structural concepts for applica-

tion to & cost-competitive composite wing design. A team of engineering and
manufacturiﬁg/QA specialista will work together to define ecritical wing surface
panel, spar, rib and structural interface designs that should he included in an
experimental development program. Appropriste drawing release schedules will be
mainteined to phase with the necessary manufacturing development and testing to

be accomplished.

Producibility and Fabrication Methods

Analytical studies will be performed to establish data/guidelines for produc-
ing cost-competitive hardware. Specifically, (1) to develop structural shapes,
sheets, and essembly configurations with corresponding fabrication approaches which
are directed to facilitate minimum cost (e.g., minimum number of parts and fabrica-
tion operations, minimum complexity of tools and procedures, maximum ease at form-
ing); and (2) to advance the state-of-the-art in febrication methods technology
to produce herdware meeting program goals of cost, quality and resproducibility.
This requires development to modify, expand/refine existing technigues and/or to
develop new methods in the areas of automated layup and preforming, molding methods

and tools, machining methods end tools, and fastening and joining techniques.

The approech to producibility and febrication methods development consists of
anglytical studies and operational documentation related to design concepts

evalustion.

Menufacturing/QA Methods and Data. - A composite manufacturing state-~of-the-art

survey inecluding meterizl types and forms, fabrication techniques, tooling, facilities,
and quality assurance methods will be made. A report will be prepered which includes
both Lockheed and industry experience and will emphasize those developments with

direct or potential epplication to the compcsite wing.
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Produeibility guldelines for optimizing structural configurstions will be
established and documented as design bulletins snd guidelines. This information
will be based on laobest meterisl and fabricabtion technolegy as determined in the
above sirvey. Based on the letest technology. preliminary process specifications
to guide developitent of detail part and assembly fabrication and quelity essur-
ance schemés will be prepared.

Manufecturing Concepts. - As conceptual design stuiies and preplanning anal-

ysis on the composite wing begin to yield preliminary definitions of component
detail parts, femsible febrication plans ineluding alternates will be developed
for each configuration concept., These plans wlll inelude material types and forms,
molding method and tool concepts, and a sequential list df ezsential fabrication
operations such as lay-up, curing, and inspection points. These plans will be in
the form of tooling sketches, and draft operaiion sheets. Alternate pléns will

be developed for the meJor components or for portions thereof.

As 8 result of these conceptuel tooling and febrication studies, recommenda-
tions will be made as to vwhich design concepts should be considered candidates for

process development fabrication.

An assembly plan considering e preliminary aessembly sequence, assembly elapsed
times and units in process, preliminery msnloeding end assembly tool requirements
will be developed. These data will be used for facility requirement calculation

and cost snd schedule development.

Quality Assurance personnel will also interface directly with concept design
and preplanning personnel. They will review concept design alternates with respect
to inspectability and quelity assurance requirements. Particular emphasis will be
directed to the development of cost-effective technigues for performing nondestruc-
tion inspection (NDI) for inspecting structures with variable ithickness and cross
sections, WNew, autometed tecﬂniques will be dicteted by the srize of wing

components.

Manufacturing Cest Anelysis. - Manufacturing costs are greatly influenced by

method of layup, method of curing and degree of sutomation for composite structures.

The design is also impacted by cost of manufacture. Cost studies will include:
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e Approximated cost analysis of alternste fabricstion sthemes or plans ag a
basis for selection of fabricstion concepts for each design configuration

concept .

® Detail fabrication cost analysis of each candidate siructural configuration
and corresponding fabricetion plan as a tasis for function/cost trade-offs
studies to select efficient structursl configurations and corresponding

fabrication methods.

The manufacturing costs of each component alternate fabricatior scheme will be
established based on aveilable configuration description, tooling sketches and draft
operation sheets. These operastion sheets will be sequenced to show all manufacturing
operations, and time standards spplied against each operation. Estimating factors
for shop realizetion, sppropriste learning curve and expected scrap rates for com-
posite material fabrication will be developed to represent actual Lockheed and avail-
able industry experience with state-of-the-srt improvements in tooling, layup and
cure, machining and essembly. Manufscturing Control will work in conjunction with
Value Engineering in the preparsation of these estimates and will coordinate the con-
tacts within Menufacturing, such as Time Standards, Tooling, Planning and Producticn,

as required.

As early in the concept design phage as can be supported by configuration
description, the estimated cost of wing production will be developed. These data
willl be reviewed in an effort to determine the particular components or processes
which are nbt cost competitive. This analysis, in turn, will be reviewed with
concept design and preplanning personnel for use in the development of alternate
concepts. The production cost targets will be periodically modifie& through the
development program, and will be compared with extrapolations from actual cost
experience on sﬁbcomponents Tabricated in process development and in fabrication

of essemblies for test. '

Manufacturing Facilities Plan. - Development of facility requirements closely

parallels concept studies in design and manmufacturing. The establishment of the
wing sectional breskdown drawing and the tooling and fabrication sequence concepts
for the major wing components will be reviewed by Manufecturing Engineering for

machinery and equipment requirements. This analysis will primarily be directed to
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the requirements for a production program, but will also consider the machinery and
equipment needs for components to be manufacturea in the process development and
manufacturing verification tasks, and the components to be menufactured for engi-

neering test programs.

Preliminery plems for wing manufacturing facitilies will be made near the end

of the Design Concepts Evaluetion task. The facility requirements for the balance of

the development program will 2lso be reviewed st thet time. The production facility
plan will be subsequently updeted in concert with each revision to the menufactur-
ing cost anaelysis, particularly st the end of the preliminary design phase. As the
development Drogram progresses through the demonstration article manufacture, pro-
duction facility specifications will we prepared and bids obtained prior to final

presentation of deta to mpnagement for a decision on wing producti~ua go-zhead.

Process Development and Fabrication

A manufscturing base for fabrication of wing structural components will be
experimentally established. This base will be defined by basic process specifica-
tions, tool irawings, detail mznufacturing, quality assurance procedures and other
required stendards/controls to establish the most efficient fabricat.on methods for

the test specimens.

Process Developmeny. - The development of febrication and process techniques

vhich would apply to particular elements of the design concepts will be made. These
specimens will be representative of design concepts under consideration and will

be evaluated by visval examination, dissection or dimensional checks, and are not
intended to satisfy particular engineering structural test requirements. In some
cases, however, development a;ticles 18y be of the same configuration as will be
required for testing. Quality Assurence will utilize experimental parts in NDI
development aectivity and .ey, in eddition, define certain panels or spar cap seg-
ments to be manufactured with known defects expressly for NDI development. Some

of the areas to be investigated include:
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Thick Leminate Behavior: Thick leminates present special problems in layup
and cure., ©Some kind of debulking scheme or partial curing of incremental lami-
nates must be developed to obtain a sstisfactory degree of compection after layup,
and before final cure. To the greatest extemt possible, air must be removed from
the layup before the final cure to avoid entrapping it in the cured laminate.

Thick leminates, such as would be found in the wing root area, will generate exo-
thermic reactions (in some types of epoxy resins) in which heat created within the
laminate along with the heat aprlied during cure could create excessive temperatures
and demage the laminate. Development of cure eyecles to contrul heating rates or

to incorporate partial curing of incremental laminates will be undertaken if required.
Sufficient testing and analysis will be accomplished to verify that resin content

of the laminate is uniformly within acceptable limits.

Cure Cycle Development: Cure cycle development will commence with the studies
of candidate resin systems by Materials Engineering. The characteristies of the cure
cycles required by these cendidstes will be screened to ensure that the system or
systems Tinelly selected can be used in & production environment. Final candidate
systems will be sublected to manufacturing tests which will aspproximate, to the
extent possible, the final component. OQObjectives will be to achieve cure cycles
which will result in: (1) minimum processing time, (2) maximum tolerances on tem-
peratures end times required for all production conditions, and (3) finishked parts

of required quality.

Adaptability to Automated Layup: In order for the composite wing to be cost
canpetitive with an equivelent metal wing, the design must permit automated layup
to a very greet extent. Design of the wing skins will be reviewed by Manufecturing
with the object of meximizing the amount of broasdgoods that can be laid down on the
tool oy an autometed dispensing machine. Recommendations will be made regarding
filler plies, doubler plies and short plies which reduce the efficiency of the
machine. Similarly, designs for rib caps, rib webs, spars, blade stiffeners (and
possibly hat-stiffeners as an alternative} will be made from broadgocc. _aid-up

by the dispensing machine or by some special machine if economically feasible.
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Shr:.nlr Warp, Th:.ckness Varia.tion. The ‘extiremely lsrge size of & one—;p:r.ece wing, -

e ska_n a.nd "hhe very: 1ong-—lengbhs hemg cons:.ﬁ.ered. 10r ‘bhe spars magn:.fy the usual .
. problems enccun“bered in produc:.ng cu::ed 1smina.tes wh:.ch Jm..st meet exac‘t:mg eng:n-—- _
“neerlng req_u:.rements. Dimensional changes which. occur both as &, result of the

'.temperature excursions during the cure cycle and as & resul’t of the polymera.za.t:.on

._of ‘the. resin- ere of poncern because of stresses. whlch may' be- ::.ncorporefced W:Lth:Ln

' ‘tshe 1am1nate., How these d;.mensmnnal changes 1n'bera.ct w::.th the changes m tool:mg

as the mclds expa.nc'!’. and con‘hrect is a.lso of concern. Ab worst, parts ma,f crack

| '.'va.rp, and shrmk "bevond. accepta’ble - _m:rt;s. Manufacturmg w:.ll evalua:l:e c‘les:Lgns '
=5 '-toolmg and cure cycles.as a single system so that. difficulbies ca.n be uncovered

and rasolved bei‘ore concepts gre fn.xeﬁ.. For very +n1c1: Jeminste sectmns, sma.ll.
' -a.nd a.ppa.rent'l.y' e.ccepta.‘ble variations in :mdlvidual pl'y' th:.ckness can accumulate
to the po:.nt where the f:.t and funchion are impeded. Limits of scceeptable varia~
© dion will be determined and tests will be performed to see if these limirz can

be met. A review of industry experience on curing of thick laminabes will be made.

. Tosling Meterials and 'DeéignS': T is :anticilﬁafe&' that s'eie‘ction of tooling
meberials will be mede from the conventional list of steel and aluminmum alloys and

. high bemperature tooling plastics. The Lockheed-California Company has investigated

graphrhe la.mma:be tools and graphite 'hools machined from solid block. Graphite
tools offer the adva.ntage of ms:bch:mg ‘he thermal ccefficient of expansion of the

. gra.ph:.te 1=1m:.na.te to be cured., but ha.ve poor heat transfer cheracteristies. In

. general; steel is attractive because of its low thermsl expans .n, and is less
costly snd structirally superior to aluminum. Aluminum will b= used for tools
whlch requ:.re a large smount of meterial removel. Plastic is & useful material

Where 'bools m:t:h d:.ff:.cul"c. con’aours muSu he made. Siﬁce plastic can be cast or

' molded 'bo shape, expensn.ve machm:.ng of metal is avoided. However, plastic has

poor thermal trensfer, poor load bearing properties and has limited service life

R when sub,jecf.eci to thermal. eycling. Toolmng material selection will be mede on the

'ba.s:.s of +the above: cons:.dera.u:.ons and represents:l;:.ve ’cools will be 'bu:.lt and. tested

g ris] ver:.fy the selection.

Integral Hea’b/Pressure Tooling: - Limitation of facilities to process a large

‘number of parts of significant size will _reqy.i;ce an analysis to determine the

e
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feasibility of integral heat/pressure tooling. As differentiated from autoclave
processing, these types of tools provide built-in sources of hest and pressure.
Cost is not the only consideration here mince very large parts of varying thickness
mey require zone heating; thet is, different portions of the tool require different
heat inputs. Integrally heated toeols provide a convenient method to accomplish
this. However the cost of tooling is very high, even considering the facility

cost tredeoff, and reguires high volume production quentities to emmortize their
cost.

Match Molds and Press Forming: Part'configurations such as rib caps and
webs lend themselves to molding in a matched mold. Matched molds give good dimen-
sional control but must be properly designed to include features such as use of
elastomeric¢ plugs or padded mold faces to ensure proper prussure distribution by
compensating ‘'or laminete thickness variations. With proper processing, this type
of toocl yield:; an excellent laminate. Prototype tools will be built to evaluate
match mold curing for selected shapes. In general, these molds will be used with
a heated platen hydraulic press to provide the heat and pressure required. Inte-
grally heated tools may slso be used in & press. Shapes incorporating very little
draft pose pressure applicetion problems with metched molds,

Bag and Bleeder Materials: Lockheed's experience in developing cure techniques
for composite laminates will be tne point bf departure in selecting candidate mate-
rials and techniques for bagging and bleeding the laminates. For bags, tests will
be run with both plastic and rubber. A wide choice of bleeder materisls is avail-
able and after some initial screening, test will be run to determine which are
suitable for specific wing spplication. Preformed, reusable silicone rubber bags

will be investigeted to reduce costs or improve quality.

Machining Drilling: Trrough current government and industry programs suc-
cessful techniques for machining and drilling of composites will have been developed
and engineering process spacifications formlated. Process development tests will
be required to extend thase techniques to thick laminates. Development of holding
fixtures, and locating levices will be regquired., 1t is enticipated that such factors
as drill geomet»,, I:eds, speecs and abresive sawing techniques will be readily
ad ~table to che wing components,
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Quality Assurance Process Development: Quality Aazsurance tasks in the pro-
cess development phase will consist of support to Manufacturing and Fngineering
in their development work, and will also include specific Quality Assurance pro-
cesg development as discussed below,

Non-Destructive Inspection (NDI) Development: The NDI development program
will congist of assessing the capability of available equipment and determining the
needs for development of new equipment and methods as follows:

@ Aveilable Equipment Capabilities:

®New Equipment:

Menufecture representative wing specimen coupons with flaws

Test coupons by various NDI methods

Determine correlation with mechanical tests and photomicrographic
examination

Document NDI methods

Establish accuracy, limits, etc, and determine adequacy of capabilities
for critical wing structure application,

Continue to monitor developments in real-time acquisition and control
(e.g. mini-computer/micro processor analysis of ultrasonic data).
Contact test eguipment suppliers, material suppliers and other aero-
space companies

Conduct litereture search

Determine applicability of new equipment and methods to critical wing

components.,

Specimen Tooling and Fabrication. - Concept development specimens, as defined i'
]

in the test watrices, will be fabricated using the processes developed during the

manufacturing process development phase of the progrem. Tooling wiil be develop-

ment-type tooling, but will havw surface quality and dimensional accuracy of pro-

duction composite tooling, Based on various process developuent sctivities, pre~

Liminary process specifications will be prepared. Concept development specimens

will be made to these specifications, which are changed as required by development

shop experience and/or Engineering test feedback.

In eddition to the process specifications, production design outlines which

describe the deteail manufacturing and tooling plan for the specimen will also be
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prepared. The tcoling used for these specimens will consist of, to the greatest
degree possible, tooling which was used during process development activities.
Planning will prepare operating sheets which will provide the shop with e detailed
record of the processing of the pert. All concept development specimens will be
febricated in suitable facilities using personnel experienced in composite layup.
Prior to release of the specimens to Engineering for test, physical, mechanicel
and ultrasonic tests will be used to confirm scceptability.

Concept Development Testing

The concept development tests required for the design concepts evaluation

task ere summarized in Table 12. One-hundred and fifty-four (154) structural element

and sub-component tests are defined, covering structural concepts for the wing

covers, the sparg and the ribs, and for significant assemblies.

Both staetic strength and fatigue tests mre specified for the concept develop~-
ment and verification effort. All fatigue testing will be conducted using appro-
priate flight-by-flight transport wing loading spectra. When fail-safe concepts
are being evaluated, a combination of fatigue and static testing is specified.

A1l of these development tests will be conducted in a room temperature, dry,

environment.

The concept development testing schedule is presented as subtask 4.0 in Figure
20, The test effort spans a period of two years, extending through October, 1981,

Covers. = Thirty-five (35) cover concept development tests are specified.
These ineclude testing of cover stiffener concepts, surface joint concepts, upper
surface inboard manhole reinforcing concepts, and cover fgil-safe concepts. The

stiffener concept tests include the effect of impact.

Spars. - Sixty-three {63) spar concept development tests are specified, includ-

ing tests of sper web and cutout concepts, spar cap Joint concepts, and spar web

fail-safe concepts, snd spar caep c¢rippling strength tests.
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TABLE 12. SUMMARY OF CONCEPT DEVELOPMENT TESTS
HNUMBER ' 5
wEM , SPECWMEN ;
DESCRIFTION L oF TYPE OF TEST TEST VARIABLES PURROSE OF TEST !
No. o s CONFIGURATION o
21 | covens A STIFFENER a IRSACT UNDER LOAD | 3STIEFENER 091« 1.52m (3xE FT) | STIFFENER CONCEPY VERIFICATION: :
CONCEPTS {DPERATING STRAIN | CONFIGURATIONS STIFFENED PANEL. COMPRESSIVE STRENGTH ‘
LEVELL 2 LOCATIDNS: WITH 3 STIFFENERS
STATIC COMPRESSION
0 FAILUKE
B. JOINT
CONCERTS '
tn ) GTATIC TENSION YO 3 JCINY CONCEPTS 091x0.30m(3x1ET) | JOINT CONCEPT DEVELOPMENT/STATIC STRENGTH..
FAILURE WITH 1 STIEFINER
@ 6 EPECTHUM FATIGUE, | 21BESTI JOINT a9 x0HmISx1FT1 | JOINTCONGEPT VERIFICATION: FATIGUE ETRENGTH
TENSIOH DOMINATED | COMCERTS WITH 1 STIFFENER :
LOADING S2ECTALM,
2 LIFETiMER
C UPPER SURFACE )
INBOAAD MANHOLE |
REINFORCING ;
CONCEPTS .
n 4 STATIC COMPAESSION | 3 MANHOLE 183 x 1.22m (6% 4 FT} L MaNHOLE REINFORCEMENT COMGERT DEVELDSMENT; [
T FAILURE REINFORCEMENT STIFFENED PAHEL. WITH| STATIC STRENGTH
CONCEPTS MANHOLE
@ 3 SPECTRUM FATIGUE. | 1(BEST) MANHOLE LE3N122m{Bx 4 FTI | ANNOLE REINFORCEMENT CONCERT VERIFICATION; g
COMPRESSION REINFORCEMENT STIFFENED PANEL. FATIGUE STRENGTH
! DOMINATED LOADING | CORCEPT WITH MANHOLE -
SPCTTRUM, 7 LIFETIMES| :
©. COVER FAIL-SAFE ]
CONCEPTS g
" 3 STATIC TENSION TO & FAILSAFE CONCEFTS | 1.83%1.22m(BxAFTI | COVER FAIL-BAFE CONCEPT DEVELOMIENT -
LEMIT LOAD; ETIFFENED PANEL, :
SFECTRUM FAVIGUE, WITH B SYIFEENERS AND|_ 3
TENSION DOMINATED, IMPOSES DAMAGE
112 LIFETIME:
STATIC TENSION TO i
FAILURE 3
12 8 SPECTRUM FATIGUE, | 2(BESY) rAIL-GAFE 183x " 2m(Gk4ET) | COVER FAILSAFE CONCEPT VERIFICATION )
172 LIFETIME: CONCEPTSIUPPERS& | STIFFENED PANEL .
STATIC TENSION OR LOWER GURFACE} WITH B STIFFENEAE ANC A
COMPREESION TO TENSION-DOMINATED | IMPOSED DAMAGE
FAILURE AND COMPRESSION-
DOMINAYED LOADING |
SPECTRA g
42 | seans A WEBS CUTOUT

CONCEPTS
[ 1]

12

18

STATIC BHEAR TO
FAILURE

BPECTRUM FATIGUE.
BHEAR. 2 LtFETIMES

3WEB CONCEPTE: WITH
AND WITHOUT CUTOL'T

3 WES CONCEPTS; WiTH
ANDWITHOUT CuTouT

091 n0BImI3n 3FT)
PANEL

091 xCHm{InIFT
PANEL

SPAR WEB & CUTOUT GONCERT DEVELOPMENT;
STATIC STRENGTH

SPAR WEB & CUTOUT CONCERT DEVELOPMENT;
FATIQUE STRENGTH

B CAP JOIMT CONCEPTS]
m

24

ErATIC TENSIONOR
COMPREESION TO
FAILURE

EPECTRUM FATIGUE,
2 LIFETIMES

3 JOINT CONCEPTS:;
TENSION AND
COMPRESSION LOADS

2 [BESTI JONT
CONCEPTS {(UPPER &
LOWER SURFACE):
TENSION-DOMINATED
AND COMPREESION
2GHINATED LOADING
SPECTRA

1.22¢n [4 FT) LONG

432m (4 FT] LONG

SPAR CAP JOINY CONCEPT DEVELOPMENT:
STATIC STRENCGTH

SPAR CA? JOINT CONCEFT VERIFICATION: FATIGUE
STRENGTH

€. CAPCRIFPLING

STATIC COMPRESSION
TO FAILURE

# CAP CONFIGURATIONS

0.20m {1 FTI LONG

DETERMINATION OF CAP CRIPPLING SYRENGTH
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TABLE 12. SUMMARY OF CONCLPT DEVELOPMENT TESTS (Continued)
NUMBER
ITEG SRECIMEN
ND. DESCRIFTION s&scc::leus TVEE OF TEST TEST VARIABLES CCNFIGURATION PURPOSE OF YEST
D. WEB FAIL-SAFE
CONCEPTS
$7) 3 STATIC SHEAR TO 3 FAIL-SAFE CONCEPTS  }1.83m (8 FT) SEAM SPAR WEB FAIL-SAFE CONCEPT DEVELOPMENT
LIMIT LOAD;
SPECYRUM FATIGUE,
SHEAR, 1/2 LIFETIME:
STATIC SHEAR
T0 FAILURE
2 3 BPECTAUM FATIGUE, 1 (BEGY} FAIL-SARE 1.83m (& FT) BEAM SPAR WEB FAIL-SAFE CONCEPT VERIFICATION
112 LIFETIME; CONCEPT
STATIN SHEAR TO
FAILURE
43 flBs A WEB & CUTQUT 3 SPECTAUM FATIQUE. 1WEB CONCEPT 0.9% x LBImI(3n I FT) AIBWES & CUTOUY CONCEPT VERIFICATION
COKCEPTS SHLAR, 2 LIFETIMES PANEL, WITH CUTOUT
B RIB-TO-BKIN
ATTACHMENT
CONCEPTS
n k] STATIC SHEAR TO 5§ ATTACHMENT D.9Im (3 FT: LONG RIB-TO-SKIN ATTACHMENT CONCEFT DEVELOPMENT;
FAILURE OR STATIC CONCEPTS: SHEAR, STATIC STRENGTH
TENSION PULL-OFF TENSION PULL-OFF
TO FAILURE, OR AND COMBINED SHEAR
STATIC SHEAR 3 AND TENSION
TENSION PULL-OFF PULLOFF
TO FAILUAE
12 -1 SPECTRUM FATIGUE, 2 1BEST) ATTACHMENT  |091m {3 FT) LONG RIB-TD-SKIN ATTACHMENT VERIFICATION: FATIQUE
COMBINED SHEAR AND | CONCEPTS STRENGTH
TENSION PULL-OFF,
2 LIFETIMES
C. WEB FAIL-SAFE 3 STATIC SHEAR TO 1 FALL-BAFE CONCEPT 1.83m {G FTI BEAM 10 WEB FAIL-SAFE CONCEPT VERIFICATION
CONCEPFY LiMIT LOAD: SPECTAUM
FATIGUE, SHEAR,
1/2 LIFETIME;
STATIC SHEAR
TO FAILURE
4.4 ASSEMBLY A COVZR-TO-5PAR 9 SMECTRUM FATIGUE, 3 TANK SEAL CONCEPTE  [1.83m (6 FT) BEAM, TANK SEAL CONCEPT DEVELOPMENT

TANK GEAL

BEAM BENDING, 172
LIFETIME; STATIC
BENDING TO FAILURE

WITH EFFECTIVE
SKXIN UPPERA & LOWER
SURFAZE

» MAJOR INTERFACES

11} WING ROOT
JOWNT, UPFER
SURFACE CONCEPT

() WING ROOT
JOINT, LOGWER
SURFACE CONCEPT

13) MAIN LANDING
GEAR ATTACHMENT
CONCEPT

[4] ENGINE FYLOR
ATTACHMENT
CONCEPT

{5} WING ROCT
AIE-TO-FULELAGE
INTERFACE
CONCEFT

SPECTRUNG FATIGUE,
COMPRESSION
DOMINAYED, 2
LIFETIMES

SPECTAUM FATIGUE.
TENSI0N DOMINATED,
2 LIFETIMES

STATIC STRENGTH

STATIC BTRENGTH

STATIC STRENGTH

1 JOINT CONCERT

1 JOINY CONCEPT

1 ATTACHMENT CONCEPT

1 ATTACHMENT CONCEPT

1 INTERFACE CONCEPT

T8BD

UPPER SURFACE WING ADOT JOINT CONCEPT VERIFICATION

LOWER SUAFACE ING RNOT JOINT CONCEFT VERIFICATION
MAIN LANDING GEAR AYTACHMENT CONCEPT
VERIFICATION

ENOINE BYLOM ATTACHMENT CONCEFT VERIFICATION

WING ROOT AIB-TO-FUSELAGE CONCEPT VERIFICATION

Ll
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Ribs. - Forty-two (42) rib concept tests are specified. These include develop-
ment of rib web end cutout coneepts, rib-to~-skin attechment concepts, and rib web
fail-gafe concepts.

Assemblies, - Fourteen (1%) tests of assembly concepts are specified, These
include cover-to-spar tank sesl concepts, and concepts for the five major struc-
tural irnterfaces in the wing -~ the upper and lower surface wing root Joint, the
mein lending gear attechment, the engine pyion attachemnt, and the wing root rib-

to-fuselsge interface.

PRELIMINARY DESIGN

The objectives of the proposed Preliminery Design task are: to expand end refine
the most promising structural concepts for primary wing structures (identified in
Design Concepts Evaluation); to incorporate into the wing design the new material
system; to verify the design/manufecturing parameters; to identify and design test
specimens for design verification tests; to update the structural errangement,
construction details and structural weight estimates; to conduct cost-weight trade
studies; to conduct static, spectrum fatigue, impect, fail-safe, and residual
strength tests to verify sub-components of selected wing structure; and, to further
explore and validsate spproaches for me)or structurel and system interface designs,
including lightning strike protection and fuel containment. The proposed schedule
for the 36-month fdssign-menufacturing study is presented in Figure 21. The sub-
tasks which are delineated in the following discussion are scoped to provide, at
the completion of this task, the necessary date base for composite ﬁing commitment .
The demonstiration and validetioen of technology readiness are proposed to be performed

in the subsequent task.

Wing Design and Anelysis

The preliminary design of an advanced commercial transpcrt wing structure

will be conducted to validate the benefits or advantages of promising concepts

78
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1.2 PRELIMINARY WING DESIGN

YEAR 1881 1982 1963
MONTHS |4 IF]m]Alm{a]s]Als|{o(n]D]J]F]mialm]s]a]AlS]ofn|D]s ) Fim|alm| 2] sTAIS]a|n]B
FIRSTDWG | START FINALDWG ENGINEERING  ALL TESTS
TASK AND GO-AHEAD RELEASE TEST  RELEASE DATA REFORT  COMPLETE
SUBTASK DESCRIPTION MAJOR b A A A 4 . A 4 A 4 .
MILESTONES FINAL REPOAT]
MOST PROMISING WING STRUCTURAL WEIGHT/COST DESIGN BULLETIN <.
DESIGN CONCEPTS REGUIREMENTS BENEFIT PROCESS SPECS. UPDATE: ||
DIJCUMENT {SRD} RESULTS ORERA. SHEETS/ND!
RESULTS
1.0 WING DESIGN AND ANALYSIS
| e e
1.1 WING BESIGN CRITERIA AND &
REGUIREMENTS
MOST PROMISING FINAL STRUCTURAL
CONCEPTS ARRANGEMENT

F.E. STRUCTURAL ELUTTER WEIGHT/CZST
MODEL ANALYSIS BENEFIT TRADE
, Y 7
1.3 DESIGN METHRDOLOGY £AND ANALYSIS Em - |
: INTERNAL
1.2 TEST COMPONENT DEFIPMTION AND 7 ' et
ENGINEERING RELEASE - i |
¥ Y
1.4.1 COVERS-DRAWING RELEASE
1.4.2° SPARS—DRAWING RELEASE E:y
S Figure 21. Preliminary Design Schedule ({Sheet 1 of 12)

SI HVd TVNIDIFO

AITIVAD ¥00d J0

RS RIS S SR S




ety
e T

= e B > AT DT L
_L:T'(»s"'ﬂ'{‘i’.'\l"‘i_'-“'ﬁw 5 TR

08

YEAR 1981 1882 1983
MONTHS 1) [Fimlalm|s]J]alsjo[n[n]s[Fim[AalmJ]d]A{sioim Dla]|Fim]alt]a{s]A]S]0INIG
FIRST DWG START FINALDWG  ENGINEERING  ALL TESTS
TASK AND GO-AHEAD RELEASE TEST  RELEASE DATA REPORT  COMPLETE
SUBTASK DESCRIPTION MAJOR A 4 v v L. A 4 ?
MILESTONES rremmacometut WAL REPOITT
MOST PROMISING WING STRUCTURAL WEIGHT/COST DESIGN BULLETIN
DESIGN CONCEPTS REQUIREMENTS BENEFIT PROCESS SPECS. UPDATE:
UGCUMENT (SRCH RESULTS OPERA. SHEETS/NDI
RESULTS
1.4.3 RIBS-DRAWING RELEASE Y:::ﬂ
WING SRD

1.5 DOCUMENTATION
2.0_FABRICATION METHGDS VERIFICATIOA

2.1 FABRICATIGN/QUALITY ASSURANCE PLAN '
2.2 COST STANDARDS
2.3 MANUFACTURING FACILITIES PLAN

2.4 DOCUMENTATION

PRELIM WING
STRUCTURE DEFINITION

. ENGINEERING
Y E’ DATA REPCRT

PLAN FOR SUB- COMPONENT
FABRICATION/ INSPECTION

Y
—

FABRICATION/ INSPECT!ON

nI:osr DATA BASE
e T
Prlmnuc'rmn PLANS
C FABSIUCATION/
1 COST STANDARDS
PLAN FOR SuB- COMFONENT DESIGN BULLETIN/ REPDRT

PROCESS SPEC
UPDATE

=

Figure 21.
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Preliminary Design Schedule (Sheet 2 of 12)




kI R

T T e T T

PRIE=

T S TR R T T T BRI Y S

RESSREUAE S tEE oI TR

TET W
o
&,

=
3

T8

YEAR 1861 1982 1983 ]
monNTHS  [J[FIm[alm]s]:]A]s]o[N]o] S| [m] Alm] 2] o] Als[o]n] D[4 [Fim]alm] 4] s]1A] ] 0]N]|D
FIRST DWG START FINALDWG ENGINEERING  ALL TESTS
TASK AND GO-AHEAD RELEASE TEST  RELEASE DATA REPORT  COMPLETE
SUBTASK DESCRIPTION MAJOR \ 4 \ A4 Y Vv A4 v h-4
MILESTONES FINAL REPORT
MOST PROMISING WING STSUCTURAL WEIGHT/COST DESIGN BULLET N
DESIGN CONCEPTS REQUIREMENTS BENEFIT PROCESS SPECS. UPDATE;
DOCUMENT (SRD) RESULTS OPERA. SHEETS/NDI
RESULTS
3.0 SUBS-COMPONENT FABRICATION
3.1 COVERS 15T TEST PART
| FAB COMPLETE
ITEM NO. ITEM QUAN Tool Q4.0
o Wl LAST PART
4.1A, 416 UPPEB SURFALE 7 FABRRNNNISSWN  FAB COMPLETE
411, 4.4 W/SuToUT
4.48,
4.18 LOWER SURFACE - 2
QUTBOARD
4.1C ROOT JOINT - 1
UPPER SURFACE
410 ROOT JOINT — 7
LOWER SURFACE
Figure 21. Preliminary Design Schedule (Sheet 3 of 12)
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YEAR 1981 1982 1983
MONTHS |3 |FIm|Almla]afals{oin[o]|J|Flm]alm|s]2]Aa]s] o]n] 4| =Im]alm] 3] s]a] sToln]D
TASK AND GO-AHEAD RELEASE. | TEST'  RELEASE .  DATAREPONT  COMPLETE -
SUBTASK DESCRIFTION MAJOR . Y _VV YV V VYV VY ; -
MILESTONES FINAL REPOR
MOST PROMISING WING STRUCTURAL WEIGHT/cOST  DESIGN BULLETIN B
DESIGN CONCEPTS REQJREMENTS BENERIT PROCESS SPECS. UPDATE;
DOCUMENT (SKRD) RESULYS QFERA. SHEETS/NDI
RESULTS
3.1 COVERS (CLNT.)
ITEM NO. ITEN nUAN
4.1E UPPER S*'RFACE — 3
PYLON RIB FABM
3
41F LOWER SURFACE —
PYLON RiB W
| 3
41G, 4.4A - UPPER SURFACE -
: W/0 CUTOoUT @
Lé
414, 41K LOWER SURFACE - 3
W/CUTOUT W
Figure 21. Preliminary Design Schedule (Sheet 4 of 12)
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YEAR 1981 1982 1983
mMONTHS | J[FImlalmla]|a]Ajs]oInlDla[FImiajmfalalAals]ojnlDleEim]Alm] sfa]AlS[0[N]D
FIRST DWG START FiNAL DWG ENGINEERING ALL TESTS
TASK AND GO-AHEAD RELEASE TEST  RELEASE DATA REPCRT  COMPLETE
SUBTASK DESCRIPTION MAJOR L A A Yyv VY Vv VY
MILESTONES FINAL REPORT
MOST PROMISING WING STRUCTURAL WEIGHT/COST DESIGN BULLETIN
DESIGN CONCEPTS REQUIREMENTS BENEFIT PROCESS SPECS. UPDATE:
DOCUNMENT (SRD) RESULTS QPERA. SHEETS/NDI
RESULTS
'3.2 SPARS
ITEM NO. ITEM QUAN TooLle )
4.2 FRONT SPAR — 2 ¥AB N
ROOT END
;J
4.2A FRONT SPAR — TIP 2 @
M
4.28 REAR SPAR — 2 Y
ROOT END
_ N
4.2 REAR SPAR — TIP 2 Y =
=
=
o G2
4.2¢ FRONT SPAR - 2 @’ ==
ROOT END = B
420(1),  SPARWEBW/SLAT 8 Sy g
82€ TRACK CUTOUT- o
INBOARD
|
o Figure 21. Preliminary Design Schedule (Sheet 5 of 12)
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YEAR 1981 1982 1983
monThs |4 | F m[almla (s Als[o[n]o]s[e]m{Alm[sTs]AlsTo[n] Dl s]e[m[almlaTs]A] s]o]nfD
FIRST DWG START FiNAL DWG ENGINEERING ALL TESTS
TASK AND GO-AHEAD RELEASE TEST  RELEASE DATA REPORT  COMPLETE
SUBTASK DESCRIPTION MAJOR Yy VY vY Y VvV V%
MILESTONES | FINAL REPOR
MO! T PROMISING WING STRUCTURAL WEIGHT/CGST DESIGN BULLETIN
DEF IGN CONCEPTS REQUIREMENTS BENEFIT PROCESS SPECS. UPDATE:
DOCUMENT (88D} RESULTS OPERA. SHEETS/ND1
RESULTS ’
3.2 SPARS (CONT.)
ITEM NO. ITEM QUAN
i 4.20{2) SPAR WEB W/SLAT 7 TooL 8 ;
§ TRACK CUTOUT- '
- QUTBOARD B |
i 3.3 RIBS
_.: —— ' :
4.3A FUEL BULKHEAD RIB 3 P
: | 1
4.3B FUEL BULKHEAD - B
FUSELAGE MATE RIB m
L 1
| 4.3C ENGINE PYLONRIB . 6
N L ]
A
? _ 4.3D KICK RIB 6 W
Figure 21. Preliminary Design Schedule (Sheet 6 of 12)

28y



T R T R T T T T LA TN | e ey P e

|
f

i
.'4
i

58

YEAR 1981 1982 1983
MONTHS  [J [Fim{A[m|a]s[A[s]oln|o[s[F|m[a]m[a]sfa]s|o]n]ols]e|m|Alm]+Ta]A]s]0]n]D
TASK AND FIRST DWG START FINALDWG  ENGINEERING  ALL TESTS
GO-AHEAD RELEASE TEST RELEASE DATA REPORT  COMPLETE
SUBTASK DESCRIPTION MAJOR v Vv V¥ Y VWV v h 4 A 4
MILESTONES FINAL REPORT
MOST PROMISING WING STRUCTURAL WEIGHT/COST DESIGN BULLETIN
DESIGN CONCEPTS REQUIREMENTS BENEEIT PROCESS SPECS. UPDATE;
DOCUMENT [SRD) RESLILTS QPERA. SHEETS/NDI
RESULTS
3.3 RIBS {CONT.)
I'TEM NO. ITEM QUAN. Toorl__J
4.3€ INTERMEDIATE RIB 2 m@ PRODUCTION RECORDS,
OPERATING SHEETS;
NDI RESULTS
3.4 DOCUMENTATION C
4.0 DESIGN VERIFICATION TESTING
4.1 COVERS SUB-COMPONENT
DESIGN AND BUILD-UP SUB-COMPONENT
INSTR
4.1A STATIC CCMPRESSION 2
TO FAILURE vl TEST
.
4.18 STATIC COMPRESSION 1 L___m
TO FAILURE
a.1c(1) STATIC COMPRESSION 3 [Iim
TG FAILURE
Figure 21. Preliminary Design Schedule (Sheet 7 of 12)
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YEAR 1081 1962 1083
monTHs | [F[mfa]m[aTufA]s]o[n]p]a[FIM[AIm[a]a]A[s[o]n] D[4 [F{mIAlm s]a]A]S]O[N]D
FIRST DWG START FINAL DWG ENGINEERING ALL TESTS
TASK AND MAZDR GO-AMEAD RELEASE TEST neuage DATA aepon; COMPLETE
SUBTASK DESCRIPTION MILESTONES \ 4 v.Y Yy _ Y S|
ESIGN BULLETIN
DESIGN CONGEPTS B RLCTURAL Gk ICOST D ROCESS SPECS. UPDATE;
DOCUMENT (SRD) RESLULTS OPERA. SHEETS/NDI
RESULTS
4.1 COVERS (CONT.)
ITEM NO. TITEM QUAN
4.1¢(2) SPECTRUM FATIGUE, 3 :Ym
COND. CYCLE :
4.10{1) STATIC TENSION TO 3 Em
FAILURE
4.1D(2) SPECTRUM FATIGUE, 3 czﬁm
CONDITION CYCLE
4.1€(1) STATIC COMPRESSION 1 ﬁ
' AND SHEAR TO FAILURE
4.1E(2) SPECTRUM FATIGUE 1 Cﬁ
(WETH SHEAR)
4.1F(1) STATIC TENSION AND 1 ﬂ

SHEAR TO FAILURE

Figure 21.

