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SUMMARY

(U) The Innovative Strategic Aircraft Design Study (ISADS) was conducted to
identify and assess advanced technologies offering favorable impacts on a
post-1995 manned strategic penetrator, and to evaluate those technologies by
integrating them into five strategic aircraft concepts:

1., Low-Cost Simplistic

2, Minimum Weight

3. Minimum Penetration Time
4, Low Observables

5. Laser Defended

(U) The technology areas investigated included aerodynamics, propulsion,
structures, controls, and stealth, A 50-percent reduction in cost and w2ight
was obtained for the ISADS concepts using 1995 technologies, which include
composite primary structure, superplastic-formed/diffusion-bonded (SPF/DB)
titanium nacelle structure, advanced supercritical airfoils, active and

passive laminar flow control, advanced afterburning turbofans, and active
controls,

(U) The five concepts were sized to an unrefueled 5,250-nautical-mile '*high-
low-low=high'' ‘strategic penetration mission, Takeolf weights of 300,000 to

~ 550,000 pounds were obtained, as compared to over twice that for a comparable

current technology baseline sized for the same mission. Flyaway costs were
found to be about $35 million (1977 dollars), excluding technology development
costs, Master program schedules showed RDTGE start dates around 1985 in order
to obtain 1995 initial operational capability (IOC),

(U) The major lessons learned from ISADS are that substantial weight and cost
savings (up to 50 percent) will be realized by technologies now under develop-
ment, and that weight and cost of a follow-on manned penetrator will be very
sensit1Ve to assumptions made early in the design process as to mission range,
speed, altitude, refueling capability, and subsystem requirements.
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Section I

INTRODUCTION

PROGRAM QVERVIEW

(U) The Innovative Strategic Aircraft Design Study (ISADS) was sponsored by
the Air Force Aeronautical Systems Division, Deputy for Development Planning
(ASD/XRT), Its purpose was to identify alternate approaches to the preliminary
design of advanced strategic aircraft through the application of innovative
concepts and the most effective combinations of advanced technology. The
findings of the study will be applied to establish guidelines for Air Force

and industry technology advancement activities and to provide a system option
for exercising in planned strategic mission analyses wherein the spectrum of
penetration approaches will be considered,

(U) Figure 1 summarizes the five baseline concepts developed to meet the

ISADS 5,250-nautical-mile "high~low=low-high" penetrative mission. Weight and
cost savings in excess of 50 percent compared to a current technology aircraft
sized to meet the same mission are due to the application of 1995 advanced
technologies identified in the first task of the ISADS study. These technologies
include merodynamic surface coatings, advanced supercritical and variable

camber wings, composite primary structures, advanced afterburning turbofans,

and active controls,

BERSPECTIVE

(U) Since the conclusion of World War II, America's defense posture has
rested on the strategic nuclear deterrence philosophy, For almost 20 years, '
this has been manifested in the Triad concept, in which land, sea, and
airborne nuclear forces complement each other's deterent effect and provide
a measure of security against a sudden technological development which could
neutralize one force, Due to the age of the existing systems, all three
legs of the Triad are due for update, The MX missile progrum is to update
the land leg, and the Trident submarine program is to update the sea leg,
The airborne leg, the manned bomber, is the only leg which providas a
reasoned controlled capability through the entire spectrum of conflict

and is the only leg which has been verified in actual warfare as indicated
below:

MANNED BOMBER ADVANTAGES
* Recallable

* Permits Show of Force
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Low=Cost Simplistic

TOGW = 312,663
Length = 120 ft
Span = 2] ft

Flyaway cost = $34.4 M

Mlnfmum WGIth
TOGW = 292,570 1b
Length w 48,1 ft

Span = 100 ft
Flysway cost = $30.4 M

Minimum Penetration Time

TOGW w 551,880 Ib
Length w 67,4 ft
Span w 128,6 ft

Flyaway cost = $52.9 M

Stnllthz

TOGW = 302,396 1b
Length . 76,7 ft
Span w 81,1 ft

Flysway cost = $31.8 M

UNCLASSIFIED

Laser Defense

TOGW = 340,808 1b

Length = 104 ft

Span = 15,8 ft

ajs, Flyaway cost = $40,3 M (+ laser cost)
(U) Figure 1. 1ISADS 1995 manned strategic penetrators.(U)
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®* Man at the Controls
¢ Survivable

* Flexible

¢ Reusable

* Only 'proven' element of the Triad (U)

(U) The importance of the manned bomber in the overall Triad concept is
illustrated in Figure 2 which shows the relative number of warheads delivered
on target by each leg of the Triad, Currently, the manned bomber provides

just under half of the total, However, recent political actions have prevented
the scheduled update of this leg of the Triad, By the year 2000, aircraft age
will place the entire airborne leg of the Triad in doubt. It is to this
unknown future that the ISADS study was addressed.

NOW 19st
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(U) Figure 2. Strategic warhead delivery requirements. (U)

(U) The Innovative Strategic Aircraft Design Study was conceived to examine
advanced technology applications to conceptual strategic aircraft designed
to meet postulated requivements of the post-1995 time period, and to conduct
a technology assessment effort wherein the performance and cost/benefits
expected through the use of advanced technology could be evaluated, The
findings of this study will be applied to establish guidelines for Air Force
and industry technology advancement activities and to provide a system
option for exercising in planned strategic mission analyses wherein the
spectrun of penetration approaches will he considered, The timeliness of
this study is evident in Figure 3, showing the 20 years it would have taken
to develop and deploy the B-1, Now is the time to start work for a 1995
Initial Operational Capability (IOC) manned strategic penetrator,
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(U) Figure 3. B-1 program history. (U)

ROCKWELL APPROACH

(U) The approach Rockwall selected to accomplish the ISADS study is a filtering
or screening process (Figure 4). The initial inputs of requirements,
mission, and payload data were enhanced with a selected list of technology
candidates, These technology candidates were the result of an extensive
technology identification and assessment effort dealing with 1995 technologies
in the areas of aerodynamics, propulsion, structures, materials, and stealth,
Advanced technologies offering improvements in cost, weight and performance
were identified and analyzed as to probable availability date and system
impact, From these technolopies, a 1ist of selected technologies was pre-
pared and integrated into a number of aircraft concepts for each mission or
system type, The configuration filtering process proceeded by accomplishing
successively more detailed analyses on fewer and fewer configurations, These
concepts were divided into the following catagories:

1, Low cost (simplistic airframe)

2. Best performance (minimum gross weight)

3. Best performance (minimum time at penetration altitude)
4, Low observables (stealth)

5, Laser weapon (defensive)
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(U) Figure 4. Rockwell approach. (U)

)

(U) The results of the filtering process were a single baseline concept for
each category, which was sized to a 5,250-nautical-mile-range high-low-low=-
high mission (Figure 5), with altemate theater and standoff missions

(Figure 6). A 50,000-pound payload was assumed, Weight, performance, and

cost results were prepared, along with program plans detailing source selection,
full-scale development, production, IOC, and DSARC reviews, Trade studies
evaluated the impact of selected configurational and technological trades,

ore &
N ct\-“‘ NE

UNCLASSIPIED
(U) Figure 5. ISADS strategic mission. (U)
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THEATER MISSION
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« PAYLOAD - 50,000 LBS
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(U) Figure 6. Other program ground rules. (U)

PROGRAM ORGANIZATION

(U) The ISADS was sponsored by the Air Force Aercnautical Systems Division,

Deputy for development planning (ASD/XRT)., The Air Force program manager was
Capt, Milton R, Moores, USAF,

(U) The study was conducted by the Los Angeles Division of Rockwell International,
with the Carrett AiResearch Manufacturing Company as subcontractor, Michael

R, Robinson served as program manager, assisted by Daniel P, Raymer, deputy
program manager., Individual tasks were directed by project managers from the
appropriate functional area, :

(U) The study was organized into seven tasks, These tasks and their primary
components are presented in Figure 7. The task structure allowed maximum
flexibility required for such a "forward-looking' program while providing the
visibility to minitor progress and assure timely completion of each element of
the program approach., The tasks are defined in the following paragraphs.

(U) These tasks are further detailed in Appendix A, Figure 8 summarizes the
program schedule by task element,
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TASK | TASK 111 TASK V
»{ TECHNOLOGY BASEL INE PROGRAM
@ PROJECTION REFINEMENT 'D"E':lNNITION |
$ 1 L {task v
TASK 11A TASK 118 ) REPORTING
CONCEPT CONCEPT TASK IV TASK Vi .
REQMTS FORMULATION| | SELECTION CoST g;%%;m
TN BMWS5 ANALYSIS
CONFIG'S CONFIG'S SUMMARY
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(U) Figure 7. ISADS program flow chart, (U)

TASK I ~ TECHNOLOGY PROJECTION

(U) In this task, Rockwell, with its subcontractor, Garrett AiResearch
Manufacturing Company, projected the probable technologies suitable for
implementation into a 1995 aircraft., Technologies were broken down into areas
of aerodynamics, propulsion, flight controls, structures, and stealth, and
assessed as to their cost, risk, and effectiveness for the year 1995,

TASK II - CONCEPT FORMULATION

(U) The advanced technologies identified in Task I were incorporated into 34
configuration sketches in the five categories previously mentioned. These con-
concepts were subjected to a three-step filtering process to select one baselir~
for each category. These baselines were sized and drawn as detailed layouts,

TASK III - BASELINE REFINEMENT

(U) The five baselines were optimized and subjected to a series of trade studies

by varying technologies and design features, Performance and weight was cal-
culated for each trade,
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(U) Figure 8.

Program schedule sumnary. (U)
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TASK IV - COST ANALYSIS

(U) RDT8E, acquisition, operations and support, and life cycle costs were
calculated for the five baselines, Cost sensitivities were prepared, and cost
traces were conducted,

TASK V ~ PROGRAM PLANNING

(U) Development and preduction programs were prepared for each of the five
baselines, Also, technology development plans were prepared,

TASK IV - PROGRAM MANAGEMENT

(U) Under this task all program management was budgeted,

TASK VII - CONTRACT DATA ITEMS

(U) Under this task adherence to Contract Data Items was tracked.

SUMMARY OF CONCLUSIONS

(U) The major conclusion of ISADS is that proper application of the

technologies which will be available by the year 1995 can offer up to 50-percent
reductions in total cost and weight for a given strategic mission when compared to
the best of current technology designs, Individual savings will amount to
30-percent reduction due to advanced structures, 25-percent reduction due to
advanced propulsions, and 40-percent reduction due to advanced aerodynamics

and controls, as detailed within the body of the report.

(U) It was further shown that the major driver in determining the cost and
weight of a follow-on strategic penetrator will be the initial assumptions as

to mission, payload, avionics, and refueling, While perhaps not suprising,

this conclusion reaffirms the importance of cost considerations in the earliest
stages of system development, For this reason, the actual mission of any
follow~on manned penetrating system should not be selected simply on the basis

of technological feasibility or maximum probability of survival, but by detailed
mission trade studies addressing cost, risk, effectiveness, and political/economic
acceptability,

(MU) Follow=on activities are recommended in several areas, Requirements studies
should investigate enemy defense environment projects and evaluate standoff
versus penetrating systems, (ost studies should evaluate the cost impact of
payload versus force siz2, mission assumptions, and technology assumptions,

and should determine as the bottom line what combination of mission and tech-

UNCLASSIFIED
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nology ground rule assumptions yields the highest target value kill for a
given cost, Finally, additional concept studies should further refine the ISADS
concepts, plus investigate several interesting combinations conceived, but not

pursued, during the ISADS study. These include a multirole aircraft, a laser
gunship, and a surface effect aircraft, (U)

o
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Section II

TECHNOLOGY IDENTIFICATION

INTRODUCTION

(U) The progress of manned flight since its inception at the beginning of

this century is attributable to advances in the state-of-the-art of the
individual disciplines as they developed to meet the increasing challenges.

The demand for added performance capability has advanced the design require-
ments for the next generation of vehicles, thereby stimulating the development
of new technologies within the disciplines, Frequently, there are interactive
effects wherein technology advances in one area permit a technology advance

in another area not otherwise possible. The application of flight sciences

has evolved to the level where advanced computers can solve complex problems,
leading to more efficient designs not previously practicable, In its various
diversified aerospace-related divisions, Rockwell is involved in the develop-
ment and integration of advanced technologies in the areas of aerodynamics,
propulsion, materials, structures, and stealth, where some significant advances
are indicated by the 1995 time period, However, technology projections can
only be made based on currently known and emerging concepts that have unrealized
potential, Additional important-improvements in technology will be provided
by the unanticipated advances motivated by requirements and competition.

(U) Another development, although not a flight technology, will greatly
influence the progress in all fields. The advent of new generation of large-
capacity, high-speed, low-cost computers will enable the advancement of all
flight sciences, Computational tools will enable the designer to advance his
capabilities in an efficient manner and open the spectrum to additional
applications,

(U) A combination of more sophisticated analytical and innovatlve design -
approaches has contributed to significant advances in the application and
integration of materials and structures technologies, Projections indicate
continuing improvements in lighter, less expensive, and aercelastically
responsive structures,

(U) Technologies evaluated during the study are listed in Table 1. Inspection
of this 1list indicates that some technologies are currently being pursued in
new airplane design evaluations, while others will require well-defined develop-
ment programs for maturity by the 1995 time period. This section addresses

the usefulness of some interesting advanced technology concepts applicable to
strategic aircraft approaches required for this study.
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(U) TABLE 1. CANDIDATE TECHNOLOGIES (V)

Propulsion Asrodynamicy .
variable-cycle engines lasiar bowndary layer )
Nuclesr engine cycle Boundary lsyer control N
Compresnar (sprovesent Surface coatings j
Cambustor improvement Advanced supercritical wing
Turbine improvemont Namplanar wing
Fuel improvement Advanced variable canber
Jet flaps Ralaxad static scabiliey

Coplanar wing
Materials Blanded wing-body Ji
Cround effoct %,
Advaiiced camposites I
Metallic materialy Contyols !
Metsl matrix N
Active controls/RSS ’
stpctures integrated flight/fire/ R
prepulsion controls L
Advanced structursl mode control Maneuver load control H
Arroslastic tailoring cust allevistion :

Near-net diffusion control
Suparplastic forminp/diffusion bonding

Stealth

’
Radar cross-section :
Infrared sigature N
Noise signature 1
Visual signature

UNCLASSIFIED : v
AERODYNAMIC CONCEPTS Voo

(U) Aerodynamic design of strategic aircraft to perform a high-low-low-high type i
of mission presents two design points to be addressed. The requirements for :
efficient 1lift generation must be balanced between the relatively high cruise

and the low-penetration design 1ifts. Current technology is embodied in the

B-1 variable sweep aircraft design, which is ideally suited to minimize takeoff

distance and maximize ride qualities, penetration speeds, and cruise efficiencies.

