
UNCLASSIFIED

AD NUMBER

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

ADB013240

Approved for public release; distribution is
unlimited. Document partially illegible.

Distribution authorized to U.S. Gov't. agencies
only; Test and Evaluation; FEB 1976. Other
requests shall be referred to Air Force Flight
Dynamic Laboratory, Structures Division, FBS,
Wright-Patterson AFB, OH 45433. Document
partially illegible.

afal ltr, 22 may 1978



■■Pi« rr-w-w" 

/ 

THIS  REPORT  HAS BEEN DELIMITED 

AND CLEARED FOR  PUBLIC  RELEASE 

UNDER DOD DIRECTIVE 5200(2Ö AMD 

NO  RESTRICTIONS ARE   IMPOSED UPON 

ITS  USE AND DISCLOSURE. 

DISTRIBUTION STATEMENT A 

APPROVED FOR PUBLIC RELEASE; 

DISTRIBUTION UNLIMITED, 









——»l^pppw^i ,l11   ' ' ——" '■ " ' -mm   

IJNCIASSIFIHD 
ttcumrv c>.>ut>ic*Tiow or TMII »oifiwi— p«« «»mxj 

V 
^characteristics of this aircraft are compared to a fighter, designed to the same 
mission, which utilizes advanced metallic structure and about 10 percent of 
advanced composite materials, 

; 

20. ABSTRACT (Continued) 

UNCLASSIFIED 
SECUNITV CLAIUPICATION Of TMI» P*oef»»WB Dmlm Knimnd) 

mmmm 



■"^■'WT^'^ i.i!ipjjjpilS,iiu.i  .1 IM N iii.iiiiiii i ,mpw... ■niHiw.wiMi   IH.I..IP.IIIHM..II.. MI,I,I.  i    )J.J— 

■ 

I 

FOREWORD 

This report was prepared for the Air Force Flight Dynamics Laboratory 
(AFFDL) by the Los Angeles Aircraft Division of Rockwell International. 
This is the final technical report for the Advanced Design Composite Air- 
craft (ADCA) study program, conducted under contract F33615-75-C-3157, 
project task No. 1368-01-35. The period of contract performance is 
25 June 1975 to 19 December 1975. Submittal date of the final report is 
February 1976, Mr. Larry Kelly, AFFDL/FBSC, is group leader, Advanced 
Structure Technology Group, Structure Division of the AFDL, and Capt. 
E. T. Bannink, AFFDL/FBSC, is the ADCA project engineer for the USAF. 
Mr. B. F. Baumann is program manager for Rockwell. Key assistants are 
Mr. E. Jaffe, deputy program manager; Mr. D. Robinson, configuration 
development and mission trade studies; Mr. F. McQuilkin, structural de- 
sign; Mr. T. Goebel, aerodynamics; Mr. P. Jesse and Mr. M. Nadler, manu- 
facturing; Mr. G. Minnick, mass properties; Mr. L. Young, propulsion; 
Mr. F. Reimer, operations and cost analysis; Mr. T. Matoi, structure 
analysis; and Mr. C. Crother, flight controls. 
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V Limit speed, nautical miles 

V (lb) Vertical shear 
S 

V Transverse Poisson's ratio yx 

W - Weight flow, lb/sec 

W^ (Ib/hr) - Fuel consumption 

W Takeoff gross weight 

W/S Wingloading, psf 

Wv/fl/fit- (lb/secj    - Engine inlet airflow corrected 
to sea-level standard 

X Cartesian coordinate - subscript, x-direction 

Y Cartesian coordinate - subscript, y-direction 

a Angle of attack, deg 

P Angle of sideslip, deg 

Ar - ^oatt:ail drag 
dß Ideal gross thrust 

Ac . Plug drag  
'dq Ideal gross thrust 

»r _ External nozzle friction drag 
fe Ideal gross thrust 

Internal nozzle friction drag 
in Ideal gross thrust 

ALE Leading edge sweep of reference trapezoidal wing, deg 

gf Flap deflection, deg 

8r,8R Deflection of trailing edge flap or rudder, deg 
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Section I 

INTRÜIXJCTION AND SUGARY 

PROGRAM OVERVIEW 

OBJECTIVE 

The objective of the ADCA study program was to exploit the benefits of 
advanced canposite materials at the conceptual design phase of an advanced 
high-performance fighter.    The study was to utilize the high specific strength 
properties   (thin wings, higher aspect ratio)  and variable anisotropic prop- 
erties  (aeroelastic tailoring) of advanced composite materials in the design 
of a credible,  realistic,  lightweight, and reliable future fighter aircraft. 
The design was to incorporate unitized construction and low-cost assembly 
techniques to achieve cost reduction through a lower weight, smaller air- 
frame design.    The integration of composite material structural components 
with air vehicle subsystems was to be assessed.    The cost and performance 
payoffs of advanced composite materials were to be assessed relative to 
advanced metallic structure.    In addition, technology gaps were to be identi- 
fied in the categories of structure analysis, design, manufacture, main- 
tainability, and seivice Jife, and development programs were to be defined 
that would allow low-risk system application of advanced composite materials 
in the early 1980 time period. 

APPROACH AND STUDY PAYOFF 

The approach to conducting the study was to first select a design mis- 
sion and define an all-composite  (70 to 80 percent of the structural weight) 
baseline configuration which met these mission requirements.    Then, using 
the same configuration concept, mission, and design requirements, a baseline 
configuration was defined which utilized advanced metallic structure.    Since 
some use of composite materials in aircraft design is now considered state- 
of-the-art, the advanced metallic configuration was permitted by study ground 
rules to incorporate advanced composite materials up to 20 percent of its 
structural weight.    This was interpreted to be secondary type of structural 
components such as leading and trailing edge high-lift devices, control sur- 
faces, and weapon bay doors. 

These two aircraft designs were to be compared in the categories of: 

• Takeoff gross weight 

• Fmpty weight 
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• Flyaway cost 

" Life cycle cost 

" Aircraft performance characteristics 

• Fuel consumption 

The study payoffs, however, go beyond just identification of payoffs for 
advanced conposite materials in the aforementioned categories.    The study 
calls for rigorous application of 1980 advanced composite technology level 
in the design of a future fighter at the conceptual design phjjse.    This is 
an entirely different problem than designing composite component substitu- 
tions for metal counterparts.    The payoffs of this design exercise would, 
therefore,  result in the development of methods to apply composite materials 
at the point in the design cycle of an aircraft development when the benefits 
of conposite materials could be maximized.    The study payoffs would also 
include identification of technology gaps and definition of required develop- 
ment programs. 

: i 

PROGRAM TASK DESCRIPTIONS 

The program was organized into four technical tasks with subtasks, as 
shown in Figure 1, plus reporting. 

Task I set the stage for the ADCA study by defining the mission and 
design requirements of the air vehicle, by sizing the two configurations, 
and by formulating a payoff assessment method (and exercising it at a pre- 
liminary level) which would properly compare metal and conposite aircraft. 
The initial configurations, at the start of task I, were refined at the 
conclusion of task I, based on evaluation of mission and design trade studies, 
conposite application trade studies, manufacturing assessment of and influ- 
ence on the initial configuration, and aerodynamic development and analysis. 

At the conclusion of task 1, 12 weeks after contract go-ahead, a formal 
briefing was presented at WPAFB.    The purpose of the briefing was to estab- 
lish the viability of the configuration concept.    Following this presenta- 
tion, the Air Force was to make a decision whether the program was to be 
terminated or continued, and if continued whether it would proceed as planned 
or modified to reexamine the configuration or some other program variation. 

The purpose of task II was to develop vehicle structural and configura- 
tion definitions which would provide the basis for further detail design 
and payoff analysis in tasks III and IV.    In line with the major thrust of 
the program, emphasis was to be placed on maximum exploitation of composites 

mum n r     ■      -■      ■——-  - „-Hjg^rtjglm^ljigH! türiMM 
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to produce a minimum cost aircraft meeting mission requirements.    Emphasis 
was also to be placed on credibility through the detailed development of 
designs and analysis and a concurrent, closely integrated, manufacturing 
development. 

The purpose of task 111 was to examine certain areas of the preliminary 
design which were known trouble spots  for application of the al1-composite 
approach,  and to create a manufacturing plan which would show that the design 
being evolved in task II  could be built with low-cost  techniques.     In par- 
ticular,  the joint  interface design problems associated with the joining of 
major airframe components were to be addressed to optimize these connections 
to minimize the associated cost/weight penalties to the composite airframe. 
The airframe components were to be assessed for in-process  and service damage 
vulnerability.    These assessments were to lead to classification of the types 
of damage expected to occur,  and proposed depot and field repair methods to 
restore the damaged hardware to its design strength.    The task was to define 
inspection procedures and techniques  required to insure quality and reliabil- 
ity assurance for the proposed manufacturing and tooling concepts proposed 
to support the high-rate production of the composite airplane. 

The first purpose of task IV was to compare the all-composite baseline 
from tasks II and 111 with the metal baseline developed in task I.    The 
principal payoff index was to be lower cost to perform the same mission role 
and the second index was to be increased performance.    The second purpose of 
task IV was to ilentify the key assumptions which support the payoff assess- 
ment,  and to determine what mast be done to accomplish the necessary advances 
in the state-of-the-art by 1980.    Advanced development plans   (ADP's)  needed 
by the all-composite design were to be formulated.    The focus of these ADP's 
were to be toward the developments which must be accomplished before an all- 
composite airplane could be built with acceptable risk. 

A similar contract was awarded to Grumman Aircraft Corporation and, 
following contract award, it became apparent the AFFDL, as a result of 
budget cuts within the structural division, did not have sufficient funds 
to continue both Grumman and LAAD contracts.    It became necessary to stop 
one contractor at the conclusion of task I.    The contract with LAAD was 
terminated after completion of task I.    This report thus includes the 
results of task I activities only. 

MASTER PHASING SCHEDULE 

Each subtask activity shown in the task flow diagram is shown on the 
master phasing schedule in Figure 2 plus significant reporting milestones. 
The vertical scale on the right side of the schedule indicates program dollars. 
The dashed line running diagonally across the schedule shows scheduled expendi- 
tures.    As the program progressed, actual expenses were shown as a solid line 
on a weekly basis.    The value of work performed is shown as a third coded line. 
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TASK I SUMMARY 

Task I activities were conducted as shown on the work flow diagram in 
Figure 3. The ADCA point design mission was selected from representative 
tactical fighters mission desires (discussed in Section II) and used for 
sizing the initial contract configurations for both the all-composite base- 
point and advanced metallic basepoint shown in Figures 4 and 5. Using these 
two basepoint aircraft, trade studies were conducted on a family of wing 
geometry variations (aspect latio, thickness, wing loading, and sweep) and 
sensitivity studies were conducted for drag, weight, and mission parameters. 

ALL-COMPOSITE 
BASELINE 

CONFIGURATION 

T 
ADVANCED 
METALLIC 

BASELINE 
CONFIGURATION 

CA MISSION 

TRADE STUDIES 

COMPOSITES 
APPLICATIONS 

TRADE STUDIES 

I 
BASELINE 
STRUCTURE 
DEFINITION 

I 
AERODYNAMIC, 

PROPULSION, 
MASS PROPERTIES 

ANALYSIS 

I 
WING OPTIMIZATION 
TRADE STUDIES 

AR, t/c, w/s, A. 

SENSITIVITY 

TRADE STUDIES 

AWT, DRAG 

MANUFACTURING, 
PERFORMANCE, 
COST ANALYSIS 

I 
REFINED 

BASELINE 
CONFIGURATIONS 

I 
PRELIMINARY 
PAYOFF 
ASSESSMENT 

LAAD IN-HOUSE SUPERCRUISER WIND TUNNEL PROGRAMS AND FIGHTER STUDIES X 

Figure 3. Task I activities. 
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The two initial baseline configurations were also subjected to detailed 
aerodynamic, propulsion, and mass properties analysis. Baseline structure 
diagrams plus material and structural concept drawings were also prepared 
for both baseline configurations. Trade studies on the al 1-composite 

configuration included variations in structural concepts for the outer wing 
panel, wing cany-through structure and fuselage. Manufacturing analysis 

included an interface with engineering to influence structure design toward 
low-cost fabrication methods and also included development of preliminary 
tooling concepts, manufacturing breaks for few components and unitized 

construction, and development of a preliminary assembly sequence. Following 
the analysis and trade study activities, the data was evaluated for selection 
of design parameters to be used for a design iteration of the initial base- 
line configurations into refined baseline configurations to be recommended 
for subsequent task 11, 111, and IV studies. 

Sections II through IV of this document include details of the afore- 
mentioned task 1 activities. A three-view drawing is shown in figure 6 of the 
baseline all-composite configuration. This is the baseline which was recommen- 
ded for further study in tasks II, 111, and IV. 

CONCLUSIONS 

Preliminary assessment indicates that the composite baseline aircraft 
provides significant payoff in comparison to the metallic baseline in terms 
of both weight and cost. Performance is identical for the two airplanes in 
terms of radius, payload, and cruise speed but there are advantages for the 

composite baseline in maneuver performance. The two airplanes are compared 
in Table 1. The cost of the all-composite aircraft was calculated at two 

values for cost of composite material. One value was 20 dollars per pound, 
generally believed by the industry to be achievable by the early 1980 time 

period. However, since there is some doubt that this value will be achieved, 
a second cost comparison was made using a value of 35 dollars per pound for 
composite materials. This compares to 39 dollars per pound actually being 
paid today for composite materials. 

Weight differences between the two airplanes are at a lower percentage 
than ordinarily seen in earlier similar studies. The reason for this is that 

both of these airplanes use the same engine, and off-design performance capa- 
bility (transonic and supersonic maneuver) is allowed to be a variable. If 

maneuver were held constant and rubberized engines were used the differences 
of weight between the two airplanes would be substantially increased. 

V 
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TABLE 1. COMPARISON, ALL-CCMTOSITE VS ADVANCED 
METALLIC BASELINE CONFIGURATIONS 

Composite i 
Parameter -4B Ccnposite -5A Metallic Payoff 

Total Program Cost, 300 Unitsa» b 823.84 1263.77 439.93 
Average Unit Costa, b 2.746 4.213 1.467 3 

] 

Total Program Cost, 300 Unitsa, c 951.90 1263.77 311.87 ■ 

Average Unit Costa 3.173 4.213 1.040 
Takeoff Gross Weight 31303 35108 12.11 

19 

Wing Area 400 Ft2 500 Ft2 -- 1 

Wing Loading (PSF) 78.3 70.2 -- 

Engines F404-GE-400 F404-GE-400 nm I 
Installed Thrust-to-Weight 0.763 0.680 10.81 1 

Structural Weight 8300 11346 36.7% I 

Empty Weight 20331 22763 12% 
Fuel Weight 6852 7642 11.5% 
Design Mission Radius 400 NM 400 NM -- 

Battlefield Mission Radius 252 NM 257 NM -5 NM 
Ferry Mission Range 2563 NM 2037 NM 526 m 

(no auxiliary) : 

Takeoff Distance 2251 Ft 2460 Ft 209 Ft 

Landing Distance 2505 Ft 2632 Ft 127 Ft 

Ps - 0.9M/30,000 Ft/5g ^5 FPS -9 FPS 4 FPS 
Ps ■ 1.2M/30,000 Ft/5g 266 FPS 172 FPS 94 FPS 

a 
Cost in million dollars - does not include RDT§E, avionics, or engines. 
^Cost based on $20 per pound for composite materials. 
'Cost based on $35 per pound for composite materials. 
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RECOMENDATIQNS 

Because of the very substantial potential cost payoffs in the use of 
conposite materials,it is strongly recommended that programs be formulated 
to continue the development of these materials, with emphasis on known problem 
areas, critical design areas, and manufacturing development.    These include 
the development of materials to be used as core structure in honeycomb 
panels to eliminate corrosion problems currently being experienced.    It 
also includes the detail design, test article fabrication and strength and 
fatigue testing of typical highly loaded joints such as wing to fuselage, 
fuselage break points, outer panel to wing center section, and landing gear 
carry-through structure.    Testing is required at the element and subcom- 
ponent level to ascertain combined fatigue/environment effect on long-term 
durability.    These are long-running, expensive tests which should be under- 
taken now. 

In addition,  development of matrix materials should emphasize higher 
temperature resistance to provide for future aircraft operating at higher 
mach numbers and to provide greater protection against combined effects of 
temperature and moisture at today's operating temperatures. 

Development of thermoplastic matrices is required to reduce moisture 
degradation and fabrication costs. 

Immediate development of manufacturing methods for integrated substructure/ 
cover structure is necessary to insure readiness in the 1980-85 time period. 
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Section 11 

OONFIGURATION DEVELOPMENT 

The  two baseline configurations, I)579-4B and -5A, respectively composite 
and advanced metallic designs, are the result of iterative design and mission 
changes which began before the Advanced Design Conqposite Aircraft (ADCA) 
request for proposal iRFP) was received. Rockwell International's supersonic 
cruise vehicle, or "supcrcruiser," concept was selected as an ideal demon- 
stration vehicle for use of composite materials. Preliminary vehicle syn- 
thesis was based on the RFP mission and the initial ADCA configuration design 
cycle was started. Aerodynamic, mass properties, and propulsion analyses 
were made and vehicle sizing and performance were calculated at an approximate 
level of effort encompassed by the heavy dark lines as shown in Figure 7. 
The resulting vehicle became the proposal vehicle (-4) shown in Figure 8. 
Changes in mission and/or vehicle requirements led to the -4A and -4B vehicles 
shown on the same figure. Parametric changes in the -4A vehicle led to the 
design of the advanced metallic vehicle, -5, and in a similar fashion, analysis 
produced the -5A vehicle. Level of analyses of effort of the -4B and -5A 
vehicles in general was represented by the lighter solid lines of Figure 7. 
Parametric vehicles and mission trades were conducted on these vehicles and 
the resulting changes were incorporated in the task II basepoint vehicles -4C 
and -53. These analysis levels in task II for these vehicles is expected 
to be nearly the maximum scope shown on Figure 7. 

This section will present only propulsion, mass properties, and analysis 
used to define these configurations. Aerodynamics characteristic will be 
discussed in Section III. 

Details of the vehicle definition presented within this section are 
primarily those of -4B and -5A, with the resulting -4C and -5B discussed 
briefly. 

SIZING GROUND RULES 

Vehicle sizing and development for the baseline aircraft was done through 
use of the Rockwell-developed Vehicle Sizing and Performance Estimation Pro- 
gram (VSPEP). This computer program utilizes baseline aero, propulsion, and 
mass property data coupled with a vehicle geometry representation to effect 
the scaling of the baseline aircraft to accomplish some specified criteria. 
For the ADCA contract, the primary criterion is the Deep-Strike Mission radius 
(defined in the next section). The performance of this vehicle was then 
measured against alternate criteria (i.e., the Battlefield Interdiction Mission 
and the Ferry Mission requirements) with variations made only in payload and fuel 
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AIR VEHICLE 
SYNTHESIS 

SIZING 
MISSION 
PERFORMANCE 
WING GEOMETRY 
TOGW 
TAKEOFF &  LANDING 
THRUST/WEIGHT 
WING  LOADING 

I 
CONFIGURATION 

DESIGN 

AERODYNAMIC 
ANALYSIS A DATA 

PROPULSION 
ANALYSIS A DATA 

MASS PROPERTIES 
ANALYSIS & DATA 

STRUCTURE A SUBSYSTEMS DESIGN 

FUEL    *  LANDING GEAR • PROPULSION • 
• SECONDARY POWER 
• FLIGHT CONTROLS 
• CREW STATION    »AVIONICS    • ARMAMENT    • ETC 

HYDRAULIC 
ECS    • ELECTRICAL 

TECHNICAL DISCIPLINES 
THERMODYNAMICS • FLIGHT DYNAMICS 

L-Ts/      SELECTED     \ 
^CONFIGURATION] 

0 INCREASING SCOPE 

• LOADS 
FATIGUE • STRUCTURE DYNAMICS • ACOUSTICS • 

• HUMAN FACTORS • RELIABILITY 
• SURVIVABILITY 

• LOGISTICS • ETC 

• MATERIALS 
• VULNERABILITY 
• VALUE ENGINEERING 

COST ANALYSIS 

Figure 7.    Configuration development process. 
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available, and the resulting takeoff weight, due to different alternate 
mission design criteria.    In addition, the vehicle performance was computed 
for takeoff utilizing various  flap settings and power settings, landing with 
and without thrust reversing, and acceleration ability at an altitude of 
35,000 feet.    The maneuverability of the aircraft at various mach, altitude, 
and load factor conditions was calculated, as was the variation in the Breguet 
range parameter ((M * L/D)/SFC).    All of these parameters were also computed 
when the wing loading was parametrically varied, and the results are presented 
in the section titled "Mission and Design Trade Studies." 