Preliminary Design Schedule (Sheet 8 of 12)
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YEAR 1981 1982 1983
manTas | J [F]m[a]lm[s]a]Als]o[n]o]s]Fim]alm]a]aiA]s]o]n[D]J[F]m[Alm{o]s]A[S]0]nN[D
FIRST DWG START FINAL DWG ENGINEERING ALL TESTS
TASK AND GO-AHEAD RELEASE TEST RELEASE DATA REPORT  COMPLETE
SUBTASK DESCRIPTION MAJOR v v Y A A 4 \ 4 \ A 4 y
MILESTGNES FINAL REPORT
MOST PROMISING WING STRUCTURAL WEIGHT/COST PESIGN BULLETIN
DESIGN CONCEPTS REQUIREMENTS BENEFIT PROCESS SPECS. UPDATE:
DOCUMENT (SRD) RESULTS OPERA. SHEETS/NDI
RESULTS
4.1 COVERS {CONT.)
ITEM NO. ITEM DUAN
8.1F(2) SPECTRUM FATIGUE 1 ﬂ
' (WITH SHEAR)
RESIDUJAL

8.1G IMPACT UNDER COM- 2 msmsmsm
PRESSION LOAD/
SPECTRUM FATIGUE/ i@
RES STR -COMPRESSION

4,14 IMPACT UNDER COM- 1 EE%J

PRESSION LOAD/
SPECTRUM FATIGUE/
RES STR:TENSION

4.11 FAIL-SAFE/SPECTR FAT./ 1 Ii%
RES STR -COMPRESSION

2.1J rAlL-SAFE/SPECTR. FAT./ 1 &m
RES STR -COMPRESSION

8.1K FAIL-SAFE/SPECTR FAT./ 1 —Ywm
RES STR -TENSION

L8

Figure 21.

Preliminary Design Schedule (Sheet 9 of 12)
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YEAR 1981 1982 1983
monTHS | J [F[m[alm[aTalalsTcIm[o[J[e]m[A]lm[s]4]A]s]o][n]D]J]F]m{alm] 4] sTA]S]0]niD
TASK AND FIRST DWG START FINAL DWG ENGINEERING ALL TESTS
GO-AHEAD RELEASE TEST RELEASE DATA REFPORT COMPLETE
SUBTASK DESCRIPTION MAJOR Yy _vY YyY.Y Y V. Y
MILESTONES FINAL REPOQRY
MOST PROMISING WING STRUCTURAL WEIGHT/COST DESIGN BULLETIN
DESIGN CONCEPTS HREQUIREMENTS BENEFIT PROCESS SPECS. UPDATE;
DOCUMENT {SRD} RESULTS OPERA. SHEETS/NDI
RESULTS
4.2 SPARS
. . ROOT
ITEM NO. ITEM aUuAN CONFIGURATICN
4.2A STATIC BEAM BENDING 2 ﬁ
TO FAILURE - FRONT TIP CONFIGURATION
SPAR ROOT
CONFIGURATION
4.28 STATIC BEAM BENDGING 2 &m
TO FAILURE — REAR TIP CONFIGURATION
SPAR h
4.2¢ FUEL PRESSURE LOAD- 1 &:m
' ING TO FAILURE
4.20{1) STATIC SHEAR TO ] m
FAILURE
4.2D(2) SPECTRUM FATIGUE — 6
SHEAR '

Figure 21, Preliminary Design Schedule

{Sheet 10 of 12}
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YEAR | 1981 1982 1983 '
vonTHs | J]F[m[afm[uTafA[sJo]n[o[s[e]mA[m[uTaTA]sTo[n[D]a[FIm[alm[s[s]A[s]0{n]D
FIRST DWG START FINAL DWG ENGINEERING ALL TESTS
TASK AND GO-AHEAD RELEASE ¢ TEST  RELEASE DATA REPORT  COMPLETE
SUBTASK DESCRIPTION MAJOR L 4 \ 4 \ A i \ A A
MILESTONES FINAL REPOR
DESIGN BULLETIN
DESIGN CONCEPTS G T e Al LENErCOST  PROCESS SPECS. UPDATE;
DOCUMENT (SRD} RESULTS OPERA. SHEETS/NDI
RESULTS
4.2 SPARS (CONT.)
ITEM NO. ITEM QUAN
4.2E FAIL-SAFE/SPECTRUM 1 EE'N

FATIGUE/RES STR -

SHEAR
4.3 RIBS

43A FUEL PRESSURE 2 E%
LOADING TO FAILURE :

4.38(1) STATIC SHEAR TO 2 Cﬁ h
FAILURE

4.3B(2) SPECTRUM FATIGUE—~ 3 m
SHEAR '

4.3601) STATIC SHEAR TO ) ﬂ
FAILURE

Figure 21. Preliminary Design Schedule (Sheet 11 of 12)
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: YEAR 1981 1982 1983 '

: | MONTHS J [Fma]m{s [JTals]oin]plsTFimlalmlslaTa]l s oin] ola[Fim|Ajm] 1] a] AT s 0N D

FIRST DWG START FINAL DWG ENGINEERING ALL TESTS

s TASK AND GO-AHEAD RELEASE TEST RELEASE DATA REPORT  COMPLETE

: | SUBTASK DESCRIPTION MAJOR Y _ VY Y.V Y VY ¥

1 MILESTONES FINAL REPORT

MOST PROMISING WING STRUCTURAL WEIGHT/COST ~ DESIGN 2LILLETIN

3 DESIGN CONCEPTS REQUIREMENTS BENEFIT PROCESS TPECS. UPDATE:

75 DOCUMENT (SRDY RESULTS OPERA. SHEETS/ND!

: RESULTS

4.3 RIBS {CONT.)

" ITEM NO. ITEM QUAN

4.30(2) . SPECTRUM FATIGUE - 3 &m
SHEAR {
4.30(1) STATIC SHEAR TD 2 N E‘W
FAILURE .

i ‘ 430(2) SPECTRUM FATIGUE~ 3 Emm -

; SHEAR

; 8.3E STATIC RIB COM- 1 )

PRESSION TO FAILURE

;

4.4 SYSTEM

3 =g

: = g 4.3 LIGHTNING STRIKE 1 Y:N [

: o

F‘f S E 2.8 LIGHTNING STRIKE 1 Bm  }osve

O a4c LIGHTNING STRIKE 1 [ l REponE LTS

: >

B E 4.5 DOCUMENTATION V= TEeT UPON COMPL ETION

g 2 &

Figure 21. Preliminary Design Schedule (Sheet 12 of 12)
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identified in the previous task. The design studies will be limited to representa-
tive wing structure considering appropriate design criteria and requirements includ-
ing the assoriated structure/systems interface requirements,

Wing Design Criteria and Requirements. - The wing criteria and requirements

will be updated to incorporate the results of the design strain level assessment.
The improved characteristics of the new material system will also be accounted for

as appropriate,

Preliminary Wing Design. - The drawings and layouts that defined the wmost

promising concepts for a high aspect ratio wing design will be refified and expanded.
The applicability of the design/manufacturing parameters developed for the interim
meterial system (i.e., T300/5208 Gr/E with unidirectional noncrimped fabric) will

be examined and changes to the design made, as appropriate.

The wing box structural arrangement will be revised to include configuration
and sizing changes. Consideration for the lightning protection system will also be

included in the design., Wing basic dimensions and loft drawings will be completed.

The upper and lower surface design will be developed, including chordwise and
spanwise splices, as needed; access door and fuel probe cutouts; and rib attachment.
The front and rear beam design will be selected and problem areas layed=-out in detail.
Rib designs will be worked out for each major type rib in the wing. These include,

a typical rib, a tank end rib, and control surface and landing gear back-up ribs,

The wing-to-fuselage production joint will also be designed. Layouts will
include the chordwise skin splices, spar splices, and the tension fittings at the
upper and lower caps of the front and rear beams. Layoubs will be made of the
landing gear support structure which is attached to the rear beam., The engine
pylon support structural attachments to the front beam and lower surface will also
be designed. Leading and trailing edge attachment to the box will be developed

as well as control surface interfaces,

The fuel tank sealing design will be completed and fuel system provisions
will be accounted for, Electrical and hydraulic system provisions on the front

and rear beam will also be provided,
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Design Methodology and Analysis. -~ A systemati~ multidisciplinary design.-

analysis process will be employed in the structural evaluation of the composite
wing design. The evaluation will encompass jn-depth studies involving the inter-
action: between ajrframe strength and stiffness, static and dynamics loads, flutter,
fatigue and fail-safe design, thermal loads and the effect of active controls on
the wing design. Due to the complex nature of these studies, extensive ure will

be made of computerized analysis programs.

A Tinite ele ert structural analysis model will be employed to obtain internal
loads and displacements for stress analysis, to calculate structural influence
coefficients for aerocelastic loads aﬁd deflection analyses, and to determine stiff-

ness and mass metrices to compute vibration modes for flutter analyses.

A more comprehensive asercelastic analysis including symmetric and anti-
symmetric maneuvers, gust and ground conditions will be conducted using the finite
element model of the structure. Control effectiveness will be evaluated
and more detailed flutter analysis will be performed. Strvrtural model loads
and aeroelastic analyses will be apdated whenever significant stiffness character-
istic changes are introduced inte the finite element model., Loads on control sur-
faces, high 1ift devices, landing gear, and the engine pylon will be determined
for interface with the wirg box. Wing surface pressures and miscellaneous loads,
e.g., fuel tenk pressures, ruptured ducts, etc., will be established for inclusion

in the structural analysis wherever they are considered to be significant.

The most promising wing structure design concepts will be subjected to in-
depth structural analyses., Appropriate trade-off studies will be performed to
obtain a least weight and cost-effective design. Analysis will include, not only
the design loads enviromment, but =also, the appropriate protection system for pre-
vention of extensive damage of the airframe due to lightning strike and/or erosion.
Methods of preventing an accidental release of graphite fibers by appropriate

design considerations will be employed,

Test Component Definition. - Design concepts verification tests will be con-

ducted to support the preliminary design of the high aspect ratio wing for a new

subsonic commercial transport. A tew: of engineering and manufacturing/Q.A.

92




specialists will work together to select appropriate wing cover, spar, ribs and
lightning strike protection system components for test., The engineering drawing
release schediile (Figure 21) will be in accordsnce with the required febrication

and testing time-table.

Appropriate engineering drawings will also be releused for the manufacture
of a large wing surface panel for full-scale manufacturing feasibility and process

verification tests (to be fabricated in a subsequent task).

Fabrication Methods Verification

Fabrication methods verification will be accomplished by selection of the
tooling approach and processing methods for each component of the selected test
articles, This task will also include updating of fecility plans and manufacturing

cost detsa.

Fabrication/Quality Assurance Plan. - Fabrication plans including quality

assurance procedures will be developed for each detail part and assembly emanating
from structural design based on latest revisicn of production design outlines,
drawings, and process gpecifications. For selected critical components, it is
planned to prove or verify that fabrication methods selected will produce hardware
vhich meets design drewing requirements by constructing at least one (1) extra uni-
of each subcomponent test article. This article will be evaluated by visual and
dimensional inspection, non destructive test, and sectioning the component for lak-
oratory tests. Any indicated deficiencies will be corrected by modification of
tools or processes before construction of articles designated for engineering tests

is commenced.

Cost Projections. - Following fabrication of the components for engineering

test, an update of the production cost estimates will be made, The new estimate
will be based on a tool plan which will have been partially proven through the
design, manufecture, and use of the development tooling, and through the accumula-
tion of actual cost data in the fabrication of the test components. Additional

cost experience from the L-101l composite fin program and other ongoing ACEE
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programs will be available in this time frame to provide additionel confidence in

forecasting composite manufacturing costs. Thus, more dets will be accumulated

toward establishing cost standards necessary for accurately predicting production
costs in the finel phase of this progranm.

Manufacturing Facilities Plan. -~ The facilities plan initisted in the concepts

development task covering items such as equipment and space lay-outs will be reviewed.

The plan will be amended to be in accordance with any new requirements imposed by
definitization in structural design.

Sub-Cemponent Tooling and Fabrication

The manufacture of design verification test specimens will be similar to the
manufacture of process development specimens, The components will basically con-

sist of iterestions of previous designs. Tools built to produce the earlier speci-

mens are expected to be usable as is or with modifications to produce the components

for these test articles. Minimum type assembly tooling will be built to demonstrate

alignment for the joint and attachment peint specimens.

Process specifications for the fabrication of the test components will be in
a released format, and FAA-conformity inspection requirements or their equivalent
will be applied. In addition to the non-destructive tests which will be performed
on all specimens, a single unit of each basic configuration type i.e., skin surface,
root Joint, spar and rib segments will be fabricated for laboratory evaluation by

seetioning, visual examinstion, and dimensional inspection.

Design Verification Testing

Desigh verification tests supporting the preliminary design task are summarized
in Table 13. Sixty-four (6L) structural sub-component and component tests are

specifiec, including tests of covers, spers, ribs and the lightning strike protez-
tion system,
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TABLE 13.

SUMMARY OF DESIGN VERIFICATION TESTS

ITEM DESCRIPTIO Ml P TEST VARIAB SPECIMEN
N oF TYPE OF TEST EST VARIA
NO. PEOmENS LES CONFIGURATION PURPOSE OF YEST
1 DCSIGN: 2 TEST
41 COVERS A. UPPER SURFACE 2 STATIC COMPRESSION ENVIRONMENTS, RTD, 1.83 x 1.22m {5 x 41 UPPER SURFACE MANHOLE DESIGN
MANHOLE TO FAILURE AND 356K [IBOOF) WiTH i‘;}::;’m:{:t:ﬂ- VERIFICATION; ASSESSMENT QF
&MO'S CYCLIC TEM- ENVIRONMENT EFFECT
PERATURE AND
HUMIDITY
PRECONDITIONING
B LOWER SURFACE, 1 STATIC COMPRESSION 1 DESIGN 103 x 0.91m 9 x 3 OUTBDARD LOWER SUHFACE PANEL
QUTRDARD TQ FAILURE. STIFFENED PANEL DESIGN VERIFICATION
180°9F WET WITH 2 RIB SUPPORTS
C. UPPERA SLIRFACE
WING RODT JOINT
4] 3 STATIC COMPRESSIDN 1 DESIGN: 3 TEST 122 x0.30m (4 x 111) UPPER SURFACE WING HOOT JOINT
TO FARLURE ENVISONMENTS, RTD, STIFFENED PANEL DESIGN VERIFICATION: STATIC
219K {-GS°FI DAY, AND | WITH ROOT JOINT STRENGTH, ENVIRDNMENTAL
356K (30°FI WET EFFECTS
2} 3 SPECTRUM FATIGUE, 1 DESIGN 122 x0.30m (4 x 11 UPPER SURFACE WING RODT JOINT
COMPRESSION- STIFFENED PANEL, DESIGN VERIFICATION; FATIGUE
DOMINATED LOADING WITH ROOT JOINT STRENGTH
SPECTRUM, WITH CYCLIC
TEMPEHATURE AND
HUMIDITY. 2 LIFETIMES
D. LOWER SURFACE
WING ROOT JOINT
[§3] 3 STATIC TENSION TD ¥ DESIGN. 3 TEST 1.22 % 0.30m (a4 x 114 LOWER SURFACE WING ROOT JOINT
FAILURE ENVIRONMENTS, R'TD. STIFFENED PANEL. DESIGN VERIFICATION; STATIC
219K (-65°F) DRY, AND [ WITH ROOT JOINT STRENGTH, ENVIRONMENTAL
356K {I30°F) WET EFFECTS
12) 3 SPECTRUM FATIGUE, 1 DESIGN 1.22 x 0.30m {4 x 1) LOWER SURFACE WING RODT JOINT
TENSION DOMINATED STIFFENED PANEL LESIGN VERIFICATION: FATIGUE
LOADING SPECTAUM, WITH ROOT JOINT STRENGTH
WITH CYCLIC TEM.
PERATURE AND
HUMIDITY, 2 LIFETIMES
E. URPER SURFACE-
PYLON RIB
INTERFACE
{11 1 STATIC COMPRESSIDN 1DESIGN 122 % 0.91m (4 % 3t UPPER SURFACE-PYL.ON RIB INTEHFACE
AND SHEAR TD FAILURE STIFFENED PANEL, DESIGN VERIFICATION;STATIC STRENGTH
WITH RIB ATTACHMENT
[+]] 1 SPECTRUM FATIGUE. 1 DESIGN 1.22 x 0.91m {4 x 31} UPPER SURFACE-PYLON RiB INTERFACE
COMPRESSION STIFFENED PANEL., DESIGN VERIFICATION;FATIGUE STRENGTH
POMINATED L uDING WITH RIB ATTACHMENT
SPECTRUM, WITH SHEAR,
2 LIFETIMES
F. LOWER SURFACE-
PYLON RIB
INTERFACE
31 1 STATIC TENSION AND 1 DESIGN 1.22 % D.91m (4 x 3fth LOWER SURFACE-PYLON RIB INTERFACE

SHEAH TO FAILUAE

STIFFENED PANEL.
WITH RIB ATTACHMENT

DESIGN VERIFICATION: STATIC STRENGTH
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TABLE 13.

SUMMARY OF DESTGN VERIFICATION TESTS (Continued)

hie}
(239
.
H NUMBER
: ITEM DESCRIPTION QF TVYPE OF TEST TEST VAHIABLES SPECIMEN PURPOSE OF TEST
NO. iSPECIMENS CONFIGURATION
1
2] 1 SPECTRUM FATIGUE, 1 DESIGN 1.22 x B:91m 14 x 30} LOWER SURFACE-PYLDN RIB INTERFACE
! TENSION JOMINATED STIFFENED PANEL DESIGN VERIFICATION; FATIGUE
i LOADING SPECTRUM. WITH RIB ATTACHMENT | STRENGTH
WITH SHEAR, 2 LIFETIMES
G. UPPER SURFACE, 2 IMPACT UNDER LOAD 2 DESIGNS 183 x 1.22m {6 x &1} UPPER SUHFACE IMPACT RESISTANCE
IMPACT RESISTANCE {OPERATING STRAIN STIFFENED PANEL DESIGN VERIFICATION
LEVELI, 2 LOCATIONS; WITH AND WITHOUT
SPECTRUM FATIGUE, MANHOLE
COMPRESSION
DOMINATED LOADING
SPECTRUM, 2
LIFETIMES: STATIC
COMPRESSINN TO
FAILURE
H. LOWER SURFACE, 1 IMPACT UNDER LOAD 1 DESIGN 1.83 % 1.22m {6 x 4k} LOWER SURFACE IMPACT RESISTANGE
IMPACT RESISTANCE {OPERATING STRAIN STIFFENED PANEL, DESIGN VERIFICATION
LEVEL}. 2 LOCATIONS: WITH CUYouT
SPECTRUM FATIGUE,
TENSION DOMINATED
LOADING SPECTRUM,
2 LIFETIMES; STATIC
TENSION TO FAILLURE
I. UPPER SURFACE 1 SPECTRLUM FATIGUE, 1 DESIGN 183« 1.2Zm [6 x 411) UPPER SURFACE MANHOLE FAIL-SAFE
MANHOLE COMPRESSION STIFFENED PANEL DESIGN VERIFICATION
FAIL-SAFE DOMINATED LOADING WITH MANHOLE;
SPECTRUM, 1/2 1 STIFFENER CUT AT
LIFETIME: STATIC EDGE DF MANHOLE
COMPHESSION TO FAILURE
J. UPPER SURFACE 1 SPECTRUM FATIGUE 1 DESIGN 183 x 1.22m 16 x 4ft} UPPER SURFACE FAIL-SAFE DESIGN
PANEL COMPRESSION STIFFENED PANEL, VERIFICATION
FAIL-BAFE DOMINATED LOADING CENTER STIFFENER AND
SPECTRUM, 172 LIFETIME; ADJACENT SKIN CUT
$TATIC COMPRESSION TO
FAILURE
K. LOWER SURFACE 1 SPECTRUM FATIGUE, 1 DESIGN 183 x . 22m (6 x 41 LOWER SURFACE FAIL-SAFE DESIGN
PANEL WITH TENSION DOMINATER STIFFENED PANEL VERIFICATION
CUTOUT, LOADING SPECTRUM, WITH CUTOUT:
: EAIL-SAFE 12 LIFETIME: STATIC 1 STIFFENER CUT AT
. TENSION TO FAILURE EDGE OF CUTOUT
o 4.2 SPARS A. FRONT SPAR, 2 STATIC BEAM BENDING 2 DESIGNS (RODT ENO 3.05m [10F) FRONT SPAR DESIGN VERIFICATION
: BENDING TO FAILURE AND TIP CANTILEVER BEAM
CONFIGURATIONS)
A B. HEAR SPAR, 2 STATIC BEAM BENDING 2 DESIGNS (ROOT END 3.05m 11010} REAR SPAR DESIGN VERIFICATION
: BENDING TO FAILURE AND TIP CANTI; EVER BEAM
CONFIGURATIONS)
€ FRONT SPAR WEB, ] FUEL PRESSURE 1 DESIGN 1.83m [B¥t] SPAR SPAR WFB PRESSURE DESIGN VERIFICATION
PRESSURE LOADING 7O FAILURE SEGMENT
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TABLE 13.

SUMMARY OF DESIGN VERIFICATION TESTS {(Continued)

STIFFENED PANEL,
WITH SPLICE JOINT

NUMBER
ITEM DESCRIFTION oF TYPE OF TEST TEST VARIABLES SPECIMEN PURPUSE OF TEST
NO. - CONFIGURATION
SPECIMENS
D. SPAR WEB SLAT
TRACK CUTOUT
3] 8 STATIC SHEAR TO 2 DESIGNS [INBD & 0.91 1 0.91m £3 < 360} SPAR WEB CUTQUT DESIGN VERIFICATION;
FAILURE QUTED PANEL WITH CUTOUT STATIC STRENGTH, ENVIRONMENTAL
CONFIGURATIONS): 3 EFFECTS
TEST ENVIRONMENTS,
RTD, 356K {IB0°F) WET,
AND BT AFTER | MD
FUEL SOAK
12 6 SPECTRUM FATIGUE. 2 DEZIGNS {INBD & 0.9 % 0.91m (3 u 3t} SP2R WES SUTOMT DESIGN VERIFICATION:
SHEAR. 2 LIFETIMES QuTBD PANEL WITH FATISUE STRENGTH, ENVIRONMENTAL
CONFIGURATIONS); 3 cuToUT EFFECTS
TEST ENVIRONMENTS,
ATD. 180° F WET. AND
RT AFTER 1 MO FUEL
S0AK
E. SPAR WEB SLAT 1 SPELTRUM FATIGUE, 1DESIGN 0.91 x 0.91m {3 x 3t SPAR WEB CUTDUT FAIL-SAFE DESIGN
TRACK CUTOUT. SHEAR WITH CYCLIC PANEL WITH VERIFICATION
FAIL-SAFE TEMPERATURE AND CUTOUT AND
HUMIDITY, 1/2 IMPOSED DAMAGE
LIFETIMES: STATIC
SHEAR TO FAILURE
43 | R8BS A. FUEL BULIGHEAD 2 FUEL PRESSURE 1 DESIGN; 2 TEST 1.83m (6N} RIB SEGMENT { FUEL BULKHEAD RIB D Z3i0N VERIFICATION:;
RIB LOADING TO FAILURE | ENVIRONMENTS. RTD PRESSURE, ENVIRONMENT L EFFECTS
AND 386K {I00°F) WET
B. WING ROOT Ri8
WEB
L] 2 STATIC SHEAR TO 1 DESIGN 0.91 x 0.91m (3 x 3Ft} ROOT RIS WES DESIGN VERIFICATION;
FAILURE PANEL STATIC $TRENGTH
12+ 3 SPECTRUM FATIGUE. 1 DESIGR 0.91 x 0.9 (3 x 311} AOODT RIB WEB DESIGN “ERIFICATION;
SHEAR. 2 LIFETIMES PANEL FATIGUE STRENGTH
€. PYLON RIS WEB
31} 2 STATIC SHEAR TQ 1 DESIGN 0.91 x 0.91m {3 x 3Ft) PYLON R18 WEB DESIGN VERSFICATION;
FAILURE PANEL STATIC STRENGTH
12) 3 SPECTRUM FATIGUE, 1 DESIGN 0.91 x 0.91m {3 x 3te} PYLON RIB WEB DESIGN VERIFICATION:
SHEAR, 2 LIFETIMES PANEL FATIGUE STRENGTH
D. KICK RIB WEB
1t 2 STATIC SHEAR TO 1 DESIGN 091 x0.91m {3 x 3 KICK RiB WEB DESIGN VERIFICATION:
FAILURE PANEL SYATIC STRENGTH
2 3 SPECTRUM FATIGUE. 1 DESIGN 0.91 % 0.91m (3x 3kt KICK R1B WEB DESIGN VERIFICATION;
SHEAR, 2 LIFETIMES PANEL EATIGUE STRENGTH
E. INYERMEDIATE RIB 1 STATIC RIB 1 DESIGN 0.30m (11} Rt8 SEGMENT | INTERMEDIATE RI B DESIGN VERIFICATION
CRUSHING COMPRESSION TO
FAILURE
a4 LIGHTNING A UPPER SURFACE 1 LIGHTNING STRIKE 1 DESIGN 0.60 x 0.60m {2 x 20 SURFACE PANEL LIGHTNING STRIKE PROTECTION
STRIKE PANEL STIFFENED PANEL SYSTEM DESIGN VERIFICATION
PROTECTION
SYSTEM
8. ACCESS DDOR 1 LIGHTHING STRIKE 1 DESIGN 0.91 x 0.91m {3 x i ATCESS DODR LIGHTNING PROTECTION SYSTEM
STIFFENED PANEL. DESIGN VERIFICATION
WITH ACCESS DODR
C. SKIN SPLICE 1 LIGHTNING STRIKE 1 DESIGN 0.60 x 0.60m (2 x 2f1)

HPLICE JOINT LIGHTN NG PROTECTION SYSTEM
DESIGN VERIFICATION

PO
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Both static strength and flight-by«flight spectrum fatigue testing are proposed
for the design verification. In addition, temperature and humidity are included
in selected tests to assess envircnmental effects on the strength and durability
of bullt-up, complex composite wing structures. T=sts also are included to verify
design approaches for impact resistance, fuel pressure loadings, fail-safety, and
lightning strike protection.

The design verification testing schedule is shown as subtask 4.0 in the
previously presented Figure 21. The testing extends over a period of two years,
through the end of 1983.

Covers. - Twenty-five (25) wing cover design verification tests are specified.
These tests address the following: upper surface panel with access door cutout; out-
board lower surface panely upper and lower surface wing root joints; upper and lower
surface pylon rib interfaces; uppet and lower surface impact resistance; upper

surface manhole, fail-safej upper surface panel, fail-safej and lower surface panel
with cutout, fail-safe.

Spars. = Eighteen (18) wing spar design verification tests are specified,
including: front and rear spar bending; front spar web, fuel pressure; spar web

slat track cutouts and spar web slat track cutout, fail-safe.

Ribs. - Eighteen (18) wing rib design verification tests are specified, includ-
ing: fuel bulkhead ribj wing root rib webj pylon rib webj kick rib webj; and inter-
mediate rib crushing.

Lightning Strike Protection System, - Three (3) lightning strike protection
system design verification tests are specified: an upper surface panel, an access
door, and a skin splice. It is planned to have these tests conducted at the
Lightning Test Research Institute {LTRI).
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DEMONSTRATION ARTICLE DEVELOPMENT

The demonstration and validation of (1) manufacturing processes and feasibility
and (2) structural integrity of composite wing designs are proposed to be undertaken
by febrication of a 27.8 o (300 fta) wing cover segment, and a wing box test specimen
with approximately 10 m9 {108 ftz) of planform area, respectively. The proposed
schedule for this task is presented on Figure 22. Upon catisfactoxry completion,
this proposed task will demonstrate technology readincss to {1) achieve the fuel
savings goal of the ACEE Program, and (2) provide Company management confidence to
commit to producing a wing of a new aircraft in the 1985-1990 time-period employing

extensive amounts of composite materials.

An alternative effort encompessing the detailed engineering desipgn, fab-
rication and test of a significant portion of the high aspect ratio wing was planned
in sufficient detail to define the schedule and resource needs. The proposed effort,
described in Appendix E for information only, was not considered a viable option in
terms of the high cost weighted against the potential benefits attainable by such an
effort,

Manufacturing Process Demonstration and Validation Article

The proposed validation of the wing design relative to full-scale mamuifacturing
feasibility and of the manufacturing processes developed previously will be accom-
plished by fabricating a 1.52 x 18.26 m (5 x 60 ft) wing cover segment, Figure 23.
Engineering drawings, including loft drawings prepared during Preliminary Design, will
be mede mvailable at go-ahead (Jan. 1983). Production-type tools ﬁill be employed
in the fabrication of the surface panel specimens, Shop orders and olher controlling
documents will assure full conformance to Engieering and Quality Assurance

reguirements.

The wing cover segment will, by its configuration, provide a practical look at
the task of constructing a large composite structure. The segment, which is the
longest contirnuous span structure which can be accommodated in the existing auto-
clave, will validate such processes as: layup of very thick sections, cure cycles
for structures with thick and thin sections, tooling for cocuring stiffeners to

skin, thermal expansion effects between tool and part, and handling problems due to
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size of part. The inspection techniques found applicable to critical wing cover
segmerts in the previous Preliminary Design task will be employed to verify ade-
guacy of NDI methods and to demonstrate cover integrity.

The completed article will also be evaluated by visusl examination, dimen-
sional inspection and mechanical tests of panels cut from the cover. Suspect areas
may be sectioned and semples subjected to laborstcry tests. Determinetions such as

fiber-resin ratio, void content, and detection and identification of defects would be

made.
Wing Box Test Specimen

It is proposed that a representative wing box segment as shown in Figure 2L
be designed, fabricated, and tested to verify and demonstrate that both Engineering

and Manufacturing/QA requirements can be met when integrating msjor wing components
into a box assembly.

Design and Anelysis, - Layout end detail drawings required to fabricate and
assemble an untapered box section 4.6 m (181.5 in) long with a 2.0m (78.9 in) chord
and a depth of 0.8 m (31.6 in) wiil be developed. In order to conserve resources,
the sub=-couponents designed and fabricated for design verification testing will be
employed in the box specimen to the extent possible.

A finite element structural analysis model of the box specimen will be devel-
oped to support the design/anakysis and test efforts., The applied loads (i.e. shear,
bending moments, torsional wmoments) for design and test will be consistent with the
designs loads environment for the various ~omponents employed in the box, Local loads
(i.e., airloads, fuel pressure) will be included.

Fabrication and assembly. - The representative wing box will contain covers

(with and without access doors) for the upper and lowef surface, the front and

rear gpar, and eight full ribs, Major Joints and variations of spar and rib con-
cepts can be employed. All components will be fabricated by production personnel in
a production snvironment. The fabrication of the components and the assembly of
the components into a structure which meets Engineering and Quality Assurance re-

quirements will demonstrate the validity of all tooling and processing concepts
involved,
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18.28 m (60.0 ft}

1.62m (6.0 1)

Figure 23, Process Demonstration/Veiidetion Panel

2.0m (78,9 i)

+4.6m {1645 In)

03m
(346 in)

Figure 2k, Representative Wing Box Test Specimen
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Additionel detail on typical tooling and fabrication procesges involved in

manufacture of wing components are described in Appendix A of this report.

Testing. = A series of limit load tests, fail-safe tests, damnge growth
characteristic tests, repair verification tests and an ultimate load test will be
conducted. In th. fail-safe tests, major wmembers will be severed and the structure
loaded to demonstrate fail~safe capability, After testing, these imposed damages
will be repaired, and the integrity of the repairs verified in subsequent tests.

Upon completion of the prescribed tests, tear~down inspection will be conducted.

The applied loads will match the design shear, bending moment and torsional
moment loading for the particular area of investigation. The box will be arranged
for testing in a universel testing frame and loads applied by hydraulic jacks.