This, of course, is not achieved without penalty in weight due to the variable

sweep mechanism and, even with its aft-swept wing, a structural mode control

system to enhance ride qualities. However, in the 1970-80 time frame, this

manned aircraft system represents the most efficient approach to satisfying the

high-low aerodynamic design points. Therefore, from this demonstrated base,

several emerging aerodynamic technologies offer promise to be competitive in

producing the most efficient future aircraft.

(U) Inspection of the 1ift requirements (Figure 9) for a low- and high=-
altitude cruise at a fixed wing loading reflects the mismatch of the wing

design points. Clearly, the low-altitude penetrator will be optimized at a
different wing size and geometry than the higher altitude penetrator, One
approach to balancing these requirements is reflected in the reduction in

lift curve slope of the variable swept wing (Figure 10}, Another variable-
geometry approach is the retractable wing, which will achieve the same purpose
with an additional benefit of minimizing wetted area, Included in this approach
could be variable camber aeroelastic tailoring, nonplanar wings, and possibly,

jet flap propulsive lift enhancement to establish the most efficient lifting
system,
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(U) Figure 9. Aﬂfff'reqqirng (U) (U) Figure 10. Effect of wing sweep. (U)

(U) Aerodynamic efficiency is the guidepost., The selection of the most
promising technologies will depend, to a great extent, on the mission ground
rules and penetration speeds desired, However, current technology indicates
that the largest share of the airplane resistance, and therefore the most
fertile area for improvement, is in the viscous drag portion (Figure 11).
Since skin friction represents 60 percent of the vehicle resistance in
penetration, the laminar flow approaches and viscous drag reduction coatings
currently being developed offer much promise, The laminar flow approach of
smooth, short chord surfaces will blend with the minimum wetted area approach.

The primary purpose of the designs will be to increase aerodynamic efficiency
(Figures 12 and 13).
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()] Fig&re 11. Drag breakdown. (U)
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(U) Figure 12, Cruise altitude (U) Figure 13, Sea-level
lift-to-drag ratios. (U) -

lift-to-drag ratios. (V)

(U) Recent advances in computational aerodynamics have made it possible to
design lifting systems that produce low drag-due-to-1ift in relation to
currently accepted boundaries, The induced drag is a factor in the high-
altitude cruise portion of the two design point missions (Figure 11). To

reduce the drag levels below the current optimum span load of 1/mAR requires
the nonplanar wing design or the jet flap, In both cases, the improvement is
limited to increase in the effective aspect

ratjo, The jet flap has the
possibility of improvement on the order of

and the nonplanar wing
approaches on the order of 1l5-percent increase 1n e%fective aspect ratio, While

these approaches are not to be neglected, they do not compare with the redueticn
potential of viscous drag.

(U) Technology advances will also be reflected in pressure or wave drag.
Current blended wing-body or body shaping technology to minimize drag rise will
be extended to provide lower wave drag levels such that lowe-altitude M = 1,2

to M = 1,6 penetration speeds are possible. Future computational aerodynamics
are expected to permit rapid determination of the desired shapes in this area,

(U) Further advances in the understanding of the factors influencing more
efficient 1ift production will also be reflected in the boundary layer control
technology and the jet flap., Improved jet flap thrust recovery in conjunction
with propulsive 1lift enhancement accentuates the opportunity for airframe
propulsion integration, which, in the V/STOL area, has already produced

significant progress. Considerable progress can also be made to reduce system
drag through jet exhaust effects,

(U) Based on the preceding, some of the current technologies that are known to

have unrealized potential in improving aerodynamic systems are discussed in the
following paragraphs,
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ADVANCED TRANSONIC WING DESIGN

(U) The experimental demonstration of a very low compressible drag rise through
low supersonic speeds for a swept lifting wing-body configuration has been
successfully accomplished by Bridgewater (Reference 1), The aspect-ratio 3,5
wing was swept 55 degrees and employed a 6-percent streamwise airfoil section,
The twist and camber was defined to provide a 'flattop' controlled subcritical
flow with moderate upper surface adverse pressure gradients for a mach 1,2,

Cp, = 0,15 condition, The success of this design approach indicates avoidance

o% compressible pressure drag dus to the formation of shockwaves and shocke-
induced boundary layer separation,

(U) The logical extension of this wing flow philoscphy to higher free-stream
mach numbers without recourse to incressed wing sweep or thinner airfoil
sections is based on the development and exploitation of controlled (shockless
or weak shock) supercritical flow airfoils, The three-dimensional (3-D) upper
urface wing target pressure distributions are still flattop but now would admit
a local peak mach number of 1,2 or greater, followed by an isentropic or weak
shock recompression, ‘

(U) The supercritical design implementation requires the iterative use of a
3-D transonic relaxation solution to the small-distuvbance theory or the full-
potential equation of motion, as opposed to the linearized design philosophy
widely used for subceritical flows, Close attention must be given to viscous
effects if required for the mixed flow design as a result of the use of stronger
pressure gradients, This cen be accounted for by correcting the inviscid
design wing contours for the effects of displacement thickness by undercutting.

(U) An alternate approach for moderate supersonic speeds is the application
of a yawed wing swept behind the mach line to minimize the compressible drag
rise, Either subcritical or mix flow wing flow technology may be employed
and traded against wing thickness and sweep in the same sense as for a
conventional wing, The use of the yawed wing has the further aerodynamic
advantages of providing a low-sweep, high-aspect-ratio planform for takeoff
end landing operations.

NONPLANAR WINGS

(U) The addition of winglets or other nonplanar devices has the potential to
increase airplane lift curve slope, reduce induced drag, provide directional
stability, and increase aerodynamic efficiency at the design condition, The
serodynamics of this effect are associated with the span loading of the wing,
For the classic monoplane, the minimum induced drag is provided by a constant
downwash across the span; this is given by an elliptical distribution of load.
However, for nonplanar lifting configurations, the minimum induced drag is
found tv be associated with the vortex wake in the Trefftz plane on the wing.

UNCLASSIFIED
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In these cases, where a winglet, vortex diffuser, or end plate compose a
nonplanar 1ifting configuration, the wing efficiencies are increased above the
classical span loading solution, To achieve the potential increase in
efficiency, the aircraft wing and winglet must be designed to carry the loading
for minimum induced drag of a nonplanar 1ifting surface. (V)

(U) According to the theory of vortex drag optimization by optimizing twist
and camber on the wing and winglet surfaces, span load distribution can be
produced that will optimize vortex drag, provided other aerodynamic requirements
are met, The theory provides the optimum span load for minimum vortex drag for
wings which are nonplanar in the luteral direction and states that the vortex
drag is a minimum when the trailing vortices produce a constant downwash in the
Trefftz plane to solve for the spanwise distribution of 1ift or vortex strength,
The vortex distribution which produces a constant downwash in the Trefftz plane
is determined by solving for the spanwise distribution of vorticity along a
lifting line of the same shape as the wing tralling edge, necessary to stop the
flow, due to a constant upwash, from passing perpendicular to the lifting line,

(U) Improvement in theoretical drag-due-to-1ift for a simple nonplanar wing
end plate is shown in Figure 14. However, even though this technology is
known, the full potential has never been achieved, Future applications in
conjunction with advanced computers will increase the effectiveness of such
surfaces, In this manner, the improvements in drag-due-to-1ift will be-
reflected by increased effective wing aspect ratlo,
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(U) Figure 14. Theoretical nonplanar wing efficiency factors. (U)
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VARIABLE CAMBER . 1

(U) The variable camber wing concept employs leading and trailing edge geometry '
changes so that the wing camber can be varied for efficient operation over a ]
wide variety of operations, The variable camber wing not only enables achieve- !
ment of varying design 1ift coefficient, but also varying stability by planform
extensions,

(U) There are to the present time basically two types of variable camber wing., ;
In one type, leading and trailing edges simply deflect; in the other type, f
leading and trailing edges extend and deflect, thus providing an increase in

wing area concurrently with variable camber, The result for both concepts is

a higher usable C,max over a broad mach number range by preventing shocks and

flow separation ok the wing, Applicstion of these devices can greatly improve

loiter capability by reducing or eliminating flow separation at high angles of

attack, thereby improving lift/drag (L/D) and reducing fuel flow required to

maintain minimum-level flight speed,

(U) To develop high-lift coefficients at altitude and speeds where compressible
effects are significant, the airfoil section will be designed to maintain super-
critical flow on the upper surface without producing shock-induced separation,
The wing must be designed to produce high-1ift coefficients and buffet
boundaries while maintaining low viscous and potential pressure drag.

(U) At the present time, on & conventional wing the variable camber is achieved
by a mechanical system, and the wing twist by a combination of mechanical and
seroelastic tailoring techniques, However, in the future if a wing can be made
of composite material, thereby elimlnating the conventional wing box, both the
wing twist and camber can be controlled by the aeroelastic tailoring technique
or by an internal actuation system that forces the structure to deform to the
desired shape without hinge line digcontinuities, Systems of this type will
permit maximum use of variable camber and provide an alternative to varisble
sweep,

LAMINAR FLOW

(U) One of tho greatest potential aerodynamic advancements which could produce
significant performance benefit is the reduction of turbulent skin friction

drag through elimination of roughness or delayed transition, or through use

of active boundary layer control to maintain laminar flow., Experimental measure-
ments indicate drag levels in excess of the flat-plate values shown as a result
of form drag losses, This effect will be accentuated by future design trends
employing thick wing sections with controlled supercritical flows and/or a
relatively strong design rate of flow recompression,
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(U) The use of favorable pressure gradients in combination with plastic
coatings appears to be & promising approach for reducing skin friction drag by
delaying transition at moderate Reynolds numbers (figure 22, ref, 22). The
realization of such benefits on lifting wings must carefully consider the
effect of boundary layer crossflow instability due to sweep and fuselage
interference at the leading edge., At large Reynolds numbers, the benefit
would primarily result from elimination of surface roughness on the first
two-thirds of the wing and fuselage surface,

(U) As assessment of the potential for active boundary layer control through
blowing and suction is more complex as & result of the energy requirements and |
the impact of the associated ducting on the aircraft structural weight., The

ability to develop and maintain laminar flow on swept wings in flight at high

Reynolds number using distributed suction was successfully demonstrated over

10 years ago by the X-21A program (ref. 23). However, an overall aircraft

performance improvement incorporating such an approach has not been demon-

strated to date,

(U) The potentlal benefit from unform suction on a flat plate is a function _
of the volume coefficient of suction = Uo/U . The condition CQ = 1,2 x 10
corresponds to the requirement to just maintain wholly laminar flow. The
relative saving in drag for this "optimum' suction is presented in Figure 15
and indicates reductions of 65 to 85 percent of turbulent flat-plate values.
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(U) Figure 15. Skin frictlon parameters. (U)
JET FLAPS

(U) The jet flap consists of the discharge of a high-velocity jet in the fomm
of a thin full-span jet sheet from the wing trailing edge at an angle to the
undisturbed stream, The resultant 1ift on the wing is considerably greater
than the component of the reaction of the inclined jet, for the i.i at the
same time induces a circulation about the wing. Although not pr ms ily & form
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of boundary layer control, the effect of the jet velocity does reduce the
tendency to separate at high off-design lift coefficients and has been shown
to minimize adverse pressure gradients, transonically delaying drag rise and
improving drag-due-to-1ift, Additionally, the gross thrust available is not
seriously affected by moderate deflections of the jet. This phenomenon is
called thrust recovery and has been demonstrated by experiment, Current
technology is demonstrating initial applications of these concepts, and
structural technology advancements are expected to provide greater jet flap
enefits by the 1995 time period. (U)

WING BOUNDARY LAYER CONTROL

(U) In the design of 1ifting systems, the effect of viscosity is almost wholly
adverse, Viscosity is responsible for friction drag and reductions in 1ift and
often causes unsteadiness in the flow, The practical objectives of boundary
layer control (BLC) are the reduction of diug and the suppression of large
wakes, the increase in 1ift, and the improvement of stalling characteristics

in general, These objectives are gained when the energy lost through viscos-
ity is either minimized or recovered in an efficient manner. Thus, BLC
technology is directed to prevent the separation of the boundary layer and to
replace a turbulent boundary layer by a laminar one, or at least delay transi-
tion to a point as far downstream as possible.

(U) One type of boundary layer control is designed to minimize viscous drag.
Transition to turbulent flow depends mainly on the roughness of the surface and

+ the pressure gradients on it, Separation depends almost wholly on the pressure

gradients, Therefore, the manufacture of very smooth unwrinkled surfuaces and
the surface shape is significant in the application of boundary layer control,
The important feature of this type of control is that it does not involve the
expenditure of additional power,

(U) Another boundary layer contrel approach involves the addition of energy to
the boundary layer, thus delaying separation by the artificial transfer of
energy. When auxiliary power is applied‘in boundary layer control, many
opportunities arise, The low-energy air removal by suction or the Injection of
alr to energize the boundary layer has been explored in detail, The objective
is to increase efficiency by expending less power for boundary layer control
than the cquivalent thrust reduction achieved and weight penalty through its
application, The combination of using advanced structural concepts, such as
SPF/DB titanium or SPF aluminum, along with integral BLC slots and plemum
chambers may show a BLC payoff of 10-15% TOGW reduction for either the high-
altitude cruise application or the surface effect vehicle concept,
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GROUND EFFECT

(U) An increased aerodynamic efficiency can be measured when lifting surfaces
are operated within one wingspan of the surface of the earth, this improved
efficiency increases with decreasing height, Because of the obvious influence
of ground proximity during the takeoff and landing phases, it has been the
subject of considerable investigation, but an adequate amount of reliable
‘ground effects data does not appear in the literature, Both theoretical and
experimental investigations indicate that ground proximity produces an increase
in the 'ift-curve slope, a decrease in drag, and a reduction of noseup pitching
moment ior most aircraft planforms. The theoretical epproaches analyzing ground
effects employ an image-vortex theory to represent the ground plane, Away

from the ground plane, the downwash of the two trailing vortices contributes

to the wing drag-due-to-1ift by rotating the force vector rearward. However,
near the ground plane, the trailing vortices of the image vortex system have

an upwash component which reduces the downward rotation of the flow direction
caused by the wing trailing vortices, thus decreasing the wing drag-due-~to-1ift.