Pay load ground rules were a function of mission.    For the deep-strike 
mission, the assumed payload was two MK-84 laser-guided bombs carried inter- 
nally and, although the M-61 cannon was carried, no ammunition was provided, 
nor were any self-defense missiles.    For the battlefield interdiction mission, 
two self-defense missiles of configuration similar to the AGILE were included, 
as was 300 rounds of ammunition for the M-61 cannon.    Although the current 
version of the MK-84-LGB is not compatible with external carriage at 1.5 mach 
number, two weapons of that configuration were added to the two carried 
internally, as weight and drag characteristics were assumed to be representa- 
tive.    No weapons except the M-61 cannon were carried for the ferry mission. 
The maximun fuel volume of the vehicles was utilized, and additional tanks 
and fuel were added to the armament, bays.    The armament bay contained 
3,000 pounds in 300 pounds of tanks, supporting structure, and attachments. 

Maximum allowable takeoff and landing distance was set at 3,000 feet 
and a desired maneuverability level for the 0.9 mach,  30,000-foot, 5-G load 
factor case was assumed as approximately equal to a lightweight fighter 
class of vehicle (i.e., P   =0). 

DESIGN MISSION 

The ADCA was designed for the primary mission, a deep-strike mission, 
and two alternate missions; a battlefield interdiction mission and a ferry 
mission (see Figure 9). 

The deep-strike mission was based upon the requirement for an operational 
radius of at least 400 nautical miles, including a supersonic penetration of 
200 nautical miles beyond the FEBA. The weaponry compliment carried on the 
deep-strike mission includes two MK-84 laser-guided bombs and an improved 
M-61 cannon. 

The mission consists of a warmup and takeoff, a minimum-fuel climb to 
best cruise altitude, cruise at optimum mach and altitude to the FEBA, climb 
and accelerate to 1.5 mach number and optimum altitude, penetrate at 1.5 mach 
to the point of weapons delivery, drop stores, execute a 180° turn, egress at 
1.5 mach and optimum altitude, descend and decelerate (no time or fuel) to 
subsonic optimum mach and altitude, and loiter for 20 minutes at sea level. 
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The battlefield mission consists of the sane outbound and return legs 
as the deep-strike mission up to the FEBA. Fran the FEBA, the vehicle descends 
to 20,000 feet and penetrates at 1.5 mach for 50 nautical miles to a point 
where the weapons are delivered. The payload for the battlefield mission 
includes four MK-84 laser-guided bombs, two self-defense missiles, and one 
M-61 cannon with 300 rounds of ammunition. 

The ferry mission features a 2,800-nautical-mile range w thout refuel- 
ing. In order to meet the range requirement, the weapons bay was fitted with 
a fuel tank and the excess volume in the wing tank was utilized. The total 
additional fuel was 8,900 pounds, 3,000 pounds in the weapons bay, and 5,900 
additional in the wing tank. 

The desired requirements for the takeoff is to design the aircraft to 
a 3,000-foot takeoff over a 50-foot obstacle. 

ALL-COMPOSITE BASEUNE CONFIGURATION 

The baseline composite aircraft configuration D572-4B is illustrated in 
Figure 10. This vehicle is designed to the mission requirements outlined 
in the paragraph "Design Mission." Briefly summarized, these include a 3,000- 
foot takeoff over a 50-foot obstacle, deep-strike mission radius of 400 nauti- 
cal miles, unrefueled ferry mission range of 2,800 nautical miles, and battle- 
field mission radius of 250 nautical miles with a 50-nautical-mile penetration. 
The takeoff gross weight for the primary design mission was 31,845 pounds, and 
the resulting wingloading was 79.6. The installed thrust-to-weight for static 
sea level conditions is 0.751. 

The basepoint configuration features a one man crew situated in a 65- 
degree "laydown" high-acceleration cockpit. This arrangement results in 
lower wave drag due to reduced cross-sectional area and provides for increased 
G-level tolerance for this pilot. The design features that contribute most 
significantly to the low total drag are (1) minimum control surface size, (2) 
high degree of propulsion integration, (3) aerodynamic shaping to produce 
isobars that fall behind the mach cone, (4) low profile cockpit, and (5) 
minimum wetted area. An assumption inherent in this design is the strong 
requirement imposed by aeroelasticity that requires the wing torsional 
deflections are minimized as the wing bends. 

The wing has an aspect ratio of 2.5 and a leading edge sweep of 60 
degrees, and is shaped to generate vortex lift to improve the off-design 
high-lift capability. TTie wing incorporate elevens and powered droop leading 
edge devices for mechanical camber control as well as structural design for 
dynamically controlled bending. The primary material of the wing is graphite/ 
epoxy. 
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The hasepoint aircraft is powered by two General Electric F404-GE-400 
engines. Each engine is equipped with remote afterburning, thrust reversing, 
thrust spoilage, and thrust vector control. The installation includes a 2-D 
fixed-ramp inlet designed for i.ö mach number and an aerodynamically inte- 
grated exhaust system with a 2-D plug mozzlc. Details of the propulsion 
system are included in a later section. 

ADVANQiD Min'AUJC BASELINE CONt-TQJRATlQN 

The baseline metallic aircraft D572-5A is shown in Figure 11. The 
vehicle design requirements and design missions are identical to the D572-4B 
presented previously. The takeoff gross weight for the summary design mission 
was 35,385 pounds, and the resulting wing loading is 70.7. The installed 
thrust-to-weight ratio for static sea-level conditions and gross weight was 
0.676. 

The hasepoint metallic airplane configuration features and design assump- 
tions are identical to the -4B airplane, with the exception that the majority 
structure is metallic with composites used only on the armament bay doors and 
the wing leading and trailing edge devices. 

PROPULSION SYSTEM SUBSTANTIATION 

INTRODUCTION 

The ADCA propulsion system is keyed to the use of a rectangular 2-D plug 
nozzle. The 2-D plug nozzle minimizes afterbody and wave drag. Thrust 
vectoring is used to capitalize upon propulsive lift enhancement for maneuvers. 

The plug nozzle also incorporates a lightweight thrust reverser installation. 

A fixed-geometry inlet was selncted for a 1.6 mach number design. The 
inlet is designed to maintain high iievformance while minimizing the use of 
cutouts or variable-geometry panels  However, an inlet bypass system is 
employed to improve the inlet-engine match during supersonic penetration at 

20,000 feet. 

This section presents the propulsion system design guides and criteria 

and substantiation data for the installed performance data input for the 
mission analyses of the ADCA. 

Engine Description 

The Statement of Work specified the use of a 1980 production engine for 
the ADCA study. The selected engine is the General Electric F404-GE-400 

(company designation J101-J7A9) with a rectangular augmentö^,.and plug nozzle 
replacing the axisymmetric augmentor and nozzle used in the F-I8.fighter 
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installation. The F404-GK-400 sea-level static, Standard Day ratings are: 
thrust - 15,950 pounds at maximum power, 11,480 pounds at intermediate power, 

142.5 pounds-per-second airflow, bypass ratio 0.34, cycle pressure ratio 24.4 

The Rockwell cycle analyses were conducted using the GE Source Deck 

.J101/J7A9 75015 to modify the F404 engine performance for the installation 
of the 2-D augmentor and nozzle. This resulted in reducing the maximum 

augmentor temperature, and a revised thrust coefficient schedule. The 
resultant rated thrust, adjusted to a lOO-percent inlet recovery, is about 
2 percent lower than the -400 engine. However, the ADCA is not takeoff 
limited, and maximum thrust is not critical. ., 

The transition from the basic axisvmmeti'ic to a rectangular augjnentor 
cross section begins at the -400 augmentor fuel manifold; engine station 271, 
and air vehicle station 690.  (Sec figures 19 and 20.) The augmentor/nozzle 
modification will increase the base engine weight from 2,020 pounds (-400) 
to 2,673 pounds (Rockwell estimates based on GE and PWA contributions to the 
Al-TI program). 

Inlet Selection 

The engine flight limits and corrected airflow demand are given in 
Figure 12. The maximum corrected flow is 145 pounds per second, which results 

in a maximum inlet throat area of 428 square inches for efficient transonic 
acceleration. The airflow curves in Figure 12 show a significant corrected 
airflow decay with increasing ram temperature which will require variable- 
geometry provisions for proper inlet engine match during supersonic flight 
at low altitudes. 

The pressure recovery versus mach number capabilities of several inlet 
configurations are compared in Figure 13. A fixed ramp or fixed cone inlet 
can achieve good recoveries up to Ml.6. A variable ramp or translating cone 
is required for good performance for a M2.0 design. The Ml.5 penetration 
design D572-4B air vehicle has the vertical wall of the weapons lay forward 

of the inlet. A vertical ramp inlet at the wing fuselage juncture provides 
the optimum diffuser contours and lightest weight for the ADCA application. 
The inlet is designed for shock-on-cowl at Ml.8 to provide maneuvering 

stability at Mi.6. The inlet has a 6-degree fixed ramp, a 0.5-inch cowl 
thickness, and a capture area of 525 square inches. 

Both top and bottom inlet locations were considered for this air vehicle. 
The ideal location of the inlet for a penetration air vehicle is the upper 

aft fuselage, to shield the cavity reflector from ground-based radar. Unfor- 
tunately, the local mach numbers at this location are normally above freestream 
and become progressively higher with angle of attack. The result would be a 
progressively decreasing thrust and inlet stability margin during air vehicle 
maneuvers; i.e., SAM avoidance. Figure 14 presents experimental flow field 
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data from NASA TN D-4809, "Flow Field Properties Near an Arrow-Wing-Body Model 
at Mach Numbers of 1.60, 2.36, and 2.96." This  test showed unacceptable flow 
gradients in both pitch and yaw for a top inlet location. The figure also 
shows cross sections for both the D572-4B configuration and the 9:1 ellipse 
used in a Slender Body Simulation program. The simulation data show mild flow 
transients, however: (1) attempts to input a more representative body shape 
into the simulation were unsuccessful, and (2) the program accuracy is limited 
to about 5-degree pitch or yaw variations. More work is needed in this area. 

The ADCA diffuser loss coefficient is estimated to be 8 percent of the 
throat dynamic pressure with good entrance flow. A perforated surface bleed 
region on the ramp at the inlet lip station will remove a boundary layer 
bleed flow equivalent to 1.5 percent of the inlet capture area at 1.6 mach 
numbe" to minimize shock-boundary layer interaction and to achieve good 
diffuser entrance flow. The boundary layer bleed also helps to lower the 
mass flow ratios at which buzz instability occurs. Figure 15 presents B-l 
inlet test data with the inlet rairps in the minimum angle, maximum throat 
area position (7° ramp angle vs 6° ramp for ADCA). For this off-design 
geometry, the B-l inlet shows high performance at 1.4 mach number, but the 
pressure distortion (max-min/Pt2) and turbulence (APpji*5/pt2) are unsatis- 
factory at 1.8 mach number. The combined effects of this distortion and 
turbulence exceed the inlet flow quality limits* for the F101 engine. The 
B-l inlet bleed pattern was optimized for four-shock operation. Improved 
performance with a low rranp angle will be achieved with future tests of the 
fixed ramp B-l inlet with the boundary layer bleed configuration modified 
for fixed, single, raup operation. 

The above data, plus a survey of other inlet buzz margins, were used 
for the estimated buzz margin schedules of Figure 16. The aforementioned 
depressed engine air demand during the 20,000 feet penetration results in 
inlet-engine matching very near the buzz limit at 1.5 mach number. A decrease 
in engine air demand by an engine deficiency or a step increase in ambient 
temperature, a mach number overshoot, a decrease in angle of attack, or an 
air vehicle sideslip maneuver could rapidly use up the inlet stability margin, 
without bypass provisions. The effect of the inlet bypass system on maneuver- 
ing margin is shown on the right side of the figure. This bypass will be con- 
trolled by the inlet throat mach number at flight mach numbers above 1.4. 
Both the B-l type of hinged door and a sliding block type of bypass exit will 
be studied during the structural design phase. The concept most compatible 
with conqposite construction will be employed. 

The estimated inlet performance data used in the installed performance 
calculations are shown on Figures 17 and 18. These performance estimates 
were supported by the extensive B-l inlet test data. 
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Exhaust Nozzle Selection 

'Itie F404-GE-400 axisymmetric augmentor and nozzle and the 2-D plug 
nozzle with both a high intensity "Vee" gutter and the PWA swirl burner 
augmentors are depicted on Figure 19. The swirl burners have demonstrated 
efficient combustion in a short length, and the burner can surface provides 
an intermediate heat shield for the augmentor walls and thus minimizes the 
augmentor shroud cooling airflow, pressure drop, and thrust penalty for 
cooling. The high-intensity "V" gutter will create high-pressure losses 
and will result in high heat transfer to the augmentor walls. Therefore, 
the swirl burner augmentor design will produce the best fuel consumption for 
this application due to reduced cooling airflow and pressure losses. To 
determine the most critical flight conditions for nozzle performance, the 
ADCA fuel usage versus range for both the basic and alternate missions are 
plotted on Figure 20. The mission segments of greatest significance are 
3, 5, 7, and 8. The nozzle/afterbody perfonuance for these segments is 
analyzed in detail in the following sections. Figure 21 compares the nozzle 
area ratio schedules, i.e., exit area, Ag, versus throat area Ag, for both the 
GE axisymmetric nozzle and the Rockwell 2-D plug nozzles, and the resulting 
isentropic thrust coefficients for the significant cruise points. The GE 
nozzle is optimized for the F-18 air vehicle but is not the best choice for 
supersonic cruise at Intermediate Power due to its low expansion ratio at 
minimum Ag. 

The ADCA nozzle/afterbody is shown on Figure 22. Significant cross- 
section areas are noted on the figure. The cross-hatched regions on the 
rear view illustrates the expansion areas on the plug and sidewalls. As 
shown on Figure 26, the nozzle throat area between the flaps and plug and 
the nozzle flap contour is controlled by a pair of actuators mounted in 
the sidewalls. The Ag/Ag ratio is 1.5 at Intermediate Power and decreases 
to 1.2 at Maximum Power, Figure 21. At supersonic speeds an additional 
external expansion thrust is created on the plug surface. As will be shown 
later, a 2-D plug nozzle does not incur significant overexpansion losses at 
subsonic cruise conditions. Data to be presented in AIAA 75-1317, "Investi- 
gation of 'IVo-Dimensional Wedge Nozzles for Advanced Aircraft," show that 
internal-external expansion 2-D nozzles show very high thrust minus drag 
transonic speeds. 

The plug nozzle thrust bookkeeping is shown on Figure 23. The Rockwell 
procedure used for ADCA divides the external aerodynamics and propulsion 
drag responsibilities at Station 726. The nozzle/afterbody performance is 
expressed as gross thrust minus drag (Fg-D) divided by the ideal gross 
thrust potential for gas properties measured at the augmentor exit, Fg^. 
The nozzle/afterbody forces are: 

1. expansion decrement - AFisen/Fgii due to a non-optimum nozzle 
area ratio 
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2.    internal nozzle friction - AC 

- 

f in 

3.    external friction aft of Station 744, sidewalls and plug surface 
scrubbed by exhaust gases - AC 

fc 

4. pressure drag on the external flap surface - ACQ 

5. the pressure drag or thrust on the plug and sidewall surface - AC 
Dp 

The plots on the right of the figure illustrate typical trends of these nozzle/ 
afterbody thrust and drag components versus nozzle pressure ratio.    Note that 
item 5 becomes a thrust increment at nozzle pressure ratios above design. 

Figure 24 conpares the ADCA afterbody and the plug nozzle test model 
reported in NASA TN D-7906, "Performance of an Isolated Two-Dimensional 
Variable-Geometry Wedge Nozzle with Translating Shroud and Collapsing Wedge 
at Speeds Up to Mach 2.01."    The afterbody drag estimates on the right side 
of the figure were based upon boattail drag versus area ratio trends from 
L/D = 1 models, NASA TN D-7163, "Effects of Fineness and Closure Ratios on Boat- 
tail Drag of Circular-Arc Afterbody Models With Jet Exhaust at Mach Numbers 
Up to 1.3," at mach numbers below 1.2 and Prandtl-Meyer expansion calcula- 
tions at mach numbers above 1.2.    These calculations were based on jet exit 
conditions which result in ambient pressure at the junction of the jet and 
external flow.    The solid curve represents the afterbody drag forward of 
Station 726 that is buried in the air vehicle wave drag computations.    The 
AQj between stations 726 and 744 is part of the propulsion bookeeping, 
item (4) of the preceding figure, assuming a continuing Prandtl-Meyer expan- 
sion aft of station 726, at Mo>l, and no interaction with the nozzle exhaust 
for this case. 

Test data in TN D-7906 were used to extrapolate and interpolate nozzle/ 
afterbody performance at mach 1.5 cruise conditions.    Selected NASA data 
are shown on Figures 2-19 (simulated dry power nozzle) and 2-20 (simulated 
maximum power nozzle).    The circular symbols denote static test thrust 
coefficients; a 0.98E FiSen/Fi (items 1 and 2 of Figure 23) is included for 
comparison and extrapolation.    The diamond symbols denote the NASA test 
(Fj-Fa, ap)/Fi  (model thrust minus drag adjusted for afterbody friction drag). 
Afterbody pressure data were not shown in the NASA report.    The "X" symbols 
show a Rockwell correction for the estimated afterbody drag from Figure 24 - 
ACfn = Cßg/Fi.    Thus, the ACf ex is the combined plug pressure force and fric- 
tion drag on the plug and sidewalls    (items 3 and 5 on Figure 23) plus inter- 
action between the exhaust jet and boattail). 

The dry power nozzle with an internal expansion ratio of 1.53 (design 
pressure ratio = 6.05) is examined on Figure 25.    The MQ = 0.95 data show 
a high ACf ex at low nozzle pressure ratio but this increment decreases to 
little more than plug and sidewall friction drag at pressure ratios of 3 to 
At very low pressure ratios the overexpanded jet probably sucked down the 
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boattail surfaces and may have further overexpanded on the plug. The AQ//^.  = 
1.05 nozzle (design pressure ratio » 2.6) showed better performance at pressure 
ratios below 3.S. At mach 1.2 the ACj-  was about 6 points at all nozzle 
pressure ratios. At mach 1.5 the ACf ex was estimated to be about 2 points 
in the anticipated operating pressure ratios of 7 to 9. The ACf ex incre- 
ment is much smaller with the maximim power nozzle at 1.2M (Figure 26) due 
to the lower internal expansion ratio and smaller plug/nozzle area ratio. 
At mach 2.0 a substantial plug thrust is indicated. Interpolation indicates 
a small external force penalty at mach 1.5. 

The data from NASA TN D-7906 and AIAA 75-1317 show that twin 2-D plug 
nozzles will provide significantly higher thrust minus drag than axisynmetric 
nozzles. Experimental data at mach 1.2 and 2.0 indicate that efficient 
supersonic cruise with 2-D nozzles can be actoieved. It also appears that 
the plug forces approach friction drag at Subsonic speeds and 75 to 100 per- 
cent of the design internal expansion pressure ratio. 

i 
I 

One of the major unknown factors of supersonic cruise performance is 
the effect of boattail flow-exhaust jet interaction. The local mach 
numbers on the basic body will be above freestream due to the progressive 
reduction in cross section to station 726. Prandtl-Meyer expansions at the 
nozzle flap hinge can create even more sub-ambient pressure and drag. 
Tests of axially symmetric boattails show that a positive exit static pressure 
of an underexpanded jet will initiate a shock-induced separation of the boat- 
tail boundary and create a region of ambient or positive pressures over a part 
of the boattail. This is illustrated on Figure 27; the scheduled geometry 
operation results in a jet exit static-pressure ratio of 1.6 and an 8-degree 
turning of the jet boundary. The flap angle was 14 degrees at this point; 
therefore, it was assumed that 8/14 of the theoretical flap drag was cancelled 
by ambient pressure on the flap. As shown by the bar chart on the right side 
of the figure, the thrust minus drag is within two points of the complete 
expansion geometry configuration. 