Appropriate instrumentes¢ion will be provided to monitor the tests,

The design, fabrication and testing of the wing box specimen will provide

further information on some of the key design factors, including:
® Assembly strain control ‘
o Accountability of thermal strains induced by the curing cycle
e Layup considerations for component design
® Metallic interface corrosion protection

® Drilling and machining

s Tooling for control of critical dimensions (built-up assemblies,

fit tolerance on secondary bonds)

° Peel and flatwise tension limitations for cover-substructure interface
joints

The demonstration tests will provide the necessary full-scale data to validate
design philosophy, design allowsbles, design analysis methods, fabrication tech-
nigues, inspection methods and repair techniques, and thereby, provide the confid-

ence needed to proceed with design and manufacture of a production wing.
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CONCLUDING REMARKS

A-plan has been defined for a composite wing development effort which will
assist commercial transport manmufacturers in reaching a level of technology readiness
where the utilization of composite wing structure is a cost-competitive option
for a new adircraft production progrem. The recommended development effort consists
of two programs: a joint governmeni~-industry material development program, and a
wing structure development program, The planned material development program will
result in a improved composite material system that will lead to an efficient wing
structure design. The wing structure development program will provide the technology
and data nzeded: to produce a cost-competitive advanced composite wing structure,
to provide Company management confidence to commit to production of such a

structure, and to achieve certification of an aircraft employing such a structure.

The material development program is proposed a2s a jeint effort between the
three manufacturers, the waterial suppliers, and the Govermment. Because of its
general applicability to the design of composite aircraft structure, it is suggested
that this effort be funded as a separate program., The goal of the material develop-
ment program is a graphite/epoxy material system with improved characteristics
that will wmeet engineering and menufacturing requirements, and, at the same time,
will not invalidate the existing graphite/epoxy data base and, thereby, impose
drastic requalification requirements. The material development must include, as
one of many reguirements, consideration of modifications which wili mitigate the
electrical hazards problem associated with graphite fiber release in event of a
fire. However, weans must be found to reduce the electrical hazard without resort-
ing to a completely new material system, or grossly degrading the material's pro-
cessibility, mechanical performance and environmental dqurability.

The planned wing structure development program encompasses engineering and
manufacturing analytical studies; manufacturing development; and development
testing ~ to generate composite wing design data, to support concepts development,
and for design verification. The program culminates in a manufacture and test
demonstration of technology readiness using a representative (generic) wing box
structure., The program objective is to develop and demonstrate the technology
needed for design and manufacture of caﬁposite wing structure which will meet
durability and damasge tolerance reguirements,
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The scope and thrust of the wing development program is based on the belief
that such a program should be designed to take each manufacturer an far as necessary
towards developing the technology and data needed for production of composite wing
structure, and reducing the associated risks to an acceptable level. Tt is not
felt, however, that a company, and/or the Government, can afford to fully exercise,
in advance, the manufacturing scale~up efforts associated with building a cowmplete
wing structure. These should, and must, be addressed in the normal Company~funded
production program for the new aircraft. Such a production program would include
the manufacture and test of two fullescale articles (a static test article, and a
fatigue/demage growth test article), as well as a flight test article, It is
believed that each of the major manufacturers will require similar composite wing
developmeni programs to achieve technology readiness at acceptable level of
risk. At the same time, it is anticipated that each manufacturer's program will
include some concept~-peculiar aspects, reflecting différing philosophies,

approaches, and operating procedures,

The timing of the recommended material development and wing structure develop-

ment programs reflects the goal of achieving technology readiness for production

of composite wing structures in time for the incorporation of such structure into
the design of new airecraft in the 1985-1990 time frame, However, the current con-
cern relative to the hazards of fiber release has resulted in uncertainty concerning
the funding and timing of NASA's planned development effort. In order to miniwmize
the impact of any major delay in progrem startup, early initiation of two long
lead-time/high priority technology development efforts is urged. It is recommended
that the development of a new, improved material systems be started immediately

so a8 to provide a firm meterial base for the applications of composite priwmary
wing structure. This material development effort should include the proposed
efforts to alleviate the potential carbon fiber release hazard., It is also
recommended that efforts be initiated in the near future to develop the data neces-
sary to demonstrate the durability and damasge tolerance characteristics of comp-
osite laminates when subjected to the wing design environment. These develop-

ment efforts should include the definition of the wing design enviromment and

the developmeni of associated design criteria.
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APPENDIX A

CONCEPTUAL DESIGN

The conceptual design of a reduced energy advenced transport sircraft (RE-1011)
was conducted to provide the framework for identifying and investigating unique
design aspects and problem areas in the use of composite materials in commerciel air-
craft wing structures. The sircraft incorporates many advanced technology features .
including a high espect ratic wing with & supercritical airfoil shepe, active : ;
controis, and composite materials in both primary and secondary structure of the wing. i
The design study was conducted in sufficient depth and detail to (1) provide insight
into defining technology needs for design/analysis of highly loaded composite wings,

(2) aid in the identification of needs for design concepts development and verification

- ogte a =

testing, and (3) define facility and equipment requirements.

LN

The results of the conceptual design study are summarized in the fcllowing text,
waich includes: (1) & description of the baseline RE-1011 airplane, (2) an identifi-
cation of the selected flight conditions and the corresponding net wing loads for p
these conditions, (3) a description of the detail analysis results of selected point
design regions, {(4) & narration of typical manufacturing breakdowns for the multi- g
spar and multi-rib structurel errengements, end (5) the identification and investi-~
gation of unique or significant design aspects associated with composite wing j

structure. ;

Baseline Airplane |

The general arrangement of the baseline airplane (RE-1011) is shown on Figure 25.
This configuration is an advanced technology transport which incorporates three
advanced, mixed-flow, turbofan engines,.a supercritical wing with a reduced leading-
edge sweep, the use of composite material for both primary and secondary structure,
and active controls. As noted on this figure, this airplane has a wing semispan of

28,74 m (9h.3 ft) and a fuselage length of 70.0 m (229.7 £t).
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CHARACTERISTICS WING hORI JNTAL TAIL VERTICAL TAIL

AREA 5Q. M. [SQ. FT.1 330.54 (3558) 71.54 (7701} 44.5% {479.1}
. ASPECT RATIO 10 5 16
; SPAN K. [FT.) 57.40 [188.6} 18.93 [62.1) 8.12 127.68)
! RODT CHORD M, (IN.1 B.B5 (348.25) 5.82 {226.06} B.312 £315.54]
' TIPCHORD __ M. [1N.] 2.65(104.47 1.74 {GB.EG) 2.43 [95.80) o
i TAFER RATIO 0.30 a.30 430 o ';U
| MAC M, LN} 6.311248.28] 4.15 (163.2) 5.72 1225.18) =i £

SWEEP RAD.. (DEG.} 0.524 (30} 0.524 (30) 0.613 [351

T/CROOT % 12 10 10 1

TIC TIP % 12 10 10

GROSS WEIGHT - 183077 K {405592 LB M.}
POWER PLANT - ADVANCED MIXED FLOW TURBOFAN
INSTALLED THRUST - 154550 N [34746 LB. F.} -
PASSENGERS - 400
i HANGE - 3,000 N.M.
' GEN. ARR. - 3,000 N.M. e
400 PAX. ADV. TURBOFAN

2. DIMENSIONS IN METERS {FEET). OR NOTED

1. CADAM REF. DWG. CL1337-1-1.1,2,3

NOTE

493
157.39)

| S— ’ |
a foTo) ;
70.0 (229.7}

t 57.49 (168.6)

10T

Figure 25. General Arrangement - RE-101L1 Advanced Technology Airplane
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The baseline ailrplane has a 331 m2 (3558 fte) wing area with a gross weight at
takeoff of 183,970 kg (405,590 1bm). This configuration has a payload of 36,290 kg
(80,000 1lbm), equivalent to LOO passengers, snd a renge of 5,560 km (3000 nmi).
Table 1L contains the airplane characteristics and, for comparison pur-
poses, those of an equivalent payload 1L-1011-1 airplane, Note the approxi-
mate 1000 km (540 nmi) increment in range indicated for the advanced technology

airplane,

An anaiysis of the center of gravity fc.g.) limits and co.responding tail size
was conducted of the beseline configuration. This anelysis revealed that for the
supercritical wing with more negative Cmo’ the c.g. range should be located aft to
minimize trim drag. A suitable c.g. range for this airplane is 25-to 50-percent ¢
for the horizontal taril shown in Figure 25. Assuming that the static margin require-
ment is relaxed to the neutral stebility limit and active controls arc emrloyed, a

tail volume coefficient of approximately 1.0 is adequete for the above c.g. range.

The masses assigned to the various components of the baseline airplane are
listed in Table 15. The two largest structural mass items are the wing and body,
wnich amounts to 19,650 kg (43,120 1bm) and 24,940 kg (54,990 1tm)}, respectively.
This study is focused on the wing which represents ll-percent of the asirplane takeoff
w2ight. A more detaliled weight statement of the wing is presented in Table 16 and
indicates that 1k,750 kg (32,530 lbm) is attributed to the wing structural box which

is T5-percent of the total wing mass.

Design Conditions and Loads

A survey of design conditicns for the L-1011 aircraft wes used as a basis for
selecting representative loading conditions for the study. In general, several types
of loading conditicns design the L-101l1l wing at various locations. Included are
positive and negative steady maneuvers, roll maneuvers, dynamic gust, dynamic taxi
and ground handling maneuvers. The eventual use of advanced load allev.ation
techniques (i.e. maneuver load control, elastic mode suppression and gust alleviation)
in conjunction with the serodynamic characteristics of a supercritical sirfoil, will

undoubtedly change the type of eritical design loading conditioans for various regions
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TABLE 14. AIRPLANE CHARACTERISTICS

AIRCRAFT MODEL RE-1011 L-1011-1
WING AREA - m? (ft2) 330.5 (3 558) 321.0 {3 456)
OVERALL LENGTH - m (ft) 70.0 {229.7) 54.2 {177.7)
WING SPAN - m (ft) 57.5 (188.6) 47.3 1155.3)
OVERALL HEIGHT - m (ft) 17.5 (67.4) 16.8 (55.3)

OPERATIONAL WEIGHTS - kg (lbm)

MAXIMUM TAKEOFF
MAXIMUM ZERO FUEL
OPERATING EMPTY

183 970 (405 590}
142940 (315 130)
106 650 (235 130)

195 040 (430 000}
147 420 {325 000}
109 040 {240 400)

PAYLOAD - kg (lbm)

36 290 (80 000)

36 290 (80 000)

ENGINE MODEL

TAKEO!'F THRUST - N {Ibf)

ADVANCED MIXED-FLOW
TURBOFAN

154 560 (34 750)

RB.211-22B

186 820 (42 000)

RANGE - km {(nmi)

5 560 (3 000)

4 520 (2 438)

TABLE 15, RE-1011 AIRPLANE GROUP WEIGHT STATEMENT

MASS
ITEM
{kg} {lbm)

WING 12 558 43118
TAIL 2211 4875
BODY 24943 54 991
LANDING GEAR 7 800 17 196
SURFACE CONTROLS T 951 4 301
NACELLE AND ENGINE SECTION 2644 5830
PROPULSION 13 254 29 219
AUXILIARY POWER UNIT 506 1116
INSTRUMENTS 393 867
HYDRAULICS 1099 2423
ELECTRICAL 2 651 H844
AVIONICS 998 2 200
FURNISHING AND EQUIPMENT 16 671 36 754
ENVIRONMENTAL CONTROL SYSTEM 34384 7 682
DE-ICING SYSTEM 181 398
MAN. EMPTY WEIGHT {(MEW) 98 345 216 814

STD. AND OPER. EQUIP. 8 307 18 314
OPERATING EMPTY WT. (OEW) 106 652 235128

PAYLOAD 36 287 80 000
ZERO FUEL WEIGHT (ZFW) 142 939 315128

FUEL 41 034 90 464
TAKEOFF WEIGHT 183 973 4056 592

e e el s SR AP~ il AR Y a5
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of the wing. However, it is believed that analysis of a few selected symmetric
fiight maneuvers provides adequate insight into tle general load levels to be
experienced by the composite wing.

The three maximum zero fuel weight conditions selected for the design effort

are for an airecraft with a gross weight of 183,970 kg (L05,590 lbm). The flight
parameters associated with these conditions are:

(1) 2.5g positive symmetric maneuver e+ V,, Mach 0.80, v, = 186 m/s (284 kt)
(2) -1.0g negative symmetric maneuver at Vo, Mach 0.80, Vo = 186 m/s (284 kt)
(3) 2.5z positive symmetric maneuver at Vps Mach 0.95, Ve = 212 m/s (k12 kt)

The wing airicads for these conditions were generated based on aerodynamic section
coefficient data obtained by using the Jameson-Caughey NYU Transonic Swept Wing
Computer Program - FLO22 (Reference 3). Ten degrees per g of outboard aileron was
used for maneuver load control to redistribute a portion of the airload from the
outer region to the inner wing. Flexibility effects were included in the composite
wing loads analysis based on L-1011 aeroelastic deformation data. Wing weights were
generated by assuming the same empty wing weight distribution as the L-10ll wing

and ratioing to account for geometry differences. The wing 1ift was increased by

an increment egual to the balancing tail load for the most forward center of gravity
limit. Although relaxed stability through use of active controls permits an aft
shift in airplene c.g. range, the tail load is still quite large due to the pitching

moment characteristics of a supercritical airfoil.

The net wing loeds for the selected conditions are shown in Figures 26 through
28. These figures present the shears, bending moments, and torsional moments about

a reference axis approximating the rear beam of the wing.

Analysis Results

In order to provide a framework for identifying some of the specific design
aspects and problem areas, limited point design studies were undertaken, In general,

these studies concentrated on the multi-rib structural arrangement {comparable to the
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Sz~ SHEAR, Itf x 107

TABLE 16. RE-1011 WING WEIGHT STATEMENT
ITEM wess
(kg) {Ibm)

SURFACES 11 903 26 241
SHEAR MATERIAL 1224 2699
RIBS 1544 3403
MLG SUPPORT 83 183
WING STRUCTURAL BOX 14 754 32 526
SECONDARY STRUCTURE 4 804 10 592
TOTAL WING 19 558 43118
ORIGINAL PAGE 15
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Design Wing Shears
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current 1-1011 design) and investigated several representative panel concepts: hat-

stiffened and blade-stiffened surface panels for the upper and lower surfaces,

respectively. The wing net loads were used to define surface load intensities (axial

and shear). At selected locations on the wing, point design studies of the penel
concepts were performed to determine representative sizes and configurations, and to
identify feasible fabrication approaches. TFrom these studies, design features such

as representative skin leminate and stringer srrangements were defined.

The surface panel loads were defined at selective spanwise locations on the wing

and used as the basis for the detail structural evaluation of the candidate concepts.

Figure 29 presents a series af sketches which describe the location, and physical
dimensions of the wing box cross sectionsz used for defining the surface panel loads.
Note the nonlinearity in the width of the structural box due to the kick in the rear
beam at OWS 0.0. The surface panel loads were defined for the specified design
conditions using a computer program which calculates the internal loads of a single
cell bov with variable elestic properties. The average surface load intensities
resulting from this analysis are displayed in Figures 30 and 31. The average upper
surface load intensities are presented in Figure 30 for both the maximum tension end
compression conditions. The shear flows associsted with these conditions are also
specified. A maximum exial compressive force of 3.2 MN/m (20,000 1bf/in) is

noted at OWS8 0.0, where the kick in the rear beam occurs. The corresponding load
intensities for the lower wing surface are shown in Figure 31 and indicate a

maximum tensile force of 4.2 MN/m (23,900 1bf/in) occurring at OWS 0.0.

Using the maximum combination of loads (axial and shear) on a given surface,
the load environment was defined at three point design regions. Table 17 summarizes
the internal load environment at these selected regions. In addition, this table
presents an approximation of the torsional (Gt.) and extensional (EE) stiffness
requirements of the individual surfaces which were based on design data from the
L-1011 airplane.

In order to perform the detail stress analysis of the candidate concepts, an

amplification of certain aspects of the design criteria reported in Appendix D was
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TABLE 17. WING SURFACE LOAD ENVIRONMENT AND STIFFNESS REQUIREMENTS
IWS 122 OWS 0.0 OWS 452
DESIGN DATA UPPER | LOWER | UPPER{LOWER | UPPER| LOWER
LOAD INTENSITIES
MAX. TENSTON LOADS
Ny, kN/m 1086 2434 1856 | 4186 315 | 1261
Nyy, KN/m 385 595 963 | 1086 595 | 420
MAX. COMPRESSION LOADS
Ny, KN/m 2502 | -1016 | -4133 | -1874 | -1243 | -315
Nyy, KNIm 595 438 893 | 1068 438 | 648
STIFFNESS REQUIREMENTS
Gts, GN/m 0.28 | 0,32 0.18 | 0.21 0.06 | 0.10
Et, GN/m 0.84 | 0.94 0.52 | 0,63 0.17 | 0.29
WS 122 OWS 0.0 OWS 452
DESIGN DATA UPPER | LOWER | UPPER| LOWER | UPPER| LOWER
LOAD INTENSITIES
MAX. TENSION LOADS
Ny, [bffin 6200 | 13900 10600 | 23900 1800 | 7200
Nxy, Ibffin 2200 3400 5500 | 6200 3400 | 2400
MAX, COMPRESSION LOADS
Ny, 1bffin -14800 | -5800 | -23600 |-10700 | -7100 |[-1800
Niy, Ibffin 3400 2500 5100 | 6100 2500 | 3700
STIFFNESS REQUIREMENTS
Gts, Ibffin X 106 1.6 1.8 L0 | L2 0.32 | 0.55
Et, Ibffin X 100 4.8 5,4 3.0 | 3.6 0.96 | 1.65
117
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required. The major elements of these postulated study criteria are summarized in
Table 18 with a brief discussion of the more importent aspects, design material

properties and the fatigue amd damage tolerance criteria, presented in the following
text.

The T300/5208 graphite/epoxy material system was premised for this composite
wing design study. Table 19 presents the design properties for this material which
represent the best estimate of conservative design properties from currently available
test data. These allowables were used in a laminate strength characterization program
entitled HYBRID (Reference 4) to predict laminate strengths which have a 90-percent
probability of exceedance with a 95-percent confidence level. The number of specimens
and batches is limited, However, these properties are defined as "B basis" even
though it is not possible to meet all the requirements of MIL~HDBK-5 at this time.

This table contains preliminary design input properties for T300/5208 at room
temperature dry (RTD); at 355 K (180°F) with l-percent ebsorbed moisture (180W);
and at 219 X (-65°F), dry (-65D). Where possible the values are based upon tabulated
test results, and are supplemented or compared with qualification and acceptance

data. These data are for leminae with fiber volume ranging from 62- to 67-percent.

The modull are average values and the Poisson ratio is the average of tension
and compression values, The coefficients of thermal expansion were determined by
extrapolating available data at 366 K (200°F) to 450 K (350°F). Then the average
coefficient was calculated from the reference temperature to 450 X (350°F). The
"B" basis strength was calculated, and the design strains were determined from a

typical stress~-strain curve.

For fatigue and damage tolerance considerations, the design reguirements were
met by limiting the permissible design strain levels for the static ultimate and
normal operation conditions. Design strain levels of graphite epoxy structures are
currently restricted by many considerations inecluding stress concentrations associated
with cutouts, Joints and splices; by 192lerance for impact damage; by transverse
cracking in the 90-degree {'iber-oriented plies; and in wing structures, by compati-
bility with permissible coipression strains, Currently, these considerations restrict
design ultimate sStrains fto approximately S50-percent of the composite material failure

strain or about 4,500 to 5,000 pem/em and. practical working strain levels to between
3,000 to 3,500 pcm/cm. At these design strain levels, defects do not appear to
propagate significantly under operational cyclic loadings and environment,
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N TABLE 18. STUDY CRITERIA FOR CONCEPTUAL DESIGN

MATERIAL SYSTEM: T300/5208 GRAPHITE EPOXY

LOADING: COMBINED AXIAL AND SHEAR LOADS

FATIGUE AND DAMAGE TOLERANCE: RESTRICT THE MAXIMUM UNIDIRECTIONAL STRAIN
OF ANY LAMINAE UNDER COMBINED LOADS TO A
DESIGN LEVEL OF 4500-5000 pcmfcm {ginfin)
ULTIMATE.

STRENGTH: COMBINED ULTIMATE STRESSES WILL NOT EXCEED -
THE LAMINATE STRENGTH OR THE ABOVE LAMINAE 3
STRAIN CRITERIA,

BUCKLING: NO GENERAL OR LOCAL INSTABILITY FATLURES ;
AT ULTIMATE LOADS, |

6TT




SRIGINAL P

A POOR

TABLE 19, PRELIMINARY INPUT MATERIAL PROPERTIES FOR HYBRID COMPUTER PROGRAM
DIRECTION, TYPE SYMBOL | UNITS T300/5208 T300/5208 Taugészna
OF PROPERTY e ! il
TEMPERATURE “g" BASIS {3) “B BASIS {3) B~ BASIS (3)
L, INITSAL TENSILE EAHM,1Y) I GPs 148.8 1489 1482
2 L, INITIAL COMPRES. EANM12) 6P 128.2 1281 1378
S _ | L sEcoND TENSILE EAIM.2Z,1) 6re 1989 148.9 1419
S35 | L.SECOND COMPRES. EANM,Z2) GPa g58.28 113.1 114.4
TS |T,INITIAL TENSILE EBHM,1,1) GPa 11.03 9.653 12.27
S Z |1, INITIAL COMPRES. EBHMA.2) GPa 10.78 9.377 12.07
“‘ T, SECOND TENSILE EB1(M21) GPa 11.03 9,653 12.77
T, SECOND EOMPRES. EBNM22) GPs 8,701 6.610 11.24
g | L7, INTIAL SHEAR GIM,1 GPa B.516 4137 5930
£2 | LT,SECOND SHEAR GIM2) GFa 2,068 0.621 4,205
LT, MAJGR FAISSON'S Tl 1) = a0 5 KT
= .
& | i,COEF.OF EXP. ALAIM,1) pmimik 43 50 36
2 |7, COEF. OF EXP, ALAIM2) pmfmiK 282 338 7.2
w | L, VIELD TENSILE EPTIM11) ™ emiem B.5 (12600 7.8111568) 6.1 (880)
Z | T, YIELD TENSILE EPT(M1.2) m emfecm 3.6(30.7) 3.6 (28.9) 4.2 (51.7)
2 | L ULTIMATE TENSILE EPT(M.2,1) m cmfem 25 (1269) 7.6 (1158) 6.1 {888)
o | | T, ULTIMATE TENSILE EPT(M2.3) m cmfcm 2.6{39.1 3.0 (28.9) 4.2(51.7)
2| & | vieeo compaes. EPC(M,1,1) m cmiem 5.4 {689) 5.0 (621) 4.0 (552)
& | & |7, VIELD COMPRES. EFCIM,1,2) m cmfem 8.0 (86.2) 8.0(75.2) 10.6120.7)
g
G| S |t ULTIMATE COMPRES. EPE(M,2.1) m cmfem 10.6{1207) 9.7 (1151) 9.8{1214)
T, ULTIMATE COMPRES, EPC{M.22) m cmfem 16.0 [154) 12.0 (108) 14.0 {1585
& | LT, vIELD SHEAR EPSIM, ) m emicm 10.0 {56} 10,0 (41) 8.6{51)
Z | LT, ULTIMATE SHEAR EPS(M.2) m cmfem 230 (82.1) 440 (62} 14.5 (76)
% . <« |FIBERVOLUME % . 6267 62-67 62-67
ZEk |DeNsITY kg/m? 1,605 1.605 1.608
S<Z |pLy THICKNESS om M3 013 013
NOTES: {1} VALUES IN PARENTHESIS ARE STRENGTHS IN GPa,
{z) EOEFFICIENTS DF EXPANSION ARE EXTRAPOLATED AVERAGES FHOM THE BEFERENCE TEMPERATURE T0 450K.
{3} WHERE STATISTICAL BASE IS LIMITED, MINIVUM PROPERTIES ARE ESTIMATED.
UNITS T00/5208 T300/5208 T300/5208
DIRECTION, Y YPE SYMBOL 349 1508 55D
OF PROPERTY TEMPERATURE “B" BASIS (3) “B" BASIS (3} “g* BASIS (3)
L, INITIAL TENSILE EAHM1,1) psi 21 600 000 21 608 000 21 200 006
2 L. INITIAL COMPRES. EANM.1.2) gsi 18 500 000 18 000 000 20 000 005
= . | L sECOND TENSILE EANM2.1) s 21 600 00D 21 500 090 21200 000
S | L.SECOND COMPRES. EANIM22) psi 14 400 200 16.490 000 16 600 00D
[ § T, INITIAL TENSILE EB1(M1,1) pst 1 600 200 1400 000 1 780 000
= T, tNI1 1AL COMPRES. EB1(M.1.2) psi 1 504 000 1 360 000 1 750 000
w T, SECOND 1 ENSILE EB1(M2.1) i 1 604 000 1400 000 1780 000
T, SEFGND LOMPRES, EB1(M.2.2) Pl 420 000 950 00D 1630 000
<& | LT, INITIAL SHEAR GHm,1) psi 800 000 &00 200 §60 000
$E | L7 SECOND SHEAR GHM.2) psi 300 0B0 90 680 &0 000
LT, MAJOR POISSON'S MU (M) a0 31 33
55 & | L, COEF. OF EXP. ALAMM, 1} 10°% infin/°F 21 28 20
Wi T COEF. OF EXP, ALAIM2} 162 16.0 15.1
w § L, YIELD TENSILE EPT(M.1,1) 103 infin 8.5 (164) 7.8 (168) 5.1129)
S 17, YIELD TENSILE EFT(M.1.2) 10-3 infin 35{5.76) 30 14.2) 5.2{7.5)
Z | L. ULTIMATE TENSILE EPT{M.2.1) 10-3 infin 8.5 (188) 7.8 (168] §.11129)
~ | T, ULTIMATE TEMSILE EPTIM.2.2) 103 infin 3.6 (5.76) 18(a2) 42115
2 | = v vieLo eomeres. EPCIM,3,1) 10-3 infin 5.4 (100} 5.0 (80) 4.0{80)
£ | £ |T.VIELD COMPRES. EPCIM.3.2) 16-3 infin 8.0 (12.5) 80 {10.9) 0.0 (17.5)
& | S | L uLTIMATE cOMPRES. EPCIM.2.1) 10-3 inin 10.6 (175} 9.7 {(167) 8.6 {175)
2 | 7 ULTIMATE COMPRES. EPCIM.2.2] 10°3 infin 16,0 (22.4) 12.0 {15.9) 14.0 (24)
2 | LT, YIELD SHEAR EFSIM.1) 102 infin 10.0(8) 1046) 8.6(7.0)
= | LT, ULTIMATE SHEAR EPS(M.2) 103 infin 230 {11.9) aain) 14.5 (13)
=3 A
S FIBER VOLUME % 62.67 §2.67 5267
EE E DERSITY thsfind 058 058 058
Z =& | PLY THICKNESS in 005 105 005
NOTES: {1} VALUES IN PARENTHES!S ARE STRENGTHS iN ksi, \
{2} COEEFICIENTS OF EXPANSION ARE EXTRAPOLATED AVERAGES FROM THE REFERENCE TEMPERATURE T0 3509F.
{3) WHERE STATISTICAL BASE IS LIMITED, MINIMUM PROPERTIES ARE ESTIMATED.
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A preliminary study was undertaken to investigate the mass trend associated with
varying the configuration of the wing surface panels, The unstiffened skin, hat-
stiffened and blade-stiffened panel configurations were the candidate concepts inclu-~
ded In this investigation which was conducted at the upper wing surface of IWS 122,

A summary of the results of this analysis is presented in Table 20 and contains a
description of the load intensitvies, rib or spar spacing and the equivalent flat

ilate thickness (a.>a/pitch) for each configuration. The corresponding cross-sectional
dimensions and the general class of the material layup for the structural elements are de-
fined in Figure 32. It is noted that the layups are grouped as a general Tamily of cross-
plied laminates (i¥51/903/0k/903/iﬁsi). Stacking sequence optimization was not attempted.

These results indicate that the blade-and hat-stiffened concepts are appreciably
lighter than the unstiffened panel configuration, i.e., both stiffened concepts are
approximaetely S50-percent light.r than the unstiffened concept. Care should be
exercised in interpreting these results since no attempt was made to optimize the rib
or spar spacing or to include the effect of substructure weight. However, this
limited trend study did provide some guidance in the decision to concentrate any
further analytical studies on the stiffened skin concepts, i.e., the blade- and hat-

stiffened concepts.

Using these concepts and tue T300/5208 graphite/epoxy material system, a more
comprehensive point design analysis was conducted on the upper and lower surfaces
at three wing stations (IWS 122, OWS 0.0 and OWS L52). The location of these
stations and their correspending load enviromment were previcusly shown in

Figure 20 and Teble 17, respectively.

Basically, & series of three computer programs were used for the structural
anelysis of tne blade- and hat-stiffened concepts; these programs and their general
use are as follows: (1) the '"HYBRID' progrem (Reference L) to characterize the
strength and elastic properties of the material, (2) the minimum weight synthesis
programs 'BLADE' and 'HAT' (Reference 5), and (3) the general purpose buckling program
'"VIPASA' (Reference 6 and T) to verify the structural adequacy of the final designs.

Analyses of the blade~stiffened panel configurations were conducted for a
variety of stringer spacing; but all designs were constrained to a 76.2 cm (30.0 in)
rib spacing. The resulting upper and lower panel thicknesses for this stringer

spacing study are shown in Figure 33. Typical panel cross sectional data for the
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i; FR’: TABLE 20. PRELIMINARY DESIGN DATA FOR UPPER SURFACE PANELS AT IWS 122
STRUCTURAL ARRANGEMENT MULTI-SPAR MULTI-RIB MULTI-RIB
I SURFACE UPPER UPPER UPPER
i CONCEPT UNSTIFFENED HAT-STIFFENES | BLADE-STIFFENED
SKIN
LOAD INTENSITIES
MAXIMUM TENS 10N COND

Ny, kN/m {Ibflin) 1086 (6200) 1086 (6200) 1086 (6200)
3 Nyy, kN/m {Ibflin) 385 (2200) 385 (2200) 385 (2200)
MAXIMUM COMPRESSION COND
Ny, kN/m (bffin) ~2562 (~14800) -2502 (-14800) -2502 (-14800)
| Nxy, kN/m {bf/in) 595 (3400) 595 (3400) 595 (3400)
SPAR/RIB SPACING m(in) 1,42 (56.0) 0.76 (30.0) 0.76 (30.0)
; EQUIVALENT THICK. cm2lem (in2finfl 2.84 (1.12) 1.37 (0. 54) 1.35 (0. 53)
(1) EQUIVALENT THICKNESS (t) = AREA/PITCH
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20.3 em (8,0 in) stringer spacing designs are shown in Figure 34. Skin thicknesses \
vary from approximately 1.27 ecm (0.50 in) to 0.635 em (0.2% in) for the inboard and

outboard wing stations respectively., The corresporn 'ing thicknesses for the tlades

are 1.15 em (0.45 in) to O.41 em (0.16 in), respectively.

An example of the type of design data resulting from the analysis of the blade-
stiffened concept is shown in Table 21. These data reflect the 20.3 cm (8,0 in) :
stiffener spacing design for the wing upper surface at the three point design regions, Q
Applied loads/strains and the corresponding allowables values for the complete cross 1
section and the individual structural elements are prescnted. In addition, the

stiffnesses and equivalent thickness of each panel are included in this table,

Using representative thickness data defined from the detail panel enalysis,
typical wing bending (EI) and torsional (GF) stiffness data were calculated and are
presented in Figure 35. The corresponding wing stiffness date for the I-1011-1

airplane are included on this flgure for comparison purposes. 7j
1

The hat-stiffened panel configuration was subjected to point design analysis in
a manner similar in scope to that conducied on the blade-stiffened panel configuration. j
The T300/5208 graphite/epoxy material system was also premised for these designs with

the analyses being conducted on the upper and lower panels at the three point design

regions.

Panel configuraticas were defined at each point design region for stiffener
spacings of 20.3 em (8.0 in), 25.4 cm (10.0 in) and 30.5 em (12.C in}. These results
are presented in Figure 36 which displays the panel equivalent thickness as a function
of wing span {defined by the rear beam butt line) for each stringer spacing. The upper

plot of this figure presents the data for the upper surface panels., In general, the

(i.e., least weight) at each of the three point design regions, the exception being
those at IWS 122, At IWS 122 all designs have approximately the same thickness.
For the lower surface panels, an insignificant variation in thickness is noted

when the stringer spacing is varied.

Typical panel cross sectional data that reflect the 20.3 em (8,0 in) spacing
designs are shown in Figure 37 for the hat-stiffened configuration. This figure
presents the thickness and width of each structural element of the cross section
and includes the general class of layup for eanh laminate. A summary

designs with 20.3 cm (8.0 in) stringer spacing design display the smallest thicknisses 1
125 {
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TABLE 21. SUMMARY OF DESIGN DATA FOR UPPER SURFACE PANELS -
BLADE-STIFFENED CONFIGURATION

SHEAR LOAD, Ny

ITEM LOAC INTENSITIES (kN/m)
1WS 122 OWS 0.0 OWS 452
APPLIED LOADS
COMPRESSION
AXIAL LOAD, Ny -2692 4133 -1245
SHEAR LOAD, Nxy 595 886 453
TENSION
AXIAL LOAD, Ny 1086 1862 N2
SHEAR LOAD, Nyy 385 958 597
GENERAL INSTABILITY AFPLIED | ALLOWABLE | APPLIED | ALLOWABLE APPLIED [ ALLOWABLE
AXIAL LOAD, Ny -2592 -2974 4133 11089 1245 1245
585 §95 888 688 2443 443

SKIN STRENGTH/BUCKLING

APPLIED | ALLOWABLE APPLIED | ALLOWABLE APPLIED [ ALLOWABLE,

COMPRESSIVF STRENGTH

AXIAL LOAD, Ny 2261 -3382 <2946 .3019 <1223 -1975

SHEAR LOAD, Nyy 495 #91 886 208 443 715
TENSILE STRENGTH

AXIAL LDAD, Ny BE5 37568 1277 2112 275 A017?