(U) The influence of the ground proximity is beneficial at low speed, and
there is same evidence that end plates on wings further enhance these favorable
effects, The velocity range potential of this characteristics is not known.

AEROELASTIC TAILORING

(U)  Wing design using advanced composite structural material and employing
unbalanced advanced composite ply layups to provide coupling between bending

and torsional Jdeflections is suited for aeroelastic tailoring to control wing
twist and camber distributiens, Through proper design, this combined structural-
materigl-dynamics technology can result in significant aerodynamic improvement
through control of wing twist and camber during flight. This design

technique will also improve the control effectiveness of the wing trailing
edge devices and fuselage bending,

(U) The principle involved in the structural twist contrcl or the aerocelastic
tailoring is that the wing can be made to deform under load such that the
proper twist and camber are obtained at each spanwise station, Optimum wing
twist and camber result in increased lift and lower drag at the design points,
thereby altering the drag polar shape and improving the drag of the entire
vehicle throughout the flight envelope, Improved air vehicle performance
results in & reduced engine size, which, in turn, decreases the structural
weight, These combined increments in system effectiveness, which were directly

derived from judicious tailoring, will be translated into a significant cost-
effective improvement of the weapon system,
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(U) The optimally tailored design using 1995 technology of the composite
critical component, by comparison to the less efficient quasiisotropic
laminations, will ultimately afford an additional stiffness and rigidity
improvement for a lighter weight, equal-strength composite structure that
satisfies the aerodynamic requirements, With aeroelastic talloring, the
designer has more latitude to insure that aerodynamic requirements can be
achieved within stringent weight and cost constraints,

(U) The projected availability dates of these aserodynamic technologies are
sunmarized as Figure 16.

1978 1980 1985 1990 1995 2000 2005

Aercelastic talloring
Variable camber
Nonplanar wings
Supesrcritical airfoils
Laminar coatings

Advanced variable camber
Active BLC/LFC
Induced propulsive lift

Advanced airfolls
Laminar flow wings
fompllant skin

UNCLASSIFIED
(V) Figure 16, Aerodynamic technology projections.(U)

PROPULSION TECHNOLOGY ASSESSMENT

(U) Propulsion technology candidates were divided into five categories; i.e,,
inlets, engines, nozzles, controls, and fuels,

INLETS

(U) The assessment of inlet concepts and technology candidates is summarized
in Table 2, Only modest improvements in inlet total pressure recovery are
anticipated by 1995, Major improvements will be in the areas of reduced weight
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and drag, inlet/engine control integration, and reduced radar visibility, For
design speeds of mach 1.6 or less, normal shock inlets and fixed two-dimensional
(2-D) and semicone inlets provide pressure recovery as good or better than more
complex variable inlets (usually used for higher design speeds) and are also
lighter, Because the normal shock inlet is lightest, it was used for all
alrcraft concepts in this study, (U)

(U) TABLE 2. ISADS TECHNOLOGY ASSESSMENT - INLETS (V)

Misaion Sepwnt
Weapon
Potentis] technology T, and land | Climb and cruise Dash drop Lolter Cont S/v Muintenunce | Comments
Variable capture arva, L(recovery) = Ltdrag) 0 ~0 (Compiex) [ ~0 +(Camplex)
variable incldence
Radar abnorbent msterial U ] 4 ¢ 0 =0 N(RCK) ¢
Forebody boundsry leysr hleed ¢ 0 (B0 drap) [ [ +(Complex) | M{RCS) | -(Complex)
Fuse laye/wing Bl ingestion « {Recovery) 1 ? 0 * s(Complex) [ ~0 «{Complex)
“Dulb' engine hub with ram - (Rocovery) « |Regovery) «(Recovery, drag) 0 =0 < (RPCY H{RCE) ~0
Vaner with ram + (Rwcovery) « (Recovery) - (hecovery) 0 «(Recovery) | +{Complex) | HORCS) [ - (Complex)
Offset duct with ram - (Recovery) - (hecovery) « (Recovery) (4] «0 ~0 H(RCR) ~0

Notet
UNCLASSIFIED
« High payeff

+ Medium payoff

« low paysf!

< No payolf

+ Negative payoff

+ Unknown until further study

-~ [T
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(U) Variable capture area and variable incidence inlets, such as are used on
the F-15, provide better inlet/enginc matching over wide variations in the
flight regime than do fixed inlets, plus reduced drag and favorable pitching
moments. This type of inlet was considered for the minimum penetration time
design, but it was not used because of complexity, weight, and little perform-
ance advantage at mach 1,2,

(U) Location and inlet type can have significant impact on the radar cross
section (RCS) of the aircraft, Thus, overwing locations were considered for
lower hemisphere stealth designs., This location has an advantage relative to
underwing inlets, in that the wing shields the inlet from low-level (ground-
based) radar, A Rockwell RCS 1/4-scale model test of an ATS configuration
showed that the overwing inlet is virtually invisible to lower level receivers
(Reference 2), Additional benefits of overwing inlets include shielding from
debris from the runway and more flexibility in attaching external stores, The
primary disadvantages of overwing inlets are that (1) the inlet operates in an
expansion flow field and thus requires a larger capture area, and (2) the local
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flow field may become highly distorted during maneuver, possibly causing engine
stails, Proper design can minimize these problems, (U)

(U) Addition of radar-absorbent material (RAM) to inlet internal surfaces
reduces RCS with little or no weight and inlet performance penalties, Therefore,
it was included in the stealth airplane. Eliminating direct line-of-sight to

the engine face also reduces radar signature, One method of doing this is to
use an offset inlet duct, This method, when combined with the use of RAM,
provides highly effective means of reducing radar signature from the front of
the aircraft, However, there is a modest loss in performance because the inlet
prassure recovery is lower due to the turning,

(U) oOther engine line-of-sight RCS suppression methods include the addition of
vanes with RAM in the inlet and use of a ''bulb" engine hub with RAM for a
complete line-of-sight blockage. Use of vanes to block line-of-sight to the
engine causes an inlet pressure loss and presents a severe anti-icing problenm,
The bulb engine hub will cause a modest inlet pressure loss (estimated to be
less than 1 percent) and will increase drag because the nacelle cross-sectional
area is increased, The bulb can be easily anti-iced with engine bleed air.
Figure 17 1llustrates these devices,

UNSUPPRESSED INLET

VANE SUPPALIS) O /

—————— ~ I or LAY, ANTI=VCING PRODLEM
YIONT LINLY g : ] -
R .

AULE CNOINE nun SUPPAESHION
AP, L0V, WAVE DNAD INCAEASE
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(U) Figure 17. Inlet RCS suppression methods., (U)

(U) Another source of radar signature is the inlet boundary layer diverter.

The conventional boundary layer diverter may be replaced by a suction boundary
layer control (BLC) system, The forebody boundary layer is bled through a
perforated area forward of the ramp, into a plenum chamber, and exhausted
through triangular exits on the side of the inlet., The suction surface has

a high-porosity strip immediately forward of the ramp to prevent boundary layer/
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shock interaction. The bleed airflow is controlled by triangular ramp doors
which have the BLC bleed exit area on the sides of the inlet cowl, Rockwell
has been investigating this concept in recent IRED ATS studies, Estimated

drags for the BLC system are equal to or less than the conventional boundary

layer diverter, Figure 18 illustrates an upper inlet with this type of bleed
system, (U)

HIGH
LOW PORDSITY PORQLHTY BOUNDARY LAYER BLEED (X117 YPASS ExiT

- .

BOUNDARY LAYRA BLERD R2IY DOOM

RANP OLEED SURVICE
PIAFORATED PLATL SOUNDARY LAYER DLEED (X917
BOOR HINGE LINL

BYPASY BUCT

1A W20 DO AN LN ] $TA §14 ] 4 394§

BOUNDARY LAYER  WOT AIR (INE TO LI RADAR ABBORT IV MATERIAL
ALMOVAL BUCT {AAW) KEP
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(U) Figure 18. Forebody boundary layer bleed. (U)

(U) One drag-reduction technique which NASA plans to study is boundary layer
ingestion; that is, a propulsion system which uses fuselage and/or wing boundary
layer air as its primary source of air. The advantages of this type of system
are that (1) part of the ram drag of the propulsion air is accounted for in the
aerodynamic drag, and (2) base drag is reduced by not discharging low-energy
boundary layer air. However, this system requires more complex ducting with
associated pressure losses. Previous studies have shown reduction in fuel
consumption of from 5 to 10 percent, depending on the comylexity of the system.

ENGINES

(U) Advances in engine component technology and engine cycles will improve
propulsion system performance and weight (Figure 19). Engine technology
assessment 1s summarized in Table 3, The following is a discussion of

engine component performance levels and engine cycles which may be considered
for the 1995 time period.
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(U) Figure 19. Fngine technology trends. (U)

(U) TABLE 3. ISADS TECHNOLOGY ASSESSMENT - ENGINES, NOZZLES, AND CONTROLS (U)
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Component Performance Levels

Compressors

(U) The major technology t:unds for fans and compressors are:

1. lligher lpading at current or slightly increased efficiency (refer to
Table 4 and see Figure 20)

2. Clearance control

3. Variable geometry

(U) The result of higher loading is tc¢ reduce the number of compression stages
required, and minimize weight and cost.

(U) TABLE 4. COMPRESSION EFFICIENCIES (U)

Typical Efficiencies (%)
Peak 100% Speed
Fan 89 86
Compressor 88 87
' UNCLASSIFIED
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(U) Figure 20. Comptession stages. (U)

(U) Advanced three-dimensicaal (3-D) analysis methods and experimental
techniques will play a major part in realizing 'the higher loadings at current
or increased levels of efficiency. At the higher lcading, more attention must
be given to secondary flows, as well as end wall and boundary layer losses

which can only be understood and characterized by fully 3-D analysis techniques.

The fully 3-D analysis techniques are beginning to be used in the design of
turbines, and will be extended to use in compressors.
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(U) The advanced 3-D analysis methods need to be supported by advanced experi-
mental techniques. Currently, the acquisition of experimental data is limited
by the size and frequency response of the instrumentation. The laser doppler
velocimeter (LDV) is one new method of instrumentation that promises to solve
the problem without interference with the airflow. Velocity measurements can
be made at virtually all locations of interest except in close proximity to
walls, blades, etc. Further improvement of the techniques is required to
reduce this limitation. The availability of measurements such as provided by
the LDV is vital to correlate experimental results with the 3-D analysis
methods.

(U) Variable cycle engines offer important benefits to strategic aircraft,
particularly when the missions consist of a combination of supersonic and
subsonic elements. Compressor and fan variable geometry is required to imple-
ment many variable cycle concepts. This variable geometry must not only provide
increased surge margin as it is presently used but also provide the capability
to alter the flow/pressure ratio/speed characteristic over a wide operating
range.

(U) Another potential area of improvement is the use of centrifugal compressors
as the final compressor stage of high pressure ratio cycles. Air Force and
industry studies have shown that centrifugal compressors can offer advantages

in reliability, maintainability, and cost at comparable performance when
compared to all-axial compressors.

(U) The trend towards higher loading can result in higher compressor and fan
tip speeds. Materials with properties adequate for these higher tip speeds
need to be developed. Metal (boron aluminum and boron titanium) and organic
matrix composites 1re candidates for high-speed [ 1,600 feet per second) fans
but development work on their erosion and impact resistance is required,
Composites may solve the tip speed problems in fan and low-pressure compressor
stages but are limited in temperature capability. New high-strength titanium
alloys can solve the temperature problem in later compressor stages but are
limited in tip speed, and have experienced titanium fires. The solution may
lie in a combination such as titanium aluminumide blades and a high-strength
titanium alloy disk.

(U) Clearance control is an important area for all rotating components. The
effect of running clearances becomes larger as higher pressure ratios and
higher turbine temperatures reduce the size of the components. Three possible
areas of improvement in clearance control are:

1. Active (variable cooling air)

2. Passive (abradables, hard blade tips)

3. Aerodynamic
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(U) The aerodynamic: control of tip clearance losses is an area where signifi-
cant benefits could be achieved using the 3-D advanced analysis methods through
control of blade tip loadings and use of slotted or groved shrouds.

Combustors
(U) The main areas of combustor technology advancement will be:
1. Higher combustor temperatures
2. Advanced materials/cooling schemes
3. Llower pattern factors
4. Reduced surface area

(U) In the 1990 to 2000 time period, combustor cutlet temperatures will
approach 3,200° F. These increased temperatures will decrease the cooling air
available to cool the combustor liner and advancements in material properties,
and the use of thermal barrier coatings will be required. Better cooling
schemes will also be required to effectively use this available cooling air.

(U) Higher cycle temperatures will increase the amount of turbine vane cooling
air required. As turbine vane cooling air is increased, it reduces the air
available for cooling the combustor, and its discharge from the vane tends to
decrease turbine efficiency. Reducing the combustor pattern factor decreases
the maximum hot-spot gas temperature, and results in lower required cooling
flows. Better understanding of the combustion process (mixing, turbulence,
effect of geometry, fuel-nozzle location) will be required to decrease pattern
factor, and can allow combustors to become smaller. Smaller combustors have
beneficial effects on engine length and weight, and reduce cooling requirements
because of the lower surface area.