The thrust coefficients used for the installed performance calculations 
in May 1975, were developed in TFD-75-573, "Inlet and 2-D Plug Nozzle Design 
and Performance, ADCA Supersonic Penetration Interdiction Fighter," from a 
brief review of the aforementioned NASA TN D-7906. The nozzle pressure ratio 
versus mach number trends at part power cruise conditions were unknown at that 
point so the simple Cf versus Ptg/P0 was employed. Figure 28 presents a recap 
of both the 20,000 and 50,000 feet penetration missions. 

The Cfg versus Pt8/
po (iata on t,ie leit present the simplified data inputs 

used for the initial propulsion inputs for the ADCA mission analyses and 
several detailed spot point analyses of cruise segments. The ACfg increments 
between the curves and specific points were utilized to compute tfie change in 
specific fuel consumption, ASFC, and the resulting errors in mission fuel usage, 
AWf, shown on the table to the right side of Figure 28. The points (3) and (8) 
show that a detailed analysis assigned a larger boattail drag penalty during 
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operation at 50 to 60 percent of Intermediate Power. The initial optimism was 
due to (1) an anticipated higher power level and nozzle pressure ratio at sub- 
sonic cruise, and (2) an under estimation of the flap drag penalty at MQ = 
0.92 - 0.95, see Figure 24. The original flap drag estimates were more con- 
servative and realistic at MQ = 1.5. The fuel consumption table on the right 
side of the figure shows that the cruise fuel consumption was off by 85 pounds 
for the low-altitude mission and 54 pounds for the high-altitude mission. The 
6-and-7 mile losses in radius could be partially cancelled by reducing the 
subsonic cruise mach numbers and boattail drag. For future performance confu- 
tations a more complex input matrix of thrust coefficient versus nozzle pres- 
sure ratio at constant mach number for several nozzle positions will be used. 

Nozzle Configuration Details 

The nozzle cooling concept is shown on Figure 29. This concept uses 
trends from the report PfjWA FR-6634, "Afterburning Jet Flap Exhaust System for 
F100/AFTI." Eight percent of the augmentor entrance flow will be diverted to 
the cooling liner for film cooling of the augmentor and primary nozzle flap. 
An additional 3-percent flow will be ducted into the nozzle flap and sidewalls 
in the throat region. Another 4-percent cooling flow will be ducted into the 
plug cavity for film cooling of the plug surface. Most of the plug cooling 
flow will be concentrated at the plug leading edge and nozzle throat region. 
A small flow through the vectoring pivot tube will pressurize and ventilate 
the plug cavity. This air will exhaust through the slots at the plug vectoring 
and reverser hinge gaps. 

Figure 30 shows the ADCA thrust reverser for minimizing landing distance. 
For this simple, lightweight geometry the reversed thrust vector is limited by 
flow choking between the nozzle flaps and reverser doors, Ar = reversed gas 
throat. A higher reversed thrust could be achieved with a longer, articulated 
door and a longer plug. This configuration could be beefed up to an in-flight 
reverser if studies indicate desire for an in-flight thrust reverser for SAM 
avoidance maneuvers. 

A more detailed drawing of the ADCA augmentor and nozzle is shown on 
Figure 31, The nozzle throat area, Ag, and exit area, Ag, will be controlled 
by actuators in the sidewalls and connecting linkage to assure both vertical 
and horizontal symmetry. The thrust vectoring and reversing functions will be 
accomplished by actuators located in the plug cavity. 

Summary 

The DS72-4B propulsion system design is based on proven inlet technology 
and F404 engines modified for rectangular, vectoring plug, and exliaust nozzles. 
An inlet bypass system will be needed to insure inlet-engine compatibility for 
the 20,000-foot supersonic mission. The initial 2-D plug nozzle performance 
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Figure   31.    Design study - 2-D nozzle configuration ADCA. 
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estimates have been revised for the subsonic cruise mode. The NASA wind tunnel 
tests discussed previously show a significant advantage for 2-D nozzles for 
multi-engine supersonic cruise vehicles. Future programs such as the USAF FDL 
Non-Axisymmetric Nozzle Follow-On program and the USAF APL Turbine Engine 
Survivability Criteria program will establish a firm data base for use of 2-D 
nozzles in the ADCA. 

MASS PROPERTIES DATA 

WEIGHT AND BALANCE 

Basepoint weights for the composite configuration (D572-4B) and the metal 
configuration (D572-5A) were derived using a combination of analytical, statis- 
tical, and conparative methods. Structural components were primarily estimated 
through the use of the Structural Weight Estimation Program (SWEEP), Reference 
13. The propulsion and equipment group weights estimates reflect all three 
methods. 

SWEEP was also used to develop a wing weight matrix for both composite 
and metal vehicles to be used in the vehicle sizing efforts. Wing weights 
which reflect the structural concept, material properties, vehicle speed 
profile, and flutter requirement were calculated for variations in aspect ratio, 
wing area, leading edge sweep, thickness ratio, and gross weight. 

The range of values investigated in this study are shown in the following 
paragraph. 

Gross 
Weight 
Pounds 

Wing 
Area 

Sq. Ft. 

Leading 
Edge 
Sweep 

Degrees 

Aspect 
Ratio 

Wing 
Thickness 

Ratio 

30,000 

37,000 

44,000 

300 

400 

500 

50 

60 

70 

2.5 

3.0 

3.5 

0.050 

0.055 

0.060 

TTiis matrix resulted in 243 wing weights for both composite and metal 
concepts. The actual number calculated by using SWEEP was reduced to 90 and 
the remainder extrapolated statistically from the calculated points. Wing 
weight matrix data reflected initial estimates for flutter solutions. Surface 
flutter studies incorporating aerodynamic forces, revised mass distributions, 
and elastic axis data were used to refine the basepoint weights. 

The weight and balance summaries for the final iterated composite and 
metal basepoint vehicles are presented in Tables 2 and 3. Figures 32 and 33 
give the center-of-gravity variation with gross weight for the basxc mission 
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Figure 32.    Gross weight versus CG for D572-4B. 
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TABLE 2.    D572-4B WEIön1 SUMMARY (COMPOSITE VEHICLE) 

BASIC    1 
CG.'S MCMENT MAX. C.G.'s NDnDTT 

STRUCTURE CROUPS (7885) 500.4  i 39459901 
*         WING GROUP                                                         1 2890 577 
j         TAIL GROUP • HORIZONTAL 165 270       i 

• VERTICAL 
BODY GROUP 3130 432 
ALIGHTING GEAR GROUP • MAIN 1095 540 

-AUXILIARY 185 250 
ENGINE SECTION OR NACELLE GROUP 120 660 
AIR  INDUCTION SYSTEM 30Ö 550 

PROPULSION CROUP f6435) 642.2 i 41585251 
ENGINE  (AS INSTALLED) 369Ö 652 
ACCESSORY GEAR BOXES & DRIVES 190 585 
EXHAUST SYSTEM 1655 729 
COOLING & DRAIN PROVISIONS 30 630 
ENGINE CONTROLS 40 345 
STARTING SYSTEM 80 585 
FUEL SYSTEM 750 474 
FAN   (AS INSTALLED) 

!         HOT GAS DUCT SYSTEM 

EQUIPMENT CROUPS (49451 410.9 ( 20320001 
FLIGHT CONTROLS GROUP 830 470 
AUXILIARY POWER PLANT GROUP 120 575 
INSTRUMENTS GROUP 120 317 
HYDRAULIC 4 PNEUMATIC GROUP 430 532 

!         ELECTRICAL GROUP 680 410 
,         AVIONICS GROUP 1350 358 

560 355 
i         FURNISHINGS AND EQUIPMENT GROUP 320 235 

AIR CONDITIONING GROUP 530 505 
ANTI-ICING GROUP 

,         PHOTOGRAPHIC GROUP 
i         LOAD & HANDLING GROUP 5 470 

TOTAL WEIGHT EMPTY C19265) 526.2 10136515 19265 526.2 L0136S15 
1        CREW 215 203 \        215 203 
\         FUEL - UNUSABLE 190 474 1       190 474 
1         FUEL - USABLE 1    6850 531 !    12800 490 
\         OIL - ENGINE 20 652 20 652 

PASSENGERS / CARGO 
i        ARMAMENT   2-MK84 LGB 4120 440 8240 479 

2-SELF DEFENSE MISSILE 6ÖÖ 640 
1                            M-61 GUN flMPRDVEDl ,.92 288 >       192 288 

A^ - 300 RDS 170 310 

EQUIPMENT LIQUID N^ 20 484 20 484 
EPT FUEL 60 575 60 575 

TOTAL USEFUL LOAD 11667 488.2 5696371 22507 482.3 10854902 
TAKEOFF CROSS WEICHT 30932 511.9 L5fi22a86. 41772 502.5 •0991417 
FLICHT  DESIGN CROSS WEICHT 29562 510.9 
LANDING DESIGN CROSS WEIGHT 26822 509.3 

FORM   1034-C-e    REV.   12-74 
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TABU; 3.    Ü572-5A WEIGHr SUNMAKY (METAL VHÜCLE) 

BASIC   ! G.G. MMNT MAX. CG. mmn 

STRUCTURE CROUPS                                               1 (11370) 509.2   j (5789642 
1         WING GROUP                                                       ! 4634 i85      \ 

1         TAIL GROUP - HORIZONTAL 250   1 266 
• VERTICAL                                   | 

1        BODY GROUP 4117 448 
ALIGHTING GEAR GROUP - MAIN ISM 490 

-AUXILIARY 2}i 239 
ENGINE SECTION OR NACELLE GROUP 120 665 
AIR INDUCTION SYSTEM 305 _J58 

- ——— 

PROPULSION CROUP (6255) 650. S (4068715; 
ENGINE  (AS INSTALLED) 3690 M   - 
ACCESSORY GEAR BOXEs 4 DRIVES "90 596 
EXHAUST SYSTEM 1655 727 

,         COOLING & DRAIN PROVISIONS 30 636 
!         ENGINE CONTROLS 40 345 
i         STARTING SYSTEM 80 591 

FUEL SYSTEM 570 493 
FAN  (AS INSTALLED) 

;         HOT GAS DUCT SYSTEM 

EQUIPMENT CROUPS (5120) 413.0 (2114500; 
FLIGHT CONTROLS GROUP 1005 470 
AUXILIARY POWER PLANT GROUP 120 481 

\         INSTRUMENTS GROUP 120 317 
1         HYDRAULIC & PNEUMATIC GROUP 4*0 557 

ELECTRICAL GROUP 680 412 
AVIONICS GROUP 1350 360 
ARMAMENT GROUP   INCLUDES RACK 560 345 

!         FURNISHINGS AND EQUIPMENT GROUP 320 225 
i         AIR CONDITIONING GROUP 530 509 

s         ANTI-ICING CROUP 
!         PHOTOGRAPHIC GROUP 
\         LOAD & HANDLING GROUP 5 470 

TOTAL WEICHT EMPTY 22745 526.4 11972857 1   22745 526.4 L19728S7 
ä        CREW 215 187 1       215 187 
!         FUEL ■ UNUSABLE 1      135 1  493 135 493 
\        FUEL - USABLE 7878 499 1     8900 I 493 
I        OIL • ENGINE 20 656 20 656 
f         PASSENGERS / CARGO 
1        ARMAMENT   2-MK84 LGB 4120 454 8240 503 

2-SELF DEFEM5E MISSILE 600 638 
M-61 OH (IMPIOVED) 192 304 192 304 
AMD - SOON» 170 324 

EQUIPMENT LIQUID N7 *       20 490 I         20 490 
FB? FIIRI. 60 581 60 581 

TOTAL USEFUL LOAD 12640 476.6 5024510 18552 495.7 9196118 
TAKEOFF CROSS WEICHT 35385 508.6 J997367 41297 512.6 2116897! 
PLIGHT DESIGN CROSS WEIGHT 33809 509.2 
LANDING DESIGN CROSS WEIGHT 30658 510.1 

FORM   1094-C-a    »EW.   12-74 
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loading and the alternate maximum loading for both vehicles. Table 4 
summarizes the design weight and center-of-gravity data assumed to derive 
structural loads and weights. The definition of flight design weight is basic 
mission takeoff weight less 20 percent of mission required fuel. The defini- 
tion of landing design weight is basic mission takeoff weight less 60 percent 
of mission required fuel. Maximum design weight is defined as four MK-84 LGB 
(GBU-10C/B), full airano, self-defense missiles and full internal fuel. The 
basic mission takeoff weight does not include ammo and self-defense missiles 
but the final designs (D572-4C and D572-5B) which resulted from this sizing 
study will, because of a change in mission ground rules. 

WEIGHT DERIVATION 

Structure Group 

SWEEP was used to derive structure weight estimates for both the composite 
and metal vehicles. SWEEP does not lend itself well to analyzing nonplanar 
wing configurations. Therefore, modifications were made to the basic program 
and computer programs were developed to support SWEEP activities. Additional 
process amendments were required to simulate geometry, develop design loads, 
and analysis limitations. The major assumptions made to implement the use of 
SWEEP are discussed in the following text. 

TABLE 4. VEHICLE DESIGN WEIGHTS AND CENTERS OF GRAVITY 

Composite Vehicle (D572-4B) 

Description 
Weight 
(Pounds) 

Center of Gravity 
(Fus. Sta.) 

Flight Design 

Landing Design 

Maximum Design 

29562 

26822 

41772 

510.9 

509.3 

502.5 

Metal Vehicle (D572-5A) 

Flight Design 

Landing Design 

Maximum Design 

33809 

30658 

41297 

509.2 

510.1 

512.6 
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SWEEP Geometry Model 

Wing geometry of both configurations is non-planar and blended. Because 
of the unique wing configuration, an unconventional approach was used in the 
SWEEP analysis. The wing structure was estimated in two separate analysis 
steps, one being the outboard panel from 60 percent span to the tip, and the 
second being from buttock line 33 to 60 percent span. 

In modeling the outboard panel, a planar wing was developed from the 
non-planar geometry. In the planar simulation, the sweep of the 45 percent 
element line was assumed equal to that of the non-planar line and true wing 
chords developed around this reference line. Using the true box chord at 
the 60 and 90 percent spanwise locations on the non-planar geometry (49.2 
and 80 percent on a planar planform) as the definition for the box taper 
ratio gave a reasonable approximation of the spanwise variation of box width. 
This approach was used for both metal and composite wings.  Since the wing 
chords were made true it follows that the thicknesses are true. 

The assumed effective torque box for the inboard parel is different 
between the metal and conposite designs. On the composite design the leading 
edge (front spar) was defined by a straight line connecting the points defined 
by 1, the 45 percent element at 60 percent of the non-planar span and 2, but- 
tock line 33 at fuselage station 481. The box inboard trailing edge intercept 
(rear spar) was defined to be buttock line 33 at fuselage station 606. Fig- 
ure 34 shows the assumed torque box on a non-planar planform. On the metal 
design, the box inboard leading edge intercept was defined to be buttock 
line 33 at fuselage station 530, and the box inboard trailing edge intercept 
was defined to be buttock line 33 at fuselage station 575. Figure 35 shows 
the assumed torque box on a non-planar planform. These two torque box models 
provide reasonable structural definition to develop sizing studies and weight 
estimates. The numbers on Figures 34 and 35 represent the wing station cuts 
^or SWEEP analysis. 

Tho fuselage structural perimeter for the two configurations are shown 
in Figures 36 and 37. They were developed by using the following ground rules: 

1. Fuselage width between stations 80 and 500 (80 and 520 for metal 
version) limited to 66 inches. 

2. Fuselage width is 104.4 inches aft of station 500 (520 for metal 
version). 

3. The upper moldline of fuselage coincide with upper wing cover where 
common structure occurs. 

4. The canopy bump is not included in the perimeter data. 
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FUSELAGE STATION, INCHES 

Figure 34.    D572-4B wing torque box geometry maJel, 
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FUSELAGE  STATION,   INCHES 

Figure 35.    D572-5A wing torque box geometry model, 
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SWEEP Type Construction Model (Advanced Compositej 

The outboard wing torque box is full-depth honeycomb with graphite/epoxy 
face sheets. The honeycomb core is also graphite/epoxy. It was assumed for 
SWEEP analysis that the density of the core would be 4 pounds per cubic foot 
with design allowables equivalent to that for aluminum core of the same density. 
Recent checks by the Stress Croup indicate that a 4-pound core would probably 
be sufficient to support crushing loads resulting from the spanwise curvature 
of the wing. Succeeding SWEEP analysis will reflect this detail check. 

The inboard wing torque box is multi-spar with honeycomb panel skins. 
Honeycomb core in the SWEEP analysis was assumed to be the same as that used 
for the outboard panel. The face sheets are graphite/epoxy. Spar webs are 
also a honeycomb panel design. The wing skin panels were 0.75 inch thick 
while spar web panels were assumed to be 0.25 inch. It was delermined from 
the SWEEP analysis that the required ±45-degree fiber layups were critical from 
a torsional rigidity requirement for flutter speeds rather than a panel stabil- 
ity requirement. This was also true for the outboard wing box. SWEEP does 
not check wing skins for fuel pressure but estimates the number of 90 degree 
directional fibers as a fraction of the zero directional fibers. Studies have 
indicated that the 10 percent used in the analysis is low and should be 
increased to 40 percent. Subsequent analysis will incorporate this data. 

The canard was full-depth honeycomb with graphite/epoxy face shoets. The 
core was graphite/epoxy. The same assumptions for density and properties were 
made as that used for the outboard wing panel. 

The fuselage construction model used to derive the basic shell weight 
requires additional design verification to establish the same confidence level 
as that obtained in the lifting surface analysis process. SWEEP fuselage 
estimating methods have no composite or honeycomb panel analysis capabilities 
at the present time. In order to simulate composite construction, skin-frame- 
longeron fuselage design procedures, coupled with derived ibotropic graphite 
material properties were used to establish the fuselage shell weight. The 
frame spacing was selected at 10 inches to prevent excessive skin weight due 
to panel flutter criteria. The skin material properties were derived for 
symmetrical layups of 25 percent of the thickness composed of both zero and 
ninety degree fibers and 50 percent ±45 degree fibers which were allowed to 
have diagonal tension fields. The same applied to frame material. The 
longerons properties were based on 70 percent zero degrees and 30 percent ±45 
degree fibers. This approach was used in lieu of fractions of metal weight in 
order to make fuselage weight sensitive to advanced composite material prop- 
erties. These assumption will be verified and changed as required as the 
design analysis progresses. 
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SWEEP Type Construction Model (Metal) 

The wing torque box estimate was based on multi-spar plate construction. 
The inboard torque box was analyzed with a constant spar spacing of 9 inches; 
the outboard torque box was based on a constant number of spars (2 intermediate 
spars). Subsequent analysis by the Stress Group of outboard wing curvature 
effects indicated that three additional spars were required to stabilize the 
covers and react the crushing loaas. These result^ will be incorporated in 
succeeding SWEEP analysis. 

The canard was designed with full-depth aluminum honeycomb core and face 
sheets. Core density was assumed to be 4 pounds per cubic foot. 

The fuselage shell structure estimate was based on skin-frame-longeron 
construction. The shell was constructed primarily of aluminum alloy with 
titanium used in the engine compartment. 

Materials used in the analysis of each of the structural conponents are 
tabulated in the next paragraph. 