SHEAR LOAD, Nyy 365 1674 958 1685 597 HIGH
BUCKLING {LOCAL)

AXIAL LOAG, Ny -2281 -8208 -2946 -3294 -1223 1280

SHEAR LOAD, Nyy 5§85 2161 B86 a1 443 468

BLADE STRENGTH/BUCKLING

APPLIED ALLOWASBLE

APPLIED | ALLOWABLE APPLIED ALLOWABLE

COMPRESSIVE STRENGTH

AXIAL LOAE, Ny 2409 -3436 .3p42 .3047 200 -2310
TENSILE STRENGTH
AXIAL LOAD, Ny 898 3821 1282 3394 165 2639
BUCKLING (LOCAL)
AXIAL LOAD, Ny 2489 -3B42 -3042 3240 -900 -1113
STIFFNESS DATA.
TORSIONAL_[G‘..!,GN!m 280.0 175.0 5.8
BENDING (Etl, GN/m 841.0 876.0 876.0
EXTENSIONAL (EA), GN 171.0 179.0 178.3
PANEL EQUIVALENT THK [tiem 1.43 1.38 0.894 -}
1. BLADE SPACING = 20.3 ¢m
'TEM LOAD INTENSITIES {lb{/int
WS 122 ows 0.0 OWS 452
APPLIED LOADS
—_—
COMPRESSICN
AXIAL 1L.OAD, Ny -14800 - 23600 2114
SHEAR LOAD, Ngy 3400 5060 25630
TENSION
AXIAL LOAD, Ny 6200 10630 1780
SHEAR LOAD, Nyy 2200 5470 3410
GENERAL INSTABILITY APPLIED | ALLOWABLE | APPLIED | ALLOV,ABLE | APPLIED | ALLOWABLE
AXIAL LOAD, Ny -14800 -16580 -23600 -63160 710 -0 T
SHEAR LOAD, Nxy 3400 2400 5060 5060 2530 2530

SKiN STRENGTH/BUCKLING

APPLIED ALLOWABLE APPLIED ALLOWABLE APPLIED ALLOWABLE

COMPRESSIVE STRENGTH

AXIAL, Ny +12910 +19310 - 9820 -17240 6985 11280

SHEAR, Nyxy 3400 5085 5060 5185 2530 4088
TENSILE STRENGTH :

AXIAL, Nx 4940 21460 7250 12060 1670 22940

SHEAR, Nxy 2200 8560 8470 9050 3410 HIGH
BUCKLING (LOCAL)

AXIAL, Ny 112010 -4GB70 16820 -18810 -69B5 7364

SHEAR, Nxy 3400 12340 S060 5660 2530 2670

BLADE STRENGTH/BUCKLING

APPLIED ALLOWABLE APPLIED ALLOWABLE APPLIED ALLOWABLE

COMPRESSIVE STRENGTH

AXIAL LOAD, N 14270 19620 17370 -17400 5140 -13190
TENSILE STRENGTH

AXIAL LOAD, Ny 5130 + 22390 7320 19380 940 15070 :
SBUCKLING (LOCAL)

AXIAL LOAD, Ny 14270 21940 17370 -18500 -5140 6355

STIFFNESS DATA
TORSIONAL 'Gty}, (Ibt/in} 16 X 106 1.0X 108 0.49 X 105
BENDING {E7), {Ibf/in) ag % 108 50X 108 6.0 X 108
EXTENSIONAL (EA) {Ibf} 38.4 X 106 40,2 ¥ 108 40.0 X 108
PANEL EQUIVALENT THK. (T} in 0,563 0.543 0.352

1. BLADE SPACING = 8.00 in
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of the design data for the upper wing hat-stiffened panel designs, that correspond
» the previously discussed panel cross sectional data, 1s shown in Tsble 22. This
table presents the applied and allowable loads for the total cross section and each

structural element of that cross section. The allowable loads corresponding to the

basic strength (tension and compression) and buckling failure modes of the respective
structurel element are defined. Additionally, the related stiffnesses (i.e., tor-

sional, bending and extensional)} and equivalent thickness of each panel are specified.

The overall wing bending and torsional stiffnesses for a typical hat-stiffened

configuration are presented in Figure 38. Appreciably greater stiffnesses are indi-

ceated at the inboard wing station for the composite wing design RE-1011 as compared
tc the corresponding data for the I1-1011-1 wing design.

Structural Arrangments

The wing configuretion for the baseline airplane is presented in Figure 39. The
figure depicts a planform view of the wing with respect to the wing reference plane

and shows the front and rear spar locations and configurations. In addition, wing

cuts were cbtained and are shown to illustrate the wing box geometry. The location

of some of the major structural components; such es, the wing engine pylon, main

landing gear, and control surfaces are shown in Figure 40. These components impose

boundary constraints which were lIncorporated in the structural box definition,
e.g., the main landing gear, in association with the leading edge surface require-

ments, limit the width of the inboard structural box. A more detailed description

of the struectural interface requirements is conteined in Appendix D, Wing Design
Criterie and Structural Requirements Considerations,

In addition to the above requirements, the wing box must meet the interface

requirements imposed by the fuel, electrical, hydraulic, environmental, propulsion

and control systems. These requirements can be both environmental (load, temperature)

and mechanical (mountings, holes). A general documentation of the systems interface

requirements is presented i) the aforementioned appendix.

To maintain impartielity in the identification of significant problems

associated with composite wing structure, conceptual design drawings of both the
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TABLE 22. BSUMMARY OF DESIGN DATA FOR UPPER SURFACE PANELS -
HAT-STIFFENED CONFIGURATICON

1TEM LOAD INTENSITIES (kid/m)
W OWS 0.0 OWS5 452
APPLIED LOADS
COMPRESSION
AXIAL LOAD, Ny -2592 4133 1285
SHEAR LOAD, Ny 595 886 443
TENSION
AXIAL LOAD, Ny 086 1852 nz
SHEAR LOAD, Nyy 385 958 ! 597
GENERAL INSTABILITY APPLIED | ALLOWABLE | APPLIED | ALLOWABLE _APPLIED | ALLOWABLE
AXIAL LOAD, Ny 2692 4614 4133 7767 ML 1410
SHEAR LOAD, Hyy 595 595 888 888 ;443 443
SKIN STRENGTH/BUCKL ING APPLIED | ALLOWABLE | APPLIED | ALLOWADLE . APPLIED | ALLOWABLE
COMPRESSIVE STRENGTH j
AXIAL LOAD, Ny 2213 2381 2830 3020 . 1280 1598 ;
SHEAR LOAD, Nyy 595 4D | 886 945 BT & | 708 '
TENSILE STRENGYH . | . k
AXIAL LOAD, Ny 133 3750 |0z 2008 } a5 294 . ] '
SHEAR LOAD, Nxy 285 1668 [T T 1600 597 816 :
BUCKLING (LOCAL} ‘ i
AXIAL LDAD, Ny (o l HIGH |2 | 11539 ©1250 -474%
SHEAR LOAD, Nxy 595 886 3612 443 1681
| OHEARLOAD. Py L S . S
CROWN STRENGTH/BUCKLING APRLIED | ALLOWABLE | APPLIED | ALLOWABLE = APPLIED | ALLOWABLE
COMPRESSIVE STRENGTH I j ,
AXIAL LOAD, &, i 2419 3257 6321 8336 1 651 .
TENSILE STRENGTH | i ' ;
AXIAL LOAD, Ny B | sl | 2825 | 73n4 , a7 724 i
BUCKLING {LOCALS : | | ‘;
AXIAL LOAD, N, 2419 HIGH 47 63z | HEGH poan 1218
. | S +o- .
WEB STRENGTH/BUCKLING I o
COMPRESSIVE STRENGTH : - T 1
AXIAL LOAD, Ny [T 326 75 528 129 3z
TENSILE STRENGTH ;
AXIAL LO4D, Ny a3 M6 248 673 23 346 !
BUCKLING (LOCAL) i
AXJAL LOAD, Nx 218 217 573 wer | w5 !
STIFFNESS DATA
TORSIONAL (G1g), GN/m 260.0 [ 175.0 860
BENDING [ET), GN/m BALD 813.0 846.0
| EXTENSIONAL(BAYGN 1 w0 een U P £
PANEL EQUIV, THX. (i}, cm .47 138 0940
+ HAT SPACING = 20.3 cm
[
|
.]
§
11 W T Gwh 4Bz ; ;
APPLIED LDADS, o ‘
COKPRESSION i H 'i
AXIAL LOAD, Nx 14800 i 710 :
SHEAR LOAD, Ny 3400 i 2530 . ]
TENSION :
AXIAL LOAD, Ny I 6200 1780 ; ;
SHEAR LOAD, Nyy : 2200 310 » :;
[GENERAL (NSTABILITY : APPLIED | ALLOWABLE | APPLIED T APPLIED, | ALLOWABLE | J
AXIAL LDAD, Ny ! agon i 8347 | 23600 7110 8ton '
SHEAR LOAD, Nyv Moo G 3400 , . Sus0 , 2630
Lons ' Y . bt e MO,
igm STRENGTH/BUCKLING APPLIED , ALLOWABLE | APPLIED | ALLOWABLE | APPLIED | ALLOWABLE
. P At e T ETT R e e S ]
COMPRESSIVE STRENGTH j
AXIAL LOAD. #x 12638 19208 16163 11242 7137 11406
SHEAR LOAD, Nxy T 300 6194 . bose 5398 2530 4084
TENSILE STRENGTH : i :
AXIAL LOAD, Ny © ags7 21462 6855 11470 1630 1680
SHEAR LDAD, Ny 7200 9525 5470 913% 3810 . 1516
BUCKLING {LOCAL) ' . : '
AXIAL LOAD, Ny Comesm e 16163 65889 om0 mn <
SHEAR LDAD, Ny 3400 5060 0627 . 2530 95986 .
—_— i . oy .. =4
_CROWN STRENGTH/BUCKLING : APPLIED | ALLOWABLE _I APPLIED | ALLOWABLE . APPLIED . ALLOWABLE @
COMPRESSIVE STRENGTH ! ]
AXIAL LOAD, Ny | 13813 ¢ 18600 . 36094 26177 1869 3720 . :
TENSILE STRENGTH . ' : . i
AXIAL LOAD, Ny 4gon 21430 12817 ERLALS 764 4136
BUCKLING (LOCAL) ; i ; i ;
| AXIAL LOAD. Py [ 1315 | HeH 35094 HIGH | aeey | esm :
WED STRENGTH/BUCKLING | ¢ |
COMPRESSIVE STRENGTH - e e =
AXIAL LOAD, Ny 1236 1860 | | I 3588 pal 1860
TENSILE STRENGTH ) | i
» AXIAL LOAD. Ny ara © g7e ;s | 384 [E]} 1974 !
BUCKLING /LOCAL) ; i
AXIAL LOAD, N, 1238 | 1808 [ 37 vz 738 1532
STIFFHESS DATA i
TORSIONAL IGt), fiblan) 1.0 X 10% ] $ 0 X 10V 0.49 X 108
BENDING {Ei, i(bfAn} 48 x 0 : 533 X 196 481 x 108
EXTENSIONAL (EA) Hit) 3.4 X 108 42.6 % 106 86K 106 |
LENY THK (23 in 0578 0543 T o |
Ptk s BA L PO .- it

1 HAT SPACING - 6.00 1

|
sE 18 '
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multi-rib and multi-spar structural arrangements were developed. TFigure L1 presents
an isometric drawing of the L-1011 airplane with views depicting the generalized
structure for these strnetural arrangements. The wing structural arrangements

for the multi-spar and multi-rib designs are shown in Figures 42 and 43 respectively.
Incorporated in the arrangements are some of the specific design features uncovered
during the detail analysis and design aspect study, A few of the more significant

features are:
e The production joint at the wing/fuselage intersection,

e The wing surface panel stiffener orientation for the multi-rib design are

parallel to the rear beam of the outer wing (i.e., from QWS 0.0 to the tip),

® The location of the support/carry~through structure for the main landing

gear, and

¢ The identification of special ribs (e.g., surge, intermediate and divider

ribs) that are required by the fuel system.

Some of these design features imposed modifications on the structural arrange-
ment drawings. For example, the third design feature necessitated redefining the
trailing edge concept. In addition to these above design features, ample, strate-
gically located access doors were incorporated in the wing surface design for

assembly and maintainability purposes.

Manufacturing Breakdowns

The manufacturing breakdown of the major components of the wing are based on a
series of decisions whichh occur in parallel with progress of the engineering design.
The breakdown of the ribs, spars and skins are considered with respect to the design
o: the entire wing box. While an engineering design of a one-piece wing box extending
From the fuselage joint to the tip may be a minimum weight design, practical manu-
facturing considerations of tooling, facilities, uncured material aging limitations
and manloading in a limited area often dictate alternatives. The manufacturing input
to design development iz an iterative one which continues until an optimum con-

figuration consistent with feasible and economic manufacture is achleved.
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Figure 41, Generalized Wing Structural Arrangements
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A wing extending from the side of the fuselage to the tip without spanwise or
chordwise joints may not prove to be feasible; however, for the purposes of this
preliminary study, such a design was postulated.

facturing breakiown for a wing of multi-rib arrangement. The following text

{
{
Figure 44 shows a proposed manu- !
|
describes typical methods of fabricating the major components of the wing box, as !
illustrated in the referenced rigure, and the corresponding tooling requirements to

accomplish this task, -

Wing Covers.- The stiffeners are proposed to be fabricated with the wing

skins to form a complete cover. A typlcal fabrication seguerce for the blade-
gtiffened wing cover is as follows:

(1) Leyur broadgoods into orientations and thicknesses required for doublers,

fillers, stiffener components. Cut to size, wrap and store in freezer.

(2) Ley wing skin, including pertial plies, on t20l. As required during and

after skin layup, add details described in item (1).

(3) Remove blade-stiffener deteails from freezer, thaw, and form as shown on
the cover draying of Figure 44, These are to be completed when item (2)

is completed.

(4) Place properly supported blade~stiffened details on inner surface of skin

and cocure to form a complete cover. Trim for assembly.

For the alternate hat-stiffened wing cover design, the hat stiffeners are either
cured and adhesively bonded to the skin or cocured using an internal bladder-type
mandrel to support the hat during cure.

In order to fabricate the wing skin in one piece, full~size tools approximately
6.4 x 32,6 m{21 x 107 ft) are required.

To achieve the proper contour for the layup

and cure tools, master models {(Figure 45) of the left and right hand, upper and lower,

outside surfaces are required. The four master models will define the outer mold

lines of the wing contours. The models will be constructed by attaching numerical
control (N/C) cut templetes (which define the contour at various butt lines) to a
steel frame which rests on & reinforced concrazte level pad, The master is faced

with plaster or plastic.
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Several approaches can be taken in the construction of the skin layup and cure
tools. One such approach could use graphite surfaces to define the wing contour on
the skin in the following manner:

(1) Layup a2d cure a graphite face plate directly on the master model., The

initial cure of this face plate will be at a sufficiently low temperature
to set the resin, but not affect the material of the master model.

(2) Buildup a female layup and curing tool less the face plate, This *ool
mist be capable of withstanding the pressure/temperature environment of the
autoclave cycle, The frame will be of truss beam construction to allow for

circulation and even heating of the underside of the surface.

(3) TInvert the frame on the graphite face plate which is on the master model.
Attach the face plate to the frame, remov~ the now completed tool from
the master model and post cure the graphite face (Figure 46), This tool
will have built~in vacuum and the thermocouple systems and will be mounted on
wheels that have compatible spacing as the rails in the autoclave. TFour tools
are required ~ one each for the upper and lower, left and right, wing
covers (Pigure 47).

An alternative to the above tooling epproach is one in which has an integral heat,
vacuum and pressure application system and includes provisions for matched molding and/or
diaphragms for fluid pressure application. This would eliminate the requirements of
u very large autoclave. This tool could be built of steel face sheets welded to
H/C cut header boards for contour. The upper half would be removable while the lower
half is fixed. Rest pads would be required to store the upper half when it is not

in use (Figure 48).

Actual layup of the wing skins will be done using a broadgoods dispensing
machine such as shown in Figure 49. This machine contains roll(s) of tape in a
movable rotating head. The head moves across the gantry which in turn moves length-
wise, thus crosswise oriented {90-degrees) and lengthwise oriented (O~degrees) layers
can be made, Angular layers can be made by vector runs (i.e., head moves laterally
while the gantry is moving lengthwise)., 211l movements are numerically controlled,

4L pressure roller on the head compacts the layers during operation. Machines similar

to the one illustrated in the aforementioned figure are currently in use at major fabritcators
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Skin Leyup Tool Construction

Figure bL6.

Skin Layup Tool

Figure 47.
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Figure 48. Integral Heet/Pressure Skin Molding Tool

Figure 49. Broadgoods Dispensing Machine
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of graphite laminates. Although this illustration shows e contoured mold in place,
a flat taeble carn also be used to make basic broadgoods. A cutting head would also

be installed to cut or trim parts and basic layups.

Laminate material for the blade-stiffeners will be laid up using a broadgoods
dispensing machine. The leminate will be slit to the developed width and laid up
on tools to form the desired channel shape. The filler plies between the channels,

will also be slit from laminate materisl.

As an alternative to the blade-stiffened design, a hat-stiffened design was also
considered for the wing covers. Due to the extreme length of the enclosed hat
sectionz, hats and skins will be separately cured and then adhesively bonded in a
subsequent autoclave operation. Possible cocuring methods exists for this concept.
One cocuring possibility would be to support the hat during cure by means of a
rubber bladder which allows autoclave pressure to enter the hat and counterbalance

the external autoclave pressure.

Several automatic methods of forming both the blade~ and hat-stiffened concepts
can be developed. One is the continuous roll form machine shown in Figure 50. This
machine makes continuous constant section hat-stiffeners or U-channel sections for
blade~stiffeners. Rolls of oriented pre-preg tape are held in the rack. Tapes from
these rolls are fed through a series of powered rolls that progressively form the
layers of tape to the desired form. This operation is similar to the roll forming of
metal. The form continues through a teflon draw-type die and progresses to the heat-
cure section., The stiffener emerges fully formed and cured at the end of this cycle,
after which it continues across the cutoff table and is cut to the required length.

A powered pull-through at the output is synchroniz.i to the movement of the rolling
section of the machine.

Another automatic method is the wet method shown in Figure 51. Fibers from
rolls are drawn through a bath of resin., Upon exiting from the bath, excess resin is
wiped from the unshaped mass which is then fed through a teflon draw-type die. This
die has a developed wedge which ?orms the stiffener cross section at its output end.
The formed shape then goes through a heat-cure section to emerge a fully formed and
cured stiffener of a constant section. Caterpillar treads pull the stiffener through
the above stages and out onto the cutoff table, where they are cut to the desired

lengths. As an alternative to this method, rolls of prepreg tape could be inserted

into the process, in place of the rolls of fiber, and the resin bath eliminated.
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A final methnd, using a roll and pulform tool machine, is shown in Figure 52.
Oriented prepreg tape is fed through forming rolls to the table, The table top
contains the inner mold line (IML) form of the stiffener ccnfiguration coated with
nonstick material (teflon); whereas, the tread mills contain the outer mol’ line
(OML)of the stiffener. The treadmill, vhich contains the OML stiffener, is
powered to gilve movement to the operation, The heat-cure element is located
between the wheels, The stiffener exits from the tread mill onto the cutoff area
and is cut to the required length.

Spars. - The spar concept displayed in the typical manufacturing breakdown of
Figure Uit is a one-piece integrally wmolded laminate with caps, web and stiffeners
cocured. The manufacturing approach is shown in Figure 53 with the fabrication
sequence as follows:

(1) Layup broadgoods on flat tocl to form doublers, web stiffeners, etc.

Cut to size, wrap and store in freezer.
(2) Leyup baesic spar configuration, including partial plies on flat tool.

{3) Transfer spar layup to spar molding tool, add doublers and web stiffeners

and cocure to form web. Trim for assembly.

An alternative to the one-piece molded spar approach is to include the spar caps
into the wing cover fabrication process, and form the web separately. The stiffened

web would be mechanically attached to the spar caps in assembly.

Two tooling methods are available for molding the one-piece spars. The first
method is to use & trapped rubber-system where heating the restrained rubber causes
it to exert pressure against the laminate (Figure 54). Another method uses a heater
press to apply pressure with rubber blocks included to distribute the pressure
(Figure 55).

Ribs. - The general design of the ribs provides for an integrally stiffened wedb

with separate upper snd lower caps. The manufacturing sequence is as foliows:

(1) Layup broadgoods necessary for the design of the rib web., Include design

details: such as, doublers and stiffeners.

(2) Layup material for rib caps ond trim to sige.
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Figure 54, Elastomeriec Tool for Molding One-Piece Spars

1

== -

Figure 55. Heated Press Tool for Molding One-Piece Spars
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(3) Mold web with stiffeners in place to form cocured structure.
(4) Cure ridb caps in matched mold tool.
(5) Assemble caps to web with mechanical fasteners and trim for asseumbly,

Alternate configurations include truss ribs and solid web ribs with rein-
forced access holes. The tooling for fabricating the integrally stiffened web is

similar to thet described for the spars.

Rib caps will be molded in matched dies using a heated platen hydraulic press.
Tc fabricate the tool and handling equipment for the large rib ceps, a modular
system is proposed. The tool will be divided into segments of 1.2 m (L.0 ft) to
1.8 m (6.0 ft)., The segments are indexed to an incremental tool hole pattern in
the platen of the press. The tool shown in Figure 56 has a base plate, wedge
activated side plate and a cover plate. The closing pressure of the mold activates
the side details for lateral pressure, Caps for truss type ribs required two wolds,
whereas caps for the solid web ribs require only one mold each. Left and right hand

ribs require separate tools,

Design Aspects

Design aspects considered essential for ineclusion in a composite wing structure
development program were conceptually evaluated. This investigation was conducted
in sufficient depth to provide vieble epproaches for design. The advantages and
disadvantages of the candidate concepts for each design aspect are presented to
highlight the problem areas requiring resolution by further analytical and experi-

mental evaluations.

This study was focused on wing box structure compatible with a multi-rib
structural arrangement. However, some design aspects, such as, access doors and

substructure components are in general applicable to both multi-rib snd multi-spar

structural arrangements.

Wing Sur”aces. - The skins and stringers of the surfaces for the wing structural

box were addressed considering the application of composite materials to this strue-
ture. The design aspects included in this investigation were: the basic meterial
layup for the surfaces, the orientation of the siiffeners &z 4 the provisions for

access doors in these surfaces. In addition to these aspects, a general discussion
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on wing joints is provided., The wing production joint, because of its extreme g
importance in the design of the wing box, is described separately in a later section, .
L,

Basic Material Layup: 1he nulti~rib structural arrangement requires stiffened
skin covers with closely spaced ribs to sustain the flight an. lunding loads during
the service life of the airplane., The basic skin is a relatively thick laminate com- ¢
prised of multi-layers of O, jﬁS and 90 degree plies which is tapered, to some extent, |
from the wing root to the tip. The stiffeners, which are cocured with the skin, are
tapered in width and height, ' !

This spanwise tailoring of the cover material severel§ complicates the fabrica- E
tion of the surfaces, but it is nccessary in order to achieve a viable weight and ‘
operating cogt for the airplane. This design aspect was investigated using the
results of the previously reported detail analysis. More specifically, the thick-
nesses and ply orientations defined for the blade-stiffened surfaces at the three
point design regions were used to interpolate the material layup for the entire
wing., Figures 57 and 58 present examples of the layup sequencing required for the |
upper and lower covers, The number and orientations of the unidirectional plies !
were adjusted during this process but the minimum reguirements as dictated by the
theoretical strength/stiffness analysis were maintained., These figures show the

proposed method of adding or deleting the plies.

!
|
In both figures the general family of crossplied laminates sre indiceated; J
however, a later analysis may dictate a different method of interspersal to give i
a more efficient final layup. In areas of high‘stre$s, additional reinforecing plies 1
will be required. The method of veinforeing the stracture adjacent to the access ‘

|

holes is illustrated in Figure 58,

l
Stiffener Orientation: Another design aspect investigated was that of the
orientation of the stiffener on the wing surfaces. Candidate stiffener orientations

were defined and subjected to a conceptual evaluation. A description of the

candidate concepts and the results of the evaluation are presented in Figure 59 and

Table 23, respectively., In summary, the candidate concepts included wing skin with |
(1) stringers on percent chord, (2} stringers parailel to the front beam, and (3)

stringers parallel to the rear heam of the outer wing. The reswlts indicated that
151
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TABLE 23, CONSIDERATIONS FOR STIFFENER ORIENTATION
. .
DESIGN FABRICATION \
. [
ETRINGER STRINGER STRINGER RIB CLIP RIB ACCESS MANDREL o
CANDIDATE RUNOUT JOINTS TWIST DESIGN ORIENTATION DOOS REMOVAL CURE
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TAPERED) WITH FOR BLADE. AND DOUBLER JUSED FOR LOWER
. LOAD FOR MINI- STIFFENED DUE ARRANGEMENT. |SURF. DESIGN DUE TO
MUM MASS TO TWIST. TWIST.
DESIGN.
| MAXIMUM; NOT REQUIRED (MODERATE FOR (STANDARPIZED [NORMALTO  |PARALLEL STIFF{MODERATE TWIST OF }SINGLE
: ENTIRE FRONT | EXCEPT TOPRO. | UPPER STRINGERS:|RIB-TO-COVER |REARBEAM  |ENERS AND CON: |UPPER SURFACE STAGE
J BEAM AND REAR VIDE VARIATION | LOWER STRINGERS| CLIPS: STRINGER-| EXCERT AT STANT SPACING |STRINGERS WiLL CURE
BEAM, INBD, INGEOMETRY | UP TO APPROX. s[Tc:!-mﬂ cLp INBOARD WING] RESULTS IN LESS| ENHANCE REMOVAL. |POTENTIAL,
c WING. (STERPED OR 10 DEG, REQUIRED FOR COMPLEX DOOR |DIFFICULY IF HATS :
TAPERED) WITH BLADE. AND DOUBLER  |USED FOA LOWER <
LOAD FOR MINI- STIFFENED DUE ARRANGEMENT, {SURF. DESIGN BUE TO -
MUM MASS TO TWIST, TWIST, ;
DESIGN,
FABRICATION
TOOLING/ STRUCTURAL CONTROL SURFACE
CANDIDATE FABRICATION EFFICIENCY INTERFACE COMMENTS PREFERENCE ]
SIMPLE PART TOOLING;| POTENTIALLY HEAVIER; |SIMPLIFIED BACK UP|APPEARS TO BE A MORE COMPLEX DESIGN THAT IS POTEN- E
COMBLEX ASSEMBLY |SKIN THICKENING AS  [FITTING DESIGNS AT|TIALLY HEAVIER. SOME OF THE PROBLEMS CAN BE MINL. :
a TOOLS: LESS COMMON |STRINGERS ARE FRONT AND REAR  [MIZED BY HAVING STRINGERS ON PERCENT LINE OUT- 2
PARTS. ! DROPPED, STRINGER BEAMS. BOARD AND CONTINUING THEM INBRD. WITHOUT A
'JOINT AT KICK, HEAVY BREAK,
RIB AT KICK,
MODERATE TWIST STRINGERS INTERSECT [SIMPLIFIED BACK UP|THE FEATURES OF THIS CONCEPT IS GENERALLY GOOD.
MAKE RELATIVELY  |REAR BEAM CAUSING  |FITTING DESIGN REAR SPAR DOG-LEG PLUS STRINGER RUN OUT AT REAR
SIMPLE PART TOOL;  |KICK (.0ADS ALONG FOR SLATS RECAUSE|BEAM ONLY INDUCE HIGH RIB CAP REQUIREMENTS, HEED
PARALLEL STRINGERS,| ENTIRE LENGTH OF STRINGERS DO NOT {FURTHER ASSESSMENT.
8 AT. ANGLES, CON- BEAM, DOUBLER, CLIPS |RUN OUT AT BEAM. 2
STANT ANGLES REQUIRED IN HIGHLY
RESULTS IN RELA LOADED REAR BEAM
TIVELY SIMPLE ASSY. |REGION,
TOOLS.
MODERATE TWIST WING BENDING INDUCED|SIMPLIFIED BACK UP|MOST FAVORABLE BASED ON DESIGN REQUIREMENTS.
MAKE RELATIVELY  [LOADSGREATER NEAR |FITTING DESIGN MINIMUM STRINGER TWIST AND PROVIDES FOR STRUC.
SIMPLE FART TOOL; | THE REAR BEAM. PRO- |FOR OUTBOARD TURAL EFFICIENCY (POTENTIALLY LEAST WEIGHT] REAR
PARALLEL STRINGERS,|VIDES FOR STRUC WING TRAILING SPAR DOG-LEG POTENTIAL PROBLEM.
c RT. ANGLES, CON- TURAL EFFICIENCY. EDGE DEVICES. 1
STANT ANGLES
RESULTS IN RELA-
TIVELY SIMPLE ASSY.
TOOLS
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the preferred candidate was the latter concept, stringers parallel to the rear beam,

(outboard region), because of i%s relatively high structural efficiency and its
potential ease of manufacture, :
t A
Provieions for Access Doors: Access into the wing box structure is provided in 23
both the upper and lower surfaces for essembly and inspection purposes. Figures 42 2
and 43 show typical locations of these doors for both a multi-spar and multi-rib . |
wing structural arrangement. These drawings depict a wing which is compartmentized
into two fuel tanks and contains twenty-one access doors into these tanks. The . '
majority of these openings are approximately 29.2 x 40.6 cm (11.5 x 16.0 in,. In 3
each tank, upper surface eccess ig provided to the fuel level control valves and A
the vent-system openings. FEach lower surface access door is secured by au external
clamp ring which is fastened to the door by flush mounted serews as shown in
Figure 60. The doors have integral stiffeners and bosses which house self-locking
floating insert nuts. A molded buna-U rubber seal is cemented in a groove around
the edge of the door. A phenolic chaffing strip or ring is bonded outside the seal
groove around the edge of the door to prevent arcing and fretting of the door on the
surface panel seat. The faying surfaces of the clamp ring, access door, and surface “
panel will be coated to provide electrical continuity betwesen the sccess door —

and the surface panel.

Wing Joints: The upper and lower skins are considered as one-piece panels over
the entire box surface, If this is not feasible from a manufacturing standpoint,
elther a chordwise or spanwise jeoint with its added weight and cost may be necessary.
A chordwise joint located near the break in the rear beam could be nearly as heavy
as the production joint at the side of the fuselage due to the high Jlcad intensities.
A spanwise joint would be considerably simpler, but would nevertheless add many

fasteners and additiocnal complexity to the design.

Spars. - Three design candidates were investigated for the composite spar con-
figuration. These cendidates inecluded: (1) a single-piece spar with the stiffener

integral with the web, (2) a one-piece molded spar with totally integrated stiffeners,

the web is a separate component with integral stiffeners. The basic design features
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(3) a three-piece spar where the spar caps are integral with the surface covers and 1
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of these candidate concepts are presented in the following text, while the possible
methods of febricating these spars and the tooling requirements were previously

discussed in the section entitled Manufacturing Breakdowns.

An example of & single-piece molded spar with an integrally stiffenec web is
shown in Figure 61. The concept is t,pical for both front and rear spars. After
the upper surface, front and rear spars, and ribs are assembled in the wing jig,
the lower surface is added. BShims will be required to provide dimensional control
of the depth of the spar. Stiffeners will be provided on the eriernal faces of the

spars for interfacing with the leading edge and trailing edge ribs.

A one-piece molded sper with the stiffeners integral with both the web and
spar caps is shown in Figure 62, The adventsges of one-piece construction appear to
be offset by the many possible disadvantaeges. Working of the surfaces will most
likely induce cracks in the structure at the intersection of the stiffener with the
caps. In addition, this spar concept is more costly to manufacture and heavier in
welght without any apprecisble increase in strength. Dimensional control of the spar

depth will most likely require the use of shims during assembly.

The third candidate spar concept is shown in Figure 63. This concept has spar
caps that are integral with their respective wing surfaces and e separate integrally
stiffened web. The web is mechanicelly attached to the inner flanges of the spar
caps and provides for dimensional control of the wing depth during assembly.
Disadvantages of this design include a greater number of fasteners required to attach
the web to the caps and the basic lack of fail-safeness of the monolithic spar/cover
assembly. Additional problem areas such as the peel strength of the integral caps
can most likely be resolved by increasing the radius at the cover to the flange
intersection. An advantage of this type of assembly is the greater dimensional con-

trol cver the spar depih.

Ribs. ~ The internal ribvs in the wing box structure can be generally clessified
in two categories. The first is closed or solid and is typical of the fuel tank
bulkhead rib, tank divider and backup rib, MLG bec: ip and fuel surge rib, and
inboard tenk bulkhead. The other category includes ribs *that are open or have
penetrations between bays. In this category are backup ribs, intermediete ribs,

fiap actuator ribs, MLG backup ribs, and rear spar kick ribs.
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MACHINED BEARING |
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SEAL / |
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LOWER SURFACE (TYPICAL)

Figure 60. Typicel Clamp-Type Wing Lower Surface Access Door

UPPER SKIN — BLADE-STIFFENED

STIFFENER — INTEGRAL
WITH SPAR WEB ONLY

LOWER SKIN — BLADE-STIFFENED
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Figure 61. Sinple-Piece Spar with Intesrally Stiffened Web
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Figure 62. One-Piece Molded Spar

UPPER SURFACE SKIN REAR SPAR

REAR SPAR WEB WITH
INTEGRAL STIFFENERS

LOWER SURFACE SKIN

Figure 63. Spar Caps Integral with Surfaces, Separate
Integrally Stiffened Webs
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Two closed rib designs were evaluated during this study. The first design,
shown in Figure 64, is a typical skin/stiffener configuration. The other configura-
tion utilizes a beaded web for stiffening (Figure 65). Both of these designs would
include the cocuring of the web, caps and stiffeners (for the Tfirst design) into an
assembly to reduce the amount of mechanical fasteners required. The method of sealing
the fuel tank bulkhead ribs and maintaining dimensional control of the wing box during
assembly are problem areas requiring additional study. The dimensions of the stiff-
eners on the web and the design of the rib cap will have to be predicated on the
applied fuel pressure and crushing loads, TFor the skin/stiffener rib, Figure 6k,
alternate integral design approaches could be taken to alleviate the peeling prob-

lem due to fuel pressure.

The majority of the ribs are required to be of the opened web variety to provide
for the unrestricted flow of fuel in each tank and to allow for accessibility for
manufacturing and malntenance purposes., An illustration of an open rib is shown in
Figure 66; the rib web, caps, stiffeners, and cutout doublers are cocured. An
alternate open rib with more and larger cutouts is shown in Figure 67. A typical
open truss rib is presented in Figure 68. The rib caps and trusses would be com~-
posite material., The trusses of constant cross-section would be pultrusions or
other mass preduction method. Bimilar to the closed web designs, the detall design
of specific regions (e.g., flange to web intersection and the rcinforcement of holes)
would reflect the actual load environment experienced during service. The dimensional
control of the wing thickness will most likely require the addition of shims for all
che web designs. To alleviate this problem, especially in the case of the truss-type

rib, one of the rib caps could be mechanically fastened to the truss members.

Wing Manufacturing Joint. - The location and the design of the wing production

joint are two design aspects that can greatly influence the weight and cost of the
wing. Factors that should be considered during the design process are: the surface
load intensity, fuel tank sealing reguirements, the basic gzometry of the structural

box, and the mating of large subcomponents fabricated in separate tooling fixtures.

Four spanwise locations were investigated to the wing production jeint. The

locations of these joints are shown in Figure 69 and can be described as follows:
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Figure 6k

Figure 6

. Skin/Stringer Rib Concept

5. Circular-Arc Rib Concept

ORIGINAL PAGE IS
OF POOR QUALITY

161




oy
T

-,

Typical Open Rib Concept
Alternate Open Rib Ccncept

Figure 66.
Figure 67.

Truss Rib Concent

Figure 68.
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® JOINT AT FUSELAGE SIDE

FUSELAGE
CANDIDATE NO. 2 '

® JOINT AT FUSELAGE §

CANDIDATE NO, 3
® JOINT AT OUTER WING

Tigure 69.

CANDIDATE NO. 4

® JOINTS AT FUSELAGE
SIDE AND OUTER WING

Candidate Manufacturing Joints
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cendidate 1 has the joint at the fuselage side, candidate 2 at the fuselage center-

line, candidate 3 in the outer wing, and candidate 4 Has joints at the fuselage side
and in the outer wing. Advanteges end disaedventages of these candidate joint locations
are presented in Table 24, Candidate 1 is the preferred locetion. It results in
simplified structural attachment at the front and rear beams, requires less floor
space in final assembly, and permits the outer wing to be completely tank sealed ¢
prior to fina. assembly. These design features potentiaelly provide for the lowest |

cost and lightest weight Jjoints with the most favorable manufacturing options.