Turbines

(U} The use of ceramics, particularly in engines for unmanned aircraft, will
be demonstrated in the early 1980's (Figure 21). The extension of ceramics to
manned engines is considered feasible for the time frame considered in this
study. Turbine inlet temperatures for uncooled ceramics will be limited to
gpproximately 2,400° F in the 1990's. However, cooled ceramic blades and
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vanes as well as supporting structures may allow operation of turbines in gas
temperatures of 3,200° F with less cooling flow than currently used with much
lower gas temperatures, (U)

" UNCLASSIFIED
J (U) Figure 21. Ceramic turbine blade. (U)

(U) Recent test results of the Air Force AFAPL low-aspect-ratic turbine
(LART) program, being conducted by AiResearch, have established the future
efficiency levels of high-work gas generator turbines for the 1980's (Figure
22). Tested efficiency of over 92 percent has established an industry level
of aerodynamic efficiency for single-stage high-pressure turbines, The

significant improvements achieved are attributed to the reduction of stator
end wall losses by:

1. Optimizing the radial work distribution

2. Using 3-D viscous analytical techniques developed by AiResearch to
select optimized end wall contours as well as stator lean and stack

(U) Another highly promising turbine technology area is the development of
photoetched laminated turbine vanes and blades (Figure 23). Individual
laminations are first photoetched from sheet metal, These are assembled,
diffusion bonded, and trimmed to make individual cooled vanes, The advantage
of the laminated construction is lower cost and the potential for highly effec-
tive cooling.
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(U) Figure 22. Low-aspect ratio turbine. (U)
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1 (U) Figure 23, Photoetched laminated blade. (V)
| ' UNCLASSIFIED




UNCLASSIFIED

(U) Maximum turbine cooling flow temperatures are currently around 1,100° F
for supersonic cruise conditions; projected 1985 temperatures are 1,200° F, A
further increase to about 1,300° F may be expected for 1995,

Augmenters

(U) Current technology augmenters have peak efficiencies of 96 to 97 percent
and efficiencies near maximum augmentation (fuel-air ratios greater than 0,06)
of less than 90 percent, Current augmenters tend to be nearly 4 feet long to
achieve these efficiency levels. Swirl-can burners have recently been studied
and tested which result in significantly higher efficlencies in shorter burner
lengths (Reference 3), For example, peak combustion efficiencies of near 100
percent and efficiencies at high fuel-air ratios of 94 to 98 percent can be
achieved in augmenters less than 2 feet long, The reduced length results in
lighter weight and less required cooling flow (and, thus, higher maximum
augmentation temperature and thrust),

Engines Cycles

(U) Engine cycles which were assessed include turbofans, variable-cycle
engines, Rockwell's Multiple Mode Integrated Propulsion System (MMIPS), turbo-
props, regenerative and intercooled cycles, constant-volume combustion cycle,
compound cycle, and rocket-assisted takeoff (RATO).

Turbufans

(U) Conventional mixed-flow turbofan engines provide low fuel consumption
for subsonic cruise and low exhaust gas temperatures for low IR signature, A
current engine may provide reduced cost by eliminating development cost,

(U) Current technclogy bomber engines have thrust-to-weight ratios of from

7 to 8, Military engines currently being studied with technology availability
dates in the early 1980's have thrust-to-weight ratios approaching 11 for
conventional cycles, This advance, relative to current engines, is being
achieved through improved materials, higher specific thrust, higher stage
loadings (fewer stages), and shorter augmenters, Continued improvement in
materials through the late 1990's will improve thrust-to-weight ratio still
further, Improved turbire materials and improved component performance levels
will also increase specific thrust, Thus, thrust-to-weight ratios may be
expected to be greater than 12 in the late 1990's, Variable-cycle engines

and engines designed for high-speed, low-level flight would be expected to

have somewhat lower thrust-to-weight ratios, depending on the particular
design,
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Variable-Cycle Engines (VCE)

(U) Variable-geometry turbine turbojets are currently being studied for
application to ATS in the 1985 time period (Figure 24). Studies at Rockwell
indicate that this cycle is very competitive in total system cost and perform-

ance with low bypass ratio, fixed-cycle turbofans, and variable-cycle turbofans

in the ATF, However, for subsonic-only aircraft, turbofans will provide lower
SFC.

REAR VABI

UNCLASSIPIED

(U) Figure 24, Variable cycle engine. (U)

(U) One example of the advanced engines being studied at AiResearch and which
could have application in this study is a unique VCE concept. It takes
advantage of a characteristic of the centrifugal compressor, which allows com-
pressor flow to be modulated without decreasing pressure ratio. Variable-
geometry components include the variable-diffuser centrifugal compressor,
variable-nozzle high- and low-pressure turbines, and the variable exhaust
nozzle. Use of this engine in a high-performance fighter resulted in an 8-
percent decrease in takeoff gross weight and a 22-percent decrease in fuel

required when compared to conventional, advanced technology augmented
turbofan,

(U) VCE's such as the General Electric varisble ares bypass injector (VABI)
and the Pratt § Whitney Aircraft variable stream control engine (VSCE) have
been considered for ATS and AST, Both cycles provide reduced SFC for
multimission aircraft by maintaining airflow at the intermediate power level
down to approximately 50 percent of intermediate net thrust, This alsc reduces
inlet spillage and nozzle/afterbody drags, The VSCE has bypass and turbine

streams separated, and thus will have high IR signature; also, it cannot be
easily adapted to a 2-D nozzle,
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(U) Multimission integrated propulsion system (MMIPS) has been investigated in
several aircraft studles (Figure 25). These studies indicated that MMIPS is
most promising in aircraft that have significant performance requirements at
two or more significantly different flight conditions. Thus, MMIPS was
considered for the minimum penetration time vehicle,
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(V) Figure 25, MMIPS concept and operation. (U)

Turboprops

(U) Recent engine manufacturers studies (References 4, 5, and 6) show that
advanced turboprop eugines have significant performance advantages up to mach
0.8 relative to advanced turbofans, However, propellers provide high radar
signature return, even when composite materials are used, Thus, turboprops
were not considered further.

Rocket-Assisted Takeoff (RATO)

(U) RATO can be considered when penalties might otherwise be incurred by the
neceysity of sizing the engines to meet a takeoff requirement, Other factors
to be considered include a logistics problem and the structural weight penalty
for mounting., Engine cycles were defined for each aircraft design which did

not require RATO,
Regenerative and Intercooling Cycles

(U) Three concepts were considered:

1. Regenerative: The high-pressure compressor discharge air is ducted
through a heat exchanger in the turbine discharge gas to preheat the
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air prior to burning., This reduces specific fuel consumption. An
additicnal advantage of this cycle is reduced IR signature due to lower
exhaust gas temperature, Previous studies (References 4, 5, and

6) show that the performance gains tend to be offset by heat exchanger
weight and pressure losses, Therefore, this concept was not
recommended,

2. Intercooling: Cooling hetween compressor stages (for example, using
liquid hydrogen as a heat sink) reduces the amount of work done to
reach a given pressure, A study by Garrett/AiResearch indicates that
performance may be improved slightly relative to a nonintercooled
turbofan system, Here again, performance gains tend to be offset by
weight and pressure losses; therefore, the concept was not recommended,

3. Turbine Cooling Flow Cooling: Cooling of turbine cooling flow (using
fuel as a heat sink) results in lower amounts of cooling flow required
and, thus, higher specific thrust. Because the cooling flow required
for the engines of this study was so small, it was felt that there
would be little or no payoff for this concept, (U)

NOZILES

(U) Two nozzle types were considered: conventional axisymmetric and asymmetric
(2-D), Nozzle concept and technology assessment is summarized in Table 3,
Axisymmetric, convergent-divergent, independent variable exit area nozzles
provide peak internal performance for all operating conditions., However, 2-D
nozzles offer potential benefits in several areas, Significant benefits to the
aircraft maneuver capability and tukeoff/landing distance have recently been
identified with in-flight thrust vectoring, thrust reversing, and super-
circulation 1ift (propulsive lift enhancement), These benefits can improve
maneuver performance for aircraft having given control surfaces sizes, or can
result in smaller control surfaces with an attendant reduction in aircraft
weight and drag for the same maneuver performance, These features are
mechanically more easily applied to a 2-D nozzle than to their axisymmetric
counterparts, Analytical studies have shown improved supercirculation lift

for high-aspect-ratio (width/height) 2-D nozzle designs compared to the
restricted circular shape of axisymmetric nozzles, In addition, drag for
multiple=engine installations may be less because of clearer aircraft lines,

(U) Finally, gircraft survivability/vulnerability is improved by the infrared
radiation/radar cross-section (IR/RCS) signature suppression inherent in high-
aspect-ratio 2-D nozzles, The exhaust plume diffusion rate is greatly increased
with nozzle aspect ratio, and aft view RCS may be reduced with wedge or single-
expangion-ramp nozzles by shielding the engine turbine,
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PROPULSION CONTROLS

(U) The complexity Wf advanced aircraft and the required capability for
multimission mode in-flight variation of the flying qualities to achieve a
specific mission task dictate the use of advanced control concepts. Such a
concept is the digital, fly-by-wire, flight/fire/propulsion integrated control
gystem, Through a trim drag reduction, the incorporation of an integrated
control system provides significant fuel savings in the penetration leg and
the related increase in engine life, The concept permits steady-state perform-
ance to be optimized without regard to conventional stability margins required
for transients; the transients may be sensed and stability margins may be
increased for the duration of the transient. Assessment of this control
concept is summarized in Table 3.

(U) The integrated fire/flight/propulsion control system concept was included
in the propulsion system performance analysis,

FUELS

(U) Assessment of altermate fuels is summarized in Table 5. Solid fuels,
slurries, liquid fuels, and nuclear power are discussed,

(U) TABLE 5. TECHNOLOGY ASSESSMENT - FUELS (U)
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Solid Fuels (Not Recommended)

(U) Some materials could be used in a dry powdered form as a fuel, These
include aluminum, beryllium, boron, cirben, lithium, lithium hydride, magnesium,
silicone, and titanium, These materials tend to be expensive, In addition,
incomplete combustion could result in rapid wear of engine parts downstream of
the combustor and in increased IR signature,

(U) One new concept is that of metallic hydrogen, The metallic form would
have a density approximately 10 times that of the liquid; thus, aircraft volume
could be reduced dramatically,

(U) The NASA Lewis Research Center has given grants to Cornell University and
to the University of Maryland to build presses designed to achieve the pressures
required to make metallic hydrogen. These would start with gaseous hydrogen

at atmospheric pressure, NASA Lewis is also designing a press, but it will
start with liquid hydrogen., This press is to be completed late in 1978,

(U) The pressures required to achieve metallic hydrogen are estimated to be

from 1 to 3 megabars (15 to 45 million psia), Whether it will be stable is
not known, Thus, it was not recommended for consideration in this study,

Slurries (Not Recommended)

(U) The suspension of powders, such as those described in the preceding, in
liquid fuels would result in the same problems as the solid fuels, In addition,
storage of slurries may be a problem due to the settling out of the solid.

Liquids

Acetylene (Not Recommended)

!
(U)  Acetylene would appear to provide a good alternate fuel based on fuel
heating value. However, it is more expensive than either JP or synthetic JP,
it would increase radar cross section because of the larger volume required,
and it would result in additlional ground handling requirements because of its
low boiling point (-119° F),

Ammonia (Not Recommended)
(U) The very low fuel heating value of ammonia would result in very high fuel

weight and volume, Storage of ammonia would create additional ground handling
requirements because of its low bolling point (~28° F).
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Diborane (Not Recommended)

(U) The heating value of diborane is attractive but its products of combustion
include boron oxide (which could deposit on engine parts) and boric acid
(corrosive), In addition, diborane is toxic,

Ethanol (Not Recommended)

(U) Ethanol has a low heating value, and it would result in increased aircraft
volume (increased RCS).

1
‘l
l

Gacoline, Kerosene, and Syncrude Fuels (Recommended for All Vehicle Concepts) !

(U) These fuels have very similar characteristics, and synthetic gasoline and
erosene will probably be produced in quantity from oil shale, tar sands, and
coal by the year 2000, The use of syncrude fuels as a replacement for the
dwindling supply of petroleum-based fuels has several advantages relative to
other fuels, Syncrudes, while more expensive than petroleum-based fuels today,
will probably be the cheapest replacement fuel, These fuels will require no
new storage or handling facilities, Use of syncrudes will mean minimum changes
to existing aircraft, Dual fuel facilities will not be required, Fuel should
be available at all existing airfields, as opposed to selected fields for a new
fuel.

Hydrogen (Recommended for Investigation)

(U) In previous studies of low-density aircraft, hydrogen has resulted in!
lower takeoff gross weight than JP fuel. Thus, hydrogen was considered for
the ISADS concepts. Hydrogen slush has advantages in that it is approximately
15-percent denser than the liquid, and there is less boiloff. However, the
slush is slso considerably more expensive to prepare. Another advantage of
hydrogen is that IR signature is reduced.

(U) Cryogenic hydrogen has the obvious problems of storage (boiling point is
-423° F), world-wide supply, safety, and portability. It has a very low
volumetric heating value, is expensive, and is energy intensive, whether
produced from electrolysis of water or derived from coal gasification (currently
the least expensive means of production)., Response time may be affected if

fuel tanks have to be filled or topped off. Additionally, public fear of
hydrogen may be difficult to overcome,
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Mathane (Not Recommended)

(U) Liquid methane also has problems of storage (boiling point is -259° F),
supply, safety, portability, low volumetric heating value, and response time,
Its volumetric heating value is higher than that of hydrogen, but its heating
value per unit weight is poorer.

Methanol (Not Recommended)

(U) The primary disadvantage of methanol is its low heating value.

Monomethylamine (Not Recommended)

(U) Monomethylamine has a low heating value, and it is more expensive than
ammonia or methane because both are used in its manufacture.

Pentaborane (Not Recommended)

(U) Pentaborane has disadvantages similar to those of diborane (production
of boron oxide and boric acid, toxicity) and, in additibn, it ignites 1
spontaneously in air, : '

~ Propane (Not Recommended)

(U) pPropane has a slightly higher heating value than kerosene but considerably
lower density, Its low boiling point (-44° F) would require special handling
It is also more expensive to produce than synthetic kerosene.