Component Material 

Wing Torque Box 
Canard Torque Box 
Forward and Mid Fuselage 

Cover 
Longeron 
Minor Frames 
Major Frames 

Aft Fuselage 

X7475-T76 Aluminum Alloy 
X2048-T851 Aluminum Alloy 

X2048-T851 Aluminum Alloy 
X7475-T76 Aluminum Alloy 
X2048-T851 Aluminum Alloy 
X7475-T76 Aluminum Alloy 
Ti-6A1-4V (Annealed) Titanium 

SWEEP Load Model 

Because of the unique wing design, the SWEEP load analysis methods were 
not used to derive vehicle airloads. Recently Rockwell Intemational/LAAD 
has developed under IR§D funding new computer programs and procedures to 
verify and evaluate aeroelastic tailoring requirements. The procedure uses 
the box beam theory of SWEEP as its initial structural model. Along with 
this development new load routines were created tc supply SWEEP input loads. 
Revisions to SWEEP were also made to accept and process these loads. 

Triimed pressure distributions for a rigid vehicle were supplied by a 
modified version of the Non-planar Unified Distributed Panel Wing-Body Program 
used by the Aerodynamics Group. This program computes subsonic and supersonic 
aerodynamic characteristics of wing-body configurations, surface pressures, 
load distribution, and total component and configuration loads. Data sets of 
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pressure distributions, normalized to dynamic pressure and for a trimmed lift 
coefficient of one, were created for various mach numbers. Unit shears, 
moments, and torques were calculated with a new computer program called Load 
Influence Coefficient Program. Hie unit loads were then converted to limit 
loads at the design load factors, gross weight and dynamic pressures at the 
given macb numbers and altitudes by another new program called Design Loads 
Program. The resulting loads sets were inputted into SWEEP for corresponding 
design synthesis points on the plrjiar planform. Four flight conditions were 
used to represent a reasonable sample of loads for designing components and 
estimating structure weights. 

These flight conditions at the flight design gross weight, for each of the 
configurations are listed in the following paragraph. 

Mach No. altitude Canard Position 
Vertical 
Load Factor 

0.9 
1.2 
1.2 
1.71 

Sea Level 
Sea Level 
Sea Level 
20,000 Ft. 

Retracted 
Retracted 
Retracted 
Retracted 

8.0 
9.0 
-3.0 
6.5 

Canard loads for ADCA were estimated by using the airloads module of 
SWEEP with the planar wing model and trimming with the canard.  This was done 
to expedite ihe load process. This method gives conservative canard loads 
which will be reviewed and corrected in the next design phase. 

Figures 59 through 74 and Tables 12 through 15 of Section TV present the 
net ultimate wing and fuselage loads which resulted from the above described 
procedures. 

SWEEP Structural Weights 

Lifting surface torque box weights were calculated from SWEEP derived 
theoretical sizing. Provisions have been programmed so that multiplication 
factors can be applied to the SWEEP weight results. These scaling numbers 
bridge the gap between the theoretical early preliminary design and the more 
rigorous downstream layout phases. Table 5 gives the weight index factors 
used to obtain the weight estimates. The leading and trailing edge weights 
were derived from statistical equations based on metal design data. There- 
fore, the composite construction leading and trailing edge weights were derived 
by assuming that composite weights were a percent of the statistical metal 
weights. The track and pivot weight for the canard was assumed to equal 
40 percent of the torque box (note the last number in the last column of 

Table S). 
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TABLE 5. WEiarr INDICES FOR LIFTING SURFACES 

Description 

Wing Canard 

. Composite Metal Composite 

and Metal Inbd Outbd Inbd Outbd 

Total Upper Cover 1.13 1.13 1.13 1.13 1.13 
Skin 1.10 1.10 1.10 1.10 1.10 
Spar Caps, Adhesive, or Inserts 1.5 1.50 1.5 1.50 1.50 

Total Lower Cover 1.16 1.16 1.16 1.16 1.16 
Skin 1.10 1.10 1.10 1.10 1.10 
Spar Caps, Adhesive, or Inserts 1.50 1.50 1.50 1.50 1.50 

Upper and Lower Miscellaneous Skin 1.20 1.20 1.20 1.20 1.20 
Upper and Lower Skin Fasteners 1.00 1.00 1.00 1.00 1.0 
Total Interm. Ribs, Spars, or Core 1.20 1.00 1.20 1.20 1.0 

Webs or Core 1.25 1.25 1.25 1.25 1.0 
Miscellaneous 1.25 1.25 1.25 1.25 1.25 

Joint Attachments 5 Bulkheads 1.25 1.25 1.25 1.25 1.25 
Total Front Spar 1.10 1.10 1.10 1.10 1.10 

Caps 1.15 1.15 1.15 1.15 1.15 
Web 1,25 1.25 1.25 1.25 1.25 
Miscellaneous 1.15 1.15 1.15 1.15 1.15 

Total Rear Spar 1.10 1.10 1.10 1.10 1.10 

■ 

Caps 1.15 1.15 1.15 1.15 1.15 
Web 1.25 1.25 1.25 1.25 1.25 
Miscellaneous 1.15 1.15 1.15 1.15 1.15 

Total Root Rib 1.00 1.00 1.00 1.00 1.00 
Caps 1.00 1.00 1.00 1.00 1.00 
Web 0.75 1.00 0.75 1.00 1.00 
Miscellaneous 1.0 1.00 1.00 1.00 1.00 

Total Torque Box 1.00 1.00 1.00 1.00 1.40 

Composite construction secondary structure component weights, except for 
glass, radome, and external finish, were assumed to be 80 percent of the 
statistical metal weights. 

The landing gear weights were derived from SWEEP results. The gear was 
analyzed as if it were made of metal. The metal weight was then corrected to 
reflect composite material. The assumption for deriving the composite weight 
was that 40 percent of the strut weight could be saved with composites. This 
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results in a total alighting gear weight reduction of 10 percent. The weight 
indices used in SWEEP gear analysis to derive the total metal gear weight are 
as follows: 

Ma in Gear Nose Gear 

Total Gear 1.0 1.1 
Outer Cylinder 2.0 2.0 
Inner Cylinder 2.0 2.0 
Drag Strut 5.0 4.0 
Side Strut 5.0 0.0 

The engine section weight consists of engine mounts, firewall and insula- 
tion. The engine mounts are SWEEP derived. The firewall is assumed to be 
0.02-inch titanium. The insulation was assumed to be 1-inch thick with a 
density of 4 pounds per cubic foot. A summary of the engine section weight is 
listed as follows: 

Weight (PoundsJ 

Engine Mounts 
Firewall 
Insulation 

55 
40 
25 

The inlet duct weight estimate for air induction system is based on inlet 
pressures defined by the speed/altitude profile in Appendix A. The duct design 
point is a hammershock condition occuring at 1.39M/8,000 feet. The limit 
pressure for this condition is 45.1 psig (ultimate - 67.7 psig) and temperature 
is 220° F. In deriving the critical pressure/temperature design point a 
reduced safety factor of 1.15 was applied to the hammershock pressures on the 
VL curve and the standard 1.5 was used for all other points on both the VL and 
V|-i curves. Table 6 gives the inlet pressures and temperatures for the points 
investigated. 

TABLE 6. INLET PRESSURES AND TEMPERATURES 

Altitude P2 (Psig) PUS (Psig)  1 

% (Feet) op (Limit) (Limit)    j 

1.20 0 208 17.4 45.3     | 
1.31 (VH) 5000 214 18.4 43.9 
i.4i (VL) 5000 241 23.4 51.6     ! 

1  1.39 (VH) 8000 220 19.6 45.1     j 
1  1.49 (VL) 8000 248 24.3 52.1 

I  1 M (VH) 22000 217 18.3 38.7 
1.74 (VL) 22000 247 22.3 44.7 
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The metal configuration conponents were obtained directly from statistical 
weight calculations.    Percentages used to estimate the conposite leading and 
trailing edge components are listed in the next paragraph. 

Leading and Trailing Composite Weights            i 
as Percent of Metal                    j 

Fixed Leading Edge 

Wing Canard j 

80 80   ! 

Leading Edge Control Device 70 1 
Fixed Trailing Edge 80 80   | 

Trailing Edge Control Device 65 i 

The fuselage shell weight was derived using the theoretical sizing with 
weight index factor to reflect actual weight. These index factors, used for 
both composite and metal concepts,  are listed as the following: 

Fus 3 läge We Lght Indices 

Description Index 

Covers 1.20 

Longerons 1.25  j 

Joints 1.10 

Minor Frames 1.15  | 

Major Frames 1.20 

Bulkheads 1.20 
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The duct weight estimate was obtained by analytically deriving a unit 
weight for the design pressure/temperature condition (45.1 psig/220oF). Based 
on assuming a typical aluminum skin/frame construction, an assumed 15-percent 
reduction factor was appr.ed to metal unit weights for a composite constructed 
duct. The unit weights for the metal and composite ducts are 2.23 and 1.90 
pounds per square foot, respectively. These unit weights were applied to the 
duct surface areas for total duct weights of 250 and 255 pounds. The inlet 
duct of the metal configuration (D572-5A) is 15 inches shorter than its com- 
posite material counterpart. The duct length difference was brought about by 
configuration differences in the armament bay location. The shorter duct 
length accounts for an approximate 15-percent reduction in duct surface area. 

The inlet air bypass system weight was empirically derived by assuming a 
door area at 35 percent of the inlet capture area and a door unit weight of 
20 pounds/foot^. This unit weight includes actuation and controls. 

Composite 
D572-4B 

(pounds) 

Metal 
D572-5A 

(pounds) 

Ducts 

Bypass System 

250 

50 

255 

50 

Total Air Induction 300 305 

Propulsion Group 

The estimated weights of the propulsion systems .'ere based primarily 
on statistical and empirical weight estimating methods. Vendor data were 
used when applicable. The propulsion weights are identical for both the 
metal and composite airplanes except for the fuel system,which is outlined 
later in the text. 

Engine 

The engines are modified F404-GE-400 turbofans.    The standard engine 
has a bare dry weight of 2020 pounds.    The engine weight without the after- 
burner casing and nozzle as configured for use in conjunction with a two- 
dimensional plug nozzle weighs 1770 pounds.    The nozzle weight with the after- 
burner casing/transition duct is included with the exhaust syi tern weight. 
'Tie modified engine weight is based on data supplied by General Electric for 
a J101 engine similarly reconfigured.    Tne F404-GE-400 is a derivative of the 
J101. 
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"Hie installed engine weight includes an allowance of 75 pounds per engine 
for residual fluids and miscellaneous airframe/engine interfacting provisions. 
This allowance is based on data from the YF-17 air vehicle,which has YJ101 
engines. 

.  —> 

Pounds   | 

Engines (less transition duct and nozzles) (2) 

Residual fluids 

Miscellaneous Installation provisions 

3540 

150 

Engines (As Installed) 3690    | 

Accessory Gearbox and Drives 

The accessory gearbox system weight was estimated from statistical/empirical 
data.    The gearbox weights were based on vendor data for the YF-17 gearboxes. 
The weights of the installation provisions were empirically estimated. 

The YF-17 gearbox drives one hydraulic pump and one integrated drive 
generator and has a starter input pad and drive train.    This box weighs 
42 pounds.    The box for the ADCA vehicle drives an additional hydraulic pump 
and is estimated at 52 pounds. 

Pounds 

Gearboxes (2) 

Power Takeoff Shafts (2) 

Cooling and Lubrication System 

Mounting Provisions 

Miscellaneous 

104 

16 

40 

15    1 

15 

Accessory Gearboxes and Drives 190 

I 

Exhaust System 

The exhaust system weight consists of the two "dimensional afterburner 
casing/transition duct and nozzles  (Figure 38).    The weight estimate of the 
transition ducts with the movable flaps for regulating nozzle throat, area 
was based on data supplied by General Electric (Reference 11).    The data was 

69 

l^^.»..^,...^..,,..,^,^:....,,:.^^.,;.. MUU ^^J^ 
 ' ^        ■■■■-■      ■■  ■ 



__ xm-immiimm''mmmmmmimm '■'"■W ■ UM—■'- Ulli,,.  ..■■um mi. mmm    ■■ 

■ 

NOTE:  WEIGHT DOES NOT INCLUDE 
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Figure 38. Jet flap weight. 
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for a jet flap exhaust system used in conjunction with a J101 engine and 
supplied under contract in support of Rockwell International's Advanced 
Fighter Technology Integrator Program. 

This data was used as a basis to develop the curve of jet flap weight 
versus flap span (Figure 38).    The curve does not include the weight of the 
nozzle  plug   and its systems.    The weight of a 52-inch flap span exhaust sys- 
tem for the ADCA less the nozzle plugs is 1070 pounds per vehicle.    The 
weight of the plugs and their systems is estimated at 585 pounds.    The total 
exhaust svitem weight is 1655 pounds.    The comparable exhaust system weight 
if a standard F404-GE-400 system was used is 500 pounds. 

Starting System 

The engines are started by air turbine starters mounted on the air 
vehicle accessory gearboxes.    The turbines are powered by either an external 
power source or cross ship bleed air from a started engine. 

Pounds 

Starter Turbines and Valves  (2) 

External Receptacle 

Ducting 

Wiring and Misc 

60 

5 

10 

5 

Total Starting System 80 

Fuel System 

The fuel system weight estimates are based on statistical/empirical data. 
The fuel system weights for the composite and metal vehicles are a function of 
their respective maximum fuel volumes. The composite vehicle has considerably 
more excess volume above that required for the design mission than the metal 
vehicle. The maximum fuel quantities for the composite and metal vehicles are 
12,800 pounds (1969 gallons) and 8900 pounds (1369 gallons), respectively. 
All fuel is contained in integral tanks. The system plumbing and sealant 
weight was calculated at 0.3 pound/gallon. This unit weight does not include 
the inerting system for fire/explosion protection of the aerial refueling 
system. 

71 

mm 



Composite 
D572-4B 

Metal   ' 
1)572-5A  1 

Pounds Pounds 

Plumbing 

Inerting System 

Aerial Refueling 

590 

60 

100 

410    1 

60 

100    ' 

1  Total FU21 System 750 570 

Cooling and Drain Engine Controls 

The weight allocations of these systems were based on empirical data 

Engine Controls       40 pounds 

Cooling and Drain      30 pounds 

Equipment Subsystem 

The following section describes the methods utilized in estimating the 
equipment subsystem weights. Also included are the assumptions and criteria 

used directly or indirectly in the weight buildup. 

The ADCA subsystem weights reflect the state of the art advanced for the 
1980's time period where applicable. Much of the equipment specified is 
current state of the arc, e.g.; the advanced M-61 gun, reclining seat for 
higher acceleration tolerance for the pilot, etc. 

Analytical and statistical methods are used to develop subsystem weights. 
System concepts are approximated; i.e., hydraulic, electrical groups and the 
weight estimates are based on these design concepts. The equipment subsystem 
weights for the composite and the; metal configuration are the same except for 
flight control system. The larger size of tne metal configuration is reflected 
in the actuation system weight as shown in the flight control system discussion, 

Instrument Group 

The group includes the weight of four functional groups. These are the 
flight, engine, fuel quality, and the miscellaneous. Each group includes the 
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indicators, transmitters and a/nplifiers, and installation weights.    The total 
system weights are listed as follows: 

tern Weights  (lb) 

Flight  Instruments 
Indicators 
Transmitters and Amplifiers 
Installation 

22 
10 
10 

(42) 

Engine  Instruments 
Indicators 
Transmitters and Amplifiers 
Installation 

5 
2U 
5 

(30) 

Fuel Quantity 
Indicators 
Transmitters and Amplifiers 
Installation 

5 
10 
15 

(30) 

Miscellaneous 
Indicators 
Transmitters and Amplifiers 
Installation 

4 
6 
8 

(18) 

Total Instrument Group 120.0 

Emergency Power Unit 

The emergency power system is sized to provide 10 minutes of continuous 
power to drive a hydraulic pump and an ac generator in the case of failure of 
the primary hydraulic or electrical system. The emergency system uses a mono- 
fuel (hydrazine) and requires less complex installation than a conventional 
APU. A total of 120 pounds was estimated, as detailed in the next paragraph. 

EPU (30-shaft horsepower) 70 
Controls 5 
Generator Drive Pad 9 
Hydrazine Tank and Plumbing 20 
Equipment Support 16 

Total EPU 120.0 lb 
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Fuel (hydrazine) required is 60 pounds based on fuel consumption rate of 
ü pounds/min for 10 minutes. The hydrazine weight is included in useful load. 

Hydraulic Group 

Two completely independent, continuously operating, 4000 PSI systems are 
provided. Each system consists of two variable-delivery pressure-compensated 
pumps, one bootstrapped reservoir, filters on pressure and return side, valves, 
heat exchanger, and plumbing. Each pump is mounted on separate engine-driven 
gearboxes such that failure in either pump or an engine will not result in 
complete loss of that system. The pumps operate on master-slave concept, 
wherein the master pump supplies the normal demand and peak flow demand will 
activate the slave pump. An emergency system is provided. The emergency 
ponp is driven by the monopropellant emergency power unit (MEPU) and is 
capable of delivering up to 10 gpm. 

Each system is sized to provide 50 percent of the hydraulic loads. One of 
the systems (system No. 1) will provide hydraulic power to all functions. Sys- 
tem No. 2 will provide power to all functions except for inflight refueling 
and nose gear extend/retract cylinder. The revolving M-61 gun is brought 
up to speed with two system-supplied hydraulic motor pumps driving through 
a differential gearbox. The peak hydraulic flows for the functions are 
listed. 

Functions Peak Flow (gpm)/Sys No. of Sys 

Inflight Refueling 1.0 1 
Canard 2.0 1 a 2 
Nose Gear 1.0 i 
Gun Drive 14.0 ^ 2 ■ 

Weapon Bay Door, Fwd 1.0 fi 2 
Weapon Bay Door, Aft 1.0 a 2 
Main Gear 3.0 fi 2 
Leading Edge 5.0 5 2 
Trailing Edge 3.0 ^ 2 
Ailerons 5.0 S 2 
Aft Weapons Bay Doors 1.0 ^ 2 
Plug Nozzle Movable Flap 13.0 5 2 
Plug Nozzle Thrust Vector 24.0 5 2 
System Internal Leakage 3.0 5 2 
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The punps are sized to IS gpm each.    The primary flight control system 
are duty cycled to a 2/7, peak flow value.    Full  flow on nozzle flaps and 
internal  leakages was added to the primary  flight control flow.    Titanium 
lines are used i-nth welded or brazed joints.    The lines are sized for a 
flow velocity of 25  ft/sec  (reference 12).    Other components such as 
reservoirs,   filters,  and accumulators are sized according to methods shown 
in Reference 13.    The pumps arc in-line piston type.    Fluid volume and weights' 
are based on MIL-H-5606 fluids. 

J 

The two primary systems and the emergency system estimated weights are 
listed as follows : 

Weights (lb) 

Components System 1 System 2 Hmerg 

Pumps 18 18 5.5 
Reservoirs 14 14 8 
Filters 5.9 5.9 5.4 
Accumulator — 10.0 — 

Heat Exchangers 7.0 7.0 — 

Controls 8.0 8.0 . 4-0 

Distribution Lines 37.0 40.0 "l5.0 

F i 11 i ngs 15.0 16.0 6.0 
Supports 10.0 10.0 5.0 
Fluids, Lines 30.0 32.0 14.0 

Fluids, Heat Exchanger 7.0 7.0 — 

Fluids, Accumulator — 3.0 — 

Fluids, Reservoir 9.0 9.0 3 
1 iqu i pment Supports , 

Total System 

Misc 9.1 10.1 4.1 

170.0 190.0 70.0 

Hydraulic Group Wei ght 430.0 lbs. 

Electrical System 

The electrical system consists of two 115/208 volts, 400 GPS ac systems. 
Each system will supply adequate power in case of failure of one of the 
generating system. An MEPU-driven generator system is provided to supply 
essential powers during complete loss of the two primary systems. A 5.7 AH 
battery is provided to supply electrical power when neither the main engines 
nor the MEPU is running. 
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The following is the estimated load for the ADCA. 

Instruments 
Hydraulics 
Furnishings 
Env. Control 
Flight Controls 
Armament   (dc) 

fi ring circuit 
clearing can 
homb eject 5 misc 

Fuel System 
Load based on 1 boost 
and 1 transfer punp 
operating simultaneously 

Avionics 
The load is based on 
16(30 lb of avionics. 
Current system weight 
is 1000 lb. The expected 
load reduction was not 
included at this time. 