The design of the production joint at the preferred location was the next design
aspect investigated. The major effort in the joint design study was in conceptuallz- i
ing shear-type joints. All current large aircraft have shear joints at the side of |
the fuselage because of the weight advantage over tension joints; however, the
shear-type joint tends to be more complicated and costly to produce. Therefore, |
alternate wing-to-fuselage production Joints employing tension-type of interface %

were investigated.

An example of an upper surface shear joint st the side of the fuselage is shown
in Figure 70. The hat-stiffeners are carried across the joint by attaching the crown
and webs of the stiffener to the rib cap through angle clips and & channel section.
£11 fasteners are installed in the outer wing box and the box completely tank sealed
prior to mating with the center section in final assembly. The tank bulkhead at the
joint is part of the outer wing. During wing mate, tapered chordwise shims are
installed between the center section skins end the outside splice plate to account
for tolerances and variation in contours between these large assemblies. The rib
cap, outer splice plate, tapered shim, and fuselage spanwise skate angle are

titanium. The angle clips and charnel sections also are titanium.

Figure Tl illustrates an alternate upper surface shear joint. Continuity of
the hat-stiffeners across the joint is provided by bringing the crown of the hat-
stiffener down to the surface by phasing out the side wall and local skin thickening.

The crown and flange of the hat-stiffener end wing skin then fit between the titanium

ment purposes and to avoid preloading.

Ps
1
!
I
J
rit cap end wing splice plate. Tapered chordwise shims are again provided for align-
16k
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TABLE 24.

ASSESSMENT OF MANUFACTURING JOINT LOCATION

ADVANTAGE

DISADVANTAGE

COMMENTS

(&) WING STRUCTURAL ATTACH-
MENT TG THIS FUSELAGE
SIMPLIFIED WITH FUSELAGE
FRAMES IN THE SAME PLANE
AS THE FRONT AND REAR
BEAM.

(B) CENTER SECTION IS PART OF

THE FUSELAGE ASSEMBLY
REQUIRING LESS FLOOR SPACE
1N FINAL ASSEMBLY; FUSE.
LAGE YRESSURE TESTS CAN DE
PERFOAMED IN FUSELAGE
ASSEMBLY STATION.

(©) DUTERWING CAN BE COM-

PLETELY TANK SEALED PRIOR
TO FINAL ASSENBLY.

®©

QUTER WING IS IN EXCESS IN LENGTH TCQ CUR-
RENTLY AVAILABLE AUTOCLAVES. AUDI-
TIONAL FACILITY REQUIREMENTS .

PREFERRED CAND
DATE. POTEN-
TIALLY LOWEST
COST AND PROD-
VIDES THE MOST
FAVORABLE
MANUEACTURING
OPTIONS.

(&) SINGLE MANUFACTURING JOINT.

HIGH KICKLOADS AT THE ¢ OF THE AIRPLANE.
MUST BE REACTED AT FUSELAGE SIDE.

FUSELAGE CANNOT BE PRESSURE TESTED
UNTIL WING 15 ATTACHED OR A SPECIAL TEST
JIG 1S INSTALLED AND LATER REMOVED.

WING MUST BE JDINTED TO THE FUSELAGE
SOGNER ON ASSEMBLY LINE, REQUIRING
MORE FEODR SPACE AND MORE DETAIL WORK
LATER ON THE FINAL ASSEMBLY LINE,

MANUFACTURING
COMPLEXITY;
REQUIRES MORE
FLOOR SPACE IN
THE ASSEMBLY
BUILDING; ADDI-
TIONAL FACILITIES
AEQUIREMENT.

CANDIDATE DESCRIPTION
NO.1 JOINT AT FUSELAGE
SIDE.
NO. 2 JOINT AT FUSELAGE
CENTER LINE.
Ro. 3 JAINT AT DUTER

WING LOCATION,

() FUSELAGE CAN BE PRESSURE

TESTED LN FUSELAGE ASSEM-
OLY STATION.

@

WING TO FUSELAGE ATTASHMENT MUST BE
COMPLETED EARLIER ON ASSEMBLY LINE
REQUIRING MORE FLOOR SPACE THAN NG. 1.
MORE DETAIL WORK MUST BE PERFORMED
LATER ON THE FINAL ASSEMBLY LINE.

QUTBOARD JOINT 15 AN ADDED SOURCE OF
DRAG.

THE CHANGE IN DIRECTION OF SURFACE
PANEL STIFFENING AND FRONT/REAR BEAMS
RECQUIRE A JOINT,

MANUFACTURING
COMPLEXITY;
REQUIRES MORE
FLOOR SPACE
THAN NO. 1 BUT
LESS THAN NO. 2.

NO. 4

JOINT AT FUSELAGE
SIDE AND OUTER
WING.

SIMILAR ADVANTAGES AS
NO. 1.

@

o ©
®

FOUR (4} MANUFACTURING JOINTS:; SOURCE CF
ADDED WEIGHT, TOOLING AND COST.

QUTBOARD JOINT IS AN ALDED SOURCE OF
DRAG.

NOQ ADVANTAGE
OVER NO. 1 AND
SHOULD NOT B
CONSIDERED
UNLESS OUTER
WING PANEL IS
TOO LARGE TQ
HANDLE OR
TRANSPCRT.
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SECTION A-A

Figure 70. Composite Wing Production Joint Concept - BL118,
Upper, for Hat-Stiffened Covers

UPPER SURFACE

T

1
1
)
|
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—_— —_..—..r—‘_ = N )

1\ ™ ..-.. R SR o —J
HAT-STIFFENER ]

Figure 71. Composite Wing Production Jeoint Concept - BL118,
Upper, Alternate for Hat-Stiffened Covers
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- If the stifPfener design is altered a simpler upper surface shear joint is
possible., Figure 72 presents a typical shear joint for a blade~stiffened panel concept
w1th the stmffeners carried through the w1ng-body 1nterface. This jointh requlres

fewer parts with more accessible fasteners.

' A design concept for a lower surface production shear joint at the wing-to-
fuselage intersection is shown in Figure 73. The blade-sbtiffeners which are an
integral part of the lower surface asseﬁbly run out before the skin splice. Align~
ment of the stiffeners in the outer wing and center section assemblies are maintained.
The 1nduced klck-loads resultlng from the change in direction of the structural
members are reacted by the rib structure.

A tension-type'joiht applicabié to-both'upper arnd lower surfaces is conceptulized
in Figure T4, ~ The layont suggests the separate construction of a joint assembly in

- the form of a long tapered composite unit. The unit includes a load distribution
bar of tltanlum through which, in equel chordwise spaclngs, slloy steel bolts are

used to attach the wing to a mating joint assembly on the eenter section. The

" bolts are positionmed through slots in the outer surface of the skins, The tension

strap is wrapped around the load dlgtributizn bar to ta;er away on the end of the
joint assembly. The finished joint assembly is finally laid up with the surface
skin and the outer 1am1nates of Lhat skin interiecaved at the oumter edze before final

cure.,

Wing Box/Mein landing Gear Tnterface.~ The mein lending gear support structure,

see Figure 75, is a torque box cantilevered from the resr Spar, and landing loads

are transferred via this box inbo the wing through a combination shear-tension joint,
Large tension bolts penetrate the spar and transfer load into internal rittings attached
to the backup ribs, Thus, the main landing gear is located aft of the fuel tanks and

is amttached to itsﬁéupporting structure in a manner that provides for & controlled
breakaway in the event of a crash landing., The main landing gear trunnion fitting

is a high heat treat steel Porging, The landing gear torgue box struciure is

planned as a composite assembly, but will require considerably design effort to

arrive at a final configuration. The upper and lower surfaces of the wing box,

in the'viCinity of the landing gear, will be comprised of relatively thick laminates

to meet the strength and stiffness requirements.
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Figure T2. Composite Wing Production Joint Concept - BL118,
Upper, for Blade-Stiffened Covers
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SECTION A-A. AL PA.GE [t SECTION B-B
U Sor QUALITY

Figure 73. Composite Wing Production Joint Concept - BL118,
Lower, for Blade-~3tiffened Covers
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skil BLADE TAPERED OUT—"

END FINISH — TOP AND BOTTOM
LAMINATES INTERLEAVED
AND LAPPED

Figure Th. Tension-type Composite Wing Production Joint Concept - BL118,
Upper, for Blade-Stiffened Covers

MLG BACK-UP RIBS

HIGH AXIAL LOADS AND PPER SURFACE-

TORSIONAL STIFFNESS HAT-STIFFENED
REQUIREMENTS - THICK -

LAMINATES w / FUEL CONTAINMENT
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PAD-UP OF 90 DEG.” - '
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INDUCED MOMENTS

LANDING GEAR
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STRUCTURE
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Figure T75. Wing Box/Main Landing Gear Interface




Wing Leading and Trailing Fdge Interface. - Both fixed and movable (slats)

leading edge surfaces and their associated internal structure require support in
some manner from the front beam of the wing box structure. This internal structure
includes such items as track assemblies, snubber rib assemblies, A-frame supports,
and access doors. Rib assemblies will be provided for supporting the basic surfaces
and the mejority of this structure. It is envisioned that these azsemblies will be
attached to extensions of the wing box covers and the vertical stiffeners on the

beam structure.

The treiling edge of each wing congists of both upper and lower fixed surface
panels with their associated supporting structure, spoilers, inboard and outboard
ailerons, and flaps. The trailing edge fixed panels will be attached in a manner
similar to that described for the leading edge structure. The outboard ailerons
require hinge points and actuators. Support for those components can be provided by
ribs which are mounted.on the rear beam, The trailing edge flaps can be

attached to the wing by torque box support assemblies fixed to the rear beam,

Fuel Tank Sealing.- The fuel system consists of four integral wing tanks, two

per side, with the inboard tank supplying the wing pylon wounted engines and the
two outboard tanks collectively supply the center engine through a flow equalizer.
These integral wing tanks wust be sealed to prevent fuel leaks and the composite
structure must be coated with a protective film (e.g. polyurethane) to prevent

moisture absorption and material property degradation.

Regardless of the method selected for tank sealing, all fasteners will be in-
stalled with wet sealant to provide a tightly sealed joint and protection for dis-
similar metals. The primary method of sealing is shovm in Figure Téa. In this
method all joining surfaces in the integral wing box are faying surface sealed, filiet
sealed, and the fastener heads covered with sealant. This combined with the fasteners
being wet installed gives a double protection to prevent fuel leaks, An alternative
method, Figure T6b, is groove sealing, This requires the machining of a groove in

one of the joining members of each mechanical fastener joint in the wing tank,
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Figure 76. Fuel Tank Sealing Concepts
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APFENDIX B !

TECHNOLOGY NEEDS

An important part of the study program was the identificaticn of techanology
and data needed to support the introducticn of advanced composite materials intc the
wing strusture of future production aircraft, an. the definition of appreoaches for
their development. The identification of these technology needs was based on an
sgsessment of current technology and its applicability to composite wing structure,
and the deslgn aspects and requirerments unique to the use cof composites in commercial
aircraft wing stricture, some of which were ildentified during the concertuzl desipgn i

investigations (Appendix A).

Develcepment Needs and Anticipated Advances

Initially, the identification of technology needs was addressed in terms of
five technéiogy areas: design/analysis, materisls and producibility, menufacturing, )
quality assurence, and product support. Significant technology deficiencies or g
problens were identified for each of these areas and grouped in terms of types (or "
categories) of needs. Table 25 presents a summary of the results of this effort.
Included are brief descriptions of: +the technical problems or state-of-the-art,
and the development needed for solution; and, in some instances, the anticipated

technical advances by 1985, and the rationale or basis for this expectation,

Essential Techneology Development

The development needs and anticipated advences which were identified by the
technology areas were then integrated into a unified definition of technology de-
velcopments considered essentiasl for the applicaticn of compesites in prir-ry wing
structure. In ;ddition, the genersl approaches necessary “o effect the development
of these technologies were identified. These essential technology develorments are
summarized in Tatle 2C. The development needs and approaches are defined in terms

of the following categories:
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b . @ Design analysis methods and data

: e Preliminary design "k
1_ e Design development and verification S 7 }izg
; e Composite materials, processes, 'beé'hing and control ‘ {’
P e Produeibility/febrication methods P
i . i .
| e Menufecturing plans ' ( ,5
o Quality assurance methods - ﬁ
! o Non-destructive me.r_mfac'_t_uring inspection :
' ¢ In-serviee inspecilon
e In-service _repair

In general, the need for engineerin.g/manufacturing studiee; mamufacturing de-

velopment; development testing, which includes design/analysis dabta, concept de-

d velopment, and design verification; and materisl development was indicated. These
date provide the baesis for the formuletion of a detailed plan for the composite
. wing development program.. :
1
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TABLE 25. SUMMARY OF DEVELOPMENT NEEDS AND ANTICTPATED ADVANCES
TECHNOLOGY AREA/CATLGORY [;F}F“-:\?l'léeggq#l%n:gg |r DEVELO‘;‘EE?I.;I%ENEOED FoR A eeTATION .

ANTICIPATED ADVANCES

EXPECTATION

AC

OIHO

DESIGN ANALYSIS TECHNDLOGY i » COMPOSITE MATERIAL STAUC-

DESIGN CRITERIA AND
REGQUIREMENTS

TURES REQUIRE ADDITIONAL
DESIGN CRITERIA:

o MDISTURE, TEMPERATURE,
AND ULTRAVIDLET RADIA-
TIGN SENSITIVITY; COM:
MERCIAL AIRCRAFT OPER-
ATE IN ALL PARTS OF THE
WORLD IN A WIDE RANGE
OF ENVIRONMENTAL CON-
DITIONS. ESTABLISHMENT
OF A REASONABLE DESIGN
CRITERIA FOR ENVIRON
MENTAL FACTORS IS
REQUIRED.

FOREIGN OBJECT DAMAGE
SENSITIVITY; DESIGN
STRAIN LEVELS ARE BEING
LIMITED TO APPROXI-
MATELY 50-PERCENT OF
THE COMPOSITE MATERIAL
FAILURE STRAIN.

S

. » DAMAGE TOLERANCE DESIGN;

» REVIEW/COMPILE APPLICABLE
CRITERLIA AND REQUIRE-
MENTS FOR CGMPOSITE AIR-
CRAFT STRUCTURES. DIRECT
ONGOING ACER COMPOSITE
STRUCTURES AND TECH-
NOLOGY PROGRAMS AT
COMMERCIAL AIRCRAFT
APPLICATION OF GR/E.

e ADDITIONAL CLIMATOLOG-
ICAL DATA COLLECTION AND
EVALUATION; LONG-TERM
DURABILITY TESTS AND
ACCELERATED ENVIRON.
MEMTAL TESTS ARE RE-
QUIRED TO ESTABLISH DATA
BASE AND BETTER UNDER
STANDING TO FORMULATE
CRITERIA FOR COMPOSITE
MATERIALS APPLICATIONS
TO PRIMARY WING
STRUCTURE.

o DEFINITION OF HAZARDS;
CRITERIA IFREQUENCY OF
OCCURRENCE, SIZE, IMPACT
VELOCITY). VULNERABLE
AREAS AND LOADING CON.
DITION AT IMPACT. ESTAB-
LISHMENT OF LEVEL OF
INSPECTABILITY REQUIRED
TO BETECT DAMAGE AND
ASSESS EFFECTS ON
STRENGTH AND DURABILITY.

o IT IS MANDATORY THAT ADE-

o ADDITIONAL DATA PROVID-
ING CORRELATION OF AEAL
TIME AND ACCELERATED
ENVIRONMENTAL TESTS.
ADDITIONAL CLIMATC-
LOGICAL DATA
GATHERING.

« NUMEROUS GOVERNMENT
AND INDUSTRY PROGRAMS
ARE FORMULATING DESIGN
CRITERIA FOR COMPOSITE
WING BOX STRUCTURES.
ADDITIONAL TEST DATA
ON THICK LAMINATES REP
RESENTATIVE OF WING
COVERS, IDENTIFICATION
OF DAMAGE MECHANISMS,
IMPACT DAMAGE TESTS, AND
DURARILITY TESTING UNDER
STATIC AND CYCLIC LOAD-
ING AND ENVIRONMENT
WILL PROVIDE AN EXPANDED
DATA BASE.

» THE DATA BASE ISCONTIN-

o CURRENTLY CONSIDERABLE
INDUSTRY ACTIVITY INCLUD-
ING NASA PROGRAM,
ENVIRDNMENTAL EXPOSURE
EFFECTS ON COMPOSITE
MATERIALS FOR COMMERCIAL
AIRCRAFT; WiLL PROVIDE
DATA FOR CURRENT
GRAPHITE-EPDXY MATERIAL
SYSTEMS.

A NASA PROGHAM HAS BEEN
INITIATED FOR THE EVALUA.
TION OFf THE DURABILI(Y
AND BAMAGE TOLERANCE
OF COMPDSITE STRUCTURES
SUITABLE FOR COMMERCIAL
THRANSPORT AIRCRAFT.
SUCCESSFUL EXECUTION
WILL PROVIDE DATA BASE
FOR CURRENT GRAPHITE.
EPOXY MATERIAL SYSTEM.

CURRENTLY CONSIDERABLE

1
o UNLIKE METAL STRUCTURES. QUATE DAMAGE TOLERANCE UALLY BEING EXPANDED ACTIVITY BY BOTH GOVERN- I
—~ % DAMAGED T OMPOSITE STRUC- PROVISIONS BE INCORPO- THROUGH GOVERNMENT AND MENT AND INDUSTRY. !
5 . TURE |SPROBAZLY MORE RATED IN DESIGN. ABD! INDUSTRY RE&D PROGRAMS.
- ‘p> CRITICAL UNDER COMPRES TIONAL DATA ARE REQUIRED, HOWEVER, ADDITIONAL PRO-
e SIVE LOADING THAN UNDER BOTH ANALYTICAL AND EX- GRAMS DIRECTED TOWARDS
L TENSION LOADING. ALSD PERIMENTAL, INCLUDING THE AEPRESENTATIVE WING :
o o COMPOSITE STRUCTURES EFFECT OF SPLICES AND PANEL DESIGNS, SPLICES AND ]
! = MUST BE DESIGNED TO MECHANICALLY FASTENED JOINTS ARE NEEDED TO
> MINIMIZE INTERLAMINAR JOINTS TO PROVIDE DAMAGE ; ESTABLISH CRITERIA AND
- 2 STRESSES IN THE DAMAGED TOLERANCE CAPABILITY ! REQUIREMENTS FOR THE i
i T CONDITION. RESTRICTION WITHOUT SIGNIFICANT , INFLUENCE OF BOTH DURA- 1
OF DESIGN STRA!" {VELS WEIGHT PENALTY. : BILITY AND DAMAGE TOL-
g AND INCORPORATION Gi ERANCE ON THE DESIGN

MECHANICAL FASTENERS

| THROUEH THE COMPUSITE
ELEMENTS AT CRITICAL LOCA:
TIONS ARE CURRENTLY BEING
USED TO MEET THIS NEED.

- . - . i

|
PROCESS OF WING PRIMARY |
STRUCTURE. 1\

I




TABLE 25.

SUMMARY OF DEVELOPMENT NEEDS AND ANTICIPATED ADVANCES (Continued)

TECHNOLOGY AREA/CATEGORY

PROBLEM/CURRENT
STATE OF THE ART

DEVELOPMENT NEEDED FOR
S0LUTION

ANTICIPATED ADVANCES

RATIONALE QR BASIS FOR
EXPECTAYION

ANALYSIS METHODS

PRELIMINARY DESIGN

¢ POOR ANALYSIS/TEST COR-
BELATION — HIGH TEST
SCATTER. UNKNOWN SCALE
EFFECTS.

e INADEQUATE TEST DATA AND
ANALYTICAL METHODS FOR
RATICNALLY DESIGNING FOR
DURABILITY AND DAMAGE
TOLERANCE.

» POOR UNDERSTANDING OF
EFFECTS OF NORMAL TENSION
AND SHEAR. AND TRANS-
VERSE SHEAR DEFORMATION.

= SEMI-EMPIRICAL JOINT DESIGN
APPROACHES ARE INADE-
QUATE, BOTH FOR LOAD
DISTRIBUTION AND FAILURE
STRENGTH.

« SHOULD THE WING CONSIST
OF MONOLITHIC COMPOSITE
STRUCTURE, OR BUILT-UP
COMPOSITE SECYIONS?

* 0% CAN WING SURFACE
SKINS AND STIFFENERS BE
DESIGNED 7O TAPER SPAN-
WISE TQ REALIZE THE FULL
WEIGHT SAVING FROM
COMPOSEITES, Ar D STILL
REFLECT REASONABLE PRO-
DUCTION METHODS AND
CO5TS?

¢ WILL ADHESIVE BONDING OR
SINGLE-STAGE CURE BE ADE-
QUATE FOR ASSEMBLY OF
WG ROX SPARS, RIBS AND
SURFACES OR WILL MECHAN-
ICAL FASTENERS BE
REQUIAED AS ABACK-UP?

» WHAT SPECIAL DESIGN PROB
LEMS WILL COMPOSITE STRUC-
TURES HAVE IN DISTRIBUTING
THE CONCENTRATED tOADS
FROM THE MAIN LANDING
GEAR AMD NACELLE PYLON?

« TEST PROGRAMS DESIGNED TO
EXPAND SPECIFIC DATA BASES
AND SUPPORT DEVELOPMENT
AND CORRELATION OF
IMPROVED ANALYSIS
METHODS — INCLUDING
STATIC STRENGTH, BUCKLING
AND POST-BUCKLING,
FATIGUE, AND FAIL-SAFETY.
IDENTIFICATION OF FACTORS
THAT AESULT IN TEST
SCATTER.

» FUNDAMENTAL TEST DATA,

FNCLUDING DEFINITION OF
MATERIAL PROPERTIES IN
THE THIRD DIMENSION.
DEVELPMENT OF IMPROVED
TEST METHODS.

o DEVELOPMENT OF IMPROVED

ANALYSIS METHODS COR-
ROBORATED BY TEST DATA,
FOR BOTH BONDED AND
MECHANICAL JOINTS.

» ADDITIONAL DESIGN AND

*

ANALYSIS OF LARGE HIGH
ASPECT RATHY COMPOSITE
WINGS. THESE DESIGN
PROBLEMS WILL REQUIRE A
GREAT DEAL OF CONCEPTUAL
DESIGN, CREATIVE IDEAS,
AND NEW THOUGHT ON HOW
T0 PRODUCE INEXPENSIVE
TAPERED AND CONSTANT
SECTIONS IN COMPOSITES.
MANY ALTERNATIVE DESIGNS
WILL HAVE TQ BE LAYED OQUT.
ANALYZED, FABRICATED, AND
TESTED TO DETERMINE THE
MOST COST-EFFECTIVE
CONFIGURATION.

EFFICIENT AND INFXPENSIVE
METHQDS FOR LOAD
TRANSFER THROUGH JOINTS
AND HARD-POINTS, AND
AROUND HOLES AND CUT-
OUTS ARE REQUIRED.

« THE TEST DATA BASE IS BEING
CONTINUALLY EXPANDED BY
GOVERNMENT AND INDUSTR v
TEST PROGRAMS; BOTH R&D
AND DESIGN PROJECT TEST-
ING. HOWEVER, ADDITIONAL
PROGAAMS SPECIFICALLY
RIRECTED TOWARDS DEVEL-
OPMENT AND CORRELATION
OF IMPROVED ANALYSIS
METHODS ARE NEEDED.

MAJOR ADVANCES ARE
EXPECTED IN THE DESIGN OF
MULTI-5PAR, LOW ASPECT
AATIO, SMALL COMPOSITE
WINGS. TO ACHIEVE THE
DESIRED ADVANCES FOR
TRANSPORT AIRCRAFT
REQUIRES CONCENTRATION
ON THE LARGE, HIGH ASPECT
RATIO, COMPOSITE WING BOX
AND 1TS ASSOCIATED
PROBLEMS.

» THERE ARE MANY GOVERN-
MENT AND INDUSTRY
SPONSORED TEST PROGRAMS.

# AN AIR FORCE PROGRAM ON
THIS SUBJECT 15 IMMINENT.

COMPOSITE DESIGN TECH-
NOLOGY HAS BEEN STEADILY
ADVANCING FOR SEVERAL
YEARS BECAUSE OF A CON-
TINUING SIZABLE EFFORT
SUPPORTED BY BOTH
INDUSTRY IN-HOUSE AND
GOVERNMENT FUNDED
PROGRAMS.

SLT
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TECHNOLOGY AREA/CATEGCRY

L

PRODUCTION DESIGN

TABLE 25.

{DETA(L DESIGN GATA)

MATERIALS AND PRODUCI-
BILITY TECHNOLOGY

COMPOSITE MATERIALS

—_————— e )

-

o

SUMMARY OF DEVELOPMENT NEEDS AND ANTICTPATED ADVAHCES (Continued)

PROBLEM/CURRENT
STATE OF THE ART
TOSTART A FULL SCALE
DESIGN EFFORT ON A COM.
PGSITE WING BOX, A COM-
PREHENSIVE COMPOSITE
DESIGN HANDBOOK MUST

BE AVAILABLE . IT MUST
INCLUDE SUCH DESIGN AIDS
AS: EQGE DISTANCE AND
SPALING FOR FASTENERS,
BEND RADIL FOR LAYUPS,
TOOL CLEARANCE, MACHIN-
ING PRACTICES, TANK SEAL-
NG, AND METHODS OF MARK-
NG PARTS, L1 NAME JUST A
FEW.

EXCESSIVE FROPERTY
SCATTER - LOW DESIGN
ALLOWABLES

ENVIRONMENTAL RESISTANCE
- DEGRADATION OF STRUC-
Tt RAL PRDPERTIES.

POOR IMPACT/DELAMINATION
RESISTANCE AND DAMAGE
TOLERANCE.

LOW FIRE RESISTANCE/HIGH
SMOKE EMISBION/TOXICITY OF
RESIN MATRICES.

COMPLEX/HIGH CO5T
MATERIAI PROCESSING
CHARACTERISTICS.

UNRELIABLE, NON-STANDARD
MATERIAL TEST METHODS.

DEVELOPMENT NEEDED FOR
SILUTION

-

A DESIGN, ANALYSIS, FABR)
CATION. AND TESXT PROGRAM
WILL BE REQUIREL TO DETER
MINE SATISFACTORY DETAIL
DESIGN REQUIREMENTS.

UPGRADE INHERENT PROP
ERTIES AND QUALITY OF
COMPOSITE ELEMENTS:
FIBERS, FIRER FINISH,
YARN. RESIN MATRIX, FIBER
FORM_ PREFREG.

iMPROVE CHEMICAL AND
THERMAL STABILITY OF
RESINS AND FIBER-AESIN
BONDS IN HOSTILE
ENVIRONMENTS.

DEVELDP OR EVALUATE MODI-
FIED EPOXY OR OTHER TYPE
RESINS TO INCREASE DUCTIL-
iTY AND TOUGHNESS OF
MATRIX.

DEVELOP NEW POLYMERS OR
ADAPT/MODIFY EXISTING
RESING TO MEET FUTURE
FAA FIRE REQUIREMENTS.

INCREASE SCOPE OF CURRENT
DEVELOPMENT ON GRAPH'TE
NON-CRIMPED FABRICS, L0
FLOW RESINS AND ZERO
BLEED PREPREGS.

DEVELOP/MODTFY/ STANDIARD-
1ZE RELIABLE CHEMICAL,
MECHANICAL AND ENVRON-
MENTAL TEST METHODS.

-

ANTICIPATED ADVANCES

HATIONALE OR BASIS FOR

EXPECTATION

MUCH DATAWILL BE AVAIL-
ABLE FROM NUMERQUS GOV
ERNMENT AND INDUSTRY
PROGRAMS. SPEEIAL PROB
LEMS ASSOCIATED WITH
LAAGE, HIGH ASPECT RATIO
COMPOSITE WINGS WILL
REQUIRE SPECIAL
ATFENTION.

MAJOR ADVANCES N MATERT-
ALS TECHNOLOGY ARE EX-
PECTED IN THE NEXT 5 YEARS.
HOWEVER, IT ISBELIEVED
THAT NORI 3L MATERIAL
SUPPLIER RESEARCH MUST

BE ACCELERATED THROUGH
INCREASEQ GUIDANCE AND
FUNDING BY INDUSTRY USERS
AND GOVERNMENT AGENCIES.

» USAF IS DEVELOPING COM-
PQSITE HANDBQOKS - DESIGN
GUIDE [ROCKWELL
IMTERNATONAL), AMD FAB.
h,CATIGN GUIDE [LOCKHEED-
GEGRGIAL

MATERIAL SUPPLIERS HAVE
CONTINUING RESEARCH PR
GRAMS. IMPRDVED FIBERS
SUCH AS THE “CELION” TYPE
HAVE RECENTLY BEEf DEVEL-
QPED AND ARE AVAILAELE
FOR EVALUATION. THERT
ARE MANY CURRENT INDUS
TRY AND GOVERNMENT
SPONSORED DEVELGPMENT
PROGRAMS IN THE MATERL
ALS AREAS.

i bl s e
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TABLE 25. SUMMARY OF DEVELOPMENT NEEDS ANL ANTICIPATED ADVANCES (Continued)

TECHNOLOGY AREA/CATEGORY

PROBLEM/CURRENT
STAYE OF THE ART

DE''ELOPMENT PEEDED FOR
SOLUT ON

ANTICIPATED ADVANCES

RATIONALE OR BASIS FOR
EXPECTATION

COMPOSITE MATERIALS
[CONTINUED)

PRGDUCIBILITY/
FABRICATION METHODS

@ PROCESS CU."TROL METHODS.

o HIGH COST - LACK OF COM-
PATIBILITY Oi STRUCTURAL
SHAPE, SHEET AND ASSEM-
BLY CONFIGUR. TIONS WITH
UNIQUE COMPOS TE FABRI-
CATION METHOC 53 RELATIVE
TO PROCESS/TOC LING
COMPLEXITY.

EXCESSIVE LABOR/HIGH COST
OF FABRICATION AND QUAL-
ITY LEVEL TO ACHIEVE
STRUCTURAL EFFICIENCY

OF COMPOSITE HARDWARE.

*

a

IMPROVE METHODS FOR CON-
TAOL OF MATERIAL PROCESS
ING AT ALL STAGESOF
MANUFACTURE.

DESIGN AND PROTOTYPE
FABRICATION TRADZ-OFF
STUDIES TQ INNOVATE AND
OPTIMIZE STRUCTURAL CON.
FIGURATIONS RELATIVE TO
FUNCTION/PRODUCIBILITY/
COSY.

DEVELOPMODIFY/INNOVATE
AUTOMATED LAY UP AND
PREFORM METHDDS, TOOLS
AND MACHINES.

DEVELOPMODIFY/INNOVATE
MOLDING METHQDS AND
TOOLS.

UPGRADE MACHINING
METHODS AND TODLS ADAPT-

ABLE TO UNIQUE CHARACTER-

1STICS OF COMPOSITES.

DEVELOP FASTENER TECH:
NOLOGY — TYPES/HOLE FITS/
MATERIALS ADAPTABLE TO
UNIQUE CHARACTERISTICS
OF COMPOSITES.

DEVELOP ADHESIVE BONDING
TECHMOLOGY — SURFACE
PREPARATION/ADHESIVE
SELECTION/BONDING
METHODS ADAPTABLE TQ
COMPOSITES.

® MAJUR ADVANCES ARE

EXPECTED IN MANUFACTURING
TECHNOLOGY IN THE NEAR
FUTURE. HOWEVER,_ CONTIN-
LOUS DESIGN/PRODUCIBILITY/S
MANUFACTURING INTERFACE
IS REQUIRED FOR OPTIMUM
STRUCTURES AND FABRICA-
TION METHODS DEVELOP-
MENT. DEVELOPMENT TO BE
tN CONSONANCE WITH DEVEL-
OPMENT OF NEW MATERIALS
SUCH AS GRAPHITE FABRICS
AND LOW FLOW RESIN
SYSTEMS.,

DEVELOPMENT AND APPLICA.-
TION OF PREPLIED LAYURS
AND 5TANDARD SHAPES.

* MANUFACTURING TECHNOL-

QGY HAS BEEN STEADILY
ADVANCING FOR SEVERAL
YEARS BECAUSE OF A
CONTINUING VERY SIZABLE
EFFORT SUPPORTED BY BOTH
INDUSTRY ¢N-HOUSE AND
GOVERNMENT FUNDED
PROGRAMS.

MAY RESULT IN SOME WEIGHT
PENALTY, BUT WOULD RESULT
IN SIGNIFICANTLY REDUCED
COST AND IMPROVED STRUC-
TURAL RELIABILITY.
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TABLE 25. SUMMARY OF DEVELOPMENT NEEDS AND ANTICIPATED ADVANCES

(Continned)

TECHNOLOGY AREAJCATEGORY

PAudLEM/CURRENT
UTATE QF THE ART

DEVFLOFMENT NEEDED FOR
SOLUTION

ANTICIPATED ADVANCES

RATIONALE OR BASIS FOR
EXPECTATION

SPETIAL DESIGN PROBLEMS
UNIOUE TO EOMPOSITE
STRURTURE

MANUFACTURING TECHNOLOGY
S AL VRIS JECHNOLOGY

BAV MATERIAL FORM

» LIGHTNING PROTECTION/
GLECTRICAL BONDING AND
DISSIPATION

o FIRE PROTECYION

® FUEL CONTAINMENT

# RESIN CONTENT - PREPREG
HATERIAL AS RECEIVED
FROM SUPPLIER CONTAINS
EXCESS RESIN NECESSITATING
APREBLEED CYCLE IN
FABRICATION.

o PREPLIED MATERIAL - PRE.
PREG NOW AVAILABLE IN
UNIDIRECTIONAL TAPE OR
Gé.IIJNTH IN WIDTHS UR TO
721N,

« VENDOR QUALITY CONTROL, -
PREPAEG SUPPLIEAS CONGCERN
OF PROPRIETARY PRGCESSES
RESULTS IN MATERIAL OF
UNRHOWN QUALITY WITH
“FLAGGED" DEFECTS
DELIVERED.

@ DEVELOP IMPROVED AND
INNOVATIVE MATERIAL AND
FABRICATION SYSTEMS AND
HONDING METHODS WITH
AEQUIRED SEAVICE
DURABILITY.

® DEVELOP DESIGN, MATERIAL
TEST CRITERIA, DETECTION/
SUPPAESSION SYSTEMS AND
METHODS TO PRESERVE
STRUCTURAL INTEGRITY ‘N
FIRE ZONES,

# DEVELOP DESIGN, CONERTS,
SEALING METHODS AND MA.
TERIALS COMPATIELE WITH
COMPOSITE STRUGTURE, AND
REOQUIRED SERVICE
DURABILITY.

® CONTINUE DEVELOPMENT OF
IMPREGNATING TECHNIQUES
TO PRODUCE t.OW RESIN
CONTENT MATERIA'S.

& PAEPREG VENDORS SHOULD
ESTABLISH CAPARILITY TO
OFFER MATERIAL PREPLIED
AND PRECUT FOR DIRECT
APPLICATION INTO EABRI-
CATION MOLDING TOOLS.

® IN-PROCESS CONTROLS AT
VENDOR, AND TESTING OF
LAMINATES FOR PROPERTY
DEGRADATION BASED ON
DEFECT TYPE AND
SEVERITY.

« SEVERAL TYPES OF SYSTEMS

o NO GREAT ADVYANCES

® SOME ADVANCES EXPECTED

o EXPECT SUPPLIERS TO OFFER

® HERCULES NOW HAS CAPABIL-

®» NON.DISCLOSURE AGREE.

HAVE BEEN INVESTIGATED IN
THE INDUSTARY. FURTHER
PROGRESS IS EXPECTED BUT
EFFORT REQUIRES MORE
IMPETUS,

EXPECTED WITHOUT SPECIAL
ATTENTION AND INCENTIVES.