Shelldyne H (Recommended for Minimum-Weight Concept)

(U) shelldyne has slightly lower heating value than kerosene, but it is much
denser, For airplanes which have a fuel volume problem, Shelldyme may be used
to advantage, This could aid in reducing volume and structure of the minimum- £
weight concept. Currently, it is considerably more expensive than JP because
of a low production rate. With a high production rate, it might become
competitive with JP, ‘
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Nuclear 'Power (Recommended for Stealth Concept)

(U)  Nuclear reactors may be used as a source of heat for aircraft turbine
engines, Nuclear reactors have an almost unlimited energy source; therefore,
they can perform long-endurance and long-range missions,

(U) Two nuclear heating methods were considered: direct and indirect, In the
direct cycle, compressor discharge air is ducted through the nuclear reactor
and thence to the turbine and nozzle (Figure 26). The indirect cycle uses a
coolant to remove heat from the reactor and transport it to a heat exchanger in
the compressor discharge airflow stream (Figure 27). The direct cycle is sim-
pler, but the indirect cycle has a greater air intake capability. Several
engines can be asscciated with one reactor; this arrangement yields minimum
weight. However, a configuration which has one reactor per engine is simpler.
In a direct cycle, the engines are generally adjacent to the reactor shield.
The indirect cycle permits more freedom in locating the engines. Because of
the excessive weight’ of shielding each reactor in a direct cycle, only the
indirect cycle was considered in this study.
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(U) Figure 26. Dlrect-cycle nuclear turbojet. (U)
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(U) Figure 27. Indirect-cycle nuclear turbojet. (U)
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(U) Two radiation shield types were considered: unit shield (all shielding
around the reactor) and divided shield (some shielding around the reactor,
some around the crew). Because a unit shield is much heavier, the divided
shield was used,

(U) In a study of large aircraft (Reference 7), a nuclear-powered aircraft !
was some 40-percent heavier than a kerosene-fuel aircraft carrying the same
payload, This was a result of operational constraints (kerosene fuel used for
takeoff and landing with reactor inoperative, plus kerosene for emergency
flight). Thus, the nuclear aircraft was re-examined in this study, without
imposing those operational constraints.

(U) A crucial aspect of a nuclear aircraft program is the question of

safety, Routine operations can be conducted so that both workers on the

program and the general public will not receive radiation doses greater than

allowable, However, there is always the possibility of a crash and the result-

ant release of radicactivity. Some developments have been made on a crash-

proof reactor and shield that will contain the radicactive material. Such a

device is somewhat incompatible with the requirements for fluid and heat }
transfer, The weight required for the shield itself and weight needed for i
qrash-proofing probably can be integrated with a weight saving. In light of

public attitude toward nuclear power and of the cancellation of the convention-

ally powered B-1, a nuclear-powered aircraft might not receive public

acceptance.

(U) The projected availability dates of these propulsion technologies are
summarized in figure 28,

1978 1980 1985 1990 1995 2000 2005
ADVANCED TURBOJET :
ADVANCED PROPULSION CONTROLS
VARIABLE CYCLE ENGINE
2:D VECTORABLE NOZZLE
CERAMIC COMPONENTS
SYNTHETIC FUELS
» NUCLEAR
ENGINE
UNCLASSIFIED
(U) Figure 28. Propulsion technology projections. (U) ' y
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CONTROLS

(U) The ISADS basic mission involves terrain following at low altitudes for
relatively long portions of the mission, The aircraft is a low load factor
design which will result in highly flexible structure, The turbulence incidence
is nearly 100 percent at low altitudes, These factors combine to provide a
very rough ride for the crew, increased loads for the structure, and a high
fatigue rate, The terrain-following requirements demand a maneuverable
aircraft. The high dynamic pressure flight regime impacts the amount of
structural stiffness required for flutter, Active control technology develop-
ments are providing techniques for efficiently coping with these design
challenges, The active control concepts beyond the usual stability and
control augmentation functions (SCAS) pertinent to this study are:

1, Ride control

2, Gust load relief

3. Fatigue rate reduction
4, Structural mode control
5. Relaxed static stability
6. Maneuver load control

7. Active flutter suppression

(U) Since ride contrel, gust load relief, and fatigue rate reduction are

almost inseparable for purposes of this discussion, they are considered together
and associated with structural mode control.

RIDE CONTROL, GUST LOAD RELIEF, AND FATIGUE RATE REDUCTION (STRUCTURAL MODE
CONTROL)

(U) Ride control, gust load relief, and fatigue reduction on the fuselage are
easiest to implement with small aerodynamic fins near the pilot's station,

The fins should be canted 30 degrees down if both vertical and lateral struc-
tural motion is a problem, Fins could be on the aft fuselage, on some config-
urations, to reduce aft loads and fatigue, A lower rudder segment integrated
with regular SCAS could be implemented to reduce aft side loads and fatigue
rate., Part of the horizontal tail also may be used to reduce vertical gust
loads and improve fatigue rate reduction, Trailing edge controls, both
inboard and outboard, could be, implemented to reduce gust loads and improve
fatigue rate reduction on lifting surfaces, On the wing, this system could be
integrated with SCAS functions and maneuver load control. Wing trailing edge
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controls become increasingly more difficult to implement as the wing sweep
increases, These systems work mainly to damp structural modes, although some
rigid body motion can be attenuated., (U)

(U) The Rockwell-developed concept of placing the sensor (an accelerometer)
close to the force generator (identical location of accelerometer and force
(ILAF)) would be best to use., The sensor signals are compensated to provide
structural damping by the controls. On the B-1, Rockwell was able to save
approximately 11 percent of the fuselage structural weight that would have
otherwise been required to meet ride quality stiffness requirements beyond

those resulting from strength considerations, These concepts are well developed
and proven by flight test (B-1, B-52, and XB-70),

RELAXED STATIC STABILITY

(U) with highly reliable and redundant control systems, it is possible to
reduce the inherent longitudinal or directional static stability required by

an aircraft, This means that the possibility exists for reducing the horizontal
and vertical tail sizes with a consequent reduction in wetted area drag and
trim drag, Care must be exercised in integrating this concept with aircraft
balance and nosewheel liftoff capability at takeoff. A recent prototype
version of an improved Lockheed L-1011 was able to reduce the horizontal tail
size by 20 percent over the original L-1011 tail. This concept is well
developed and proven with flight test (B-52, F-16, and L-1011).

MANEUVER LOAD CONTROL

(U) Maneuver load control is used mainly to reduce the inboard wing bending
moment under design maneuver conditions, This is accomplished by redistributing
wing lift so that the center of pressure is moved inboard. Implementation of
the concept is ususlly done through inboard and outboard trailing edge controls,
However, this could be augmented through wing warping and elastic tailoring.

The payoff could be reduced wing weight for a given wing size or increased

wing aspect ratio for a given weight, The system is activated by accelerometers
mounted near the nominal center of gravity. Where weight has been the prime
consideration, a savings of 6 to 9 percent of wing weight has been realized in
some studies, The concept could be integrated with the Yegular SCAS and ride
control, gust load relief, and fatigue rate reduction systems, This concept
becomes worth less and more difficult to implement as the wing is swept aft.
This concept is relatively well develcped and flight tested (B-52, C-5, and
L-1011).
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ACTIVE FLUTTER SUPPRESSION

(U) This concept is similar to those used to provide ride quality, gust load
relief, and fatigue rate reductions, Structural motion is sensed (accelerc-
meters seem best) and controlled through leading edge and/or trailing adge
control surfaces on the lifting surface involved, ILAF implementation would
be appropriate, Structural damping and frequencies are altered to prevent
flutter, The most conservative use of the approach would be to build the
lifting surface stiff enough to meet maximum speed flutter requirements and
provide the margin requirements with the control system, The less conservative
approach would be to design the wing for flexible wingloads and static stability,
Having done this, it is likely that the flutter boundary would be within the
flight envelope, Thus, the active flutter suppression system would be required
to provide flutter-free flight up to maximum speeds plus the required margin.
This system demands high reliability., As the lifting surface is swept, the
ability to implement this concept becomes less, Fortunately, as the lifting
surface is swept there is less need for a flutter suppression device, This
concept is the least advanced of all active controls discussed, and further
development work is required, The concept, however, has been flight tested

for lightly damped flutter modes (B-52). The concept is currently being

explored in wind tunnels (AFFDL and NASA) and on drones (DAST/NASA) for
highly divergent flutter situations.

(U) The projected availability dates of these controls technologies are
summarized in Figure 29.

1978 1980 1985 1990 1998 2000 2005

RELAXED STATIC STABILITY
STRUCTURAL MODE CONTROL :
ACTIVE FLUTTER SUPPRESSION
MANEUVER LOAD CONTROL

UNCLASSIFIED
(U) Figure 29. Controls technology projections. (U)
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STEALTH

(U) Reduction of aircraft observables for high-performance vehicles starts
with attempts to minimize the radar cross section, The second priority is given
to IR suppression, and the next consideration is visual camouflage. Other
observables such as noise, laser cross section, and ultraviolet cross section
are deemed to be of considerably lesser importance and currently do not warrant
any aircraft penalty or expense, Visual stealth is also a primary consideration
for low-performance aircraft. The detection threats are radar, infrared, and,
to a lesser extent, visual, Hostile missile guidance uses radar and IR,

(U) It is highly doubtful that any of the current threats will have

evaporated by 1995, It is possible, however, that cne or more of the lower
ranking observables, such as laser cross section, will be a matter of great
concern at that time, Reduction of laser cross section, however, will probably
be accomplished by techniques (such as shaping and surface finish control)

that are related to suppression of other electromagnetic signals, Consequently,
since the threats are likely to be broader and more intense in 1995, the

stealth design efforts will be more critical and will yield greater payoffs.

The principal payoff for successful stealth deslgn is the ultimate reward,
survivability, but there are additienal payoffs in the areas of reduction of

gross weight, reduced complexity, lower cost, and reduction in logistics
requirements,

RADAR CROSS SECTION (RCS)

(U) The techniques used for RCS reduction are variatiens on the twin themes
of reflection (in directions away from the radar receiver) and absorption,
Improvements in materials continually advance the effectiveness of absorber
systems, The area of current greatest progress is the development of struc-
tural radar-absorbant material (RAM) systems which are used in aircraft
cavities such as inlet ducts and antenna cavities.

(U)  RaM materials comprise two general types: structural and parasitic,
Structural RAM may replace existing structure and thus will carry the necessary
loads while simultaneously serving as a radar absorber, Parasitic RAM, as the

name implies, is applied over an existing structure and has little or no useful
structural properties,

Structural Absorbing Systems

(U) The basic structural elements are dielectric materials into which
electrically active elements are positioned, The electrical elements may be
in the form of sheet material or an additive that makes the normal components
electrically lossy. Sheet materials usually involve a multilayered system to
achieve the magnitude of loss desired which results in somewhat lower struc-
tural properties and increase weight, These systems are best used in special
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limited applications where very high values of absorption are required, The :
additive materials usually involve single-core systems with an electrically 4
lossy core. These are the primary candldate systems for inlet application

since they are the most similar to normal structure and have the same strength
and weight. (U) ;

(U) A single-core RAM system is shown in Figure 30. For frequency coverage
down through S-band (2 GHz), t is nominally 1-inch minimum with no upper limit
and may be varied indiscriminately for t's greater than 1 inch, C is typically a
heat-resistant phenolic 3/16-inch cell of 3 to 8 pounds density, and gp is a
reflective sheet of either aluminum foil or fine-mesh screen used as a ground
plane to terminate the absorber, Fg and Fy are the front and rear glass
filament reinforced resin facings which, with the overall core thickness,

make up the basic structure. As a single laminate, Fp is limited to roughly
0.05 to, 0,06 inch to maintain high absorptivity of specular incidence. The
radar-absorptive properties are obtained by specially treating the core with

a carbon/resin coating that has a weight of approximately 0 03 pounds per
board foot,

-

|-
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(U) Figure 30. Single core RAM system. (U)

(U) The core may be a single layer of lossy spacer or may be graded in the
direction of the ground plane,

Matorials for Structural Absorbing Systems

(U)  with the exception of the ground plane, all materials which are used in
the absorber must be dielectric, The ground plane is usually of conductive
material thiough which an electric fleld will not propagate. The remainder of
the absorber passes or absorbs part or all of the incident radiation,
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Skins

(U) For lightweight structures, skin-core sandwich is usually used, In this
case, the skins are the basic load-carrying elements as well as the source for
most of the weight of the structure, Most of the structures to date have been
made from resin-fiberglass systems where the resin is selected according to the
expected environment of the part, Epoxy, phenolic, and polyimide resins have
been use? to bind glass which is either woven or in the form of unidirectional
multistrand. Where maximum front face transparency is a factor, skins have
been made from quartz fabric bonded with polyimide resin,

(U) Advanced composites are being developed which include graphite, boron,

and PRD-49 (DuPont) as replacements for fiberglass and quartz. These materials
have favorable stiffness properties along with high specific strength., PRD-49
is eminently suitable for RAM purposes because it has both a low dielectric
constant and low loss tangent. RAM systems have been prepared using these
skins with absorption values as good or better than fiberglass.

(U) Graphite and boron, however, are electrically conductive and cannot be
used as the skin on which the energy impinges. The back skin, which is a
conductive ground plane, can be made from graphite or boron and will work as
well as metal,

Cores

(U) various materials may be used for core spacers, including glass epoxy,
glass-phenolic, and glass-polyimide as candidates, Metal core appears the
same as a sheet of metal when viewed by the radar field and therefore cannot
be used as a spacer,

(U) For lossy core absorbers, the core selection is made based upon load
requirements and the core is overcoated with a resin-pigment system which
imparts a lossy characteristic to the core., This has much less conductivity
than metal core,

Adhesives

(U) Adhesives are required to bond the various components together, These
adhesives need to be suitable to the end-use environment but cannot contain
metal fillers since these would interfere with the proper interaction of the
electrical elements during absorption.
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Structural Design Considerations

(U) Fundamentally, structural design of absorbing systems is identical with
the counterpart nonabsorbing structure, In the case of skins, solid-laminate
spacers, and lossy core absorbers, these components are the same as in any
other sandwich; therefore, design allowables for these components are directly
derived from general material considerations,

Bonding

(U)  Coating of the core with the carbon/resin mixture, which is the only
deviation from standard structure, has no effect on bonding properties. However,
in case of doubt, the couting can be masked from the adhesive fillet area by a
lost wax~type process,

Temperature

(U) The resin/carbon core coating mixture, which again is the only deviation
from standard structure, will not be affected by temperature if the resin
carrier is selected for its temperature properties, which would be the same a&s
the remainder of the structure,

Moisture and Humidity

(U) The effect of excess moisture absorption is a change in electromagnetic
properties as well as some degradation in the structural properties, The high
dielectric constant of water (80 compared to 4 for most glass-resin systems)
changes the electrical response of the absorber. Resins that possess good
resistance against extreme weather conditions should be used in conjunction
with external surface seulant to limit moisture absorption,

Panel Design

(U) Figure 30 showed a typical inlet RAM panel construction that employs the
preceding principles. The front face sheet, honeycomb core, and front adhesive
line are the only components that need be fabricated from dielectric materials,
All other parts can be of any suitable material, If the panel rear face sheet
is made from an electrically nonconducting material, then a conducting ground
plane must be incorporated (aluminum foil, wire screen, etc) on either the front
or rear surface (or in between) of this face sheet,
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1995 Technology

(U) The greatest advancement to be expected in the area of structural absorber
systems 1s an increase in the frequency range of highly absorptive systems., At
the present time, there is a trade-off between these two properties, with the
most highly absorptive materials not available at the higher frequencies. Given :
the current accelerating interest in structural absorber systems development,
it is reasonable to expect an increase from 10 dB reduction to between 20 and
30 dB reduction for the broad-range, load-carrying RAM.