1000 
500 
500 
500 
500 

150 
785 
65 

2340W 

3000W 

1000VA 

| 
1 

I 

22,950VA 

The generator size is based on the following assumed factors: 

Equipment power factor 
Fuel pump power factor 
System growth 
Generator efficiency 

0.8 
0.6 
2.0 
0.85 

Generator size - (3000 ■♦ 2340 + 22,950 + 1000) 
0.8   0.60" 

x 2 
2 x .85 

= 37117VA = 40 KVA/GEN 

The total system weight is listed in the following paragraph. The gen- 
erators are the integrated drive generator type. 
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Item 

40 KVA IDG generators (2) 
T/R Units 

Battery (MA50CH) 
Generator Controls 
Line Contractors 
ünergency system generator 
Emergoncy system gen. control 5 contractor 
Distribution system 
Lights and signal devices 
Equipment supports 
Miscellaneous 5 supports 

Weights (lb) 

162 
20 
15 
8 
9 

15 
9 

340 
60 
30 
12 

Total 680 

Avionics System 

The system weight of 1000 pounds of equipment was specified by the 
customer. It is assumed that the equipment included are COMM/NAV system, 
computation, IFF, weapon release, store management, controls and displays, 
penetration aids, and missionized equipments. Acoustic and thermal protection 
provisions for the tail defense avionic bays are included. 

The weights are summarized as follows: 

Item 

Equipment 
Installation 
Acoustic provision 

Total System 

Weights (lb) 

1000.0 
270.0 
80.0 

1350.0 

rh 

Armament System 

The armament group weight consists of M-61 ammunition storage and missile 
and bomb carriage. Ihe provisions are hardpoint fitting assembly, wiring, wire 
bundle supports, and equipment supports. The M-61 gun installation weight 
includes gun-firing provisions, ammunition storage drum, the hydraulic drive 
system, gun gas purging system, and blast tubes and plates. The gun, ammuni- 
tion, missiles and bombs will be listed under useful load. The weapon release 
and store management system weights are assumed to be in avionics weights. 
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M-61 storage and drive system 

Item 

Drums, single ended 
Feed, chutes, and mechanism 
I>rum supports 
Gun drive 
Purging and blast protection 

Total 

Agile-type missile system 

Hardpoint 
Wiring ^ supports 
Missile racks 

Guided Bombs 

Hardpoints 
Wiring and supports 
Racks 

Confomal rack provision 

Total 

Weights (lb) 

140 
85 
17 
28 
40 

310 

10 
10 
40 

60 

20 
15 
70 

Total 105 lbs 
65 lbs 

The wiring and logic integration provision into the weapon management 
system is estimated at 20 pounds. 

The armament weight is summarized as follows 

Item 

M-61 gun system 
Agile- type missile prov. 
Guided Bombs 
Additional hardpoints 
Weapons Mgm't System prov. 

Total 

Weights (lb) 

310 
60 
105 
65 
20 

560 
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Furnishing Group 

iTie furnishing group consists of personnel accommodation, miscellaneous 
equipment, furnishings, and emergency equipment. The weights are based on 
comparison to current aircraft and also to current in-house studies on high- 
acceleration cockpits. The system weights are summarized as follows: 

Item Weights (lb) 

Personnel Accommodation 
Seat Structure 
Survival gear, parachute 
Non ejectable seat provisions 
Relief tube 
5 liter Cb system with LOX 

109 
57 
23 
2 

37 

(228) 

Miscellaneous Equipment 
Data case 
Rear view mirror 
Rain removal system 
Windshield wash 
Instrument panels 
Consoles 

1 
1 
7 

15 
15 
15 

(54) 

Furnishing 
Trim 
Acoustic 5 insulation 

5 
10 

(15) 

Emergency equipment 
Fire detection 
Fire suppression 

9 
14 

(23) 

r 

I 

Total Furnishing Group 

Environmental Control System 

320 

Two bootstrapped turbo-compressor units utilizing engine bleed air are 
provided for the heating and cooling requirements. The primary heat sink is 
ram air. Ram air scoops and valves are provided for emergency cooling and 
ventilation for the cockpit and equipment compartments. 

, 
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The estimated weight is listed as follows: 

Item Weights  (IbJ 

Bleed-Air System 
Pressure regulator 5 S.O. valves 
Check valve 
Bypass valve 
Primary heat exchanger 
IXicting and supports 

Refrigeration 5J/stem 
Refrigeration units (2) 
Water separators 
Valves 
Controllers, cockpit 
Control lers, Fwd Bay 
Controllers, Mid Bay 
Controllers, AFT 
Controllers, Wing 
Ducting 
Supports 
Cabin S.O. Valve 
Cabin pressure regulator 

Pressurization and sealing 

Miscellaneous 

Anti-Ice Provision 

Total System 

48 
6 
5 

70 
50 

65 
15 
20 
5 
5 

15 
5 

10 
60 
15 
5 

10 

(179) 

(280) 

(70) 

(36) 

(15) 

530 

IL_ 

Flight Controls 

A 3-channel £ly-by-wire (FBW) flight control system with a 4000 PSI 
hydraulic system power supply is included. The electrical power supply 
consists of three transformer - rectifier (T/R) units and batteries each. 
Pilot controls consist of a side stick and rudder pedals. 

The weight estimates for the cockpit (pilot's) control and the automatic 
light control system are based on extensive Rockwell International's in-house 
studies; such as, Advanced Fighter Technology Integration (AFTI), and the 
Highly Maneuverable Technology (HiMAT) Programs. 
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"Hie system weight is suranarized as follows: 

■   ■ . 

Item 

Cockpit Controls 
Side stick 
Supports 
Rudder pedals 
Supports 
Bungce 

Automatic Flight Controls 
Sensors 
Rudier pedal transducers 
Digital computer 
Data adapter 
CAS computer 
Control § display panel 
Supports 
T/R Units 
Batteries 
Wiring 

Actuation System 
Aileron 

Flaps, trailing edge 
Flaps, leading edge 
Canard 

Metal 
D572-SA 

(45) 
14 
6 

12 
8 
5 

(265) 
13 
3 

19 
22 
35 
6 

19 
26 
62 
60 

(6S5) 
200 
85 

330 
80 

Total System 1005 

Conposite 
D572-4B 

(45) 
14 

6 
12 

8 
S 

(265) 
13 

3 
19 
22 
35 

6 
19 
26 
62 
60 

(520) 
175 

75 
205 

65 

830 

Load and Handling Group 

A weight allocation of 5 pounds was used for jacking and tiedown fittings, 

MISSION AND DESIGN TRADE STUDIES 

Sensitivities Studies 

The sensitivity and trade studies performed on the composite airplane 
were based upon the D572-4B selected vehicle. The reference takeoff gross 
weight for the vehicle was 31,303 pounds. 
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Hie sensitivity and trade studies performed on the metallic airplane were 
based upon the D572-5A selected vehicle. The reference takeoff gross weight 
from sizing the vehicle to the design mission was computed to be .35,108 pounds. 

Deadweight Sensitivity 

The purpose of this sensitivity study was to establish the payload effects 
on the aircraft mission radius anc" takeoff gross weight. The appropriate 
metallic and composite selected vehicles served as the trade basepoints. The 
sensitivity study was first conducted with the takeoff gross weight held con- 
stant and the mission radius, the variable, and secondly, the vehicle was sized 
to the mission with takeoff gross weight being the fallout. Figure 39 shows 
the deadweight sensitivity for the composite and metallic aircraft. The fixed 
fuel decrement caused by a deadweight increment results in a substantially 
higher percentage of cruise fuel loss for the composite vehicle and, in turn, 
in a higher radius sensitivity. The metallic aircraft growth factor is 1.42. 

Zero-Lift-Drag Sensitivity 

The zero-lift-drag sensitivity study was conducted by adding a constant 
10 and 20 counts of drag for all mach numbers to the selected basepoints. As 
in the previous trade, the performance was computed for a fixed takeoff gross 
weight with radius as the fallout and for a fixed mission radius with gross 
weight as the fallout. Figure 40 illustrates the zero-lift-drag sensitivity 
trades for the composite vehicle and for the metallic aircraft. 

Considering the metallic aircraft, the addition of 20 counts of drag at 
a fixed gross weight results in a 40-nautical-mile decrease in the vehicle 
radius. For a fixed radius mission, 20 counts of drag causes the gross 
weight to grow by 910 pounds. 

The effect of 20 counts of drag on the composite aircraft resulted in 
40 nautical miles for constant weight and 510 pounds for fixed radius. 

Thrust Sensitivity 

The effect of varying the thrust multiplications factor for the composite 
and metallic aircraft is shown in Figure 41 for a fixed takeoff gross weight 
and a fixed mission radius. For the composite vehicle, the effect of a thrust 
multiplication factor of 0.95 upon the takeoff gross weight is 380 pounds for 
a fixed radius and the same factor on a fixed weight costs 20 nautical miles 
radius. A thrust multiplication factor of 0.95 causes the takeoff gross 
weigl:t of the metallic airplane to grow by 570 pounds. The same factor applied 
to a fixed gross weight vehicle reduces the mission radius by 20 nautical miles. 
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Figure 41, Thrust sensitivity. 
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Vehicle Geometry Trade Studies 

Aspect ratio, sweep, and thickness trades were conducted on the selected 
basepoint vehicles, and the results of these trades were used to establish the 
next level of refinement in the design process. 

The battlefield mission radius,  ferry mission range,  takeoff distance and 
selected Ps points were also tracked to aid in the selection process.    The 
trade studies for the composite aircraft are shown in Figures 42, 43 and 44 
and the trades  for the metallic airplane are shown in Figures 45, 46 and 47. 

Figures 48, 49, 50, and 51 present the alternate capability of the compos- 
ite aircraft and Figures 52, 53, 54, and 55 are the metallic airplane alternate 
capability. 

Summary 

This section presents results and recommendations from the previously 
discussed mission and design trade studies, and defines the resulting aircraft 
to be used in task II studies.    Additionally, recommendations relative to 
future fighter systems are made and discussed. 

Mission trades made relative to total mission radius by varying both sub- 
sonic cruise distance and penetration/egress distance independently while hold- 
ing the other leg constant showed that an increase in either distance is not a 
large driver in vehicle weight.    Because of this, and to facilitate comparison 
with earlier vehicles, no change in design mission definition is recomnended 
for the remainder of the ADCA contractual study.    Useful data obtained from -4 
and -4A vehicle studies is thus nearly directly comparable with the -4B and 
-4C studies.    Additionally, the difference in growth factor between the two 
vehicles, metallic and composite, would merely show increases in the benefits 
of composites which are already demonstrated. 

The recommendation for a future fighter vehicle would be to increase the 
potential of the aircraft as much as possible to provide maximum versatility 
on alternate mission radii and stores loadings.    For this reason, the mission 
radius should be increased to 600 nautical miles total with 300 nautical miles 
of acceleration and supersonic cruise. 

The penetration mach nunber trade exhibits the same trend as the radius 
trades and the same reasoning was applied; i.e., no change for the ADCA study 
with increases recommended for a future fighter system. 
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SELECTCD VEHICLE 

Conposite Aircraft 

The selection of the task II composite aircraft baseline D572-4C was made 
based upon the results of the trade studies.    The primary driving factor in the 
selection of the -4C vehicle was takeoff gross weight.    The premise being that 
the lighter aircraft costs less.    The secondary factor in the selection process 
was the design and alternate mission requirements.    The lighter airplanes favor 
the selection of higher wing loadings, lower sweeps, and lower aspect ratios. 
The alternate capability further constrains the selection indicating a prefer- 
ence of the 80 PSF wing loading and 60-degree sweep.    The takeoff and landing 
and Ps are within the desired requirements.    An aspect ratio of 3.0 was chosen 
since it favored the lower takeoff gross weight and more mission requirements 
could be attained.    A thickness ratio of 5.0 percent was selected for the -4C 
aircraft.    A 4-percent-thick wing was attainable at severe weight penalty and 
the 6-percent wing was determined to have a high wave drag decrement.    The 
5-percent wing represented the best conpromise in the task II study composite 
aircraft. 

Figure 56 illustrates the task II D572-4C composite aircraft baseline, 

Metallic Aircraft 

In a similar selection process as described for the composite aircraftf 
the task II baseline metallic aircraft D572-5B was chosen.    However, the most 
important distinction in the method of selecting the metallic aircraft was that 
it was chosen such that its performance would be as nearly identical to that of 
the conposite aircraft as practicable. 

Figure 57 shows the metallic aircraft baseline. 
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Section III 

AERODYNAMICS 

SUPEIOUISER CONCEPT DEFINITION 

The aerodynamic goal that has led to a definition of the supercruiser 
concept is to reduce trimmed supersonic drag to a leve] which allows efficient 
(i.e., dry power) supersonic cruise while maintaining competitive levels of 
transonic/subsonic maneuverability. To achieve this goal, a configuration 
must be designed having low wave drag, low base drag, low skin friction drag, 
and low trim drag. The wave drag can be minimized by use of high fuselage 
fineness ratio, high wing sweep, and by blending these components together 
such that, at the supersonic cruise design mach number, the flow is subcriti- 
cal over most of the vehicle except for a small region near the plane of 
symmetry. The base drag can be reduced by use of properly designed, two- 
dimensional nozzles. Skin friction drag can be minimized by deletion of 
conventional tail surfaces and of separate engine nacelles and pylons. Low 
skin friction drag results from deletion of high Reynolds number, short-chord 
horizontal and vertical tails from use of high fineness ratio components, with 
low form factors, and, to a lesser extent, from reduced total wetted area. 
Low trim drag can be achieved by varying the longitudinal stability with a 
canard control system which retracts into the fuselage. 

This concept definition has led to the configurations shown in Figures 
4 and 5 in Section II. Curved-up wingtips provide lateral-directional stabili- 
ty. Trailing edge elevons provide longitudinal, lateral, and directional 
trim and control. Longitudinal control is augmented by a variable-stability 
canard and by vectorable two-dimensional jet nozzles. Lateral control is 
augmented by differentially vectorable two-dimensional nozzles. The sweep 
and curvature of the wing planform have been selected to maintain effective 
subsonic flow characteristics at the design supersonic cruise speed. This 
means that the transonic aerodynamic center shift is less than for conven- 
tional trapezoidal wings of lower sweep. However, the transonic aerodynamic 
center shift that does occur can be trimmed out by partial extension of the 
canard so that trim drag can be reduced to very low levels. 

CHALLENGES OF SUPERCRUISER 

During initial aerodynamic development of the supercruiser concept, sev- 
eral aerodynamic challenges have been identified as requiring careful atten- 
tion to insure that the supercruiser will meet its aerodynamic goals: (1) 
achievement of low wave, base, skin-friction, and trim drags for efficient 
supersonic cruise, (2) effective use of vortex lift and jet vectoring for 
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subsonic/transonic nvaneuvering, with particular attention to trim and control- 
ability,    (3)  achievement of satisfactory lateral-directional control during 
climbout after takeoff and during approach  for landing, and    (4J  design of a 
variable-camber wing to achieve substantial  leading edge suction at alternate 
cruise points. 

BASEPOINT AERODYNAM1C DATA 

Supersonic wave drag levels have been calculated for the all-composite 
(1)572-48)  and advanced metallic (D572-5A) baseline configurations using 
available Rockwell/LAAI) computer programs described in Reference 1.    Subsonic 
drag rise for these two baseline configurations was estimated by application 
of NACA free-flight data and correlations available in References 2 and 3. 
The resulting curve of wave drag versus mach number is shown in Figure  58 for 
the -4B and  in Figure 59 for the -5A configurations.    The drag-due-to-lift 
curves presented in Figure 60 apply to both the  -4B and -5A configurations 
and have been calculated using the T:;A475 computer program, which is an adapta- 
tion of the NASA Ames Woodward panel program and is described in Reference 4. 
These calculations  assume that the wings can be twisted and cambered to 
achieve a leading-edge suction of 90 percent of that theoretically available. 
The takeoff and landing lift and drag curves shown in Figure 61 are based on 
low-speed wind-tunnel  test, data available  in References 5 and 6.    Tljese take- 
off and landing curves apply to both the -4B and -5A configurations. 

The baseline stability and control data to be presented here have been 
worked up for the all-composite aircraft  (-4B).     Aerodynamic center and lift 
curve slope are shown in Figure 62 versus mach number for the rigid airframe. 
Comparable lateral and directional  stability derivatives Cn-    and C-ifl    are 
shown in Figure 63. 

1/3 

A tabulation of rigid stability derivatives for a six-degrees-of-freedom 
rigid airframe maneuver is included in Table 7.    Flexible derivatives are 
shown in Figures 64 through 70;    whereas,  flexible-to-rigid ratios are shown 
in Figures  71 through 78.    These preliminary flexible data are based on a 
simple stick model without twist,  camber,  thickness, or weight, but with 
sweep.    Tabulation of flexible stability derivatives for six-degrees-o£- 
freedom analyses are included ir Tables  8,  9, and 10. 

A review of the wind tunnel data and theoretical computation basis for 
these D572-4B baseline aerodynamic data is presented in Reference 8.    Compar- 
isons between the measured NASA supersonic test data of Reference 7 and LAAD 
theoretical computations are presented and discussed in Reference 9.    Results 
of six-degrees-of-freedom dynamic studies are reviewed in Reference 10. 

BhiliiiiiääaaaaÄMj;, 
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TABLE 7.    RIGID AERODYNAMIC DATA,    M " 0.9 

TITLE:    D575-4B M:    0.90 q:    0.0 

Sw:    ^100 rtz       C:    163.51 in. b:    415,976 111. Xc.g. :    501,86 in. 

CI 

CYp 

■ 0,0332 
■ -0.0006 
-0.00780 

=    0.00230 
■ -0.00320 

0.205 -Dr 

^L 

'"of 

C™ c 

AC 

0.01914 

•0.01115 

0.006368 
0.01841 

0.009917 

nr 
Cnr 

0.0158 

% 

CM :    -0.0112 
'a= 0° 

P   _ 

4.162 
0.1575 
0.1576 
Q.1724 
0.2884 

CL2 

0.197 

CY    (di£) 

Cn6f(dif) 

^6f 
(dif) 

=    0.C0Q486 

= -0.000210 
= +0.001335 

Full 
extension 

Outboard 
wing flaps 

n 

5r 

0.003062 
-0.001455 
0.001124 

) n 8r    "   ^ÖfOTBD RICKT   +Ö£OTBD LEH 

a£ (di£)    -    "^INBD RICKT    +ÖflNBD LEFT 

6f:    Ö£INBD RIfflT   Simultaneous with 6fINBD LEFr 
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Figure 65. D572-4B longitudinal stability variation with q. 
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Figure 66. D572-4B lateral stability variation with q 
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Figure 67. D572-4B longitudinal effect of rudder deflection 
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Figure 69. D572-4B pitch and roll rate variation with dynamic pressure. 
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Figure 70. 0572-48 yaw rate variation with dynamic pressure. 
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and yaw and lift coefficient due to yaw variation with dynamic pressure. 
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TABLE 8.     FLEXIBLE AERODYNAMIC DATA, SEA LEVEL,    M - 0.2 

■ 

TITLE: D575-4B M:    0.2 q:     58 lb/ft2 

Sw:    400 ft2 C:     163.512   in. b:    425.976  in. Xc.g.:    501.86 in. 