BUT SPECIAL EMPHASIS
HEAQUIAEND TO SPUR
INNQVATION.

LOW RESIN CONTENT MATE.
RIAL WITHIN 23 YEARS.

ITY, NARMCO PROMISING
DEVELOPMENT OF CAPABIL.
ITY IN NEAS TERM.

MENTSWITH VENDORS AND
SOURCE INSPECTION,

® A CONSIDERASLE AMOUNT QF
INDUSTRY EFFORT 15 CUR.
RENTLY UNDER WAY IN THIS
AREA,

® VERY LITTLE WORK DONE TO

DATE IN THE AREA OF
PRIMARY STRUCTURE,

& SOME WORK HASBEEN DONE

IN THIS AREA.

@ SMALL GUANTITIES OF

HIGHLY [MPROVED MATERIAL
ARE ALREADY AVAILAHLE
ON SFECIAL ORDER BASIS.

© INCREASED PROFIT POTEN.

TIAL FOR SUPPLIER, AND
POSSIBLY *:DRE COST EFFEC.
TIVE THAN PREPLYING AT
USERS ¥ RLILITY.

+ INSISTENCE QN CONTINUOUS

QUALYTY SURVEILLANCE
FROM FIBER MANUFATTURE
THROUGH IMPREGNATION
WILL ULTIMATELY RESULT
IN.AGCESS TO VENDOR
FACILITIES,

'-',-A,n;gfvE-g PR i Eii X3




TABLE 25.

SUMMARY OF DEVELOPMENT NEEDS AND AwTICIPATED ADVANCES {Continued)

TECHNOLOGY AREA/CATEGORY

PROBLEM/CURRENT
STATE OF THE ART

DEVELOPMENT NEEDED FOR
SOLUTION

FABRICATION TECHNIQUES

LAMINATE CURING

COMPONENT ASSEMELY

MANUFACTURING COST OF
FLAT LAYUPS — PRESENTLY
ALL HAND LAYUP WORK.

MA: 4FACTURING COST OF
FORMED SHAPES — PRES
ENTLY LAID UPPLY BY-PLY
INTO CONTOURED MOLDING
FIXTURES.

MANUFACTURING COST OF
TRIMMING — CUTTING TECH-
NIQUES FOR TRIMMING BOTH
UNCURREC MATERIAL AND
CURED PARTS ARE TOD
EXPENSIVE.

MANUFACTURING COST; CUR-
ING - ALMOLJ ALL PARTS
ARE NOW AUTOCLAVE CURED.
LARGEST AUTOCLAVE IS

22 X 60 FEET.

MANUFACTURING COST;
ASSEMBLY UF COMPONENTS —
ALTERNATIVES ARE MECH-

¢

AUTOMATIC TYPE LAYING
EQUIPMENT ESSENTIAL TQ
REDUCE MANHOUR CONTENT.

» METHOD UF SHAPING PRE-

PLIED BLANKS INTD STRUC
TURAL SHAPES. ALSD
REQUIRES DESIGN UNDER-
STANDING OF PROOUCIBILITY
FEATURES OF MATERIAL.

JEVELO.MENT PROGRAMS
EVALUATING FEASIBILITY
AND COST EFFECTIVENESS
OF ALTERNATES ARE
REQUIRED.

CDST TRADE-OFF STUDIES
BETWEEN AUTQCLAVE CUR-
ING. INTEGRALLY HEATED
TOOLS. AND HEATED
PLATTEN PRESSES ARE
REQUIRED.

HOLE QUALITY INVESTIGA.
TION REQUIRED FOR
MECHANICAL, ADHESIVE

ANTICIPATED ADVANCES

DISCUSSIONS WITH MACHINE

TODL INDUSTRY EXPECTED
TO RESULT IN SPECIFICATIONS
AND B10S FOR EGUIPMENT.

FRESS FORMING AND ROLL
FORMING METHODS OF PRO-
DUCING SOME SHAPES SHOW
NEAR-TEAM PROMISE.

SEVERAL IMPROVED TECH-
NIQUES ARE IN DEVELOP-
MENT, SUCH ASWATER JET
OR GERBER KNIFE FOR UN-
CURED MATERIAL, AND
ABRASIVE DISCS FOR CURED
LAMINATES.

EXPECT THAT AUTOCLAVE
CURE WILL CONTINUE TO BE
MOST COST-EFFECTIVE,
FOLLOWED BY HEATED
PLATTEN PRESS.

ALTERNATES TO MECHANICAL
FASTENING AND ADHESIVE
BONDING WILL BE DEVELOPED

COMPOSITES WILL NOT BE

RATIONALE DR BASIS FOR
EXPECTATION

COST COMPETITIVE WITH
CONVENTIONAL STAUCTURE
USING HAND LAY JP.

PRODUCIBILITY CONSIDERA-
TIONS WILL DICTATE AUTO-
MATED TECHNIQUES AND

VETO DESIGNS WHICH

REQUIRE EXCESSIVE HAND |
LAYUP. |

PROBLEM IS5 COMMON TO ALL
MANUFACTURERS, AND ALL
ARE ACTIVELY SEEKING
SOLUTIUNS.

PRODUCTION QUANTITIES
OF AEROSPACE COMPOSITE
COMPONENTS ARE NOT
EXPECTED TO BE SUFFI(-
CIENT TO AMORTIZE COSTS
OF INTEGRAL HEAT AND
PRESSURE TOOLING.

MANUFACTURING COSTS CAN
BE MINIMIZED IF MULTIPLE
DETAIL PARTS CAN EE COM-

e Bt e e e e

ANICAL FASTENERS, EVALUATION FOR BONDING, VIGORDUSLY IN NEXT FEW BINED {NTQ SINGLE LAMIN.
ADHESIVE BONDING, STITCH-  STRUCTURAL TESTING FOR YEARS. IN ADDITION, MORE ATES, OR IF TWO OR MORE
ING, SINGLE STAGE CURE. STITCHING, AND TOOLING ASSEMBLIES WILL BE DE. LAMINATES CAN BE JOINED
| AiD PROCESS POTENTIAL SIGNED FOR CO-CURE OR BY IMPROVED METHODS.
i FOR OPTIMIZING SINCLE SINGLE STAGE CURE.
! STAGE CURE APPLICABILITY.
! .
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TABLE 25. SUMMARY OF DEVELOPMENT NEEDS AND ANTICIPATED ADVANCES (Continued)

TECHNOLOGY AREA/CATEGORY

PROBLEM/CURRENT
STATE OF THE ART

DEVELOPMENT NEEDED FOR
SOLUTION

ANTICIPATED ADVANCES

RATIONALE OR BASIS FOR
EXPECTAYION

QUALITY ASSURANGE
TECHNOLOGY

MATERIAL AND PROCESSES
QuALITY

« COMPOSITE DURABILITY IS
AFFECTED PRIMARILY BY
RESIN. INFRARE ANALY-
SIS USED IN PAST IS NOT
SUFFICIENTLY SENSITIVE,
FIBER SIZING MAY 8E CRITI-
CAL FOH PROPERTIES
AFFECTED BY FIBER RESIN
BOND. GRAPHITE FIBERS
OFTEN HAVE SODIUM M-

PURITY, RESIDUAL ORGANICS,

AND VARIATIONS IN DEGREE
QF GRAPHITIZATICN.

BATCHES FROM UNION
CARBIDE ARE NOT FTRACE-
ABLE TO SPECIFIC PRODUC:
TION RUNS AT THE MANU-
FACTURING FACILITY. UNION
CARBIDE USES FIBERS
PRODUCED IN JAPAN.

DIFFICULTY IN PERFORAMING
ENVIRONMENTAL CONDITION-
ING ANO DURABILITY TESTS
WITHIN TIME LIMITS OF AC-
CEPTANCE TESTS MAKES [T
DIFFICULT TO SIMULATE
LONG-TEAM ENVIRONMENTAL
EFFECTS.

INADEQUATE DATA TO COR-
RELATE PRE-PREG DEFECTS
{LE., GAPS, OVERLAPS, MIS.
ALIGNED FIBERS, ETC.) WITH
MECHANICAL PROPERTIES
AND TO PROVIDE SPECIFICA
TION FUIDELINES.

CEVELOPMENT OF ADEQUATE

ANALYTICAL PROCEDURES TO

DETECTY BATCH.TO-BATCH
VARIATIONS IN #:2SIN CHEM-
ISTHY, FIBER CHEMISTRY,
FIBER SIZING; DETECTION
AND CONTROL OF DEGREE
OF GRAPHITIZATION, AND IN-
STOBAGE EFFECTS ON RESIN.
IMPROVEMENTS IN INHERENT
CHEMICAL AND MECHANICAL
PROPERTIES OF FIBERS,
FIBER FINISHES, AND RESINS
ARE NEEDED.

» IMPROVED BATCH CONTROL
AND TRACEABILITY OF
GRAPHITE FIBERS ARE
NEEDED.

o CORRELATION OF LABORA-
TORY CONDITIONING WITH
LONG-TERM DURABILITY
IN FLIGHT SERVICE.

e TEST DATA TO PROVIDE
GUIDELINES ON ACCEPTABLE
LIMITS FOR PRE-PREG
DEFETTS.

e LIQUID CHROMATOGRAPHY —
HIGHLY SENSITIVE TG TRACE
QORGANIC CONSTITUENTS
CURRENTLY BEING USED BY
LOCKHEED, AND FURTHER
REFINEMENTS ARE
ANTICIPATED.

FULL DISCLOSURE AND
TR+CEABILITY FOR FIBERS.

ADDITIONAL TEST D.".TA
PROVIDING CORRELATION
OF ACCELERATED AND REAL-
TIME CONDITIONING.

ADDITIONAL DEFECT TOLER
ANCE STUDIES PROVIDING
CORRELATION OF DEFECT
TYPES AND SIZES WITH
MECHANICAL PROPERTIES.

« CURRENT DEVELOPMENT QF
LIQUID CHROMATOGRAPHY
SUFFICIENTLY ADVANCED
TO USE IN Q.A. PROCEDURES.

» UNION CARBIDE AWARE OF
PROBLEM: COMPETITION WITH
CELANESE SHOULD PROVIDE
INCENTIVE.

« CONSIDERABLE CURRENT
INDUSTRY ACTIVITY N COM-
POSITE DURABILITY.

» CURRENT INDUSTRY ACT!V.
ITY IV FBIS TYPE OF DAMAGE
TOLLAANCE TEST.
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TABLE 25, SUMMARY OF DEVELOPMENT NEEDS AND ANTICIPATED ADVANCES {Continued)

TECHNOLOGY AREA/CATEGORY

PROBLEM/CURRENT
STATE OF THE ART

DEVELOPMENT NEEDED FOR
SOLUTIDN

ANTICIPATED ADVANCES

RATIDNALE OR BASIS FOR
EXPECTATION

MATERIAL AND PROCESSES
QUALITY (CONTINUER

NONDESTAUCTIVE

INSPECTION

® THE EFFECTS OF RESIN vARI-
ABLES SUCH AS COMPOSITION,
STORAGE TIME, ETC. ON CURE
CYCLE LIMITS HAVE NOT BEEN
FULLY ESTABLISHED FOR
CURRENTLY USED
MATERIALS.

o QUALITY VARIATION OF
ROLLS WITHIN BAYCHES,
ACCEPTANCE TESTS, IN MANY
INSTANCES, ARE RUN ON ONE
ROLL ONLY, THIS PROVIDES
NOD INFORMATION ON VARIA.
TIONS BETWEEN ROLLS. 100
PERCENT INSFECTION OF
ROLLS FOR UNREPORTED
DEFECTS 18 NOT POSSIBLE;
THIS COULD BE CRITICAL
FOR AUTOMATED LAYUP.

o HAND.HELD AND SEMI-
AUTOMATIC NONDESTRUC-
TIVE INSFECTION SYSTEMS
ARE NOY PRACTICAL FOR
APPLICATION ON COMPOSITE
STRUCTURES HAVING YARY.
ING THICKNESS AND
CONFIGURATION.

o THERE 15 ND PRACTICAL NON-
DESTRUCTIVE INSPECTION
PRODUCTION TECHNIQUES
FOR DETERMINING PHYSICAL
PHOPERTIES.

e ESTABLISH OPTIMUM CURE
CYCLE AND LIMITS BY DE-
TEAMINING RESIN RHEQLOGY
— TIME, TEMPERATURE, VIS
COSITY, DUTGASSING,
EXOTHERM, ENDOTHERM
RELATIONSHIPS; DETERMINE
BY TECHNIQUES SUCH AS DI-
ELECTRIC ANALYSIS (AUDRE)
AND/OR THERMAL ANALYSIS
{DIFFERENTIAL, GRAVI-
METRIC, MECHANICAL),

DEVELORPMENT OF ADEQUATE
SAMPLING PLANS ADAPTABLE
TO COMFOSITES.

RARID NONDESTRUCTIVE
INSPECTION SYSTEMS:

o CAPABILITY OF ADAPTING
TO CROSS-SECTIONAL
CHANGES WITHOUT OPER-
ATOR INPUT.

o CAPABILITY OF NON-
DESTRUCTIVE INSPECTION
OF SMALL DETAILS AS
WELL AS LARGE AREA
STRUCTURES.

ROUGH RESIN CONVENT/FIBER
VOLUME DATA IN AREAS
WHERE COUPONS CANNOT BE
REMOVED IS NEEDED TO IN-
SURE PHYSICAL PROPERTIES.
MOISTURE CONTENT AND
QOTHER PHYSICAL PROPERTIES
MAY BE REQUIRED ALSO.

® BASIC TECHNIOUES EXIST;
MORE REFINEMENT AND
INCREASED USAGE EXFECTED.

o [IMPROVED CONTROLS AND
UNIFORMITY BY PRE-
PREGGERS,

o REAL-TIME DATA ACOUIS!-
TION; DATA ACOUISITION,
STORAGE AND PLOTTING
S¥STEM; PHASE ARRAY
TRANSDUCER SYSTEMS;
REAL-TIME COMPUTER CON-
TROLLED INTERACTIVE
SYSTEMS,

» NONDESTRLCTIVE INSPEC.
TION TECHNIQUES FOR
DETERMINATION OF PHYSICAL
PROPERTIES.

e SEVERAL GOVERNMENT
PROGRAMS ARE IN PRO-
GRESS. MORE SQPHISTI-
CATED PROCESS CONTROL.
REQUIRED FOR PRIMARY
STAUCTURE WilL ACCELER-
ATE DEVELOPMENT.

& NARMCO REPORTS CONTIN-

UiNG IMPROVEMENTS IN
THEJR TAPE OPERATION
INCLUDING CONTROLS OF
FIBER TZNSIONING, ALIGN-
MENT, PAPER COMPATIBIL-
ITY, SLITTING, ETC.

o CURRENT DEVELOPMENT

WORK IN THESE AREAS HAS
SHOWN PROMISE AND PRO-
JECTING DEVELOPMENT
ADVANCES THROUGH THE
1980 — 1930 TIME PERIOD
WOULD INDICATE SUCCESS
IN MEETING THE TECHNOL.
OGY NEEDS.

o CURRENT R&D IN THIS AREA

HAS SHOWN SOME PROMISE,
DUE TO THE LIMITED BASE
THESE TECHNIQUES HAVE
NOT BEEN APPLIED TO
PRODUCTION.
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TABLE 25. SUMMARY OF DEVELOPMENT NEEDS AND ANTICIPATED ADVANCES {Continued)
FAOBLEM/CURRENT DEVELOPMENT NEEDED FOR RATIONALE OR BASIS FOR
TECHNOLOGY AREA/CATEGOAY STATE OF THE ART SOLUTIO, ANTICIPATED ABVANCES EXPECTATION
ERODUCT SURPORT TECHNOLOGY
IN.SERVIGE INSPECTION e NEED RELIABLE AND ECO- e DEVELOPMENT AND DEMON- @ ANUMBER GF NEW TECH. .»-BOTH DOD AND NASA HAVE
NOMICAL IN-SERVICE, IN- STRATION OF INSPECTION NIQUES AND IMPROVEMENTS ‘R&D PROGRAMS.IN THIS AREA.
PLACE ND! MAINTENANGE PROCEDURES, METHODS AND ARE CURRENTLY IN THE NASA PROGRAM -~ “EVALUA-
INSPECTION CAPABILITY FOR INSTRUMENTATION SO AS TO DEVELOPMENT-STAGE. THESE ~TICN:AND DEVELOPMENT OF
COMPOSITE MATERIAL STRUC PROVIDE A HIGH DEGREE OF WILL:REGUIRE FURTHER AN-SERVICE-{NSPECTION
TURE GOMPARABLE TO CUR. CONFIDENGE IN QUR ABILITY DEVELOPMENT, AND DEMON. METHODS FOR GRAPHITE/
RENT CAPABILITY FQR TO DETECT DAMAGE LEVELS STRATION OFTHEIR:RELI. -EPOXY COMPOSITE STRUC-
METALLIC STRUCTURE, ‘BEYOND THE-TOLERANCE ABILITY. NEW TECHN[QUES TURES ON-COMMERCIAL
LIMITS ESTABLISHED DURING ARE PARTICULARLY NEEDED -TRANSEORT-AiRCRAFT
PREPRGDUGTIDNDURABiLITY FOR'REAL TIME IMAGING AND SVILLRRUVIDE LEAD TO
AND.DAMAGE TOLERANCE -RECORDING,.AND THREE. -DEVELOP INSPECTION
TESTING:AND THEREBY.ERO- :BIMENSIONAL-CARARILITY. . RRQCEDURESEOR:IN.
VIDE AN:ENSURANGE OF :SEBVICE.ATRLINEMAINTEN-
SAEETY-QFFLIGHT COMRABA- ANCE OF GRARHITE/EPOXY
BLE-TOMETALLIC STRUCTURE -COMPOSITE STRUCTURES.
AND-EQUALLY-COS
EEFEQTIVE.- THESENDI TECH-
Moussmusranowns
DETECTABILITY: FOR
JANTERIOA-STRUGTURES AND
omsa,o. EAS.UOT:READILY
IN-SERVICE REFAIR ® NEED COST-EFFECTIVE @ DEVELOPMENT AND DEMON- .o-NEW-RERAIR CONCEFTS AND 1¢:BOTH.DOD AND/NASA HAVE

REPAIR TECHNIQUES SUHT-
ABLE FOR PRODUCING HIGH
QUALITY, EFFICIENT STRUC-
TURAL REPAIRS UNDER
AIRLINE MAINTENANGE
CONDITIONS.

STRATION.OF REPAIR CON-
-GERTS AND-TECHNIQUES
WHICHWILL PROVIDE THE
REQUIRED STAENGTH AND
DURABILITY, ARE APPLI-
CABLE TO COMPLEX STRUC-
TURE IN LIMITED ACCESS
LOCGATIONS, AND MINIMIZE
MATERIAL AND FABRICATION
COMPLEXITY COSTS.

~TECHNIQUES,ARE BEING DE-
VELOPED. HOWEVER, MEANS
70 LOWER/REQUIRED REBAIK
CURE-TEMPERATUHES AND
PRESSURES, AND/OR
IMPROVED REPAIR CQUIP.
MENT-ARE.NEEDED. IN
ADDITION, FURTHER DEMON-
STRATION-OF THE INTEGRITY
OF THESE REPAIRS |N.HIGHLY
LOADED-PRIMARY STRUC.
TURE [S REQUIRED.

RED PROGRAMS IN THIS AREA.
IN-ADDITION, REPAIR VALIDA.
TION TESTSARE:INCLUGED
ANTHE ACEE.COMPONENT
PROGRAMS. :-NASAPROGRAM
—"DEVELOPMENT,
DEMONSTRATION. AND
VERIFICATION-QF-RERPAIR
TECHN[QUES AND-PROCESSES
-FOR GRAPHITE(EPOXY. STRUC-
TURESFORCOMMERGIAL
-TAANSFORTAIRCRAFT"
WILLPROVIDE LEADTO
‘DEVELORNG:RERPAIR PRO-
CEDURESFOR-N.SERVICE
-AIRLINE-MAINTENANCE OF
GRAPHITE/ERDXY-COMPOSITE
STAUCTURES.
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TABLE 26, ESSENTIAL TECHNOLOGY DEVELOPMENT

URIGINAL PAGE IS
OF POOR QUALITY

DEVELOPMENT NEEDS

APPROACHES TO EFFECT

DESIGN ANALYSIS METHODS AND DATA

DESIGN INFORMATION RELATIVE TO STRENGTH, DURABILITY
AND DAMAGE TOLERANGE OF COMPOSITE MATERIAL WING
STRUCTURES. DATA ON COMPOSITE MATERIAL RESPONSE TO
STATIC AND CYCLIC LDAD AND ENVIRDNMENT SPECTRA ASSOCI-
ATED WITH HIGHLY LOADED PRIMARY Wi*'5 STRUCTURE,
INCLUDING TEMPERATURE, MOISTURE, FOREIGN OBJECT IMPACT,
AND OTHER ENVIRONMENTAL CONSIDERATIONS (€. G, FUEL,
HYDRAULIC OIL, LIGHYNING, ETC.}, DESIGN CRITERIA (E. G.,
DESIGN STRAIN LEVELS) FOR DURABILITY AND DAMAGE
TOLERANCE,

DESIGN ANALYS1S METHDODS DEVELOPMENT AND SUBSTANTI.
ATION, INCLUDING:

o STATIC STRENGTH UNDER COMBINED LOADS

o EFFECTS OF NORMAL TENSION AND SHEAR, AND TRANS-
VERSE SHEAR DEFORMATION,

¢ BUCKLING AND POST-BUCKLING STRENGTH.
o FATIGUE LIFE PREDICTION.
»  DAMAGE TOLERANCE AND RESIDUAL STRENGTH,

DESIGN AND ANALYSIS GUIDELINES, DATA AND HANDBOOKS,
INCLUDING:

o PRELIMINARY DESIGN CHARTS.

o COMPREHENSIVE COMPOSITE DESIGN HANDEBOOQK (FOR
PRODUCTION DESIGN), COVERING: DETAIL DESIGN,
DESIGN STANDARDS, FABRICATION METHODS, LONGLIFE
REQUIREMENTS, TANK SEAL REQUIREMENTS, LIGHTNING
PROTECTION, DAMAGE TOLERANCE DESIGN, AND SYSTEM
INTEGRATION.

o STRESS MEMO MANUAL COVERING ANALYSIS METHODS AND
DATA FOR HIGHLY LOADED PRIMARY STRUCTURE OF
COMPOSITE WINGS,

o STRUCTURAL LIFE ASSURANCE MANUAL COVERING ANALY-
SIS METHODS AND DATA FOR EVALUATING DURABILITY
AND DAMAGE TOLERANCE OF COMPDSITE WING STRUCTURE.

ANALYTICAL AND EXPERIMENTAL INVESTIGATIONS.

o DEFINITION OF DESIGN ENVIRONMENTS. E. G., FOD DESIGN
ENVIRONMENT (HAIL, TOOL DROP AND OTHER IMPACT
SOURCES).

o EXPERIMENTAL EVALUATION OF EFFECTS; E. G, MATERIAL
PERFORMANGE TESTING USING CYCLIC LOAD, TEMPERATURE
AND MOISTURE SPECTRA; AND EXPERIMENTAL EVALUATION
OF IMPACT DAMAGE EFFECTS ON STATIC AND FATIGUE
STRENGTH.

o DOSUMENTATION, AND DEFINITION OF DESIGN CRITERIA,

ANALYTICAL STUDIES AND TESTING TO DEVELOP AND VERIFY THE
ANALYSIS METHODS. STRENGTH, STABILITY AND FATIGUE TESTING
OF STRUCTURAL ELEMENTS, JOINTS AND SUBCOMPONENTS IN SUF-
FICIENT QUANTITIES FOR STATISTICAL ANALYSIS. A THOROUGH
UNDERSTANDING OF THE PROPERTIES AND FAILURE MOQDES IN THE
THIRD DIMENSi2N OF THE LAMINATE IS ESSENTIAL, AND DEVELOP.
MENT OF NEW TEST TECHNIQUES WILL BE REQUIRED,

SURVEY, EVALUATE, AND COMPILE DESIGN INFORMATION, FABRI-
CATION METHODS, AND TEST DATA FROM ALL CURRENT AND
FUTURE COMPOSITE STUDIES; EVALUATE PERFORMANCE AND
SERVICE LIFE EXPERIENCE OF CURRENT HARDWARE.

DESIGN, FABRICATE, AND TEST COMPONENTS AND SUB-ASSEMBLIES
TO FILL VOIDS IN THE DATA NEEDED TO CCMPLETE THE DESIGN AND
ANALYSIS HANDBOOKS AND TO START DETALL DESIGN OF A COM.
MERCIAL TRANSPGRT COMPOSITE WING BOX.

= L L e e T A T 2
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TABLE 26,

ESSENTIAL, TECHNOLOGY DEVELOPMENT (Continued)

DEVELOPMENT NEEDS

APPROACHES TO EFFECT

PRELIMINARY DESIGN

DESIGN AND ANALYSIS OF HIGH ASPECT RATIO COMMERCIA!L
TRANSPORT WINGS WITH EXTENSIVE USE OF COMPOSIE
MATERIALS.

DESIGN DEVELOPMENT ANED VERIFICATION

ASSESS THE VALIDITY OF PROMISING STRUCTURAL DESIGN
CONCEPTS FOR PRIMARY WING STRUCTURE APPLICATION,

PESIGN, AYALYSEIS, FABRICATION AND TEST VERIFICATION
OF SIGNIFICANT OR UNIGUE DESIGN PROBLEMS, E, G, WING-
FUSELAGE, WING-MASN LANDING GEAR, AND WING-PYLON
INTERFACES, AND THE FUEL TANK LIGHTNING PROTECTION
SYSTEM.

COMFOSITE MATERIALS, PROCESSES, TESTING AND CONTROL

NEW IMPROVED MATERIAL SYSTEMS INCORPORATING NEW
FIBERS, FIBER FINISHES, LOW FLOW RESINS, NONCRIMPED
FABRICS AND ZERD-BLEED PREPREGS. MATERIALS SHOULD
BE TAILORED TO HAVE AN OPTIMUM BALANCE OF PROPER-
TIES MEETING ENGINEERING, MANUFACTURING AND MAIN.
TAINABILITY NEEDS AS FOLLOWS:

o LOWSCATTER IN STATIC AND FATIGUE MECHANICAL
PROPERTIES.

o ADEQUATE DUCTILITY AND TOUGHNESS OF RESIN
MATRICES AND COMPOSITE IMPACT RESISTANCE.

o ADEQUATE PERFORMANCE AND DURABILITY IN INTER-
ACTING STRESS, THERMAL AND CHEMICAL ENVIRON-
MENTS,

IN-DEPTH DESIGN CONCEPT STUDIES TO ASSESS THE RELATIVE
MERITS OF VARIQUS STRUCTURAL ARRANGEMENTS. TO SELECT
THE STRUCTURAL APPRDACHES BEST SUITED FOR THE DESIGN
ENVIRONMENT, AND TO PROVIDE CONSTRUCTION DETAILS AND
STRUCTURAL MASS ESTIMATES.

CONDUCT ANALYTICAL AND EXPERIMENTAL INVESTIGATIONS

OF PROMISING 5TRUCTURAL CONCEPTS AND VALIDATE THE MORE
PROMISING CONCEPTS THROUGH SUBCOMPONENT AND COMPOMENT
TESTS. RESULTS OF THE COMPONENT TESTS WiL.L BE COMPARED
WITH PREDICTED VALUES TO DETERMINE THE DEGREE TO WHICH
CONCEPT PERFORMANCE CAN BE PREDICTER IN A REALISTIC
STRUCTURAL APPLICATION,

DESIGN, BUILD AND TEST MAJOR PORTIONS OF WING STRUCTURE;
INCLUDING STATIC, CYCLIC LOAD/ENVIRONMENT AND SYSTEM
TESTS,

INITIATE SECOND GENEHATION MATERIAL DEVELOPMENT
PROGRAMS,

o ESTABLISH INDUSTRY STANDARD MATERIAL SYSTEMS AND
TARGET SPECIFICATIONS BY TASK FORCE ACTION.

o DEFINE PROGRAMS REQUIRED IN LINE WITH STANDARDS AND
AND TARGET SPECIFICATIONS,

o PLACE DEVELOPMENT PROGRAMS WITH USER-SUPPLIER TEAMS,
INCLUDING AIRFRAME, FIBER, WEAVING, RESIN, AND PREPREG
MANUFACTURERS,

o EVALUATE RESULTANT MATERIAL SYSTEM CANDIDATES AND
SELECT MATERIAL SYSTEM PROVIDING BEST COMBINATION OF
PROPERTIES.

o 2 T R o M etk T aest s A El e ot e E e
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ORIGINAL PAGE IS
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TABLE 26. ESSENTIAIL TECHNOIOGY DEVELOPMENT (Continued)

DEVELOPMENT NEEDS

COMPOSITE MATERIALS, PROCESSES, TESTING AND CONTROL (CONT'D}

o ADEJQUATE FLAME RESISTANCE AND LOW SMOKE EMISSION
AND TOXICITY UNDER FIRE EXPOSURE CONDITIONS,

o CONSISTENT QUALITY OF FIBERS, RESINS, AND PREPREGS.
o LOW COST/LESS COMPLEX PROCESSING CHARACTERISTICS.

« [INDUSTRY STANDARDS FOR MATERIALS, PROCESSES AND TEST
METHODS, THESE STANDARDS SHOULD INCLUDE A MINIMUM
NUMBER OF MATERIAL SYSTEM TYPES TO SATISFY DESIGN
SELECTION NEEDS TOGETHER WITH RELATED DETAIL MATE-
RIAL AND PROCESS SPECIFICATIONS, AND TEST METHODS.
THESE ARE NECESSARY TO DEFINE MATERJAL CHARACTER-
ISTICS AND CONTROL ALL MANUFACTURING VARIABLES TO
ASSURE A HIGH QUALITY END PRODUCT. STANDAADS ARE
REQUIRED TO PREVENT DILUTION CR DUPLICAT LN OF
DEVELOPMENT EFFORT BY MATERIAL SUPPLIERS AND USERS
WITH AN END OBJECTIVE OF AEDUCING DEVELOPMENT COST
AND TIME AS WELL AS EVENTUAL PRODUCTION COSYS,

& NEWOR MODIFIED, RELIABLE MATERIAL TEST METHODS,
COVERING: MECHANICAL STRENGTH, STIFFNESS AND IMPACT
TESTS; CHEMICAL TESTS SUCH AS RESIN AND FIBER ANALY-
SIS AND FIBER-RESIN CONTENT OF COMPOSITES; ENVIRON.
MENTAL TESTS INCLUDING HUMIDITY EXPOSURE, MOISTURE
ABSORPTION, HOT AND COLD TEMPERATURE EXPGSURE, ETC.

& NEW LOW COST PROCESSING PROCEDURES COVERING OPTIMUM
CURE CYCLES (TEMPERATURE, TIME, PRESSURE), LIMITS ON
CRITICAL PROCESS VARIABLES, LAY-UP AND BAGGING MATERI-
ALS AND PROCEDURES, AND METHODS FOR CONTROLLING
CRITICAL PROCESS VARIABLES WITHIN LIMITS SUCH AS CURE
TEMPERATURE, TIME AND PRESSURE.

NDTE: RESPONSIBLE GROUPS WILL PROVIDE GUIDANCE FOR DEVELOP.

APPROACHES TO EFFECT

ORSANIZE A NASAANDUSTRY-FAA STEERING TASK FORCE WITH
NECESSARY SUBCOMMITTEES AND FUNDING TO ESTABLISH
MATERIAL STANDARDS FOR SUBSONIC COMMERCIAL TRANSPORT
AIRCRAFT AS FOLLOWS:

o DESIGN GUIDELINES COVERING ITEMS SUCH AS TEMPERATURE
REGIMES, LIFE, FIRE RESISTANCE AND SMOKE EMISSION.

o MATERIAL SYSTEM VYPES AEQUIRED; SUCH AS GENERAL PUR-
POSE, HEAT RESISTANT, FLAME RESISTANT, AND HIGH MODULUS.

o DETAIL TARGET MATERIAL SPECIFICATIONS TO BE USED AS
BASIS FOR MATERIAL DEVELOPMENT. INCLUDE MANUFAC.
TURING PROCESS REQUIREMEINTS,

o TEST METHODS — CHEMICAL, MECHANICAL AND ENVIRONMENTAL.
o FINAL MATERIAL SPECIFICATIONS COVERING ALL COMPOSITE

ELEMENTS - FIBERS, FIBER FINISHES, FABRICS, RESINS AND |
PREFREGS.

MENT, AND COORDINATE ROUND-ROBIN TESTING EFFORTS IN
APPLICABLE TECHNCLOGY AREA,
INITIATE TEST METHOD DEVELOFMENT PROGRAMS,

o DEFINE PROGRAMS REQUIAED IN LINE WITH INDUSTRY TASK
FORCE RECOMMENDATIONS AND THIS STUDY,

o PLACE DEVELOPMINT PROGRAMS WITH MATERIAL USERS AND/OR
SUPPLIERS COVERING FIXTURES, SPECIMCN CONFIGURATIONS,
PROCEDURES, PROVING TESTS AND ROUND-ROBIN VERIFICATION
TESTING,

INITIATE PROCESS DEVELOPMENT PROGRAMS.

o DEFINE PROGRAMS REQUIRED IN CONSONANCE WITH MATEHRIAL
DEVELOPMENT AND IN LINE WITH COMMITTEE RECOMMENDATIONS.

185
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TABLE 26,

ESSENTIAL TECHNOLOGY DEVELOPMENT (Continued)

DEVELOPMENT NEEDRS

APPROACHEE TO EFFECT

COMPOSITE MATERIALS, PROCESSES, TESTING AND CONTROL {CONT'D)

PRODUCIBILITY/FABRICATION METHODS

« DESIGN AND FABRICATION PRODUC!IBILITY STUDIES TO INNO-
VATE AND OPTIMIZE STRUCTURAL CONFIGURATIONS,
MATERIAL TYPES AND FORMS, TODLING CONCEPTS, AND
FABRICATION METHODS RELATIVE TG FUNCTION/PRODUCI-
BILITY/COSTWEIGHT. CONFIGURATIONS MUST BE
ADAPTABLE TO UNIQUE COMPOSITE FABRICATION METHRODS
INCORPORATING A MINIMUM NUMBER OF OPERATIONS, AND
MINIMUM COMPLEXITY OF TOOLS AND PROCEDURES.

& ADVANCE STATE-OF-THE-ART IN SPECIFIC FABRICATION
TECHNOLOGY AREAS: AUTOMATED LAY-UP AND PREFORMING
METHODS/EQUIPMENT; MOLDING METHODS AND TOOLS, IN.
CLUDING BAG AND BLADDER MOLDING, AND AUTOMATED
SHAPE FORMING: MACHINING METHODS AND TOOLS, INCLUD-
ING CUTTING OF PREPREG AND TRIMMING OF CURED PARTS;
AND FASTENING TECHNIQUES (MECHANICAL AND BONDING).
DEVELOPMENT PROGRAMS ARE REQUIRED 7O MODIFY, EXPAND
OR REFINE EXISTING TECHNOLOGY OR DEVELOP NEW TECH:
NIQUES. THIS DEVELOPMENT MUST BE CARRIED TD A STAGE
WHERE PRODUCTION PROGRAMS MAY BE INITIATED WITH
ASSURAN < THAT COST AND REPRODUCIBILITY GOALS WILL
BE MET.