— 5 . ARl Sa T i

Nonload-Carrying Absorbers

N —

. (U) Structural absorber systems have not yet been developed which will
withstand the engine exhaust nozzle environments., Parasitic absorber
installations, such as ceramics, carry a weight penalty. Magnetic absorbers,
tend to become demagnetized at high temperature and lose their absorptive
properties. This then becomes the area of greatest improvement in RAM to be
expected by 1995,

(U) The RAM for exhaust systems use must endure the severe environment of the

nozzle with respect to high temperature, thermsl shock, oxidation, and

vibration, as well as functioning as a microwave absorber at high temperatures. i
The Air Force Avionics Laboratory has been sponsoring developments in this !
field (Reference 8), and there is room for much progress.

(U) Another parasitic absorber application is the use of magnetic materials on
wing and other airframe surfaces to absorb traveling waves which reflect from
discontinuities in the surfaces, such as wing tralling edges, The heavy weight
(w to 1 psf) of this material inhibits its use at the present time, Material
developments can be predicted for this area also,

Geometry Control

(U) The reflection principle is used in varied applicatiens on aircraft to
reduce RCS. Planar retreating surfaces are used, where possible, to induce a
specular return away from the receiver, Corner reflectors are eliminated, and
gaps and cracks are filled with absorbing or metallized seals, Transparencies
such as the cockpit enclosure, are gold flashed to completely hide the cavity,
Reflecting or absorbing vanes may be used in the engine inlet cavities, in con-
junction with structural RAM, to prevent direct reflection from the front face
of the engine, These techniques are important at this time and will still be
important in 1995, but it is difficult to postulate improvements in them, since
the techniques work well now when sufficient time is applied to them before the
vehicle design is fixed. }
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Tuned Radomes

(U) A new development is the use of tuned, or selective frequency, radomes
which permit only the narrow band used by the aircraft radar system to pass
and present a reflective metal surface to all other frequencies, The geometry
of the ground plane and the transmission characteristics are as shown in
Figure 31, and the construction characteristics are shown in Figure 32. This
technology will almost certainly be matured and in operation by 1995,

PHYSICAL GEOMETRY TRANSMISS [ON

I

METALLIC GROUND PLANE UNCLASSIFIED
(U) Figure 31. Resonant slot array characteristics. (U)

DILLECIRIC

UNCLASSIFIED

(U) Figure 32. Detailed wall construction. (U)
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RCS Prediction Methods

(U) The lack of accurate analytical models for aircraft RCS prediction has
been a critical technology void, Up to the present time, it is still faster
and cheaper to fabricate RCS models, test them on a range or in an anechoic
chamber, and then reduce the data than it is to use the best current analytical
models. This is because the analytical models are both slow and are capable
of caclulating only the simplest geometries, particularly with respect to the
important inlet and nozzle cavities, New-generation digital computers and
increased emphasis on vehicle stealth design make this an area for predictable
improvements, When the analytical methods are available, the demonstrated

geametry methods of RCS reduction will be easier to apply early in the design
process,

IR SUPPRESSION

(U) For high-performance aircraft, the IR signature is a function of both the
system operation and the design, Higher engine power settings increase the
emission from the hot metal parts of the exhaust system and from the engine
plume. Sustained high velocity results in significant IR emission from the
entire aircraft skin, particularly in the longer wavelength bands that are
used by the new IR-seeking missiles, Design features that impact the IR
signature include the selection of engine cycle, the exhaust system and
augmenter design, and the surface coating used on the aircraft skin, IR

suppression techniques of shielding, cooling, and emissivity control may be
applied to these aspects of aircraft design.

(U) For a low-altitude penetrator in the 1995 time frame, detection from
space vehicles is a prime hazard, The airplane skin radiation would be limited
by using an external paint that simultaneously provides low IR emissivity and
high resistance to nuclear flash. Silicon binder materials (Reference 9)
yield a 50-percent reduction in IR emissivity compared to current alrcraft
paints. Further improvements in the reflectivity can be assumed for 1995,

To minimize the engine hot part and engine plume IR emission, a 2-D exhaust
nozzle with an upper external ramp surface, such as the GE ALBEN noz:ile,
should be used, A 2-D nozzle of 4 (or more) aspect ratio suppresses the plume
emission during nonaugmented operation and denies viewing up the tailpipe of
the hot metal parts of the exhaust system, (If rear aspect IR emissicn is the
significant consideration, a 2-D plug nozzle should be used as the suppressor,)
To provide cooling air for the shielding surfaces and to further dissipate
plume radiation, the engine bypass ratio should be 4s high as is practical. A
limiting factor on the bypass ratio is that it increases the engine inlet size
and therefore may aggravate the RCS reduction problem.

(U) The shielding, cooling, and emissivity control methods of IR suppression
will probably still be applicable in 1995, Advancements will probably be
pronounced in the improvement of the nozzle suppressor designs using internal
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blockage devices that hide the turbine from view, Hydrogen fuels would
eliminate the carbon dioxide radiation at 4.3 microns, which is the principal
radiation source during afterburner operation, but the IR problem would still
remain due to the other sources, Use of aerosol injectants or other expendable
suppression techniques is not likely to be feasible for a long-range aircraft. (U)

STRUCTURE - AIRFRAME CONCEPTS

(U) The goals for the airframe structure of the strategic aircraft of the
post-1995 time period are clear. They must be less expensive, lighter,
contribute to the survivability of the whole aircraft, be more durable with
respect to service life, be less expensive to maintain, and be more easily
repaired, This will require new structure design and fabrication technology
in order to move the Air Force and the industry closer toward closing the
requirement/cost gap for future strategic systems,

(U) To accomplish these goals, the use and development of naw materials and
processes that can contribute significantly to the challenge of '"materials"
manufacturing must be accomplished. This will require exploitation and develop=
ment of existing materials, new materials, and material combinations to the
extent required to significantly reduce end-item acquisition costs.

MATERIALS

State-of-the-Art

(U) Material systems in use for current aircraft structure can be separated
into three categories of materials:

1. Advanced composite maerials encompassing the family of fiber-reinforced
. organic;matrix-materials

2, Metal materials, nomally titanium, aluminum or steel

3. Metal matrix materials encompassing the family of fiber-reinforced
metal matrix material combinations

Advanced Composite

(U)  Advanced composite materials have emerged from the laboratory to become
materials with application to production airframe structures, Other composite
materials such as boron/tungsten filament or Kevlar fiber-reinforced organic
matrix materials have had limited incorporation on existing airframes, as have
polyimide-resin fiber-reinforced materials, except for radome applications.
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Metalllc Materials

(U) For titanium, particular emphasis has been placed on reducing manufactur-
ing costs while maximizing aircraft performance (weight reduction) through the
development of diffusion. bonding and concurrent superplastic forming/diffusion
bonding technologies,

Metal Matrix

(U) These advanced conposite materials have been slow in developing into viable
materials for use on existing aircraft, primarily due to the reduced mission
requirements of today's aircraft systems. Comprised of directionally oriented,
high-strength, high-modulus continuous filaments entrapped within & metal
matrix, these materials offer the designer flexibility through tailoring of
strength and stiffness while maintaining the damage tolerance and environmental
characteristics of metal structures.

Projected Technology - 1995 and Beyond

(U) The designer of post-1995 airframes will have available a wide range of
materials to choose from that will have lower cost, lower weight, and improved
maintainability characteristics as technology improvements and developments
accrue during the next 20 years.,

Advanced Composite

(U) In the field of advanced composite materials, current developments in
processing of net-molded advanced composite parts demonstrate that net molding
will be a standard process for the 1995 airframe and, when coupled with use
of low-bleed or zero-bleed prepregs, will produce parts with a minimum of
material waste and fabrication hours,

Metallic Materials

(U) Metallic materials for airframe use will be selected to maximize service
life, Special considerations will be given to toughness characteristics of
the materials and to the resistance of various types of corrosion,

(U) Recent developments have resulted in new aluminum alloys such as 2048-T851,
7050-T76, and 7475-T76, which had limited application on existing aircraft but
should be available for post-1995 aircraft. 2219-T851, an existing material,
will be used where welding is required, Of the emerging alloys, 2048-T851 will
be used where welding is required and for tension skins where thickness is
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over 1,5 inches or where exposed to temperatures over 250° F, 7075-T76 and
7475-T76 will be used at temperatures below 250° F, where high compression
yield is required, 7475-T76 will also be used for its high fracture toughness
properties. Aluminum sheet material such as M67-T7E71, made out of pow-

dered metallurgy billets, will be used where high tension or compression proper-
ties are required. Properties for these alloys are shown in Table 6. Disper-
sion~strengthened aluminum alloys with strength properties equivalent to those
of M67~T7E71, but with improved fatigue, crack growth, fracture toughness,
expoliation, and stress corrosion resistance, will compete for application
where titanium is used today. (U)

(U) TABLE 6. CANDIDATE ALUMINUM ALLOYS FOR 1995 (U)

Mo
2048 2219 7080 7475 BN
Property 1851 T881 176 86 PM
Py, (k80) 62 82 12 n 87
Foy Cksd) 56 58 62 61 8
e, (o) 56 45 64 63 81
Ky 3 33 0 40 25
B (X 10% psi) 11.3 10.5 10.2 10.3 10.6
Stress-corr Good Bxcell Good Good Good
resistance
o (1b/in. Y 0,099 0,102 0.102 0.101 0,104
UNCLASSIFIED

(U) Recent experiments have produced an aluminum sheet product with substantially
improved strength properties, The process appears to be applicable to all
conventional, precipitation hardenable aluminum alleys. There is potential

for improved fatigue strength as well as superplastic forming capability,

(1) For titanium alloys, it is easy to project that by 1995 the emerging

alloys of Ti-10V-2F3-3A1 and Corona -5 (Ti-4,5A1-5Mo-1,5 Cr) in thick sections
will be commonplace in aircraft manufacture, Corona -5 STA is especially
desirable because of its high fracture toughness and its air-cool quench process,
making it compatible with diffusion bonding. Thin-sheet titanium candidates
(triplex annealed Ti-6A1-2Sn-4Zn-6Mo, Ti-15V-3Cr-3A1-3Sn, and Ti-10V-2Fe-3Al)

are selected because of their high strength, high stiffness-to-weight ratios,

and forming capability, Textured titanium products will offer 25- to 30-percent
improvement in modulus and strength properties in the longitudinal direction,
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with little or no degradation of transverse properties., Textured properties
have been demonstiated for Ti 6-4 and Ti-6-2-4-6 alloys. Properties for
these titanium alloys are shown in Table 7, (U)

(U) It is also projected that new titanium processes such as hot isostatically
pressed powder metallurgy parts, flow forming, and isothermal forging technology
will have reached a level of maturity for incorporation on post-1995 aircraft,
supplementing superplastic forming/diffusion bonding options which are in
application status on today's airframes,

(U) TABLE 7. CANDIDATE TITANIUM ALLOYS FOR 1995 (U)

Thick section Thin sheet
Corona *§ T1-10-2-3 Ti-6-2:4-6 T1+15.8:3-3 T1-10-2-3 Textured
sto sty Trl-amn ato ata T1 alley

[¢A] ()]
Fey (ki) 180 178 105 190 170 200 160
1-':\f (kal) 1170 165 185 180 105 185 145
Foy (kal) 180 185 160 95 188
E (X 106 pai) 6.0 14,0 17,0 17,0 15.0 8.5 16,0
le (X wbppsn 17,5 17,8 15.5 19.0 16.5
Llong 14} 7 6.0 10.0 6.0 10.0
o (1b/in 0,164 0.168 0,169 0172 0,168
Feu/e (X 100 in,) 1,154 1.104 1,012
fe/i (X 100 In)) 1,038 1,017 923
Kje (ks TRV 5 6%
da/dn (X 10%6_1 pe)
wakel0 kai /In. .2 2
«ake2D kul . 6.0 20.0
uakedd ksl /TR, 65.0 70,0
Kince (ksi /) £ 70

UNCLASSIFIED

Metal Matrix

(U) 1In the metal matrix field, one of the most promising fiber developments
wiich should see full-scale production experience by 1995 is carbon-core
silicon-carbide fibers., Effectively chemically inert and capable of withstanding
molten aluminum temperatures without appreciable strength losses, current
technology investigations include continuous filament-reinforced castings.
Although in their early stages of development, current wetting tests (fiber
dippling in molten metal) show longitudinal strengths far in excess of the

rule of mixtures principle, and continuous-tape preform concepts are already
under laboratory investigation by Rockwell. If proven successful, cost
projection of filament-reinforced cast structure may show the first example

of metal-matrix advanced technology cost-competitive with conventional sheet
metal construction.
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Improved Technology Payoffs

(U) Improved technology will show payoffs in the fomm of decreased cost and
weight of 1995 aircraft designed to perform a specified mission, This

will be accomplished by means of improved weight/strength ratios, higher
design allowables due to lower data scatter, and damage-tolerance enhancement,

The improved payoffs thus will lead to mission completion enhancement and
improved buy~-to-fly ratios.