CL 
CM 

0.05228 
0.0 

-0.006105 
0.002217 

-0.00255 

M 
^nr 
cnp 

c£p 

q _ 

0.15 Ci I).0121 0.0 
0° 

-3.0735 
-0.1288 
0.1299 
0.13898 

■0.2447 

0.197 

b*:. ~m 
öf 

■mac 

^L oc 

0.01374 
0.00660 

0.01815 Full 
0.0485  extension 

0.005185 

CL2 

Cy. (dif)  = 
CfCdif) = 

0.00108 
-0.000145 
0.001360 

Outboard CL 
wing    C^r 
flaps 

-    0.00242 
=  -0.001137 

= -0.000888 

^ 6fOTBD RICKT    + ÖfOTBD LEFT*  '2 

6 (dif)    =    - 6 f +   6 
1NBD RIGHT INBD LEFT 

6r- 
f:    6fINBD RUHT SIMULTANEOUS WITH    6f INBD LEFT 
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TABLE 9.     FLEXIBLE AERODYNAMIC DATA,  SEA LEVEL,    M * 0.9 

TITLE:    D575-4B M:    0,9 q:    1245.6 lb/ft 

%:    400  ft2 C:    163.51 in. h:    425.976 in. Xc.g.:    501.86 in. 

cL« 
0.0526 

+0.00479 
-0.00393 
0.00139 

-0.00139 

0.205 CDo: 0.0158 

If 

0.01515 
%\    - -0-009170 

ac 

AC 
TU 

Loc 

0.00368    Full 

0.01841    extension 

0.009917 

:Mq 

-0.0108 
0° 

■3.658 
-0.0750 
0.0855 
0.0610 

-0.1890 

Cd.:    0.197 

CL2 

Cv    (dif) 

c/f(di£) 
*6f 

■0.000048 
-0.000007 
0.000889 

CY 

Outboard C^ 
wing flaps 

<5r 
6r 

%, 

=    0.002853 
=  -0.001386 

= -0.000719 

r    =     (-6 

6    (dif) 
f 

fOTBD RIGH^,    +      fOTBD LEFT-1  /2 

'ÖfINBD    RIGHT    +    ÖflNBD LEFT 

6r:    öf 
1NBD RIGHT 

Simultaneous with Ö £INBD LI:FT 

ll^l^j^gl^flH^ä^^ 
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TABLE 10. FLEXIBLE AERODYNAMIC DATA, ALT. = 50,000 FT. , M = 1.5 

TITLE: D575-4B M: 1.50 q: 384.0 lb/ft' 

Sw:    400 ft^          C:     163.51 in. b:    425.976 in. Xc.g:    501.86 in 

CI =    0.0536 
= -0.008388 
= -0.00558 
=    0.00225 
= -0.00193 

% 

cnr 

•  -4.215 
=  -0.1178                    i 
-    0.1470 
=    0.0995 
=  -0.2580 

C,   : 0.198          CD  :     0.0187 CM:     -0.0118 Cd.:    0.244 
a   =    0° CL2 

CL6f 
Cm6f 

=    0.006954 
= -0.006542 r

Yöf 
:dif)    =    0.00269 
[dif)    = -0.0006948 
[dif)    =    0.0004783 

=    0.008175    Full 
=    0.01079      extension 

Outboard    Cy 
wing           Cn

ör 
=    0.001024 
=  -0.000599 

=    0.00 flaps         C^r =    0.000276 

r          ('öfOTBD RIGHT foTBD LEFT-*   /2 

f (dif)           - öfINBD RI(Kr    
+   öfINBD LEPT 

Öf:       ÖflNBD RIOIT    Simultaneous with   ÖfiNBD LEFT 
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TRADE STUDY AERODYNAMIC DATA 

Variations in supersonic wave drag levels with changes in wing area, 
aspect ratio, wing leading edge sweep, and wing thickness ratio have been cal- 
culated using available Rockwell/LAAD computer programs (Reference 1). Vari- 
ations away from the all-composite baseline D572-4B are shown in Figures 79 
through 85; whereas, variations away from the advanced metal baseline D572-5A 
are shown in Figures 86 through 92. Similar variations in drag-due-to-lift 
and lift curve slope are graphed in Figures 93 through 96 as given by the 
FA475 computer progrtm (Reference 4). These aerodynamic data are used in the 
trade studies just described in Section II. 

- 
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i I 

Section IV 

STRUCTURT, STUDIES 

INTROmiCTION AND SUMMARY 

The structures development for the ADCA conducted during the first 
task of this program consists of the following subtasks: 

• Aircraft Structural Integrity Program (ASIP) blaster Plan 
• Design Criteria and Requirements 
• Materials Selection 
• Composite Application Trade Studies 
• All-Composite Baseline Structure 
• Advanced Metallic Baseline Structure 

These tasks represent a logical sequence in the definition of the optimum 
structure for an all-composite fighter and in the deteimination of the cost- 
effectiveness of this fighter in relation to an advanced metallic fighter 
designed for the same mission. The ASIP Master Plan serves as the guide for 
the necessary steps in the airframe structural definition. The criteria and 
requirements define the conditions which are used for the establishment of the 
loads and environment of the airframe. From these conditions the candidate 
materials can be selected and trade studies on key structural areas conducted. 
The baseline composite airframe shown in Figure 97 is the result of the trade 
study results. Although cost trades were not conducted for the all-metal 
baseline structure, previous studies for the advanced tactical fighter and the 
B-l strategic bomber have been used extensively for this structural arrangement. 

DESIGN CRITERIA AND REQUIREMENTS 

DESIGN WEIGHTS 

Table 11 summarizes the design weights and centers of gravity data for 
each vehicle. The definition of flight design weight is basic mission take- 
off weight less 20 percent of mission required fuel. The definition of land- 
ing design weight is basic mission takeoff weight less 60 percent of mission 
required fuel. Maximum design weight is defined as four MK-84 LGB (GBU-10C/B) 
(2 internally carried and 2 externally carried), full ammo, self-defense 
missiles and full internal fuel. The basic mission takeoff weight does not 
include ammo and self-defense missiles b\ t the next configurations CD572-4C, 
D572-SB) which results from the vehicle sizing study include ammo and self- 
defense missiles. Section II contains the weight summary breakdown and center 
of gravity data for each vehicle. 
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TABLE 11. VEHICLE DESIGN WEIGHTS AND CENTER OF GRAVITY 

Composite Vehicle (D572-4B)              1 

Description Weight fPounds) 
Center of Gravity   j 

(Fus. Sta.) 

Flight Design 29,562 510.9 

|  Landing Design 26,822 509.3       j 

1  Maximum Design 41,772 502.5        j 

Metal Vehicle (D572-5A)               1 

|  Flight Design 33,809 509.2        | 

j  Landing Design 30,658 1       510.1        | 

1  Maximum Design 41,297 512,6        1 

LOADS 

Four symmetrical flight conditions were selected to represent a sample 
of the ADCA load requirements. These conditions at flight design gross 
weights of the particular configuration are listed below. 

Vertical Condition 
Mach No. Altitude Load Factors Canard Position Number 

0.9 Sea Level 8.0 IN 3.0 
1.2 Sea Level 8.0 IN 1.0 
1.2 Sea Level -3.0 IN 4.0 
1.71 20,000 ft 6.5 IN 2.0 

A taxi condition at maximum design weight was also included for fuselage loads 
and is referred to as condition five. 

These conditions have been analyzed using programs newly developed under 
IR^D funds. 

The new planar and non-planar load routines were created to supply SWEEP 
input loads in the conceptual and preliminary design phases of vehicle design. 
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A modified version of the Nonplanar Unified Distributed Panel Wing-Body 
Program which is used by the Rockwell/LAAD Aerodynamics group provides trimmed 
vehicle pressure distributions. This program computes subsonic and supersonic 
aerodynamic characteristics of v;ing-body configurations, surface pressures, 
load distributions, and total component and configuration loads. The pro- 
grammed procedure is based on a constant source and vortex panel formulation 
for thin bodies and interference shells. A surface source representation is 
used on the slender body components. Pressure distribution is normalized to 
dynamic pressure and based on a trimmed lift coefficient of one for each mach 
number condition under investigation. 

Three other new programs were developed to support this interface with 
the Aerodynamics group. The first is a unit inertia program which converts 
grid network mass distributions into unit shears, moments, and torques for 
the lifting surfaces of a configuration. The second (load Influence Coeffi- 
cient Program) converts the pressure distribution data into unit shears, 
moments, and torques for lifting surfaces and unit forebody, midbody and after- 
body fuselage lift. Ihe third (Design Loads Program) converts the unit data 
into limit loads for the required load factors, gross weight, altitude and 
dynamic pressure consistent with mach number conditions for the pressure data. 
These programs are structured to provide SWEEP with data required for the 
load analysis. SWEEP is then used to calculate net fuselage loads with the 
option to either calculate net lifting surff.ee loads or accept input loads 
data. 

Figures 98 and 99 show the assumed load reference axis used in the wing 
shear, moment, and torque calculations for the composite and metal configura- 
tions. The numbers of these figures represent the SWEEP structural analysis 
points, i-'igures 100 through 105 show net ultimate rigid loads for the composite 
wing outboard and inboard panels. Likewise, Figures 106 through 111 present 
the net rigid loads for the metal wing outboard and inboard panels. The shear 
loads in these figures are positive for load up and normal to the wing. The 
bending loads are positive for compression in the upper cover, while torque 
is positive for a leading edge up. These loads include the effects of vertical 
and side loads due to the nonplanar planform. 

Figures 112 and 113 present net ultimate shear and bending moments for 
the composite fuselage while Tables 12 and 13 are a tabulation of these same 
loads. Figures 114 and 115 and Tables 14 and 15 present similar data for the 
metal fuselage. The main difference between the two sets of fuselage loads is 
the number of points assumed to react the external wing loads. Three points 
were assumed for the composite and only two for the metal. 

Canard loads for the ADCA were estimated by using the airloads module of 
SWEEP with the planar wir;; ,iodel and trimming with the canard. TTiis was done 
to expedite load analysis. This method gives conservative canard loads. The 
resulting exposed canard loads are listed in the following paragraphs. 
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Figure 98. D572-4B load reference axis. 
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Figure 99.    D572-'5A load reference axis 
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Figure 100. D572-4B outboard wing ultimate shear. 

155 

i iiiriiiHlfi'*""i*iCi"-  - 
luff ■jjiföiiiiiM***"^^^-'*'-*-^"''- ■'*■"'J' ■ä.aag^Mfatum"^^ 



mBmstm&BB&BSSRsemmamBm 1,,,,,PW,,r"—-■—w"^—w" ———■ 

O 

O z: 
C3 

CO 

00 110 120 130 140 150 160 170 

BUTTOCK PLANE ALONG REFERENCE AX I 

180 190 

S, INCHES 

Figure 101. D572-4B outboard wing ultimate bending moment. 
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Figure 102, D572-4B outboard wing ultimate torque. 
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Figure 103. D572-4B inboard wing ultimate shear. 
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Figure 104. D572-4B inboard wing ultimate bending moment. 
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Figure 105. D572-4B inboard wing ultimate torque. 
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Figure 106.    D572-5A outboard wing ultimate shear. 
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Figure 107.    D572-5A outboard wing ultimate bending moment. 
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Figure 108. D572-5A outboard wing ultimate torque. 
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Figure 109. D572-5A inboard wing ultimate shear. 
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Figure 110. D572-5A inboard wing ultimate bending moment. 
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Figure 111.    D572-5A inboard wing ultimate torque. 
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Figure 112.    D572-4B fuselage ultimate shear diagram. 
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Figure 113. D572-4B fuselage ultimate bending moment diagram. 
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Figure 114. D572-5A fuselage ultimate shear diagram. 
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Figure 115. D572-5A fuselage ultimate bending moment diagram. 
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Conposite Vehicle (DS72-4B) 

Mach No. Altitude Load Factor 
Load per Side 

(pounds) 

1.2 
1.2 

Sea Level 
Sea Level 

8 
-3 

6820 
-2558 

Metal Vehicle (D572-5A) 

1.2 
1.2 

Sea Level 
Sea Level 

8 
-3 

8104 
-3039 

Landing gear limit loads are presented in Tables 16 and 17 for the 
composite and metal configuration. These loads were calculated by the land- 
ing gear module of SWEEP, They are referenced as paralleled and normal to 
the gear structure. 

DAMAGE TOLERANCE 

The damage tolerance criteria established in MIL-STD-1530 is proposed 
for ADCA. The criteria presented in "Durability and Damage Tolerance Certifi- 
cation Criteria for Advanced Composite Structures," reproduced in NA-75-604, is 
used as a guide. 

SERVICE LIFE 

The ADCA will be designed for a service life of 10,000 hours, 

> 

MATERIAL ALLOWABLES 

The material properties for use in the structural design of ADCA have 
been documented in TFD-75-766, "Materials Properties Data for Preliminary 
Structural Design/Analysis of Advanced Design Composite Aircraft."   TTie data 
have been selected from sources including MIL-HDBK-5B, AFML TR 72-232, and 
the Advanced Composites Design Guide.    Cross-ply properties have been developed 
using Rockwell's AC-50 computer program. 

STOJCIURAL TEMPERATURES 

A preliminary definition of the temperatures that the ADCA structure 
will experience is presented to identify the structural areas where potential 
thermal problems may occur.   Two ]ioints in the flight envelope were examined. 
The resulting steady-state tenperatures are shown in the following 
paragraph. 
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Mach 

1.5 
1.7 

Temperature 

Altitude 
(ft) 

TTOTAL     
T
SKIN 

(on            (OF) 

20,000 
20,000 

185         170 
250         220 

'■: 

i 

The total tenperature is the temperature that will occur in inlet ducts and 
on leading edges. The skin tenperature will be experienced over the external 
surfaces with very little variations. For metal surfaces small gradients of 
the temperature through the skins will occur. For relatively thick low thermal 
conductivity, composite materials, larger thermal gradients will exist at the 
onset of heating. A transient temperature analysis is required to obtain these 
gradients. 

The temperature of the engine case is shown in Figure 116. 

■ 

MATERIALS SELECTION 

GUIDELINES 

The materials selected as potential candidates for the structural concepts 
used in this study were only those considered to be mature by 1980. This 
implies that the material must not only be in production but that physical 
properties and producibility data will be available by 1980. 

COMPOSITES 

Twenty-two combinations of fiber and matrix material have been con- 
sidered for application to ADCA. These materials are based on a survey 
of the potential materials which are presently in use or in development. 
As shown in Figure 117, the composites which are judged to meet the guide- 
lines described above are indicated by a check (^ mark in the matrix. 
Other combinations which are not expected to be available by 1980 or which 
offer no advantages which would justify their development are shown as a 
blank. For the Task I study, the advanced composites which are shaded in 
Figure 118 have been selected for ADCA applications. These are graphite (PAN)/ 
epoxy, graphite (PAN)/polyimide, Kevlar/epoxy, f ibergl ass/epoxy, and quartz- 
polyimide. 
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HACH 2.0 AT 36,089 FEET,   T2  = 2i438F 
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Figure 117.    Corrposite material candidates. 

METALLICS 

The following new aluminum alloys have been reviewed: 

2024-T81 
2048-T851 
7005-T63 
7n49-T73 
7050-T736 
7050-T73651 
7175-T736 
7475-T76 

Sheet and Plate 
Sheet and Plate 
Sheet and Plate 
Die Forging 
Die Forging 
Plate 
Die Forging 
Sheet 

The selection of aluminum alloys for use on the ADCA metal baseline aircraft 
was based primarily on a few key properties. For fuselage skins and lower 
wing skins where the primary loads are shear or tension, high fracture tough- 
ness and good tensile yield were dominating properties, resulting in the 
choice of 2048-T851 for these applications. This alloy has the same toughness 
as the 2024 series but a 20-percent higher yield. For upper wing skins or 
fuselage longerons where high strength and good fracture toughness is required, 
7475-T76 was selected. This material exhibits slower crack growth than 7175 
and 7075 with a slightly lower yield strength. For die forgings, 7049, 7050, 
or 7175 will be used depending on thickness. 
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Among the titanium alloys considered are: 

10V 2Fe-3Al 
3Al-8V-6Cr-4Mo-4Zr 
öAl-2Nto-2Cr-2Sn-2Zr-.25Si 
6A1-4V 

Although the first three of these alloys have distinct advantages for special 
applications, 6-4 is the titanium alloy which has most successfully demon- 
strated superplasticity in Rockwell's superplastic forming process development. 
Since the majority of the titanium applications for the all-metal baseline 
airplane employ this unique process, 6-4 alloy has been selected. The alloy 
also offers the promise of higher strength properties with inproved, low- 
distortion heat treatment processes now being developed. 

HONEYCOMB CORE 

Honeycomb core materials which were evaluated for ADCA applications 
include both mitallics and composites. These are: 

5052 Aluminum Alloy 
5056 Aluminum Alloy 
2024 Aluminum Alloy 

Aluminum Alloy ACG (commercial grade) 
Nomex 
HRP Fiberglass/Phenolic 
HRH Fiberglass/Polyimide 
Graphite/epoxy 
Graphi te/Polyimide 

Because of the corrosion problems experienced with aluminum core, its use 
has been limited to a few applications on the all-metal airplane. The alloy- 
selected is 5056, which represents the best compromise between cost, weight, 
and corrosion resistance. For temperatures up to 350° F, HRP fiberglass is 
used where stiffness is not critical. Graphite/epoxy core is the choice for 
areas where a high shear modulus is required. In higher temperature appli- 
cations, HRH fiberglass/polyimide or graphite/polyimide core will be used. 

COMPOSITE APPLICATION TRADE STUDY 

To assure that the all-composite airplane has exploited the most cost- 
effective structural arrangement, trade studies on areas of the aircraft have 
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been conducted. The methodology used for the trade studies is shown in 
ligure 118. Starting with the -4B configuration, three structural areas were 

identified for detail study. For each of these areas, candidate types of 
construction were selected, resulting in the following design concepts. 

Wing Outer Panel 

Full-depth honeycomb 
T1ulti-spar, plate skins 

Wing Center Section 

Honeycomb panel 
Multi-spar, plate skins 
Plate stiffener 

Fuselage Section 

Honeycomb panel 
Skin stiffener 

After the concepts were identified, detail designs of each one were prepared. 
Simultaneously, the optimization module of the SIVF.EP was used to optimize the 
spar spacing, skin thickness, and other variables for minimum weight. The 
SWEEP data were then used for the designs. Analysis of the designs for 
strength, flutter, and producibility was then conducted and resulting changes 
iterated through the design loop. The manufacturing cost and the weight of 
the final designs was determined and the results (in terms of dollars per 
pound) were inputted into the Production Cost >fodel (PCM) computer program. 
The program calculates the flyaway cost of the airframe structure for each 
of the different designs. Using these costs, in conjunction with an assess- 
ment of relative reliability, ^technical risk, maintainability, repairability, 
and compatibility with the rest of the structure, the optimum design for each 
area was selected. 

WING OUTER PANEL 

The main structural box from Xpll4 to Xpl71, between the front and rear 
spars, was investigated for this study. The spars, the root joint, and tip 
splice were not considered part of the trade. Figure 119 shows the full-depth 
honeycomb concept. Graphite/epoxy skins with 0°, ±45° and 90° plies are 
cocured to graphite/epoxy honeycomb core. The  skins vary from .27 inch thick 
at the root to .11 inch at the tip. The core density varies from 6.5 pounds 
per cubic foot (pcf) to 4 pcf. The wing has been sized to meet both strength 
and flutter requirements. 
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The inboard skin panel and honeycomb core (Xpll4 to Xpl33) are sized by 
crushing loads resulting from the small radius of curvature. Outboard of 
XF133 where the radius of curvature is greatly increased, thus reducing crush- 
ing loads, flutter requirements determine the ±45° skin plies, while bending 
loads establish the 0° ply requirements. The structural analysis of this 
design is shown on Figure 120. 

The aircraft weight, using the full-depth honeycomb outer wing panel, is 
shown in Table 18. These data are part of the input to the PCM which was used 
to determine the cost of the aircraft using this type of construction. Table 19 
shows the cost breakdown based on a 300-ship contract. The cost is flyaway cost 
in 1975 dollars and does not include engineering, research, test, spares, or 
maintenance. 

An alternate design for the wing outer panel, employing a multi-spar con- 
cept, is shown on Figure 121. The number of spars was determined using a weight 
study on SWEEP in which a one-spar, wing was compared to a two-spar arrangement. 
As shown in Table 20, the two-spar concept is over 100 pounds lighter so it was 
used for the design. As shown in Figure 121, the cover thickness varies from 
.60 inch at the root to .25 at Xpl71. The 0° and 90° ply requirements in the 
inboard bay are determined by crushing loads as shown in the analysis in 
Figure 122. Outboard of Xpl33, ±45° plies are established by TJ for flutter, 
while 0° and 90° ply thickness are designed by bending. The intermediate spars 
are sine wave beams fabricated from graphite/epoxy and secondary-bonded to the 
skins. 