MANUFACTURING PLAN

» DEVELOP MANUFACTURING PLAN(S) FOR COMPOSITE WING
DESIGN CONCEPTS; INCLUDING DEFINITION OF COMPONENT
BREAKDOWN, DEVELCPMENT OF ALTERNATE MANUFACTURING
APPROACHES FOR MAJOR WING COMPONENTS, AND ESTABLISH-
MENT OF FACILITY AND EQUIPMENT REQUIREMENTS FOR
TOOLS AND FACILITIES FOR CURING DUTSIZED COMPONENTS,
AND CONTAMINATION CONTROL REQUIREMENTS.

AL TY ASSURANCE METHODS

e DEVELOP GND ESTABLISH STANDARD SPECIFICATIONS ENCOM.
PASSING INSPECTION METHODS, TEST METHODS, PROCESS CON-
TROL METHODS, AND ACCEPTANCE CRITERIA FOR QUALITY
CONTROL OF MATERIALS, PROCESSES AND HARDWARE.

o PLACE DEVELOPMENT PROGRAMS WITH MATERIAL USER-
SUPPLIER TEAMS COVERING OPTIMIZATION OF PROCESS PRO-
CEDURES, PROCESS CONTROL METHODS AND PROCESS CON-
TROL TESTING. THIS WORK WILL PROVIDE A BASIS FOR
ESTABLISHING PROCESS SPECIFICATION LIMITS ON PROCESS
VARIABLES AND METHODS TO CONTROL VARIABLER YWITHIN
LIMITS,

STUDIES AND DEVELOPMENT OF STRUCTURAL DESIGN CONCEPTS
COUPLED WITH CORRESPONDING FABRICATION CONCEPTS. THESE
PROGRAMS SHOULD COVER BOTH DESIGN DEVELOPMENT AND
TRADEOFF STUDIES, AND EXPERIMENTAL FABRICATION AND
EVALUATION OF SELECTED PROTOTYPE STRUCTURAL CONFIGURA-
TIONS.

AS DESIGN AND MANUFACTURING CONCEPTS EVOLVE INTO PRE-
FERRED CONFIGURATIONS FOR INDIVIDUAL COMPONENTS, SPE-
CIFIC REQUIREMENTS FOR FABRICATION TECHNOLOGY DEVELOP.
MENT WILL BE IDENTIFIED. DEFINE AND IMPLEMENT PROGRAMS
FOR DEVELOPMENT AND PROVE.QUT OF LEAST-COST APPROACHES
TO TOOLING AND FABRICATION OF THESE COMPONENTS. THE
PROGAAMS INITIALLY SHOULD ADDAESS THE MOST CRITICAL
DESIGN AND MANUFAGTURING AREAS, AND ULTIMATELY BE EX-
PANDED TO INCLUDE VIRTUALLY THE COMPLETE WING, IN MANY
INSTANCES, DEVELOPMENT OF AUTOMATED EGUIPMENT 18 CO-
OPFERATION WITH EQUIPMENT MANUFACTURERS WILL 8E REQUIRED.

MANUFACTURING STUDIES OF COMPOSITE WING PRODUCTION, IN-
CLUDING JOINT ENGINEERING AND MANUFACTURING CONCEPT
EVALUATION TO DETERMINE COMPONENT BREAKDOWN, DEFINI
TION OF TOOLING AND PROCESSING SEQUENCES BASED ON PRO-
BUCIBILITY AND FABRICATION METHODS DEVELUPMENT, AND
DEVELOPMENT OF TOUQLING AND PRODUCTION COST ESTIMATES

OF ALTEANATIVE MANUFACTURING APPROACHES. DEVELOP
COMPONENT FABRICATION AND ASSEMBLY PLANS AND SCHEDULES,
AND DEFINE CORRESPONDING REQUIRED FACILITIES AND EQLNP-
MENT.

ESTABLISH STANDARD DEVELOPMENT GUIDELINES AND DEVELOP
NECESSARY BACKUP DATA AND PROCEDURES AS QUTLINED ABOVE
FOR MATERIALS ANB PROCESSES.
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TABLE 26, ESSENTIAL TECHNOLCGY DEVELOPMENT {(Continued) j

b

DEVELOPMENT NEEDS APFROACHES TO EFFECT \ 3

QUALITY ASSURAMCE METHODS (CONT'D) © ok ‘

o MATERIAL ACCEPTANCE CRITERIA FOR FIBERS, RESINS, o NASA PHOGRAM ON "DEVELOPMENT QUALITY ASSURANCE :
PREPREGS AND CURED COMPOSITES, INCLUDING DEFECT PROCEDURES FOR EPOXY-GRAPHITE PREPREG" WILL COVER g
LIMITS, STRENGTH, ETC. SOME OF THE DEVELOPMENT REQLHRED FOR RESIN ANALYSIS (d

SUCH AS LIOUID CHROMOTOGRAPHY.

o INSPECTION METHODS FOR DIMENSIONAL CONTROL. VISUAL }
AND NONDESTRUCTIVE METHODS FOR DETECTING PHYSICAL o DAMAGE TOLERANCE TESTING NOW UNDERWAY IN NASA PRQ. ‘,
DEFECTS IN RAW MATERIALS AND HARDWARE, AUTOMATED GRAMS AND OTHER GOVERNMENT-FU 3ED PROGRAMS WILL :
MONITORING SYSTEMS FOR INSPECTION DURING LAYUP, EVALUATE THE EFFECT OF MATERI? DEFECTS ON MECHANI- ‘

CAL PROPERTIES AS AN AID TO EST, LLISHING ACCEPTANCE .

© TEST METHODS — CHEMICAL ANALYSIS OF RESINS, FIBERS, CRITERIA. b
FIBER FINISHES, PREPREGS AND CURED COMPOSITES, b
MECHANICAL TEST METHODS, COMBINED WITH HEAT AND NOTE: ALL DEVELOPMENT OF QUALITY ASSURANCE METHODS i |
MOISTURE EXPOSURE, TO DETERMINE TENSILE, COMPRES- SHOULD BE IN CONSONANCE WITH MATERIAL AND FABRI- I
SICH AND OTHER PROPERTIES OF CURED COMPOSITES. CATION DEVELOPMENT. : :

o PROCESS SPECIFICATIONS — PROCESS CONTROL AND ACCEPT- i
ANCE CRITERIA FOR FABRICATED PARTS; INCLUDES AUTO- ‘ :
MATED MONITORING METHODS FOR CURE CYCLES. l ;

NONDESTRUCTIVE MANUFACTURING INSPECTION ! k
® COST EFFECTIVE TECHNIQUES (AUTOMATED} FOR INSPECTING L] NASA HARDWARE DEVELOPMENT PROGRAMS, SUCH AS THE ACVF ‘ l
VARIABLE THICKNESS AND CROSS.SECTION STRUCTURES, AND YHE COMPQSITE AILERON PROGRAMS, WILL INVOLVE DETER. | ‘
MINATION OF NDI EFFECTIVENESS AND ADAPTABILITY UNDER “
PRODUCTION SITUATIONS, ! k
| A
«  SUPPLEMENTAL ACTIVITIES NEEDED INCLUDE SURVEY OF EXIST- : :
NG NDi METHODS AND STATUS OF NEW DEVELOPMENTS; EVALU. ‘ }
ATION OF PROMISING METHODS FOR IN-PLANT INSPECTION BY | .
FABRICATION OF SPECIMENS INCORPORATING KNO™ DEFECTS; 1 )
AND CORRELATION OF NDI RESULTS WITH PHYSICAL AND MECH- : 79

ANICAL PROPERTIES OBTAINED FA’.M MECHANICAL TESTS AND :

PHOTOMICROGRAPHIC EXAMINATION. THIS SHOULD BE DONE I

INITIALLY WITH COUPQN SPECIMENS; THEN WITH SUBELEMENTS i

INCORPORATING CONSTRUCTIQNS SUCH AS HONEYCOMB, HYBRID,

COCURED ELEMENTS, BONDED DOUBLERS, FLAME SPRAY, ETC. ;
FINALLY, VERIFICATION OF SELECTED PROCEDURES ON FULL. I ‘
SCALE COMPONENTS. :
1] IN CONJUNCTION WITH ABOVE ACTIVITY, CONTINUOUS MONITOR- i ‘

ING IS REQUIRED ON DEVELOPMENTS IN REALTIME DATA ACOQWUI. i
SITION AND CONTROL, MINICOMPUTER/MICROPROCESSOR ANALY. .
SIS OF ULTRASONIC DATA, AND OTHE™ NEW TECHNIQUES TO ‘
ENSURE INCORPORATION OF PAOMISING TECHNIQUES INTO THE '3
i EVALUATION PROGRAM. - .
| i
| k
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TABLE 26. ESSENTIAL TECHNOLOGY DEVELOPMENT (Continued)

DEVELOPMENT NEEDS

APPROACHES TO EFFECT

NONDESTRUCTIVE MANVFACTURING INSPECTION [CONT'D)

¢ PRODUCTION "“CANIQUES FOR DETECTING PHYSICAL PRO.
PERTY VARIATGNS WHICH RESULT IN MECHANICAL
PROPERTY DEGRADATION. v

IN-SERVICE NONDESTRUCTIVE INSPECTION

¢ RELIABLE AND COST.EFFECTIVE NDI S¥YSTEM{S) FOR IN.
PLACE DETECTION OF SERVICE-INDUCED DAMAGE. bocu.
MENTATION OF iN-SERVICE INSPECTION METHODS.

IN-SERVICE REPAIR

« REPAIR PROCEDURES SUITABLE FOR CUSTOMER fIELD
MAINTENANCE WHICH PROVIDE RESTORATION OF
STRENGTH AND STIFFNESS OF DAMAGED STRUCTURE,

DEFINE AND IMPLEMENT DEVELOPMENT PROGRAMS FOR NON-
DESTRUCTIVE INSPECTION (ND!) DETERMINATION OF SUCH
VARIABLES AS RESIN CONTENT, MOISTURE,#OROBITY, DELA.
MINATIONS, PLY URIENTATION, MICROCRACKS, DEGREE OF
CURE, AND RESIN-FIBER BOND. PRELIMINARY WORK HAS BEEN
DONE BY INDUSTRY ON SUCH PROCEDURES AS DYNAMIC MECH.
ANICAL TESTING, THERMQ-MECHANICAL ANALYSIS, DIELECTRIC
MEASUREMENTS OF MOISTURE, IMPROVED ULTRASONIC AND
X.RAY PROCEDURES.

SUPPLEMENTAL ACTIVITIES ARE NEEDED TQ IDENTIFY AND
CATEGORIZE COMMONLY OCCURRING DEFECTS AND TO ESTAB.
LISH SIGNIFICANCE, CRITICALITY AND NEED FOR DETECTION.
SURVEY NDI AND ANALYTICAL PROCEDURES BEING USED OR
DEVELOPER, AND EVALUATE SELECTED PROCEDURES ON COUPON
AND SUBELEMENT SPECIMENS INCORPORATING VARIOUS CON-
STRUCTIONS USED IN ACTUAL PARTS. THIS EVALUATION WOULD
REQUIRE CORRELATION WITH MECHANICAL PROPERTIES AND
MICROGRAPHIC EXAMINATION OF CAOSS-SECTIONS. 4 FINAL
STEP WOULD VERIFY SELECTED TECHNIQUES ON FIZLL-SCALE
COMPONENTS,

NASA'S PROGRAM, "EVALUATION AND DEVELOPMENT OF IN-
SERVICE INSPECTION METHODS FOR GRAPHITE/EPOXY COMPO.
SITE STRUCTURES ON COMMERCIAL TRANSPORT AIRCRAFT ™
WILL ADDRESS THE FOLLOWING: STATE-OF-THE-ART SURVEY,
ADAPTABILITY AND CAPABILITY OF CLYRRENT ND| SYSTEMS,
ADAPTABILITY IMPROVEMENTS. IN-PLACE SIMULLATED NDI ON
PROMISING METHODS, AND EQUIPMENT/SYSTEM IMPROVEMENTS.
FOLLOW-ON PROGRAM(S) W!L.L BE REQUIRED TO DEVELOP
PROMISING METHODOLOG Y AND TECHNOLOGY,

VERIFICATION OF THE RELIABILITY AND SUTABILITY OF THE
DEVELOPED METHQDS AND EQUIPMENT THROUGH APPLICA-
TION ON COMPONENT MANUFACTURING AND TEST PROGRAMS,

NASA PROGRAM ON “DEVELOPMENT, DEMONSTRATION, AND VERI-
FICATION OF REPAIR TECHNIQUES FOR GRAPHITE/EPOXY STRUC:
TURE FOR COMMERCIAL TRANSPORT AIRCRAFT,” WILL INCLUDE
SURVEYS ON DEFECT SFNSITIVITY AND AJRLINE DAMAGE EXPERI-
ENCE, AND WILL CATEGORIZE DEFECTS AND DEVFLOP REPAIR
CRITERIA. DEPOT AND FIELD LEVEL REPAIRSWILL BE EVALUATED
ON COUPONS, SUBELEMENTS, AND LARGE AREA COMPONENTS, OTHER
GUVERNMENT PROGRAMS ALSO COVER EVALUATION QF SMALL-AREA
AND LARGE-AREA REPAIRS,

FOLLOW.ON PROGRAMS WiLL BE REQLHRED TO IMPLEMENT REPAIRS
O PRODUCTION COMPONENTS, AND TO MORE FULLY EVALUATE
FATIGUE AND DURABILLTY CHARACTERISTICS OF REPAIRED
COMPONENTS.,

e




- APPENDIX C
YACILITY AND EQUIPMENT REQUIREMENTS

The various facets of planning and designing a composite wing fabrication
facility, the facility requirements for the development program and the corres-

ponding requirements for a production program are described. !

Facility Plenning and Design

The principal factors to be considered in planning and design of a fabrication
facility are: (1) types of equipment, (2) equipment sizes, (3) equipment quenti-
ties or replicates governed by production rates, and {4) space requirements
including environmental control, work sequence, and flow. The aspects of composite

wing fabrication which affect each of these factors in facility planning are dis-

Lt e

cussed as follows:

Types of Equipment., - Elements of the overall process as established in the

process development phases of this program will govern the selection of equipment -

types. Some of these processes with corresponding equipment considerations as

presently conceived are described.

Meterial Storage and Hendling: Perishable prepreg materials and adhesives

will require refrigerstors of various sizes to store materials prior to use. Refrig-

eration is also required during the manufacturing cycle where excessive time delays

between lay-up and final cure are unavoideble.

Cutting of Prepregs: In cases where automated lay-up machines cannot be used, |
cutting of prepreg stock into required lay-up patterns may be required. Also some ‘

trimming of uncured, laid-up laminates is envisioned. This operation requires ‘
special cutting equipment such as water-jet or laser beam types for production !
\

conditions.

Lay-up and Preforming of Leminetes: Cost consideration dictate the use of i
various types of automated lay-up and preforming equipment. Large lay-up machines |
for near-flat skin laminates or pre-plying of laminates prior to forming of shapes ‘
are envisioned, Preforming equipment for structural shapes such as pultrusion or ‘

roli-forming may be required. i
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Molding of Structural Configuretions: In general, molding requires the
applicaction of heat and pressure in a specified manner to a shape controlled by a
molding tool. Various basic methods currently exist, the selection of which depends
on the structural configuration torbe molded. Some of these basic methods'and
implementation equipment are: (1) bag molding where spaceheated autoclaves are
normally employed; (2) the matched mold method whiech requires heated piaten,
hydraulic presses; (3) the pultrusion method adaptable to molding of structural
stiffener shapes which requires specisl machines; (4) specially designed integral
heat/pressure tooling which requires equipment to provide sources of heat and

pressure, the nature of which depends on the media employed.

During the course of the program any new developments in resin curing technol-
ogy such as use of microwave, infra-red or other types of radiant energy to achieve
rapid polymerization will be investigated. They will be implemented in the facil~
ities plan if the state-of-the-art hus progressed to production status. These

edvanced techniques normally require parallel development in resin catalysis systems

which may affect base resin properties.

Trimming and Machining of Cured Laminates: Conventional type equipment is
envisioned for this operation employing speecial cutting and drilling tools. Some

advanced eutting equipment such as the water-jet type will be considered.

Assembly: Assembly equipment selected depends on assembly methods established
in the process development phase. The mechanical assembly method employing current
fastener technology and equipment offers the simplest approach. Assembly of cured
compornents by adhesive bonding or of uncured components by single-stage curing

would most likely be done by & pressure bag method requiring autocalve type
equipment,

NDI Inspection: This operation imposes a requirement for specialized

equipment to facilitate a minimum cost operction.

Egquipment Sizes. - Sizes of lay-up and curing equipment will depend on maximun

wing component sizes to bhe accommodated. There are structural design and menufac-

turing trade-offs involved here which will be evaluated during structural concept
development.
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Equipment Replicates. - Production rates for specific components determine

this requirement.

Building Space Requirements and Environmental Control. - Prepreg preparation {

and lay-up operations reguire control of air conteminetion, temperature and gi
humidity. The ideal facility would be housed in one integrated facility. However,
this concept may be modified depending on sssembly methods selected. Where assembly
methods involving adhesive bending or single-stage curing are involved, it is
mandatory that lay-up and assembly curing facilities by Integrated., This require-
ment will prevent contamination and/or orer-aging of adhesives and resins caused f

by excessive handling and transportation,

Development Program Facilities

Facilities acquisitions for the development program will consist of aug- f
mentation of existing production development facilities. Process development can
be performed on prototype equipment not necessarily engineered or scaled for o
quantity production of full-scale wing components. The development facility will

include capability of the following types:
¢ Autoclave %
e Programmable Pultrusior cguipment
e Prepreging Equipment , %
e Infrared Curing Source
e RF Source
e Hydraulic Pressure Source }
e Laser Energy Source !
® Programmable Aubtomatic Layup Egquipment
¢ Fabric Weaving Equipment !
e Ultrasonic Welding Eguipment }

e Microwave Energy Source ‘
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® Resigtance Source

e Assoclated Vacuum and other Shop Aides \ f
As the development program progresses, and preferred design and fabrication s
concepts are defined, analysis of production program requirements will be g

made. Cost end schedule estimates will be developed for tooling and equipment |

required for wing production.

Composite fabrication facilities required for test specimen fabrication and
demonstration article layup will be provided by shared utilization of facilities i
available from other composite work. The production go-szhead on the L-10ll |
composite fin program is anticipated late in 1981, As a result, automated tape
laying equipment, ovens, and refrigeration capable of supporting the wing develop-
ment program will be available. Lockheed's existing 6.7 m (22,0 ft) diameter,
18.3 m (60,0 ft) length autoclave will accommodate the largest of thes components

planned in the wing development program, o

Production Program Facilities “

Manufacturing Engineering persommel will, as a result of their participation
in the development program, develop a detailed facilities plan for wing production,
Initial estimates of the types, quantities and cost of required facilities will be

available near the end of the Design Concept Evaluation phase,
The facilities plan will include the results of the following effort:

e Coordinate development of the assemwbly breakdown to assure economical

manufacture,
& Develop the Major Assembly Sequence Chart for the production program.

e Provide parametric requirewents for elapsed time spread application to the

® Develop material handling plan to evaluate process and flow requirements of

assembly operations both in-plant and between plants.

e Compose narrative material describing requirements and activities of the

|

|

|

]

|

first airplane. ‘
manufacturing program. !
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Assist the assigned planning personnel in organization and implementation
of a functional mockup plari.

Plan detail factory layout requirements - evaluate manufacturing space needs,

coordinate with space available and forecast utilization plans. .

Prepare a packaging plan, and a transportation plan to ensure safe shipment.

Facilities for the production program will include area for the following items:

Tape laying machine with mmlti-axis dispensing head with a series of

neads on the same gantry, numerically controlled and programmed.
Compression mold press, with steam heated platens to 480 K (400 F°),

Pultrusion layup machine with motorized material unwind dispensing and
orientation racks, progressive preforming and final forming rolls, prebleed
heating chamber, cutoff device and self-stacking rack. Used primarily in

fabrication of hat sections.

Deep freeze facility capable of maintaining 230 K (-40°F) under product load.
Multi-level storage system and automated retrieval system. Area to be capable

of storage of raw broadgoods and parts in-process in a prebled state,
Central dust collecting systems with service distribution lines.
Localized area dust collecting systems.

Cutting tables - glass topped with roll dispensing racks. Prebutting of

fillers, blanks, and patterns with automated knives..

Flame spray equipment and acceSﬁSries.

Water Jet trimming systems.

Carbide saw cutting systems.

Freezer chests, top loading, 230 K (-hOOF}, with product load.

Autoclave - 9.0 m (30.0 i) diameter x 38,0 m (125.0 ft) long, 590 K (6oo°F),
1.7 MN/m? ( 250 psi), internal vacuum manifold system, inert gas generating

systemnm, 002 awriliary storage tank system and programmed instrumentation,

Oven-Prebleed, 7.6 m (25.0 £t) x 38.0 m (125.0 £t) long, 590 K (600°F), with
vacuum system and internal vacuum manifold and theruocouple connection points.

Class 1 oven Instrumentation
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e Ultrasonic test eguipment. f‘
e Cantilever storage racks. i
1 A
e Standard work benches and special width work benches. :
\
Automated tape laying equipment is essentisl for cost-competitive fabri- 5
~ation. The specifications for such equipment will be developed only after inten- ;
]
slve investigation of available equipment end analysis of equipment manufacturing ’
preposals in conjunction with the specific requirements of wing component fabri-
cation, Table 27 contairs a summary of graphite tape laying equipment now in use
or under development in the industry. ! i
Fecility requirements for production wing assembly are expected to be similar
to metallic wing assembly facilities. Areas will be provided within the confines
of the building to isolate dust producing processes such as trimming, drilling, f
and routing. In addition, special contaminate free areas will be designated for |
such areas as aluminum flame spraying. f
Assembly facility will also contain the following: A
e Air conditioning system for heating, cooling and air filtration. 7

¢ Central vacuum pump system snd service distribution lines,

e Convenience electriecal outlet distribution.

® Monorail conveyor system.
e Stabilized bridge c¢rane systems, radio controlled.

e TFlame spray facility including flame spray booth enclésure, localized

NPT o P R

exhaust hood and ducting, fume serubber and hag house,
e Tank seal facility.

The production facilities and cost plan will be updated as the development

program progresses.
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TABLE 27, - GRAPHITE TAPELAYING EQUIPMENT OF AEROSPACE MANIFAMTURFRS .. 1977

OWNER/OPERATOR MANUFACTURER "DESCRIPTION
Boeing - Vertol Goldsworthy 6-Axis N/C Optical follower
(U.S. Army) Head and N/C to generate N/C tape, 1.68 x
Positioner 15.2h m (5.5 x 50.0 f£t) bed

General Dynamics
Fort Worth

LVT

Grumman
Bethpage L.I.

Rockwell
International

Northrop

Bell Helicopter

MDAC, Long Beach

Lockheed Calif. Co

Hercules

Atlas Chassis
General Dynamics/
Air TForce/Conrac

LVT design and
built

Grumman and
Goldsworthy

RI and Goldsworthy
Head

Goldsworthy Head

Bell Helicopter

Goldsworthy
Head plus MDA"

Goldsworthy Head/
Calac design and
built

Hercules

3-Axis N/C 1.22 x Q.14 m .
(L.0 x 30.0 ft) ved; T7.62 cm
(3.0 in.) tape

3-Axis N/C real time QA
devices, 1.22 x 9.1k m
(4.0 x 3.0 ft) bed (used on
A-T wing)

Flat 2-Axis, mylar and 1 ply
graphite N/C, 7.62 to

30.48 em (3.0 to 12.0 in.)
tape (part of the Grumman
automated line)

7.62 to 30.48 em (3.0 to
12.0 in.) tapes, 3.66 x
4,88 m (12.0 x 16.0 £t) bed,
no K/C

Moving table, 2.4 m (8.0 ft)
dia. photo electric cell
cutoff, noe N/C, fixed gantry

Makes wrapped spars (not
leid), fiber placement

6-Axis (XYZ, ABC) Model
TDH-3000 (SME Paper
EM TL-735)

Overhead broadgoods dispenser
{portable)} used on ACEF
DC-10 rudder program

3-Axis N/C 1.22 x 3.05 n

(L x 10 £4) table; T.62 cm
(3.0 in.) width tepe
broadgoods dispensing
machine; 6-Axis 3.05 x 22,0 m
(10 x 72 ft) bed

Automatic breadgoods
preplying machine; continuous
length; .22 m (4.0 ft)
width; 2 to g ply thickness;
0, +457, 90" ply orientation
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APPENDIX D

WINC DESIGN CRITERIA AND STRUCTURAL REQUIREMENTS CONSIDERATIONS

Federal Aviation Regulations, Part 25 entitled "Airworthiness Standards:
Transport-Category Airplanes" (Reference 2) provides guidelines for the estab-
lishment of structural design criteria for transport aircrsft. Compliance to

the design requirements of FAR, Part 25 is necessary to cutain certification of
the airplane by the FAA,

The same structural design requirements are applicable to the proposed
composite wing for which further acceptable guidelines are being evolved by
both the industry and the FAA as new data on composite materials become availw

able., Work on the cowmposite wing will reflect both the current and the evolving
requirements in its design and wmanufacture.

The intent of this document is to provide a genersl outline of the policies
and type of data required to establish the design criteria and structural regquire-
ments for the design of a composite wing. In areas where ~riteria are nonexist~
ent or are currently being evolved, a discussion is presented to indicate the
general policy and type of substantiation data required. As with any document
of this type, development and verification tests must be carried out to provide
data for establishing the criteria and to demonstrate that the structure can
attain the service life while meeting all the strength, durability and flight
safety requirements as defined by the criteria. ‘

General Structural Regquirements

This section presents some general structural requirements that must be
considered in the design of a cowposite wing.

Systems Interface Requirements. - The wing interfaces with the fuel system,

hydraulic system, de-icing system, and the control system. All of these systems
can impose constraints on the structural box which range from the minor environ-

mental and mounting provision required by systems such as the de-icing system to

major design considerations such as those imposed by the fuel and propulsion systems.
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Tuel System: Provisions must be made in the structural box Lo accounl for the

following fuel subsystems: £ill and feed, measurement, venting and drein.

For the fill and feed system, penetrations nf both the covers and substructure
are required for routing the tubing end providing entry to the fuel tank for the
valves and pumps. Mounting provisions are required for these componentz. Provisions
for drain valves at the lower portions of each tank are required to minimize residual

fuel and drain free water.

Fuel measurement requirements include penetrations in the structure for fuel
probes and their aessociated electrical lines. In addition to these probes, which
are generally mounted from the upper surface and may or mey not be removable, holes

are required in the lower surface for installation of sight gages.

The frel venting system provides & continuous pathwey from the fuel tanks to
the wing tip to vent the fuel fumes during ascent {or while heating up on the ground)
and to relieve the negative pressure created during descent. Penetrations through

the substructure are required to provide for passage 2f a contlinuous duct to the wing

tip vent box. The wing vent box contains a vent scoop which ineludes a flame arrestor

and stand pipe.

Electrical System: The electrical power system imposes design constrsints on
the structural box to provide for the routing end mounting of the various power sup-
ply lines. Examples of these lines are: engine power supply and control lines; tip
lights; control sys*em servos; and system indicators such as cortrol position over-
heat, ete, In addition, all components must be grounded and the wing box must be
provided with & continuous electrical path (e.g., bonded aluminum strip} for the

transmittal end discharge of static electricity as well as lightning strikes.

Hydraulic System and Control System: Currently contrel surfaces {leading and
trailing edge devices) are cither operated by individual hydraulic actuators or by
mechanical means (screw jack) connected through gear boxes and torque tubes to a
central hydraulic motor. In either case, mounting provisions and the intrcduction
of concentrataed loads will be imposed on the front end rear besms of the structural
box. In addition, support must also be provided for the hydraulic supply lines from
the wing engines and main landing gear. Present high pressure hydraulic lines oper-

ate in the range of 3000 psi (20.T7 MPa); higher pressures are foreseen for the
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1985 technology period. The wing box must be protected from, or designed to with-
stand, the shrapnel from ruptured hydraulic lines as well as the environmental effects
of hydraulic fluid spills and seepage.

Propulsion System: Provision will have to be made in the wing structure and
pylon to accommodate the routing of engine control and indicator lines, hydraulic
power supply lines, pneumatic power supply and the electrical power supply lines.
The engine pylon should provide a fire wall, but the wing must be designed to with-
stand overheating due to an engine fire. The wing wust have a vapor barrier on the
lower surface in th= pylon area to prevent any seepage or leaking of fuel into the

engine nacelle,

Structural Interface Requirements., - The major structural components, such as:

the fuselage/wing interface, engine pylon, MLG support structure, etc., may pose
structural requirements that could greatly impact the design of a composite wing box
structure. Some of the general requirements and considerations associated with these

components are discussed in the following text,

Fuselage Interface: The wing/fuselage interface structure must provide the
load paths for the transfer of the wing shear (vertical and horizontal) and pitch~
ing woment. For a conventional low wing design, additional constraints are imposed on
the interface structure to maintain the continuity of the pressure vessel at the inter-

section of the fuselage skin with the wing as well as below the pressure deck.

All of the above coasiderations will influence the design of the cowposite wing
box in this region. At the fuselage skin to wing intersection, the combined effect
of highly concentrated applied loads, and the need for compatible deformations under
both temperature and load conditions, will probably require metal components and/or
inserts incorpcrated in the design. Special attention to the laminae orientation in

this region is required to control the anisotropy of the laminate.

Main Landing Gear Interface: The MLG imposes higr concentrated forces and
moments on the wing box structure, This load environment will most likely require
reinforcement rib(s) and thick covers for the wing box to redistribute these loads.

In addition, the use of wmetal components/inserts are most likely required to intro-

duce the landing loads into the MLG support structure and wing box.
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Engine Pylon Interface: The main attachments of the pylon, in adiiticn to any

other support linkage (e.g., drag link;, impose concentrated forces and moments on

the basic wing box. This condition requires special design considerations which most “ﬂ
likely would include such items as: embedding metal fittings into the design of the \ %
front and rear beam designs, providing one or more internal reinforcement ribs and ai

incorporating skete angles on the lower surface. These above considerations would
be in addition to the more general regiirements for routing the many engine supply
lines and providing for accessibility ror inspection and maintenance. The design of

a firewall and vapor barrier could provide additional constraints on the design.

Control Surface Interface: Provisions must be made in the design of the wing
box *o accommodate the loads and designs of the control surfaces themselves or their
aux.liary support structure. Among other considerations, the design of the wing box
(mainly in the front and rear beam areas) must include locel design provisions to

accommodate such items as actuators, slat tracks and their attachments. %
W

Quality Control. - In order to ensure that structure will meet the design <
objectives, a comprehensive guality control plan should be established and im- j§
plemented., The plan should be responsive to special engineering requirements that
arise in individual parts or areas as a result of potential failure modes, damage
tolerance and defect growth recuirements, loadings and local configuration, inspect-

ability and as a result of local sensitivities to manufacture and assembly.

techniques of repair will restore the structure to the condition required by
FAR 43.13n.

Fabrication Methods. - Specifications covering meterial, materisl processing,

and fabrication procedures must be developed to ensure a basis for fabricating
reproducible and reliable structure. Additionally, manufacturing producidbility
considerations will be applied to alternate design concepts to ensure that cost

]
g
Repair, -~ It should@ be demonstrated by analysis and/or test that methods and
weight tradeoffs are optimized.

Flemmability. ~ The existing requirement for flammability protection of the -
aircraft is to minimize the hazerds in the event ignition of flammable fluids or
vapors occur, In addition, cowmponents readily affected by heat, flames, or sparks

mist withstand these effects.
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The use of composite structure should retain this existing level of safety.

Compliance may be shown by analysis or tests that aircraft structure subjected ;
to these hazards that are critical to safety of flight can withstand fire and heat \

in accordance with the definition of "fire resistance" in FAR paragraph 1.1, =9

Environmentel Definitions and Effects i

The sengitivity of composite materials to certain environmental considerations
impose problems that are generally ingigrnificant in the design of conventional ' by
metal aircraft. Some of the more importent environmental considerations are: i
temperature /humidity, lightning, hail, ozone, and ultraviolet radiation. The follow- |
ing test discusses the first three of these environmental conditions and contains

a general statement on some other important considerations.

P,

Temperature/Humidity. - Temperature and humidity histories to which an aircraft
will be exposed mist be consid.red in depth., Climatological data has been collected
from meny areas of the world and should be used to help in the establishment of the 7§

design criteria, The interpretation of the data, however, presents some problems. %

These problems include the reasonableness of using extreme in temperature and humidity
data or average data. Temperature and humidity profiles for individual airplanes

may vary considerably depending on the route structures. Accordingly, some airplanes
may be exposed to severe tewperature and humidity conditions more often than other
airplanes in the fleet, This difference in exposure must be accounted for in a

rational manner in the establishment of design criteria.

The climatological data, once established, wust be used in conjunction with the
composite material emissivity and absorption qualities to establish the temperature
and humidity levels which must be used in determining the composite waterial strength

levels and allowables to be used for desgign.

Other factors that must be considered include the effects of prolonger exposure
to direct sunlight and high humidity while the aircraft is sitting on the ground in
still air. Certein areas of the structure will attain higher teuwperatures than
others, such as the upper surface of the wing versus the lower surface. The presence
of reflective surfaces or other external heat sources in the proximity of the wing
must also be considered. The wmethod for accounting for these phenomenon in design
criteria must be determined.
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A sample analysis was conducted to assess the effects of solar heating on the
structural temperaturs of the wing box structure defined during the conceptual design
study (Appendix A)}. The wing box geometry and the material distributions of the T300/
5208 graphite/epoxy gsurfaces as defined for the baseline RE-101l1l airplane during the
subject study were used for this investigation. Structural elements at an inboard
(WS 122) and outboard (OWS L452) wing station were exemined for fuel loading condi-
tions of empty, half-full and full fuel tanks, Both upper and lower surfaces were
assumed to have a sprayed aluminum coating with a solar absorptivity of 0.5 and a
emissivity of 0.20. Figure 77 presents the maximum temperatures attained on the wing
upper surface after an hour exposure to sunlight on the ground at an ambient tempera-
ture of 318 K (112°r).

The data show that a stesdy state wing upper surface temperature of 353 K (1750F)
is reached when the fuel tanks sre full, Conversely, with empty tanks the upper sur-
face wing temperatures have not yet attained their steady state value with & minimum
temperature of 369 K (204°F) indicated. The time-temperature histories of the blade-
stiffened surfaces after ground soak are presented in Figure 78. The temperature
variations stert after & one-hour ground soak and then proceed through taxi, takeoff,
and climb to an altitude of 3050 km (10,000 ft). The average temperature for the
lower surface is also indiceted. Significant reduction in lower surface temperatures

are resliged for the condition with fuel in the tanks.

Lighening Protection Considerations, - The application of composite structures

reduces the inherent electromagnetic shielding and iightning current carrying capa-
bilities achieved with electrically continuous alumimum. HMost composite structures
have some electrical conductivity but can be damaged structurally by high current

flow through the fibers, The protection design concept must prevent Llightning cur-

rent from attaching to or transferring through the composite structures.

Lightning protection methods that will be considered are aluminum diverter
strips, aluminum wire mesh and aluminum flame spray., Knowledge gained through the
ACVF program, other Lockheed programs, Industzry, NASA, Air Force and Navy research

programs will be utilized in the overall lightning protection configuration,

The fuel system lightning development program will be one of the most important
aspects of the entire protection progrem not only because of safety, but also be-

cauge of the difficulty in arriving at designs which will meet the pre:scut severe

FAA and CAA lightning protection requirements. 201
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Fuel tank component installations such as access doors, fuel quantity probes,

tuel pump assemblies and other items mounted in the internal structure must be tested

with ertificial lightning discharges to assure that no internal sparking occurs from

rascage of lightning currents. Composite test panels must alsc be tested to verify
the lightning protection design.