(U) Two types of improvements are foreseen for advanced composites, Improved
production processes will lead to a more reliable achievement of the higher
end of Rockwell's present data scatter, thus leading to higher design allow=-
ables. Increased use will lead to less conservatism in design, especially

in the area of joints and environmental effects, with resultant lower cost,
both for the material and the manufactured product,

(U) For metallic structures, improved fabrication processes such as super-
plastic-formed/diffusion bonding can lead to weight/cost-effective sandwich
construction heretofore unattainable,

(U) Integral structures construction (i.,e,, reduction in complexity and the
nurber of joints) and the domino effect (i.e,, reduction in structural mass
leads to reduction in power/plane weight leads to reduction in structural

mass..,) will also inevitably lead to more weight/cost-efficient structures,

(U) In conclusion, it is anticipated that aircraft weight and cost reductions
of 30 to 50 percent are entirely feasible,

Materials Techno}ggx;

Group 1 - Advanced Composites

(U) Areas where advanced composite technology development or improvement must
be accomplished are:

1. Development and mechanical property characterization of commercial-
grade graphite, boron, and Kevlar fibers in unidirectional tapes,
woven fabrics, and broadgoods

2. Development and characterization of resin systems, both epoxy based
and polyimide based, that have substantially increased resistance
to moisture degradation

3, Development of pulyimide resin systems with processing characteris-

tics similar to epoxy resins to permit wide-spread application to
post-1995 airframes
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4, Development of graphite/epoxy-reinforced honeycomb core to pemmit

the use of full-depth honeycomb sandwich structure to be used on .ﬁ
post-1995 airframes free of the corrosion problems plaguing aluminum {
core applications today and with higher strength-to-weight ratios ' i
that exist for today's glass-reinforced (HRP) core, The following {
hybrid and thermoplastic matrix advanced composite honeycomb cores i

have been selected for development or improvement in current programs: -

a. Expanded hybrid HFT, GY-70 graphite (600 fibers per tow)/fiber- .
glass at yarn end ratio of 1 GY-70/5 glass, 3/16-inch cell size, 5
4,5 pcf target density, phenolic resin matrix ‘

b. Expanded hybrid HFT, T-300 graphite (1,000 tow)/fibegglass at Ll
1 ‘ ‘ vard end ratio of 1-T-300/t glass, 3/16-inch cell size, 5 pef :
? target density, phenolic resin matrix .J

¢. Corrugated HFT reinforced with GY-70 graphite/fiberglass hybrid ‘
interleaf, 3/16-inch cell size, 7,5 pcf target density f

d. Corrugated GY-70 graphite *45-degree unidirectional/polysulfone, ‘
experimental honeycomb core, 3/16-inch cell size, 8.6 pcf target E
density i

e, Expanded 24 by 24 hidirectional, T-300 graphite (1,000 tow) r
fabric/polysulfone matrix, experimental honeycomb core, 3/16- ‘
inch cell size, 8 pcf target density

3 ' These cores offer great potential in terms of improved normal shear
3 stiffness, a key property in the stabilization of composite sandwich
3 panels, Cores a, through c, offer a theoretical shear stiffness

y potential of approximately two times that of standard HFT core of

similar density; cores d. and e, approximately five times that of
standard HFT core,

5, Development and mechanical property characterization of boron-carbon
filament fibers for replacement of the higher cost boron-tungsten
filaments fibers in use today (U) '

(U) In addition to the preceding developments, it is reasonable to predict
: that technology developments in the pre-1995 time frame will develop fiber-
f reinforced thermoplastic materials, low~density fiber-reinforced foams, and
3 heat-formable pultrusions into viable material options for the designer of
post-1995 airframes,
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Group 2 - Metals

Aluminum. (U) Material technologies which require additional development are:

1,

2.

6.

Titanium,

Continued technology development for new aluminum alloys such as
7475, 2048, and 7050

Expansion of mechanical property data base for new alloys, permitting
early application to production airframes

Continued development of the high-strength aluminum process to establish

design properties of mill-produced products

Development of tailored composite (dispersion-strengthened) alloys to

till specific requirements such as temperature and/or mechanical
properties

Development of manufacturing methods for small and large net precision
forgings and castings

Development of arc seam welding as a primary assembly method

(U) Areas where technology development or improvement should be con-

tinued during the pre-1995 time period to realize the full potential of
titanium applications on post-1995 aircraft are:

1.

Near-Net diffusion Bonding - Diffusion bonding is a process for
making large, complex titanium structural parts as well as smaller
fittings, It lends itself well to fabrication of complex pockets,
intricate webs, and thin sections. Use of the process can result
in substantial cost savings over competitive machined forgings,
machined plate, or weldments, Cost-reduction advancements in the
process include improved fly-to-buy ratios becasue of closer-to-net

bonded parts, reduced press time, reduced inspection requirements, and
improved tooling.

Concurrent Superplastic Forming/Diffusion Bonding - This is a process
for producing severely formed sheet metal details by using the unique
high tensile elongation properties of titanium within the superplastic
temperature range, The process is applicable to titanium sheet metal
parts having complex combinations of shrink and stretch flanges,
beads, compound contours, and short-bend radii., Bend radii equal

to the metal thickness (lt) are readily achievable with close
tolerances and freedom from residual stresses. Recent developments
allow use of integral pad-up areas that can be added by concurrent
forming and diffusion bonding of added strips or pads, resulting in
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integrally stiffened areas, The production of multiple parts in a
single processing cycle is a major advantage of the process.
Significant reduction in design constraints is possible due to the
superplastic forming process by greatly extending the fomming
capability such that joints and fasteners may be eliminated by
combining two or more details.

Sine Wave Welding - Sine wave welding is a unique method for pro-
ducing thin-gage, highly efficient titanium and steel beam components
requiring high strength and stiffness, It is particularly attractive
for lightweight spars, ribs, and longerons where joining caps to

webs is required. New advancements in the process permit fabrication
of distortion-free parts over 12 feet long, using very-low-cost
tooling methods. Studies have been instituted which should be con-
tinued to apply the process to metals other than titanium.

Flow Forming - Integrally stiffened panels can be produced in
titaniun by flow forming material into a shaped die to form stiffeners
and projections up to a height of 1-1/2 to 2 inches, Major cost
savings result from eliminating much of the as-purchased material
weight and the cost of its subsequent removal by machining. The
process employs existing equipment and methods but extends size range
from that applicable to conventional forgings. The product provides
high metallurgical quality and can be subsequently welded or formed
to produce a great variety of configurations,

Isothermal Forging - Isothermal forging of titanium is being developed
to provide essentially net parts which require a minimum amount of
machining, generally only on interface surfaces, Parts are limited
by size and geometry, should be symmetrical about the forging parting
line, and can be produced in rate production quantities, Advantages
to this process include (1) close tolerances, (2) no draft on walls
perpendicular to the parting plane, (3) small comer and fillet radii,
(4) reduced buy weight, and (5) reduction in machining required.

Brazed and Welded Sandwich Structures - Sandwich structures have
three discrete structural elements: two face sheets and one core.

The face sheets carry loads in the plane of the sandwich and are
stabilized by the core. The core, which may be honeycomb, corrugated,
or other configurations, carries loads normal to the plane of the
sandwich., The face sheets are joined to the core by brazing or
welding to make up the sandwich assemblies, which exhibit the
following advantages:

a. High strength/weight ratio

b. High stiffness/weight ratio (U)
UNCLASSIFIED
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C. Thin-sheet stabilization to high stress levels

e. Aerodynamic smoothness
f. High sonic fatigue resistance
g. High themmal gradient capability

Metal sandwich can be made from any weldable material and is actually
a composite of many elements joined together at node interfaces by
welding, brazing, and/or diffusion bonding. The technology gained
during the B-70 program should be extended to include the new titanium
alloys, making all titanium sandwich structures viable for post-1995
strategic aircraft, (U)

‘ d. Substructure minimization

Group 3 - Metal Matrix

(U) For metal matrix materials to realize competitive economics with other
post=1995 material selection candidates, research and development activities
should be continued in the following areas:

1, Technology improvement for infusion casting and mechanical property
characterization of the following metal matrix material combinations:

Metal Matrixes Reinforcement Filaments
Aluminum Boron/carbon

Titanium Silicon carbide
Beryllium Coated fibers

2, Technology improvement for diffusion bonding of fiber-reinforced metal
matrices and mechanical property characterization:

Matrix Material Reinforcement Filaments

Aluminum Boron
Silicone carbide
Graphite

Titanium Tungsten
Copper
Other filaments

UNCLASSIFIED
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3. Development of improved manufacturing methodology to reduce acquisition
costs of fiber-reinforced metal matrix moterials. Avenues of investi- )
gation should include tooling cost reduction, filament cost reduction, ’
development of welding as a primary assembly technique, and extension
of fiber reinforcement technology in large superplastic forming/diffu-
sion bonding primary and secondary structure applications. (U)

Materials - Hostile Environment Protection

(U) Strategic aircraft of the post-1995 time period will be exposed to
external weapons threats of differing degrees and magnitudes than for today's
aircraft as weapons technology develops concurrently with materials technology.
It is anticipated that passive protection systems will be employed on the
external surfaces of aircraft structure to enhance the survivability/
vulnerability (S/V) performance of post-1995 strategic aircraft, The
susceptibility of airframe structural materials to laser weapon and nuclear
weapons effects will be evaluated, with primary emphasis on establishing the
direction of future technology development to counter the effects of laser
weaponry,

Laser Weapons

(U) The mechanisms of target damage and kill must be defined, and the
characteristics of potential weapons must be quantitatively analyzed to
establish guidelines for the development and direction of passive protection
systems, For lasers, the spot size, power density, wave length of incident
energy, and time history of target acquisition must be analyzed, Quantitative
analysis will be performed with an end objective of confining laser weapons
damage to the external surfaces of both nonmetallic and metallic structural
airframe surfaces. Particular emphasis will be placed on addressing
protection systems for areas of the aircraft where through-skin penetration
could cause loss of aircraft, Such areas would include fuel cells and the
fuel transfer systems, as well as crew compartments, The studies performed
would also address prevention of ignition after an assumed burnthrough of the
external skin and protection system(s).

Nuclear Weapons

(U) The nuclear weapons threat (i.e., blast temperature, blast pressure, and
electromagnetic pulse threats for airframe structural materials) has been
evaluated and documented for a current strategic aircraft and, except for
canopies and electrically transparent structure (radomes, antenna enclosures),
protection systems are available for post-1995 aircraft, These protection
systems will not provide protection against the higher incident energy levels
associated with laser weapons predicted for the post-1995 time frame.

UNCLASSIFIED

60




A e

+ T TR T

e et N

UNCLASSIFIED

Vehicle Signature Reduction

(U) An investigation of materials and techniques for infrared signature
reduction is requived for anticipated hot regions of the aircraft as well as
evaluating materials and methodology for reducing the radar cross section of
post-1995 aircraft, These studies should springboard from the methodologies
used on current strategic aircraft and predictions and trends in methodology
for future aircraft. Materials for infrared and radar cross-section (RCS)
signature reduction will require analyses for compatibility with the require-
ments of materials or material systems selected to counter the laser and
nuclear weapons threat.

Protective Coatings (Systems)

(U) New protective coatings for aircraft exterior surfaces will require
development to meet the protection requirements of the post-1995 strategic
aircraft, These coatings will be tailored to enhance resistance to hostile
environment characteristics produced by nuclear and laser weapons, and they
may be designed to reduce IR signature and RCS by taking advantage of the
spectrum windows that occur in various organic and inorganic materials,

Current passive protection system philosophy is evolving along the lines
of multilayer organic and metallic films applied to the external surfaces of
airframe structure to simultaneously counter multiple threats, These protection
systems lend themselves more readily to the protection of advanced composite
structural surfaces; consequently, evaluation and technology developments in
protection systems for advance composite structure are of primary importance,

Structure

(U) Two types of structure have been considered in this evaluation: (1) basic
structure, which is designed to serve in a normal enviromment, and carry con-
ventional airframe loads, and (2) special-purpose structure, which is designed
to operate in a hostile environment such as nuclear burst or to serve in a
unique capacity such as RCS reduction or laminar flow control (LFC) in addition
to reacting flight loads,

State-of-the-Art (1977)

Basi¢ Structure

(U) Currently, most primary structures are metallic constructions, The wings
and empennage are normally mechanically fastened skin and stringer/rib or
multispar constructions, Aluminum is used for the machined skin and substructure
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details, although titanium sine wave beams have been used for empennage sub-
structure in conjunction with a machined aluminum skin on current aircraft
designs. (U)

(U) Fuselage constructions are aluminum skins with stiffeners mechanically
attached to frames, The aluminum skins are stiffened by the addition of
riveted, bolted, or bonded hat, zee, or tee sections., There is increasing
use of aluminum, integrally stiffened, monolithic components for primary
fuselage structure that additionally functions as a fuel barrier., These parts
are produced out of plate or large forgings, using numerically controlled
machine operations, A substantial cost reduction is accomplished through
minimizing the number of detail parts fabricated as well as the number of
man-hours required to apply the fuel sealing material, The reduction of the
amount of fuel sealing material used results in an effective weight reduction.
Where temperature requirements or high fracture toughness requirements are of
primary concern, titanium is used in lieu of aluminum, Examples of current
titanium applications are longerons, wing carry-throughs, diffusion-bended

frames and bulkheads, and superplastic-formed/diffusion-bonded beams and
doors,

(U) Advance composite materials are being used in empennage primary structure
for both structural skin and substructure details (Figure 33). In this
application, the advance composite parts are used in substitution for an
existing metal design and follow the same construction pattern., Despite this

drawback, weight and cost savings of 15 to 20 percent are being realized for
the advance composite structure,
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(U) Figure 33. Advanced composites utilization in empennage. (U)
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(U) Primary structure fabricated from metal matrix materials has not found
application on current aircraft to date, Studies have shown, however, that

a B-1 wing root rib fabricated from metal matrix (boron/aluminum) when com-
pared with its titanium counterpart demonstrated a 33-percent weight savings
and 45-percent average unit cost savings. A wing root rib from boron/aluminum
was successfully fabricated and tested to demonstrate the technology under

Air Force Contract F33615-74-C-5151, Manufacturing Methods for Metal Matrix
Structural Components,