Table 21 shows the weight breakdown using the multi-spar construction. 
The cost of the aircraft is shown in Table 22. 

A summary of the cost and weight of the outer wing concepts is shown in 
the next paragraph. 

Concept 

Full-Depth Honeycomb 
Multi-Spar/Plate 

AMPR Weight 
(lb) 

13,211 
13,265 

Cost Per Aircraft 

$2,769,000 
$2,801,000 

An assessment of the relative risk and comparison of the "illities" does not 
reveal any basic differences between the two concepts. Since both weight and 
cost of the full-depth honeycoinb outer wing panel is lower than the alternate, 
the honeycomb wing has been selected. 

WING CENTER SECTION 

The wing center section extends from its junction with the outer panel at 
XF114 to the centerline of the aircraft and from YpSlS to Yp606. Wing loads 
are transferred in the wing box across the top of the fuselage. The fuselage 
structure in this area is independent of the wing except for vertical shear and 
drag attachments. Three concepts for the structure in this area were investi- 
gated: honeycomb panels, plate skins with multi-spar, and plate skins with 
stringers. 
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TABLE 20.    OUTBOARD WING PANEL COVER THICKNESSES 
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Figure 122. Multispar trade study - wing outer panel (cont) 
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Figure 122.    Multispar trade study - w:ng outer panel (cont), 
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T\\e  geometry for the honeycomb panel concept was established using SWEEP 
analysis of different spar spacing and panel thicknesses. As shown in Table 23, 
the 18-inch spar spacing produces the miniTnum weight, so this spacing was 
selected for the design. Also shown in the table is the linear variation of 
weight with honeycomb panel thickness, with .5 inch being the lowest weight. 
However, since SWEEP does not include the effects of fuel pressure, .75 inch 
was selected for the honeycomb to provide for this loading. Figure 123 shows 
the concept. Honeycomb panels are used for wing covers, spars, and ribs. 
Potted-in inserts allow the upper cover to be removed for resealing, repair, 
or maintenance. Four pcf graphite/epoxy core is used throughout except in 
local areas where spars or ribs are bonded to covers. In these areas, six pcf 
core is specified to transfer fuel pressure loads into the panels. Cover 
panel thicknesses are sized to meet flutter, fuel pressure, wing bending and 
fuselage bending loads. Figure 124 shows stress analysis of this concept. 

The weight distribution of the aircraft with this structural concept is 
shown in Table 18. Costs appear in Table 19. 

The multi-spar/plate concept was developed using the optimum spar spacing 
calculated on SWEEP, as shown on Table 23. The lO-inch spar spacing, which is 
minimum weight, was used on the design shown on Figure 125. Honeycomb panels 
with graphite epoxy facesheets and core, .5-inch thick, are used for both spars 
and ribs. The covers are graphite/epoxy plate sized by fuel pressure, flutter, 
and bending loads. Figure 126 shows the analysis of this concept for fuel pres- 
sure. SWEEP sizing was used for other loading conditions as shown in Table 24. 

Weights of the aircraft components with this structural concept employed 
on the wing center section are shown in Table 25 and costs in Table 26. 

Figure 127 shows a third concept for the wing carry-through section. 
Skins, with stiffeners running inboard and outboard, are employed in this 
design. Preliminary sizing using SWEEP (shown on Tables 27 and 28) was con- 
ducted to compare T-stiffeners with hat sections. A 13-pound weight savings 
was responsible for hat sections being used for ^lie design. As shown in 
Figure 127, .090 graphite/epoxy hats spaced 5-1/2 inches on center are bonded 
to graphite/epoxy skins. Ribs spaced at 16 inches are graphite/epoxy channels 
with angle stiffeners. Spars at YF551.5 and Yp515 are .5-inch graphite/epoxy 
honeycomb panels while the rear spar is a built-up graphite/epoxy beam. The 
spars, ribs, and lower skin are bonded together and the upper skin and its 
stiffeners are attached to the box with mechanical fasteners. Fuel pressure 
check appears on Figure 128. 

Table 29 shows the weight breakdown of the ADCA with this concept. 
Costs are shown on Table 30. 
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Figure 123. Wing carry-through structure - honeycomb panels 
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Figure 124. Wing center section honeycomb panel analysis (cont). 
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Figure 124. Wing center section honeycomb panel analysis (cont). 
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Figure 124.   Wing center section honeycomb panel analysis  (cont) 
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Figure 124.    Wing center section honeycomb panel analysis  (cont). 
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Figure 124.    Wing center section honeycomb panel analysis  (cont). 
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A smnnary of the cost and weipht of tlie three concepts investigated for 

the Wing Center Section Trade Studv is shown below. 

Concept 

Honeycomb Panel 
Multi-Spar/Plate 
Plate/Stringer 

AMPR Weight 

 (lb)  

13211 
13411 
13071 

Cost in 
Dollars/Ship 

2,767,000 
2,836,000 
2,806,000 

The honeycomb panel concept has been assessed as being the most compatible 
with the full-depth honeycomb wing outer panel, and as presenting lower 
technical and manufacturing risk than the skin-stringer concept. Since 
this concept also exhibits the lowest cost, it has been selected for the 
baseline. 

FUSELAGE SECTION 

A section of the fuselage at YF400 has been selected as being represen- 
tative of both the cockpit section (which is designed by cockpit pressurization 
loads) and of the intermediate fuselage and wing section forward of the wing 
carry-through section (which is designed by fuel pressure). Figure 129 shows 
the honeycomb panel concept for this application. All mold line surfaces are 
3/4-inch honeycomb panels with graphite/epoxy skins and graphite/epoxy core. 
Frames and bulkheads are 1/2-inch thick. Composite pultrusions are used to 
form attachments of intersecting panels. 

The structural integrity of the design has been confirmed as shown in 
Figure 130. 

The weight breakdown of the aircraft with the honeycomb panel structure 
is shown in Table 18 (basepoint). 

TTie itemized cost of this structural arrangement is shown in Table 19. 

An alternate concept for fuselage structure is shown in Figure 131. In 
this design, woven graphite/epoxy skins are stiffened by longitudinal hat 
section stringers. The stringers are stabilized by honeycomb core and are 
tapered to flat sections where they are crossed by frames. Reinforced 
graphite/epoxy frames are bonded to the skins except for the upper fuel tank 
skin which is attached with mechanical fasteners. Longitudinal beams in the 
tank area are fabricated from graphite/epoxy honeycomb panels. 
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Figure 132 shows the structural analysis of this concept. The weight 
breakdown of the aircraft with this structure is shown on Table 31. Costs 
are shown in Table 32,. 

Comparing the costs of the two concepts of fuselage construction shows 
the honeycomb panel concept to be $15,000 per aircraft lower than the stringer 
design as shown in the following paragraphs. 

Type of Construction 

Honeycomb Panel 
Skin-Stringer 

AMPR Weight 

(lb) 

13,211 
13,104 

Flyaway Cost 

($3 

2,769,000 
2,784,000 

Since the honeycomb panel design is lower in weight, presents a lower 
technical risk, and is more compatible with the similar type of construction 
selected for the wing carry-through structure, it has also been selected 
for the fuselage. 

ALL-COMPOSITE BASELINE STRUCTURE 

STRUCTURAL DESCRIPTION 

The general structural arrangement for the -4B all-composite aircraft 
is shown in Figure 133. The structure is semimonocoque with skins, frames, 
and longerons. As a result of the trade studies, the majority of the 
fuselage and wing center section employ honeycomb panel covers. Eighty 
percent of the fuselage bending and axial loads are reacted by these 
panels while the longerons take the remaining 20 percent. Because of the 
stability of the sandwich panels, frame spacing up to 25 inches has been 
used. This large spacing results in a minimum number of frames, which tends 
to produce a low-cost structure. High-strength graphite/epoxy is the primary 
material selected, based on its superior producibility features and projected 
low cost in the 1980 time period. The selection is predicted on the assump- 
tion that an improved version of epoxy will be available by 1980, with 
capabilities up to 300° F. In the aft fuselage, where temperatures may 
approach 500° F, a graphite/polyimide system has been selected to meet the 
high-temperature environment. 

As shown in Figure 133, the nose radome is constructed from filament- 
wound quartz-polyimide. Tests on comparative materials, have shown this 
composite to offer the optimum radar transmission characteristics. The 
cockpit structure, immediately aft of the radome, is fabricated from 
graphite/epoxy honeycomb panels with frames spaced at 25 inches. The 
windshield and canopy are fabricated as a single unit from polycarbonate. 
This construction not only provides unrestricted forward and side vision, 
but offers reduced cost and maximum birdproofing as well. 
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Tlic forward läse 1 aye construction is continued throughout the equipment 
compartment, the forward wing stub, the wing carry-through section, and the 
missile bay. Honeycomb panels are also used for the engine inlet duct with 
graphite/epoxy skins except at the leading edges. Here, Keviar skins are 
specified because of its high Impact and abrasion resistance. 

The aft fuselage section also employs honeycomb panels but with 
graphite/polyimidc skins and MRU (fibergiass/polyimidej core. The 
temperature of the structure in this compartment, with cooling air flow, 
is not expected to exceed 450° F which is well, within the capabilities of 
polyimide. The jet flap structure will employ inconel to meet the high 
engine exhaust temperatures. 

The outboard wing panel will be constructed of graphite/epoxy skins 
with full-depth graphite/epoxy honeycomb core. This selection is based 
on the crade study described previously, which showed this type of construc- 
tion to be lower in both cost and weight than a multi-spar wing. Full-depth 
honeycomb is also used for the flaps and elevens with graphite/epoxy and 
for the wing tip with fiberglass core. The leading edge devices employ 
graphite/epoxy skins with a nose cap of full-depth honeycomb with Keviar 
skins, which are used on all leading edges because of their impact 
resistance capabilities. 

Advanced composites are also used on the landing gear. As snown in 
Figure 155, the nose gear drag structure will be'labrieated from graphite/ 
epoxy laminate, with filaments wrapped around the hinge points to provide 
a maximum efficiency joint. Trade studies on this concept for other 
landing gear drag struts have shown weight reductions up to 58 percent 
and cost reductions of 60 percent over metal components. 

FLUTTER ANALYSIS 

Structural optimization flutter analyses of the ADCA D572 wing were 
conducted to obtain minimum w-eight structure to meet the required flutter 
speed, which was considered to be 15 percent above 1.2M at sea level. The 
program used to achieve the required composite structure (COPj is a 
modified version of the optimization program for metallic structures , 
(STROP). COP allows for independent variation in the torsional and 
bending strain energy densities in the flutter mode, whereas STROP 
maintains the same local energy density. The initial data for the flutter 
optimization studies were strength-designed structures derived from the 
SWEEP program. STROP and COP both permit rapid turnaround time to impact 
on the design. fi 

The -4A configuration was the first to be analyzed. Aerodynamic data 
at .9M, as defined by 2 it COS A for the lift curve slope and the aerodynamic 
center at the quarter chord, was used initially. Figures 134 and 135 
show the strength and flutter stiffness requirements for bending and torsion. 
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Figure 133.  Structural arrangement - advanced design composite 
aircraft. 
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The large torsional stiffness increase required near the root caused an 
increase in the t/c ratio such that t/c became a constant spanwise value 
of 0.05. Another run was made using the new strength requirement and a 
more realistic description of the lift curve slopes and aerodynamic centers. 
The required stiffnesses for bending and torsion under these circumstances 
are shown in Figures 136 and 137, indicating significant reduction in 
requirements from the previous configuration. The mathematical model of 
these analyses assumed the wing to a planar, as imposed by the COP program. 

An analysis was performed to determine the effect on flutter speed of 
the outer wing panel dihedral using a basic flutter analysis program. 
The required stiffness and associated mass distributions as determined by 
COP were used as input data to the mathematical model. The resulting flutter 
speed, frequency, and mode were almost identical to the planar results. 
This comparison gave credence to the validity of assuming a planar wing 
for the flutter of this configuration. 

The -4B configuration was next optimized for flutter using COP. The 
flutter and strength required stiffnesses are shown on Figures 138 and ]39 , 
indicating small increases in bending stiffness on the outboard wing and 
large increases in torsional stiffness over most of the wing. 

AEROELASTIC TAILORING 

One of the unique features of advanced composite structure is the 
capability of being tailored to match strength and stiffness requirements 
in several different directions. This anisotropic property is particularly 
useful in meeting three structural dynamics requirements: 

1. Flutter, where torsional stiffness and bending stiffness 
requirements require different moduli. 

2. Controlled twist, in which the twist introduced by the 
bending deflection of a swept wing with Isotropie skins 
may not be ideal for optimum performance. 

3. Controlled camber, in which bending deflection may be 
used to modify the wing camber. 

The designs for the wing trade studies have been tailored to some 
extent. Composite plies were added (in addition to those required for 
strength) only in the direction required for stiffness to meet flutter 
requirements. A preliminary run on the TSO composite wing optimization 
program indicates that the wing skins can be further optimized by changing 
the ply orientation. This program has been recently modified to accemmodate 
nonplanar wings and will be used in Task II to improve the wing design. 
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Aerodynamic requirements for controlled twist for two critical 
points in the ADCA envelope have been determined. These are expressed in 
terms of both twist and camber, figure 140 shows the twist requirements 
for the two conditions, M .2 and M 1.5. Additional requirements for two 
critical stability and control points will also be determined and the final 
wing behavior will be tailored to match the more critical condition. 

The aeroelastic tailoring process used at Rockwell is a combination 
of a number of programs, including TSC. The process uses TSO (which 
operates on the wing only) for a preliminary sizing and ply orientation, 
then conducts a more refined, finite-element analysis using flutter, 
aerodynamic, loads, weights, and structural programs. The complete tailoring 
process was planned to be conducted during Task II. 

ADVANCED METALLIC BASELINE STRUCTURE 

STRUCTURE DESCRIPTION 

The all-metal baseline aircraft structure is an advanced version of 
a semi-monocoque skin-frame-longeron airframe. Improved alloys and newly 
emerging fabrication techniques have been combined to produce a 1980 
technology design. 

The primary aluminum alloy to be used is 2048-851. This alloy is used 
in applications where 2024 would be used in todays airframe. It exhibits the 
same degree of toughness but higher tensile properties. The cost increase 
is minimal. The alloy 7471.-T76 has been selected to replace 7075, since it has 
higher toughness and virtually the same strength properties. For many of the 
frames and spars in this airframe, welded sine wave structures are proposed 
using 7005 aluminum alloy. This alloy will enable Rockwell's low-cost 
"Red-eye" welding process to be used for fabrication without greatly 
sacrificing high strength properties. 

The titanium alloy selected for ADCA is 6A1-4V alloy. The primary 
applications of titanium use the superplastic forming process, with 
concurrent diffusion bonding. 

The structural arrangement is shown in Figure 141. The radome is the 
same as the all-composite aircraft radome, employing quartz-polyimide 
filament wound. The cockpit structure, equipment bay, weapons bay, 
including the forward wing stub use skin-frame-longeron construction. All 
skins are 2048-851 aluminum alloy. Frames spaced at 10 inches are welded 
sine wave construction. Bulkheads are 7475-T6 aluminum built-up sections 
with weld-bonded caps and stiffeners. 

The wing outer panel and center section are multi-spar designs with 
superplastically formed titanium sine wave intermediate spars and aluminum 
front and rear spars machined from 7475 alloy, which is also used for the 
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skins. The leading and trailing edge devices and the weapons bay doors are 
constructed from graphite/epoxy with full-depth honeycomb, to take advantage 
of the high stiffness-to-weight ratio of the material. 

The engine compartment will be 6-4 titanium alloy. The fixed, primary 
structure will be fabricated from an external skin with an inner skin 
concurrently formed and diffusion bonded to it, to form integral frames and 
longerons. The engine doors will be superplastically formed and bonded 
truss core sandwich. This advanced metallic structural concept has L^en 
evaluated for similar applications, showing cost savings up to 50 oercent 
and weight savings up to 30 percent compared to current fabrication methods. 

FLUTTER ANALYSIS 

The comparable metal wing versions to the composite wings were 
analyzed for their flutter requirements using the metal flutter optimization 
program, STOOP. The -5 configuration, the metal version comparable to the 
-4A composite configuration, was optimized for flutter, and the resulting 
stiffness requirements are shown on Figures 142 and 14a. The -5A configura- 
tion, comparable to the -4B composite configuration, wa£ also optimized' 
for flutter and the resulting stiffness requirements are shown on Figur«. 144. 
Nominal stiffness increases were required for both bending and torsion in 
the outboard wing. 

STRUCTURAL SIZING 

The metal vehicle (D572-5A) structural sizing and weight were derived 
with SWEEP. The wing torque box sizing was based on multi-spar plate sicin 
construction. Table 33 gives the outboard wing panel applied loading, 
stresses, and cover sizes, while Table 34 gives similar data for the inboard 
wing panel. The fuselage skin gages are presented in Table 35. The last 
column of this figure is minimum gage required for panel flutter. If any 
of the upper, side, or lower skin panel gages equal the last column, it 
has been sized by panel flutter. The longeron sizes are presented in 
Table 36. 

SWEEP was also used to optimize the outer wing panel construction. A 
comparison between full-depth honeycomb, multi-spar construction and integrally 
stiffened plate construction was made. As shown in Figure 145, the multi-spar 
design is the lowest weight. The integral stiffener der ign weight is tne mini- 
mum obtained when SWEEP searched stringer spacings froir 4 to 6 inches. The 
actual spar spacing selected was five intermediate spars in the two inboard 
bays where the wing is strength-critical and two intermediate spars in the out- 
board bays where flutter is critical. 

Spar spacing for the wing center section was also optimized in SWEEP. As 
shown in Figure 146, the wing weight decreases with spar spacing. However, 
because of geometric constraints, the spacing was limited to a minimum 10 inches 
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TABLE 33. D572-5A OUTBOARD WING SIZING 

i 

|       BUTTOCK -**-SECTICN DATA   -   STIFF.   kEOMTS, -   ST, RFCMTS •             1 
1          PLANP- 4N X        -NX FC'J           FCL FTU FTL BSTR NOS 
|           110,00 13. 06     4,45 32.14      16.13 11.62 4 8.68 13.373 2,0    1 
|           1?7,27 16« c6      5.6 8 40,66      17,74 14, 29 53,63 12.208 2.0    I 
|           148.48 17. a?     6.03 44,32      17.70 15, 79 53,63 11.146 2,0 
|           169.6«? 12. HI      4.37 35,35      17.63 13.91 53,63 9.838 2.)    | 
1           190.90 6, 4 5     2.20 23, D5        8,33 8, 19 25,47 8.275 2.0 
|            199,87 2. 66      0,<3 1 1<,05        4,3 2 4.31 13.27 7,208 2.0    i 
|          208,83 1. 60      0.5 5 12,12        6.31 4.72 19.51 6.143 2.0    1 

\                 BUTTOCK 
1                   PLANE TSKU     TSKL     T-U        T-L TSTR 

1 10. 00 0.391   0. 273   0.394   0.276 0.D40 
1                     1?7. .?7 0.4 06   0. 316   0.41M   'J. 320 0.040 

i       M8, 48 0,394   0, 339   0.398   0.343 0.040 
169. 69 0.353   0. 268   0.326   0.24B 0.04C 
190. 9U 0,275   0, 275   U.28U   Ü.264 0.040 
199. 87 0,215   0, 215   0.221   0.210 0.340 
208. 83 0,116   0. 

NX = 

080   0.122  0.087 

KIPS,   FC,FT=KSI 

0.040 
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1 

TABLE 34.    D572-5A INBOARD WING SIZING 

BUTTOCK 
PLANF 

33, no 
?2.?0 
71 ,65 
QO.fl? 