Since the entire aireraft becomes a radiating antenna at some frequencies, spe-
ciel considerations will be given to electrical bonding an? noise interference from

precipitation static charging during the design of the lightning protection system.

Hail., - & likely source cf objects that can cause damage to the wing box zovers
is hail. Figure 79 presents the terminal velocity of free-falling hail at sea level
conditions (date from Reference (8)). Damage from this source couvld occur on “he

ground ou the upper surface or in flight on the upper surfece and the forward porticn
of the lower surface.

In addition to the size and terminal velocity, the number of hailstones im_ .ng-
ing on a composite wing structure of an airplane per unit area as a function of
duration may also be of iwmportance for both ground and flight operations. For
instance, a single impact from a large size hail may produce nondetectable local-
ized damage for which, on a one time basis, the reduced strength could be toler-
ated until the next inspection period, However, the impingement of small size
hail on the dawage area wmay cause further strength loss which cannot be tolerated.
The work to be performed in this area toward finalizing hail impact eriteria will
consist of determining a representation of the number and size hailstone per unit
area as & function of time from availasble existing data., These data will be used
in a test program to determine the resulting panel deterioration, if any, from
wmultiple impachts of small size hail, after initial damage.

Also to‘be investigated in finalizing hail impact criteria 1s the probability
of encountering & given size hailstone, taking into consideration the random opera-
tion of various fleet sizes. The effects that can influence the probahility of en-
countering & given size hailstone on the ground are the variation in rumber 214 dura-

tion of hailstorms with geographical location, ani inflight, the length snd location
of the route,

Figure 80 is an example of a method for presenting hail eriteria for on-the-
ground and in-flight conditions.
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Figure 80. Example of Hail Criteria for On-the-Ground and
Flight Conditions
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General, - Weathering, abrasion, erosion, ultraviolet radiation, and chemical

environment (glycol, hydraulic fluid, fuel, cleaning agents, etc.) may cause deteriora-

tion in a composite structure and must be considered in the design.

Material Properties

To provide an adequate design data base, environmental effects on the design

properties of the material system should be established,

Experimental evidence should be provided to demonstrate that the material allow-
ables are attained with a high degree of confidence in the most critical environ-
mental exposures, including moisture and temperature, to be expected in service, The
effect of moisture absorption on static strength, fatigue and stiffness properties,
for the operational temperature range, should be determined for the material system
through tests. The impact of moisture absorption and temperature cycling on the
material system properties should be evaluated. Existing test data may be us=d where
it can be shown directly applicable to the material system. Where existing data
demenstrate that no significant temperature and moisture effects exist for the mater-
ial system and construction details, within the bounds of moisture and temperature

being considered, moisture and temperature studies need not he considered.

Foreign Object Damage

There are three categories of damage which must be c¢onsidered to establish a
criterion. The first type is concerned with impact by large objects such as might
occur from a thrown turbine or fan blade or damage from some other external source.
The nature of the damage from these scurces is of a severity that the pilot will be
immediately aware of the situation and will then cautiously operate the airplane
until svch time that the airplane can be landed for detailed inspection and repairs.

The second type is concerned with impact by objects having energy levels sufficient
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to cause “amage that would not be obvious, resulting in the damsge remaining unde-

tectew ¢ “il a planned inspection. This category could include damage due to a blow

from a heavy object such as might be sustained during a servicing operation in which

rersonnel drop or accidentally strike the structure with a drill motor, fuel hose nozzle,

fork 1ift, trucks and workstands. A related type of demage occurs when objects such

as stones or bolts are thrown up from the runway during landing or takeoff or when
parts of tires impact the wing as 2 result of rupture or thread shedding. Included
in this category are runwey ice and hail while on the ground or airborme. A third
type of demage iz that which ceccurs during the manufacture. This includes flawe such
as voids, porosity, overlaps, gaps, resin rich, or resin starved areas.

Criteria for the sbove types of damage will differ depending on the length of
the time peried for which an airplane must be cepable of safe operation with 2-—-ge,
Currently, FAA regulations concerning these types of damage are being reviged.
Table 28 shows, in principle, the variations of time and load levels associated with
each type of damege. A more detailed discussion of damage types, their sources and

related criteria is given in subsections that follow.

Starting with criteria alreedy in use has the advantage of providing comparative
data with tests already performed. Lockheed has been primerily concerned with test-
ing for impact with both dropped objects and gun propelled pellets. The anvil weight
used in the Lockheed tests is 1.22 kg (2.68 1lbm) with a maximum drop height of 119 cm
(47 in). The measured velocity at impact is L.57-4.88 m/s (15-16 ft/s)., Small
dizmeter ice spheres, 2.5 cm (1.0 in), have been propelled at velocities up to
250 m/s (820 ft/s) to simulate inflight hail impact. Ice spheres of 2.5 em (1.0 in)
and 6.1 cm (2.4 in) diemeters at lower velocities have been used to simulate on-the-~
ground hail impaet.

A source of objects which can impact the bottom of the wing is debris from the

rupway. Bolts, nuts, pebbles, and ice are picked up by the wheels and thrown into

the air. The location of the main wheels relative to the wing box makes it unlikely
that objects thrown by the wheels will impact the box. A possible exception is the
infrequent loss of tire thread and parts of the tire from rupture which can assume

any trajectory and which does cause damage to the lighter structure of a metal airplane
and conczivably could demege & composite structure without leaving a visible external

sign other than a possibility of bleck marks from the rubber.
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TABLE 28. DAMAGE TOLERANCE REQUIREMENTS (In Principle) i

TYPE OF DAMAGE SATE OPERATION INTERVAL ! SAFE LOAD LEVELS . é

Obvious in-flight Remainder of flight Reasonable expected loads ’ aé

during prudent operation
for remainder of flight

e

i

i

Detectable during Inspection interval or Limit loads i

planned time for positive ;

‘ inspections detection |
o

Initial defects Expected service life of Ultimate loads s

the aircraft

; Reverse thrust on the engines applied during the landing run tends to kick up
| debris from the runway. To the best of Lockheed's knowledge, damage from this source
has not occurred on the bottom surface of the wing box. However, it is & possibility

which should be explored further in the establishment of design criteria.

A more likely source of damage, and one which occurs ocassionally, ie caused by
parts of the power plant, such as bledes and discs, flying off and striking the sur-
face. A strike of this nature would probably penetrate the surface causing a fuel

leak and thus is a readily detectable type of damage.

Other sources of damage result from collision with equipment or objects arcund
the aireraft. These collisions occur on the ground and can be inspected and repaired
before flight. A similar type of damege can occur from workmen who drop tools on the
top surfaece or strike either top or bottom surfaces with tools. This type of damage

may be undetected and/or unreported; accordingly, structure subjected to this type

damage must be fail-safe,

Teble 29 presents & potential format for presenting criteria for various hazards
that are likely to be encountered by the wing in-service and some preliminary values
for illustration purposes. The following discussion and that contained in the section

on environmental effects, provide some examples of the approach necessary to finalize
a criterion.
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TABLE 29. PROPOSED FORMAT FOR PRESENTING A SUMMARY OF HAZARDS TO THE WING BOX
PRELIMINARY CRITERIA
VULWERABLE LOADING CONDITION IMPACT
HAZARD AREAS AT IMPACT DETTCTABLE OCCURRENCES WT. OR SIZE VELOCITY COMMENT
Inflight gusts No @ @ 2i9 m/s Impact angle 024 rad
{820 fps) {14 deg) to wing surface
Hail Upper surface
Cn ground Ho & ! 46 n/s Impact angle .157 rad
(150 fpe) {90 deg) to wing surface
Runway Under surface Lending nose No - 1.36 kg Max 70.1 m/s Imp-a-.ct angle relative
Debris vheel touchdowun (3.0 1tm) (230 fps), to wing surface .052
0.11 kg rad {30 deg)
I {0.25 ltm)
Nose Under surface Terkeoff and No 1 in every 2.72 kg Max 76-2 n/s Impact angle .009 Lo
Wheels landing 1.5E% {6.0 1bw) {250 fps) .052 rad (5 to 30 deg)
flights to wing surfare
Tire
I'read
Main Under surface Takeolf and Ho 1 in every 2.72 kg Max 76.2 n/s Impact engle .03k to
Wheels landing 5.9E3 (6.0 1btm) {250 fps) .157 rad {20 to 90 deg)
flights to wing surface
Nose Under surface Takeoff and No 1 in every 2.72 kg @ Impact angle 0 to .026 rad
¥heels landing 1.8 ET (6,0 1tm) {0 ta 15 deg) to wing surface
flights
Tire
Tread R
Main Under surface Takeoff and No 1 in every 2.72 kg @ Impact angle .034 to .157 rad)
Wheels landing 2.0E5 {6.0 1btm} {20 to 90 deg) to wing surfawe
flights
Tools Upper surface Cn ground Ho - 0.11 kg k.6 m/s ilmpact angle .157 rad (90 deg
{0.25 1tm} (15 fps} to wing surface
Servicing Upper and On ground Yes - - - - !
Equipment unler surface - 3
Engine Under curface Ia flight Yes 1 in every 1/3 Turkine | 1L6 m/s Impact angle .017 to .122 rad J
parts 5.0E8 disc 45 kg {480 fps) (10 to TO deg) to wing surface |
(100 1bm) plus |
560 rad/sec |

D) Vvalue to be determine:




B -

Runwey Debris. - From tests performed on gravel runways (Reference 19}!, the

only time that gravel was thrown high enough to impact the airfranc was dur-

ing wheel spinup at landing impact. In this condition the spray pattern of
the mein gear is such that debris will not contact the wing box. Accordingly, only
debris thrown by the nose gear at wheel spinup must be considered in finalizing

criteria for runway debris.

Thread Separation and Rupture Shrapnel. - Tire thread loss and rupture occurs

during periods of high tire stress which is associated with takeoff and landing opera-
tions. If thread is lost or the tire ruptures prior to takeoff rotation, the takeoff
is usuelly aborted. Because the tire shrapnel leaves black marks on surfaces that
are contacted, inspections can be readily made and repairs effected if necessary.

As part of the program the probebility of becoming airborne with demage from tire
shrapnel will be investigated in order to ascertain if a criterion requiring that the
wing structure be capeble of meeting limit operating conditions to the next inspec-

tion period is needed.

Tire shrapnel from thread separation and from rupture can vary considerably in
size. The variation in shrarnel size was not included in the determination of the
probabilities presented in Table 29. The probabilities and the size of shrapnel
will be finalized using airplane operators' and tire manufarturers' data, including

gualitative as well as quantitative information.

A representative value for the shrapnel impact velocity resulting from tire
rupture will be determined from experience, if sufficienl data are available, or by
caleulation using analysis of a similar nature such as associated with bomb bursts.
Included in both the rupture and thread separation will be & representative rotatioral
veloeity to be combined with the translational veloeity to provide the most critical

condition considering the trajectory impact angle.

Tools. - Although a typical drop height and, hence, the impact velocity can be
readily determined, there are numerous combinstions of weights and shapes of probable
contact points for tools. A matrix of contact points, represented by redii, and
weights will be assembled using typical tools. Tests will be per{rrmed lo obtain
data to supplement available test data. These data will be used to establish some
empirical relationship between parameters such as weight and radius of the contact

point. Wherein damage to the wing upper sucface could have occurrad fron a tool
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impact, but not be visible, the empirical data will be used to determine whether
the structure is to be replaced or operations can continue to the next inspection
period.

Servicing Equipment. - This equipment is the mobile units used to replenish and

load the airplanes. Impacts will occcur mostly on the leading and trailing edge of
the wing and, in addition, would be immediately lmown such that proper inspections can

be performed. Accordingly, no criterion will be established for thls condition.

Engine Parts. - Unconteined shrapnel from an engine can vary in size from less
than one-half kilogram up to one-third segments of turbine discs weighting over L45.5 kg
(100 1bm). Most parts will have sharp edges which will cause them to cut and/or scratch
surfaces impacted., This cutting action is enhanced by the rotational velocity imparted
along with the translational velocity. For example, a one-third rotor disc (a classi-
cal failure) weighting over 45.4 kg (100 1bm) can have a rotational velocity of 560
radians per second along with a translational velocity of 146.3 m/s (LBO ft/sec) after
cutting through an engine nacelle. Engine failures of this nature are immediately
known to the crew and because the extent of damage to the primary structure is not
known, care is normally exercised to minimize loads for the remainder of the flight.

Inspections after an occurrence of this nature are extensive.

Fatigue and Damage Tolerance

A fatigue and fail-safe policy for a composite wing must be established to pro-
vide a structure which has unlimited life in service while meeting all the strength,

durability and flight safety requirements of its mission.

The fatigue and fail-safe design policies must meet or exceed the current re-
quirements defina2d in FAR 25, (Reference 2), Examples of specific policies applicable

to composite wing structure are given in the following sections.

Fatigue, - The basic fatigue policy for a composite wing is that the structure
shall not be life limited in operational service. This means that with normal
operation, inspection, maintenance, and repair, it is intended that the ulti-

mate retirement of the structure, when it occurs, would be for reasons other than
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structural fatigue, economic obsolescence, accidental damage, or other unpre-
dictable causes. An uwnlimited life structure can be achieved by the proper
choice of materials and processes, design stress levels, detail design quality,

and adequate protection against corrosion, lightning, and foreign object damage.

Fatigue Loads &nd Environment: Fatigue loadings and enviromments will be de-
fined for the airplane. The fatigue loads must include a representation of the
operational loads for the conditions specified in Sections 25.321 through Sec-
tion 25.511 of FAR 25 and for other loading conditions that are likely to occur during
the life of the aircraft. Special emergency loading conditions, loading conditions
resulting from a prior readily detectable failure, and other loading conditions will
be reviewed and if warranted will be consridered as part of the fatigue loading. In
addition, the loads induced from deflections and thermal expansion in adjacent con-
nected structure shall ve considered. The design enviromment will be representative
of the most severe humidity and temperature profiles to which the aircraft can be

expected to be exposed in operational service.

Material and Processezs: The basic material system(s) selected for the compo-
site wing structure wiil be fabricated to appliceble material and process specifica-
tions. Where data are not available for these specific materials and processes,
fatigue tests, including spectra tests, will be conducted to determine the suit-
ability of the material or process for this application. The effects of enviromment
on the strength and durahility of the composite material will be fully evaluated
by testing and allowed for in the design. )

Test Requiremen’s: Development tests must be carried out to provide data for
design and to demonstrate the attainment of the design requirements. Fatigue testing
of material coupons, structural elements, subcomponents, and large-svale wing compo-

nents must be conducted.

Fail-Safe. - A fail-safe policy Will be established to ensure that flight safety
is meintained in the event of structural damage of ressonable magnitude. BSuch dam-
ege may arise from unreported accidental impact, minor collision, turbine disk pene-
tration, small arms fire, or other sources as well as fatigue. A detailed discussion

of the possible damage conditions is presented in the Foreign Object Damage section.
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Fail-Safe Loads: A composite wing structure shall be designed such that for . j
any specified type and level of fail-safe damage, it will sustain 100 percent limit E
. r
load of certain conditions. AR
£y
Damage Tolerance Requirements: Fail-safe structur=zs shall be designed for sev- ;
eral types of assumed damage. Examples of the types of damage to be considered are: ;
e Any single member in the substructure completely severed. TFor fail-safe
purpose=, a single member is eny redundant structural member or bthat part :
of any member of several elements where the remaining part can be shown to t
have a high probability of remaining intact in the eveni of the assumed ‘
failure, It must be demonstrated that the damage to the assumed severed
part must he readily discoverable by normal inspection methods.
e A delamination between any two separately cured composite members which are 5
adhesively bonded together. The extent of delaminabtion shall be between ;
either effective delamination stoppers (such as mechanical fasteners of .
joints) or the maximum extent of delamination that could occur before being 75

detected by normal inspection procedures,

o Delamination between individual plies at the midplane of skin surfaces and
shear webs. The extent of delamination shall be assumed egual to a circular @
area with a diameter equal to the distance between effective delamination f
barriers or the maximum extent of delamination that could occur before being @
detected by normal inspection procedures. Delamination barriers are con- i
sidered to be mechanical splices or a row of fastenérs spaced so as to pre-
vent extensive delamination. A reinforcing member either integral or bonded

to the skin is not considered an effective delamination barrier.

¢ At any location in external skin surfaces, a 30 cm (12 in) long cut through ‘

the skin and any members integral with or Londed to the skin.

o At a cutout, a cut through the skin or web extended from the edge of the cut- ,
out to an effective damage barrier. The direction of cut for each case ‘

should be based on a rational mode of damage initiation and growth. An _ |
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effective damege harrier in this case is considered to be & separately cured

composite member either mechanically fastened to the skin or adhesively bonded

and mechanically fastened to the skin with sufliclent fasteners to prevent

extensive delamination. The effectiveness of other types of barriers must be \
demonstrated by testing. ToLy
e All fail-safe mechanical joints and skin splices shall be designed to have 4

sufficient shear lag to distribute loads from the failed section. This can |
generally be echieved by designing the Joint to be bearing critical. Suf-
ficient strength and ductility shall be provided by the fasteners to prevent '

progressive shear failure or progressive tension pullout of the fasteners. ﬂ

a For local areas of the structure not meeting any of the sbove damage criteria,
it must be shown by tests thet the maximum extent of damage that is likely |
to be missed by a specified-in-service inspection technique must not grow to
8 critical size for the fail-safe loading condition within a given check

inspection period,

For all demage cases it must be demonstrated by analysis and/or test that de- “

tectable damage will propagate slowly under normal operational leoads so that detec-

v ‘_\

tion and repalir are ensured hefore reaching the fail-safe damage size. Also the
occurrence of any single damege case will not result in filutter divergence, uncon-

trollable vibration, or leoss of control at speeds up to the VD boundary .

To accomplish the transition from current meterial and practices to use of
composite in wing primary structure, extensive developmental and veriiicatiun
testing will be required. The scope of these tests must be such as Lo provide the
confidence that there are no technological facters inhibiting the use of composite
structure in commerciel transport design. These tests must provide the necessary
data to completely characterize the material system as well as to verify the ade-

:
Test Requirements
quacy of the basic design.

The orderly development of this technology base requires & test program that

progresses from small coupcons to subcomponents and finelly io lerge full-size

compcnents. Guidelines for these tests are presented in the following text with
some examples of specific test requirements stated.
J




Material Characterization West, - The characterization of the basic malerial

system(s} must be conducted initielly in any test program to provide the date base
for the design effort. In eddition to strength and stiffness, some other considera-
tions that must be identified early in the test program include: moisture absorption,
hygro-thermal expansion, the influence of hygro-thermal cycling on properties, en-
virommental degradetion of properties, Iree-edge delamination, the effects of inter-

laminar shear and hole size effects.

Proof of Structure (Static). - The static strength of the composite design should

be demonstrated through a program of component ultimate load tests, in the appropriate
environment, unless experience with similar designs, material systems, and loadings

is available to demonstrate the adeguecy of the anelysis supported by subcomponent
tests, The component ultimate load tests may be performed in an ambient atmosphere

if the effects of the enviromment are reliably predicted by coupon and/or subcompo-

nent tests and are accounted for in the statiec test results.

Structural static testing of a component may be conducted on either new struec-
ture or structure previously subjected to repeated loads, If new structure is used
to determine proof of complience, coupon tests should be conducted to assess the
possible material property degradation of static strength after the spplication of
repeated loads and should be accounted for in the results of the static test of the

new structure.

Composite designs that have low operational stresses relative to ultimate
strength, or designed by fatigue, may be substantiated by analysis supported by

.

coupon and/or subcomponent testing.

Proof of Structure (Fatigue/Damage Tolerance). - The evaluetion of composite

structure should be based on achieving a level of safety at least as high as that

currently required for metal structure.

All structure covered by FAR PART 25.571 and 29,571 should be evaluated in

accordance with the following sections:

Fatigue (Safe-Life) Evaluation: The fatigue substantiation of components
should be accomplished by full-scale component fatigue tests accounting for the
effects of the appropriate enviromment. Sufficient component, subcomponent, or

coupon tests should be performed to establish the fatigue scatter and environmental
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effects. The scatter factor determined should provide equivalent safety to that of
conventional metal components. It should be demonstrated during the fatigue tests
that the component stiffness has not changed to the extent that safety of the air-
craft would be impaired.

Damage Tolerance (Fail-Safe) Evaluation: The nature and extent of tests on
complete structures and/or portions of the primary structure will depend upon appli-
cable previous damage tolerant design, construction, test, and service experience
on siwilar structures.

Experience with FAA-gpproved designs must be available in the long term to
demonstrate the adequacy of th. damage tolerant approach.

In the absence of experience with similar designs, FAA-approved structural
development tests of components and subcowmponents should be performed. These tests
should demonstrate that the residual strength of the structure can withstand the
specified limit loads (considered as ultimate) and be consistent with initial detecta~
bility end subsequent growth of the damage under repeated loads, including the effects
of tewmperature and humidity, Crack growth rate data should be used in establishing
a recommended inspection program. These tests must be completed to establish the

damage tolerance base for future certification of primary advanced composite structures.

The effects of moisutre and temperature should be accounted for by adjustment
of the test load spectrum or damage growth time from the results of separate re-
peated load tests of coupons of subcowponents.

The residual strength tests to the specified limit loads should be pertormed
on the development test component with appropriate damage simulation. The structure
mist be eble to withstend static loads (considered as ultimate loads) which are
reasonably expected during completion of the flight on which damage resulting from
obvious discrete sources occur (i.e., uncontained engine failures, hail stones, ete.).
The extent of damage must be based on rational assessment of gervice mission and
potential damage relating to each discrote source.

Sonic Fatigue

Wing structures such as the area aft of the rear spar, the ailerons,

flaps, vanes, slats, and wain undercarriage doors are subjected to a high noise
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environment during landing and takeoff. The high noise levels may occur in conjunetion
with high surface temperature and humidity. These structures are also subjected to
impact from hail, debris thrown up by the tires or by tools dropped on the structure
during routine service or even during fabrication, The impacts may produce fiber
damage and/or delaminations not visible by surface inspection and difficult to

detect by non-destructive testing.

The sonic fatigue design criteria isg that the structure wmust be designed to
withstand the acoustic loading without fatigue fallure throughout the design life
of the aircraft. In the event that strict adherence to this policy leads to undue
complexities and/or weight penalties, the aircraft structure is to be designed
to meet the fail~gafe requirements. The object of the fail-safe policy is to ensure
that flight safety is maintained in the event of structural damage of reasonable
magnitude. The impact sensitivity of graphite fiber composites requires that
impact demaged structures which are simultamesously subjected to high acoustic environ-

ment must meet the fall-gafe reguirement.

The general sonic fatigue design criteris can be met by any of the following
methods:

e Sonic fatigue anelyses, based on empirical rendom fetigue data for critical
structural components, which indicate an adequate margin on stress level for
a meen life equal to the design life.

e Sonic fatigue analyses substantiated by existing test data on similar struc-

tural configurations which indicate a mean life twice that of & design life.

e Analysis of test data on the actual structurel comporient (multi-bay type)

which indicates a mean 1life greater than the design life.

The empirical random fatigue and structural response data employed in the above
procedures must include effects of adverse environments such as humidity and

temperature.

In the past, crack growth due to random acoustic loading has not been included
in the sonic fatigue criterie. However, the poor impact strength of graphite fiber
composites reises the possibilities of structures with undetected fiber damage. Thus,
the sonic fatigue resistance of dameged structure may form the basis for the future
design criteria of composite structures. Analysis procedures are available to pre-
dict the response of cracked penel type structures. However, the analysis pro-

cedures are dependent on empiricel random crack growth data.
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The difficulty of inspecting internasl structure requires that the sornic fetigre
resistance and also impact resistance of the internal structure should be better than

the surface skins.

The relative fluid state of current structural design concepts has prevented the
acquisition.of empirical data suiteble for design purposes. The very limited avail-
eble random fetigue data is only spplicable to a single fiber and resin system now
out of favor, & single fiber orientation, and fabrication which is not cost effec-
tive. The current trend, for cost reduction purposes, is towards single-stage cure
integrally stiffened composite structural fabrication. Sonic fatigue capability is
highly dependent on theldetailed design. In the integrally stiffened panels, the
panel-stiffener junction is the critical location in the design. Potential failure
modes at this location are interlaminer shear, delamination from peel type loads in-
troduced by face sheet bending and fiber fracture. It is necessary to develop
random fetigue data for the critical locations prior to the final design stage in
order to optimize the design. The improved sonic fatigue capability of the graphite
fiber composites over aluminum alloy requires optimum structures to be used in the
nonlinesr response region. No enalysis method is currently available to predict
nonlinear stiffened composite panel response to random acoustic excitation. This

analysis capability needs to he developed.

No data is currently available on the response of cracked composite panels.
No random crack growth data is available for composite panels. Crack growth or flaw
growth in composites can be adversely affected by the higher random stress levels
{nonlirear) in sonic fatigue optimized penels. The most critical damage or crack
location, together with its subsequent behavior and growth rate, remains to be

established by testing.

Damping studies conducted on free-free graphite fiber beams indicate material
damping comparable to aluminum. The majority of damping in wing and fuselage is
assumed to come from the structural Jjoints of riveted construction. Integrally
stiffened one-piece machined aluminum panels exhibit very low structural damping.
The implication on integrally stiffened graphite fiber construction or even bonded
stiffener construction is that the structural damping could be mich less than for
riveted metal wings. Damping rould be added artificially using uniaxial high
modulus graphite fiber constraining layer damping treatment. This has been tested

at Lockheed on a 163 cm (64 in) long, 15.2 em (6 in) deep aluminum channel section
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beam. Added damping would, however, result in some reduction in the structural

efficiency.

Flutter Criteris

The design of the wing box, control surfeces and mejor component support struc-
ture must meet the minimum stiffness levels necessary to meet the flutter require-
ments of no lesg th.n 3-percent demping up to VD and 20-percent speed margin above
VD.

attachment and ectuetion backup structure as well as propulsion system support

Component suprort structure includes leading and tralling edge control surface

structure. The approach to the design and analysis of composite material structures,
to provide flutter safety, is basicelly identical to that for metal structures. 1In
fact, a more optimum structure, in terms of minimum weight, can be realized &s a re-
sult of the greater capability of teiloring the structure, for example, to meet
specific levels of bending and torsional stiffness. In general, it is expected that

methods and procedures will follow those established for metal structures.

Crashworthiness

The present approach to crishworthiness of the airframe is to assure that
occupants heve every reasonable chance of escaping serious injury under realistic
and surviveble crash conditions. The use of composite structure in areas where
failure would create a hezerd to occupants should be shown to. have crashworthiness
capability equivalent to conventional structure materials in dimeunsions appropriate
for the purpose for which they are used. In generel, this equivalency would be

shown by comparative snalysis supported by tests as required,
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APPENDIX E ;

DEMONSTRATION ARTICUE DEVELOPMENT OPTION ‘ﬁ

Lq

The selected articles to demonstrate and validate technology readiness are j

presented as the last task of the Wing Structure Development Program plan. A

ma.jor engineering and mapufecturing effort was also proposed as a wing structure

development program option und presented here for planning information only. The
proposed plan encompasses the detailed engineering design of a significant portion ‘
of a high aspect ratio commercial transport wing shown in Figure 81. The wing box q
demonstration article, which is represented by the shaded area of the figure, con-
sists of approximately LO m2 (500 fte) of planform area. 'This reginn of the wing
is highly loaded; contains fuely interfaces with the main landing gear, propul-
sion system and control surfaces; and includes the wing-to-fuselage major pro-

duction joint.

The option was planned in sufficient detail to define the scope of the task, to
develop epgineering, manufacturing and testing schedules, and to estimate Lhs re~
sources required to perform the various subtasks. Consideration for facilities and
equipment needs to build the demonstration article was =alsc made. The detailed 2

schedule and significant milestones are shown in Figure 82.

Detail Design and Analysis

Layout ani detail drawings required to fabricate the demonstra!ljon article
(Figure 83) will be developed. The project will operate as for a protutype model,
thus eliminating the massive drawing system required for a produ-tion airplane. Tn
addition, it is postulated that the majority of layouts, assembly, and detail drawings
will be drawn using the lLockheed-California Company CADAM (Computer Augmenied Design
and Manufacturing) interactive computer graphics system. Significant reduction of

time span, manhours, and cost of drawing the composite wing structure is projected.

A more detailed finite element structural analysis model will be developed to
support the design-~analysis effort. The design loads produced in the preliminary
design will be reviewed for completeness and supplemented as required. The effects

of local loads from the landing gear, engine pylon, and contrel surfaces will be

inclnuded in the design.
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Demonstration Article Option for Techaology Readiness
Verification
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‘ . 5
The key factors that must be addressed in the declsion process will be verified v,
and documented. These include: ?
e Assembly strain control X
® Accountability of thermal strains 4
4 "!
e lLayup considerations for component design: (1) static strength and stiff- -“?
ness, (2) fatigue and notch sensitivity, (3) buckling, (4) resi- é
dual strains and stacking sequence, (5) crack propagetion/softening strips, ' j
1
(6) impact, (7) multiple groups - cost vs. interiaminar shear, (8) tape vs. i
fabric, (9) tapering technique - cost vs. weight. }
e Metallic interface corrosion protection i
¢ Bonded joints - step lap vs. scarf |
e Mechanical Jjoints - piteh/ED vs. layup )
|
¢ Drilling and machining ]
o Tooling for control of critical dimensions (built-up assemblies, fit toler- Q
ance on secondary bonds) e
@ Peel and flatwise tension limitations for cover-substructure interface joints
¢ Test plans for demonstration tests
# Analysis reports substantiating the design

Wing Box Fabrication

The proposed demonstration article will consist of a complete wing box extend-
ing 13.4 m (525 in)} outboard from the root joint. The box will include the upper
and lower skin covers, the front and rear spar and sixteen full-~size ribs. Fig-
ure 83 depicts this mssembly, All components will be fabricated on production-type
tooling by production personnel in a production enviromment. The fabricetion of

the components and the assembly of the components into a structure which meets
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Engineering and Quality Assurance requirements will demonstrate the validity of all
tooling and processing concepts involved. Further, it will demonstrete that all
contributing orgaenizetions have the understanding and ability to proceed with a

composite wirg production program.

Additioral detail on typical tooling and fabrication processes involved in

manufacture of wing components are described in Appendix A.

Demenstration Tests

A series of static tests will be conducted on the full-scale demonstration
article. The test article represents a major portion of the primary wing box, ex-
tending from the wing root joint outboard to the break in the rear spar. It in-

cludes the support structure for the main landing gear, the engine pylon, and con-

trol surfaces,

The wing box structure will be subjected to limit leoad tests for selected cri-
tical conditions, fail-safe tests, and an ultimate load test for the most critical
condition., Included will be tests of specific local structure, e.g., the landing
gear and pylon support structures. In the fail-safe tests, major members such as
spar caps will be severed and the structure loaded to demonstrate fail-sale capa-
bility. After testing, these imposed damages will be repaired and the integrity

of the repairs verified in subsequent tests.

The applied loads will match the design stear, moment and tension loadings for
the selected conditions, The structyre will be supported and the tosts leads re-
acted as in the actual gircraft installation. Loadirgs will be applied to the wing
surfaces through multiple hydraulic actuators pushing on wing loading pads. Other
loadings produced by control surfaces, landing gear structure and engine pylon
structure will be applied by hydraulic actuators acting on simulated hardware

attached to the wing structure as in the actual installistion.

The test article includes all of the major design features and the high load
introduction and redistribution areas. The demonstration tests will provide all of
the necessary data to validate design philosophy, design allowables, analysis

methods, fabrication techniques, inspection methods and repair techniques, and,
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thereby, provide the confidence needed to proceed with the design and manufacture

of production wings.

Fabrication Facilities Requirements

Composite fabrication facilities required for the demonstration article fabricea~
tion was premised to be provided by shared wtilization of facilities available from
cther composite work. The production go-ahead on the [~1011 composite fin program is
anticipated late in 1981. As a result, avtomated tape laying equipment, ovens, and
refrigeration capable of supporting the wing development program will be available.
Lockheed's existing 6.7 m (22.0 ft) diameter, 18.3 m (60.0 £t) length autoclave will

accommodate the largest of the components planned in the wing development program.

A composite assembly area will be activated at Factory B-1 to assemble the wing
box demonstration article. Table 30 includes the details on this area. An area lay-

out of the planned location in the o-1 factory is shown in Figure 8k.

Resources

The development option will require approximately 500 equivalent man-years of
engineering, manufacturing and testing effort over a b~year perind from 1083 through
1986. The equivalept man~years include both direct labor cost and the equivalent
labor cost of materials.

Table 31 presents an estimated equivalent labor expenditure schedule over the

Y-year period for the development option.

The engineering effort premises a continual build-up of personnel from the pre-~
liminary design task to the prototype development activity with a peak occurring in
1983. The overall peak manpower needs for this development option occurs in 1984
with the large work force required %o manufacture the large demonstration article,

A limited ground test of the demonstration article is premised. Expanding the scape
of this effort to ineclude spectrum fatigue testing would tend to increase the re-
source needs for testing by approximetvely S50-percent and the testing schedule by

approximately 10-months.
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ORIGINAL PAGE I5-
| OF POOR QUALITY
TABLE 30. WING BOX DEMONSTRATION ARTICLE OPTION ASSEMBLY AREA REQUIREMENTS

ASSEMBLY |  SIZE FLOOR S
Wx L WORK: AREA | REQUIRED
R any. = (@) 2 ) b
Major Assembly Area ;J;j@
Box Assembly Pickup and- f.1 x 13,4 12.2 % 19,5 o
Instelletion 1 (20 x 44) | (ko x 64) | 238 (2560) [
Box Assembly Jig : 1.5 x13.4 7.6 x 19.5 | |
' S _ 1 (5 x 4b) | (25 x 64) | 1k9 (1600) o
Component Preassembly Fizture _ 0.9 x 13,4 k.6 x 18.0 - L
: - 2 (3 xhh)| (15x59) | 164 (1770) e
“Area Contingency - 55 = (593) H‘%
Total 606 (6523) P
Bench Assembly Ares ‘ V : ;
.Wiork Bench 0.9 x 2.4 | 1.8 x 2.7 . P
S . 8 { 3x8) { 6x9) ko (432) Lo
In-Process Packege 0.9 x 1,8 1.5 x 1.8 . e
Co _ "6 (3x6) | {5x6), .17 . (180)
Floor Stock 1.2 x 1.8 | 1.5 x 2.5
S 3 | (bx6) F (5xT) 10 (105}
Peripherel Machinery : 0.9 x 2.4 1.5 x 1.5
6 | (3x4) | {5x5) ik (150)
Area Contingency 8 (86)
Total A 89  (953)
Tncoming In-Process ©-ld Aree 0.9 x 9,11 1.5 x 10.4
1 (3=30)| (5x3h) 15 (170)
Stockroom Area ; Wot required
llet Area Required | 710 (76L6)
Unusable (electric Panels,
stairvells, ete.) S . 71 (76W)
Plant Aisles : es  (917)
TOTAL GROSS AREA 866  (9327)

llote:

The aree will contain a central vacuum system in addition to normal
factory utility installetions, work benches, hand equipment, stock
racks, work stands, access pletforms, and a labor hour input terminal.
TABLE 31. DEVELOPMENT PROGRAM OPTION COST MATRIX (EQUIVALENT MAN-YEARS )
FUNCTION 1983 198k 1985 1986 TQTAL
Engineering 105 TL 23 11 210
Mauufacturing 25 S8 60 - 190
Test - - 68 32 100
Total 125 176 161 13 500
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