110,00 

-♦♦-SECTION   DATA -   ST.   kEOMTS. 
♦NX -NX FCU           FCL FTU FTL BSTR NOS 

16.17 5.51 47.59 17.65 16.81 53.6? 9.000 3.9 
14.70 5.01 45.17 17.66 15.94 53.63 9.000 4.5 
13.Ü9 4.<t6 42.07 17.67 14.84 53.63 9,000 5,1 
11,57 3,94 38.83 17.68 13.6* 5>.63 9.000 5.7 
10.39 3.54 36.17 17.54 U.75 53.19 9.000 6.3 

BUTTOCK 
PLANF TSKU TSKL T-Ü T-L TSTK 

33,00 0.334 0.306 0.340 0.31? 0.040 
•SP.^O 0.319 0.278 0.326 0.284 0.040 
71 ,65 0.305 0.2^6 0.311 0.253 0,040 
«50,02 0.292 0.217 0.298 0.223 0.040 

110,00 0.281 0.196 0.287 0.202 0.040 

NX=KIPS,    FCFT^KSI-**- 
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Section V 

MANUFACTURING STUDIES 

INTRODUCTION 

Manufacturing studies in this reporting period were primarily concerned 
with the advanced composites structures conponents identified as baseline 
(refer to Section IV).    These concepts were evolved by a close design/manufact- 
uring interface and reflect aggressive materials and process approaches.    Wide- 
spread use of graphite fiber reinforced honeyconb core is planned; polyimide 
and pultruded materials are used.    Processing features entertained include 
co-cure fabrication of larger and more complex integrated substructure/cover 
modules than hitherto attempted, use of trapped elastromer as pressure appli- 
cation medium, wet processing of holes, automated trimming, and tape laying 
of multi-ply blanks by machine for subsequent pattern cutout.    The risk 
associated with the proposed measures is considered low for the assumed pro- 
duction time period of the ADCA (1980 to 1985) since in each case feasibility 
proof of the basic technology is already on hand. 

MANUFACTURING CONCEPTS 

FORWARD,  FORWARD INTERMEDIATE, AND AFT INTERMEDIATE FUSELAGE STRUCTURES 

The baseline configuration of these structures is typically depicted 
in Figure 133.   The lower skins are honeyconb sandwich structures, employing 
graphite/epoxy (Gr/Ep)  facings.    These facings, as well as the bulkheads and 
upper skins, are developed from automatic tape-laid or vendor purchased multi- 
ply broadgoods.    In the manufacturing concept presently considered optimum 
and costed as baseline, the upper and lower sandwich skins, sandwich bulkheads, 
and pultrusion longerons are fabricated independently.    Substructure menbers 
are bonded to the lower skins and bonded and/or mechanically fastened to each 
other by appropriate tie menbers.    Upper skins are mechanically fastened. 
Patterns for facing details - this applies to all conponents - will be cut by 
electronically controlled laser, water jet, or oscillating knife machinery, 
the choice depending on the state of development of these automated methods 
at the time an actual manufacturing decision is made. 

An alternate approach still under consideration for these structures is 
employment of large module integrated co-cure.    In the case of the forward 
fuselage, Figure 147, the bulkheads, longeron, and lower skin details would 
be laid up and co-cured in a bonding jig with the aid of an inflatable rubber 
bag and silicone rubber tool members similar to the ones developed for 
Rockwell/LADD's Vertical Stabilizer Program.     (See Figure 148.)    If detail 

^^■^■■■^^-;^ai,;^-^w^^.^:1:-^..^l, ^ .^.^  ..^^^ggflag^M^a^^^^^ ü,a_^a,^j.,:.-.^^»»..ii.^ii~«.i.l»»^.-. 
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design considerations should indicate that tighter dimensional control of the 
substructure member depth is required than possible with the approach dis- 
cussed, ceramic tool inserts will be provided to control this parameter as 
well as contour. 

WING CARRY-THROUGH CLVIHR SECTION 

The clean baseline design of this wet cell structure, figure 123, main- 
tains unifonn thickness in the major structural cover and spar web members, 
thus suggesting the manufacturing approach depicted in Figure 149. The 
honeycomb core covers and spar webs are fabricated by conventional co-cure 
procedures, with facings developed from multi-ply blanks. Several spar webs 
may be »aired in a simultaneous operation with a common caul. Closeout fill 
is provided by placement of core filling compound or foaming tape into proper 
core locations in layup. After trimming to size, spar webs and prefabricated 
attach angles and clips are bonded to each other and the lower cover. The 
upper cover and lower cover/substructure subassembly are fitted up and hole 
locations matching the spar attach insert patterns of the upper cover estab- 
lished. The upper edge core fill of the substructure members is provided 
with inserts matching these patterns. After application of sealing compound 
to interior surfaces, the upper cover is attached to the lower cover sub- 
structure subassembly by mechanical fasteners. Conventional groove sealing 
is employed for peripheral sealing. 

The manufacturing concept envisioned for the hat stringer stiffened 
cover/multi-rib design considered in the trade studies. Figure 127, employs 
an ambitious approach in which all of the major curing and bonding operations 
are carried out simultaneously. As shown in the sketch of Figure 148 and the 
manufacturing sequence for this concept (Figure 150 thru 153), all of the 
lower cover skin, hat section stiffeners, and ribs are laid up on collapsible 
or retractable tooling members. After assembly of these members and place- 
ment of a release film at the upper cover faying surfaces, Ihe upper cover 
details are added to the layup. Teflon plug inserts which can later be with- 
drawn are provided at prepunched (wet processed) hole locations. Caul sheets 
are added, defining the outer mold line of the upper cover. The total assem- 
bly is secured and cured in fixturing designed to limit pressure exerted by 
the expanding rubber tooling to a controlled maximum. Air bags or sets of 
springs or hydraul ic cylinders may be used for this purpose. 

Final assembly operations for this wing carry-through concept are 
similar to that discussed for the baseline one; i.e., fitup, insert installa- 
tion into substructure webs, application of sealing compound to interior 
surfaces, attachment of upper cover by mechanical fasteners, and peripheral 
groove sealing. 
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OUTBOARD WING STRUCTURES 

llie major portion of these structures is conceived as full-depth 
honeycomb core sandwich with conposite facings, Figures 119 and 154.    Since 
it is questionable that single-cycle co-cure will permit adequate mold line 
definition of both upper and lower air passage surfaces, a modified co-cure 
approach is proposed for components requiring accurate control of both mold 
contours.   As shown schematically in Figure 154, upper and lower surfaces are 
individually co-cured in female tools to thickness-wise oversize honeycomb 
core blankets.    The honeycomb core members are machined to matching flat 
planes and the sections mated with an interposed adhesive system.    Space for 
flanges of closeout structure had been provided by withdrawable Teflon dummy 
inserts.   Caps of the separately fabricated closeout members are faced with 
sanding plies permitting adjustment to match mating details. 

ENGINE NACELLE STRUCTURES 

Due to temperature requirements, Gr/PI is the principal baseline material 
of construction for this component.    It is anticipated that process technology 
for both condensation and addition type Pi's will have progressed sufficiently 
by 1980 to permit reliable and reproducible fabrication of Gr/PI components 
by techniques essentially identical to those for Gr/Ep.    The envisioned fab- 
rication concept for engine nacelle structures, Figure 155, contemplates 
integral fabrication of the longerons with the bulkhead members and mechani- 
cal fastener attachment of the doors. 

WEAPONS BAY STRUCTURE 

Fabrication of this structure (Figure 156) follows the same principle 
as the propulsion module.    Side and center longerons and bulkheads are 
integrally fabricated and assembled.    Gr/Ep is the planned material candi- 
date. 

FINAL ASSEMBLY 

Final assembly of the ADCA aircraft is presently visualized as schemati- 
cally depicted in Figure 157. 

COST ANALYSIS SUPPORTING DATA 

Manufacturing cost projections for ADCA composite and metal baseline 
structures considered in the trade studies of Section IV are presented in 
Table 37. 
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Since sufficient detail was not available to permit estimation of labor 
costs on an operational basis, a "cost per finished pound of structure" 
approach was taken. Salient assunptions made are discussed below: 

1. The hours per pound shown for composite and metal configurations 
reflect the estimated fabrication costs through major subassembly only 
(forward fuselage, wing center section, aft fuselage, etc). Estimates 
are not included for final assembly, mating, bracketry, subsystems, 
installations, and checkout. 

2. Manufacturing supporting functions, i.e.. Planning, Quality Control, 
Manufacturing Engineering, Order Release, and Scheduling,are not 
included. 

3. The manufacturing and tooling hours per pound of metal baseline struc- 
ture were derived from Rockwell historical data compiled on similar 
programs. The F-100 and A3J programs were used for the comparisons. 
The individual aircraft sections (wing, forward fuselage, control sur- 
faces, etc") were compared to the ADCA design, and weight adjustments 
were made for the respective sections. The hours per pound were then 
estimated for the 1980-1985 time span. The forecasted technology 
advancements were estimated and applied to arrive at the aircraft 
average hour per pound use for the cost trade in manufacturing and 
tooling projections. 

4. Current data on composite tooling hours per pound experience in IR^D 
programs were used to establish baseline hours per pound. The projected 
hours per pound were derived using the baseline hours, new tooling con- 
cepts, materials, and quantity. The 19S0-1985 composite tooling hours 
per pound shown in the cost trade study happened to turn out the same 
as for the metal configuration. 

5. The labor hours per pound of composite construction were estimated 
using Rockwell available experience, as well as that of other aerospace 
companies, including those in present active cooperative programs with 
Rockwell. Cost projections schemes generated in internal and Govern- 
ment-sponsored programs were also perused. The projections shown are 
the best engineering judgement based on analysis of the above data. 
The cost of advanced technology processes not currently in production 
status is based on present costs, modified by projections of Rockwell 
and other aerospace companies and suppliers to the 1980-1985 time 
period. 

6. The materials for the metal configuration were computed by dollars 
per pound, using current prices plus unknowns escalated to the 
1980-1985 time span. 
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7. 
Material prices per pound for composite configurations reflect 
Material F^^ ^J-.inn duc t0 thc increased demand and usage oi 
projected price reduction 
composite materials 
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Section VI 

PRELIMINARY PAYOFF ASSESSMENT 

INTRODUCTION 

This section contains a discussion of the weight and performance 
comparison between the Task I all-composite baseline configuration, D572-4C, 
and the advanced metallic baseline configuration, D572-5B. Also included is 
a summary of the cost analysis showing cost comparisons between the two base- 
line configurations. In addition, a discussion is included defining the 
method to be used during Task IV of the study for payoff assessment of the 
all-composite configuration in comparison to the advanced metallic 
configuration. 

WEIGHT AND PERFORMANCE COMPARISON 

The potential payoff of the Advanced Design Composite Aircraft design 
approach can be readily seen by comparing performance and weights with its 
metallic counterpart. (See Table 38.) 

The two vehicles selected for the weight and performance comparison table 
are the parametric -4C composite and -SB metallic aircraft which were pre- 
sented in the summary of the configuration development section of this report. 
The most significant payoff of the composite ah :raft is the 24.7 percent 
lighter structural weight. Nearly all of the performance benefits are derived 
from this weight savings. The only performance decrement, the Battlefield 
Mission Radius, can be attributed to the smaller fuel load carried aboard the 
composite aircraft, which can be compensated for by the excess volume con- 
tained in the composite wing center section. However, both vehicles exceed 
the desired radius as configured. 

COST ANALYSIS 

INTRODUCTION 

Production or unit average flyaway cost estimates were generated for 
the ADCA "all-metal" baseline (design D572-5A), the ADCA composite baseline 
(design D572-4B), and the various cost/construction-type trade studies. These 
production costs were estimated using data from Manufacturing and a slightly 
modified version of the Production Cost todel (PCM). 
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TABLfc 38.    1VEIGHT AND PERFORMANCE COMPARISON 

i 

\                    Parameter 
Composite 

-4C 
Metallic 

-5B 
Composite  | 
Payoff    | 

|  Takeoff Gross Weight 34069 37213 9.21      1 

j  Wing Area 400 500 
i j 

|  Wing Loading (PSF) 85.2 74.4 j 

|  Engines Two F404-GE-404 Turbofans  | 

1  Installed Thrust to Weight 0.7012 0.6419 8.4?» 
1 

|  Structural Weight 9175 11441 24.7^      ! 

Empty Weight 20700 22996 11,11      1 

Fuel Weight 6962 7865 12.91      1 

Design Mission Radius 400 400 0 NMI      | 

I     Battlefield Mission Radius 252 268 -16 NMI    | 

j  Ferry Mission Range 2667 1937 730 NMI    I 

Takeoff-Maxpwr, Flaps 30° 2404 2532 128 Ft    1 

1  Landing-Thrust Reverse 
Flaps 30° 2454 2454 -2 Ft 

Ps - O.Wi/30,000 Ft/5 g -13 -25 12 Ft/Sec  1 

|  Ps - 1.2M/30,000 Ft/5 g 268 168 100 Ft/Sec | 

For this portion of the ADCA contract, only airframe costs are considered 
since the avionics package is undefined and propulsion cost estimates have not 
been received yet. 
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The methodology used in costing the two baseline aircraft and the traces 
will be discussed later in this section, but just as an aid to understanding 
the cost methodology, a discussion of the structure and operation of the PCM 
follows. 

PRODUCTION COST MODEL 

The Production Cost Model (P(31) was developed in 1972 in support of the 
advanced Tactical Fighter (ATF) study program. This is a statistical/ 
parametric computerized cost model based on Rockwell historical data which is 
intended to be used to estimate production costs for advanced aircraft sys- 
tems where only a limited amount of data is available (e.g., preliminary design 
stage). The PCM is specifically directed toward airframe costs; avionics and 
propulsion costs are model thru-puts. The production cost estimate is broken 
down into a Work Breakdown Structure (WBS) consisting of manufacturing, tooling, 
engineering, planning, quality and reliability assurance, and material cost 
elements; and cost estimating relationships are employed which are sensitive 
to numerous design parameters including weights, materials mix, construction 
type, performance criteria, and production quantity and rates. The model is 
intended to realistically assess the cost impact of changes in the preceding 
design parameters. 

The heart of this model are matrices containing the "manufacturing hours 
per pound structure weight" values. These matrices contain hours per pound 
data for fuselage, wing, nacelle, and empennage. The individual structural 
element matrices are further broken down by construction type (e.g. skin 
stringer) and material type. The data contained in these matrices is derived 
from Rockwell Manufacturing and Pricing history. In the operation of the 
model, the hours per pound values in this matrix are adjusted for the AMPR 
weight and the production quantity of the subject aircraft. Hours per pound 
decreases along an 87-percent slope (Wright) learning curve as AMPR weight 
increases over 15,000 pounds (the chosen reference AMPR weight) and increases 
along the same curve as AMPR weight drops below 15,000 pounds. As would be 
expected, hours per pound decreases along learning curves appropriate to the 
chosen construction type as production quantity increases. The manufacturing 
hours total for each structural element is the sum of the products of weights 
and hours per pound for each material/construction type within each structural 
element appropriately adjusted for AMPR weight and production quantity. 

Assembly costs are broken out into basic structure assembly, final inte- 
gration and assembly, and material costs for each. Basic structure assembly 
hours is a function of structure weight; final integration and assembly is a 
function of subsystem total weight, and increases with the weight of the sub- 
systems to be installed. Final integration and assembly is also adjusted for 
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the year of production; this is to i^cflect the increasing complexity of 
subsystems and subsystem installation as the years go by. The material costs 
for basic and final assembly are derived from the amount of structural and 
system hardware (e.g. fasteners, joints, etc) necessary for these assembly 
processes. 

Subsystem costs consist of manufacturing hours and material costs for 
Itockwell-produced subsystems and material costs for purchased subsystems. 
Manufacturing hours for Rockwell-produced subsystems are a product of sub- 
system weight, percentage of the particular subsystem produced at Rockwell, 
subsystem manufacturing hours per pound, and an appropriate learning curve 
factor. Purchased subsystem material costs arc a product of subsystem weight, 
percentage of the subsystem purchased from subcontractors, average cost per 
pound of purchased subsystems, and an appropriate learning curve factor. Sub- 
system costs and factors again are based on historical data. 

Tooling hours for manufacturing and tooling material costs are derived 
from historical data. Tooling hours is a function of initial production rate, 
final production rate, total production quantity, aircraft AMPR weight, and 
RDTfjE/production program tooling concurrency or non-concurrency. Total air- 
frame tooling hours are then apportioned over the various structural elements 
according to ratios derived historically. Tooling material costs are a func- 
tion of tooling hours and the year of production. The model contains a tooling 
material factor, again based on historical data, which predicts an increase in 
tooling material cost due to increased tooling sophisticati m as the years 
go by. 

Engineering hours through the first unit are derived using regression 
relationships from the Rockwell RDT^E cost model. To find engineering costs 
for the entire production run, first-unit costs are extrapolated down a 
55-percent-slope (Wright) learning curve for the chosen production quantity. 

Planning and quality control and reliability assurance are derived as 
percentages of the functions they support. Quality control and reliability 
assurance is a percentage of manufacturing and tooling total hours; planning 
is a function of manufacturing, tooling, and engineering total hours. 

Manufacturing raw material costs are determined as follows: the total 
weight of each major structural element is broken down into a set of material 
process (e.g. plate, forging, etc) weights. The set of material process 
weights is then costed as a function of process type, process type fly-to-buy 
ratio, process type mortality factor as a function of production quantity, and 
process type dollars per pound. These calculated dollars are then summed to 
final total raw material dollars for each structural element. 
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The elements of the work breakdown structure are summed to find aircraft 
costs, and then General and Administrative (GfjA) and fee are added on to cal- 
culate total program cost. Unit average flyaway cost is then calculated by 
dividing total program cost by production quantity. 

PCM MODIFICATIONS AND ASSUMPTIONS 

The PCM has built-in manufacturing hours per pound values and construc- 
tion-type learning curves. For the ADCA study, however. Manufacturing generated 
hours per pound data and chose the learning curves which would be used in the 
costing process. The model was modified for this process. Also, the nacelle 
cooling hours and tooling material costs are now included in the fuselage 
tooling and tooling material costs. This was deemed appropriate since the 
nacelle is part of the fuselage in these designs. The historical tooling hours 
and tooling material cost data in the model are used for both baselines and all 
trades. While this does not seem to reflect composite tooling costs adequately, 
this method treats each baseline and trade equally and is in agreement, in 
spirit, if not in absolute dollar value, with Manufacturing's treatment of 
tooling hours and material costs. 

^THODOLOGY 

The following methodology was used in estimating costs for the ADCA base- 
lines and trades: 

1. Manufacturing developed hours per pound data and chose learning 
curves for each baseline and trade. 

2. The data from Manufacturing was converted for use by the PCM, and 
combined with inputs from the Weights and Structure groups to form 
model inputs. 

3. The model was run to estimate production costs. 

The development of the hours per pound and learning curve data by Manufacturing 
is covered in preceding sections of this report. 

The data from Manufacturing was converted in the following way. Manu- 
facturing Ti was adjusted to the model hours per pound reference point of 
500 production units and 15,000 pounds AMPR weight. For the two baseline 
cases, the model was then run. For the trades, however, the hours per pound 
data was used to adjust the baseline hours per pound values, thereby reflecting 
the weight and construction type changes due to the trades in the manufacturing 
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hours and, resultantly, the production cost. iTiis was a "weighted average" 
adjustment to the baseline hours per pound data in which the weights and hours 
per pound changes due to the construction-type trades were combined with the 
baseline weights and hours per pound in a manner which gave the correct sta- 
tistical "weight" to the changes caused by the trades. 

The hours per pound and production costs for the two baseline design, -4B 
and 5A, and the "weighted average" hours per pound of the trades are presented 
in Table 39. Baseline production costs and work breakdown structure are pre- 
sented in Tables 40 through 43. 

TABLE 39. WEICHTED AVERAGE HRS/LB AT 500 UNITS 

Fuselage Wing/Canard 

Composite baseline 1.79 1.68 

Trade 1, Wing Carry-Thru 1.79 1.88 

Trade 2, Wing Carry-Thru 1.79 1.86 

T^ade 3, Wing Outer Panel 1.79 1.79 

Trade 4, Stringer Fuselage 1.85 1.73 

Metal baseline 2.80 2.76 

Production Costs 
(Millions 1975 $) 

Composite baseline 2.746 • 

Metal baseline 4.213 
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