(U) Most secondary airframe structures are either aluminum skin/rib/stringer
designs or aluminum skin/aluminum honeycomb core sandwich designs, Fiberglass
skins are often used in lieu of aluminum skins for aluminum honeycomb core
sandwich designs; occassionally, fiberglass (HRP) honeycomb core is used,
Adhesive bonding as a part fabrication/assembly method is used extensively in
the design of secondary structure parts,

(U) Advance compoéite secondary structure applications on current aircraft
include weapons bay doors, nacelle inlet ramps, structural mode control vanes,

avionic access doors, landing gear doors, overwing fairings, and trailing edges
(Figure 34).
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(U) Figure 34, Current LAD composite applicatioﬁs. ()

(U) Superplastic-formed/diffusion~bonded titanium secondary structures on
current aircraft (Figure 35) include engine access doors, auxiliary power
unit doors, and nacelle panel structure,
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(U) Figure 35. B-1 production usage (SPF and SPF/DB). (U)

Special-Purpose Structure

(U) The following types of special-purpose structure have been identified
for application to strategic aircraft:

1., Laminar flow control surfaces for wing, fuselage, and empennage
2, Boundary layer control for engine air induction systems
3. Nuclear heat pulse - resistance structure

4, Radar absorbant material
5, Laser - Resistant structure
6, Infrared signature reduction structures

(U) A preceding paragraph, "Stealth," addresses the current and projected status

of RAM and IR signature reduction structure, The limited state of development
of these structures is outlined in the following,

Laminar Flow Control (LFC) Surfaces. (U; The primary interest in LFC has been
in the reduction in drag. The use of LFC to reduce drag was not extensively
pursued until 1949, when Dr. W. Phenninger began his work at Northrop Aircraft
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Company, This work, sponsored by NACA, led to the Air Force program in which
Northrop designed, built, and tested the X-21 airplane, which incorporated

a full LFC wing (ref 23). Fabrication and flight experience with the X-21A
wing demonstrated that the LFC feature can be integrated into an airframe
structure with less than 8-percent weight penalty. The average weight per
square foot of upper and lower covers and substructure was 9,2 pounds, a
reasonable value for its class of airplane. The weights of removable valves,
duct connections, and pumping equipment were not included. (U)

(U) The Northrop design employs an outer skin 0,5 to 0,63 mm (0.020 to 0,025
inch) aluminum alloy bonded to an aluminum honeycomb sandwich panel., Slots,
0,152 mm (0,006 inch) in width, are cut in the outer skin in a spanwise
direction., These slots connect to 4,8 mm (0,188 inch) plenums, premachined
in the adhesive line, which is a minimum of 0.5 mm (0,020 inch) thick., Holes
drilled through the honeycomb panel form a passage to channels bonded to the
inner surface of the panel, These channels distribute boundary layer air

to cross ducts which transfer air to the pumps,

(U) This program has been the most significant full-scale application of LFC
concepts to an airplane and probably represents the limit of current technol-
ogy. LtC J. V. Kitowski summarized the Air Force's position on the technical
status as follows:

"Large areas of laminar flow were obtained at cruise conditions,
Full chord laminar flow at high Reynolds number for the low
altitude case was obtained, The consequences of wing sweep
were detemmined, and the resulting problem of leading edge
contamination was solved. Design criteria were developed for
future laminar flow aircraft applications, LFC operation in a
real environment was documented, Areas of limited knowledge
and achievement may also be identified, The cperational
practicality and suitability were not demonstrated, Consistency
of laminar flow at high Reynolds number was not achieved.
Manufacturing cost for a production version of a laminar flow
aircraft was not fully determined in this study."

Boundary Layer Control (BLC). (U) BLC has been used extensively during the
last 20 years tor engine air induction systems at Rockwell. The F-107, XB-70,
and B-1 all made extensive use of BLC to minimize flow separation at the inlet
boundaries and to control the airflow in the inlet., The structure used to
provide the BLC surface consists of porous skin, stabilized by either hcneycomb
sandwich or stiffeners, The porous panels and duct walls serve as primary
load=carrying structure with plenum chambers, inboard of the BLC structure,

to collect and distribute the boundary layer air.

UNCLASSIFIED




UNCLASSIFIED

L .

(U) The current production method for the honeycomb panels is to bond or

braze the face sheets to the core, and then drill small-diameter holes (0,030-

to 0,060-inch-diameter) in the mold line surface and larger holes (0.25- to
0.375-inch~-diameter) in the back side, For porous, stiffened skin construc-

tion, the panels are first milled from thick plate to produce integral stiffeners,
and then holes are drilled to the proper diameter between stiffeners, Although
both methods are production processes and produce efficient structures, the
production costs of fabricating the basic panels and drilling the holes is

high,

£ e e et

(U) A promising future BLC panel production technique is becoming feasible
through the use of SPF/DB titanium technology. In this technique, the required
BLC ducting and slots are concurrently formed with the skin, reducing weight
and cost penalties associated with BLC.

Nuclear Heat-Pulse Resistant Structure. (U) Considerable progress has been
made on the X-15, XB-70, and B-1 programs to develop structures to resist
extremely high, short-time temperature exposure.

(U)  Recent tests conducted on titanium truss core sandwich have demonstrated
its survivability under simulated nuclear heat pulse, The panels were 1/4-inch
thick sine wave truss core fabricated from 6Al-4V titanium. The core was
0.010-inch thick (starting stock), the OML face sheet was 0.014-inch thick,
while the IML face sheet was 0,008-inch thick. Prior to testing, the parts
were painted on the center mold line only with the B-1 paint system; i,e., one
coat MIL-P-23377 epoxy primer and two coats of MIL-C-83286 aliphatic polyure-
thane topcoat. Each panel was subjected to 10 exposures to simulated nuclear
flash. The panel was allowed to cool to 130° F prior to the next flash. Sur~
face temperatures exceeded 2,400° F after each flash. The paint charred on both
samples, and there was a slight amount of surface buckling but no structural
failure, No cracks or damage to the bonds, face sheet, or core trusses cculd
be found by subsequent metallurgical examinations, Preliminary thermodynamic
analyses show that with a 500° F service temperature white paint applied to

the external surface of the titanium truss core shell, the outer face sheet
maximum temperature will be about 800° F,

Laser-Resistant Structures, (U) The laser threat as & viable weapon is fairly
new, As a result, the development of laser-resistant structures is just
beginning, Although the results of the new development prograiis to resist

the laser threat are encouraging, the technology is too new to be considered
state-of-the-art,
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Projected Statug - 1995 and Beyond

(U) The advent of advanced metallic and composite fabrication techniques for
the structural design of post-1995 aircraft will open new horizons in
structural efficiency and fabrication simplicity,

Basic Structure

(U) Primary structure design/fabrication technology should have advanced tc
the point where large~scale monolithic structures of titanium, aluminum, steel,
or metal matrix materials can be used, The designer of post-1995 aircraft will
ba able to use welding as a primary assembly method to sharply reduce the
number of detail parts required, Consequently, post-1995 structure will

have a minimun of joints, a minimum of fasteners (skin/substructure penetra-
tions), improved static/fatigue strengths, sharply reduced fuel containment
problems, and improved structural efficiency. The designer will have available
new and improved alloys in aluminum, steel, and titanium, as well as new and
improved metal matrix materials that, when coupled with new manufacturing
technologies, will permit the uge of large integrally stiffened skins; i,e,,
built=in spars or conventional stiffeners, large superplastic-formed/diffusion-
bonded titanium skins, bulkheads and integral skin and buikheads; metal matrix
reinforced titanium and aluminum structural elements; superplastic-formed
aluminum frames and integrally stiffened skins; and large precision net forged
or cast aluminum parts.

(U)  with advanced composite materials, the designer will be able to use
large~scale integral structure concepts for the wing or fuselage, The integral
structure wing, for example, would be fabricated by laying up and curing
simultaneously one skin and all substructure details, thus eliminating all
peiletratior (fasteners) in the skin and substructure. The other skin will be
attached by either fasteners, adhesive bonding, or a combination of both,

(U) Selected structure technologies that are being developed independently
show promise of additional cost and/or weight reduction when combined into
hybrid structure. Some of the promising combinations are:

1. Metal covers adhesively and/or mechanically attached to integval
advanced composite substructure

2. Composite covers adhesively and/or mechanically attached to superplastic-
formed/diffusion-bonded titanium substructure

3. Metal matrix hybrid structure

(U) Secondary sandwich structure and integrally stiffened skins for leading
edges, trauiling edges, rudders, and fairings will make extensive use of
advanced composite skins coupled with advance composite substructure. Typical
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applications are shown in Figure 36. Where temperature or high-strength
requirements dictate the use of metallic secondary structures, the post-1995
aircraft designer will superplastic-formed/diffusion-bonded titanium

core and stiffened panel constructions that will be used for future aircraft ' i}
M
structures, (U) i

INTEGRAL T HAT SECTION

}
ba 91 =0
| 300
T M N3 |
A ,

rt-lJl-1 é
N i

4 i

TRAREX01 DAL CORRUQATED

-t W

- -
ITITT™ ﬁﬁrj

INTEQRAL ¢ HAY CORRUGATION

NONHONE YCOMB SANDWICH PANLLS

UNCLASSIFIED

(U) Figure 36. Typical core and stiffened panel constructions. (U)

Advanced Composite Technology. (U) The unique advantage of advanced composites
in alrcraft design results irom certain inherent characteristics of this class
of material:

!
|
|
!
!
(

1, Very high strength/density ratio
2, Very high modulus/density ratio
3, Tailorable amisotropy

4, Fabrication by layup

Both the high specific strength and the stiffness make possible a significant
degree of weight saving, but the highly orthotropic nature of composite lami-
nate and the ability to fabricate large segments of an airframe with oriented
laminates magnify the weight savings,

(U) Aeroelastic tailoring (AT) consists of the systematic arrangement of
.omponent geometries and composite ply orlentations for improvement of the
aerodynamic properties of wings, the enhancement of aeroelastic effectiveness
of the airframe, and compliance or reductlon of weight and mass distribution,
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(U) The graphite/epoxy composites that will be used in the wing/fuselage are
ideally suited for AT, lending themselves to tailoring in at least two ways:

1, Tailored local angle of attack (Figure 37)

2. Tailored camber
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(U) Figure 37, HiMAT aeroelastic tailoring accomplishment. (U)

Both methods increase lift for a given drag, or conversely, decrease drag for
a given lift. Thus, AT payoff lies in affording a reduced engine size, which,
in turn, decreases the structural weight, resulting in increased maneuver-
ability and handling. These combined increments in system effectiveness,
which were directly derived from judicious tailoring, will be translated into
a significant cost-effective improvement of the weapon system.

(U) Preliminary analytical studies show that aeroelastic tailoring of advanced
composites can also be used to overcome aeroelastic divergence in forward-
swept wings with little or no weight penalty, Recent aerodynamic studies
indicate that aircraft with forward-swept wings have benefits in high speeds
such as drag reduction, minimum aerodynamic center shift in the transonic
regime, and improved stability, However, the weight penalties incurred to
overcome aeroelastic divergence have limited forward-swept wing developments
to very small forward sweep angles, This aercelastic phenomena occurs at
speeds where the aerodynamic loading exceeds the elastic restoring forces of
the wing structure, thus causing an increase in angle of attack, which, in
turn, causes an increase in the aerodynamic loading, This instability results
in catastrophic loss of the wing.
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(U) Since the interaction between aercdynamic loading and aeroelastic
tailoring is crucial to the advancement of forward-swept wing technology, the
Air Force is funding programs to confirm the analytical predictions by wind
tunnel testing of subscale models, Future Air Force plans include full-scale
flight demonstration of this technology, which will allow it to be considered
state-of-the-art prior to 1995,

(U) In addition to weight savings and aerocelastic tailoring advantages, these
materials present the opportunity for reducing manufacturing costs and life
cycle costs, Owing to the processability and moldability of advanced

composite materials, large major assemblies, such as the intermediate fuselage,
vertical stabilizer torque box assemblies, and wing torque box assemblies, may
be molded and cured in one processing cperation, This is accomplished by

laying up prepreg tape, cutting to net mold size, forming and staging integral
subassemblies, and placing the subassemblies into a final assembly female curing
fixture, The final assembly is then cured in one operation to yield a finished
net-size integral structure (Figures 38 and 39).

UNCLASSIFIED
(U) Figure 38. Integral structure. (U)

UNCLASSIPIED
(U) Figure 39, Multispar cocured integral structure. (U)
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(U) The wing torque box is especially suited for advanced composite integral
structure, The lower cover, spars, and ribs would be cocured into one large
assembly, with the upper cover either bolted or bonded in place (Figure 40).
The integral structure lends itself well to integral fuel tanks, virtually
eliminating fuel lcakage problems, Access holes into the wing should be

through the front and rear spars, with limited access through the upper cover.

GR/EP INTEGRAL STIFFENER - FRAME - SKIN CONCEPT

BUILD-UP AIRCRAFT PRIMARY STRUCTURE
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RIB, SPAR ARRANGEMENT
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(U) Figure 40. Integral structure concept. (U)

(U) The forward fuselage section is suited to the application of large con-
toured advanced composite skins fabricated with cocured integral stiffeners
and frames. The integrally stiffened skins would then be attached by conven-
tional methuds to precision net cast aluminum bulkhead or SPF/DB titanium
bulkheads, depending on load/temperature requirements,

(U) The rudders, trailing edges, and contour surfaces (fairings) of the
post-1995 strategic alrcraft lend themselves well to advance composite skin
sandwich structure, The structure core material would be advance composite or
reinforced low-density foam to reduce or eliminate the sandwich structure

core corrosion problems of current alrcraft,

Titanium Technology. () Improved welding methods, such as plasma arc welding,
coupled with superplasti. forming and diffusion bonding technology, offer a

manufacturing scheme for production of metal aircraft structures, Titanium
structurss will be molded to configuration and integrally bonded in one
process that will replace today's large subassembliex and myraid detail/
fastener problems, These integral metal structures may then be joined by
Improved automatic welding metheds into major ussemblies, Weight and cost
reductions will be gained by reducing the number of details in the integral
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structure and by eliminating fasteners and seam overlaps on major assemblies,
Elimination of environmental and fuel sealing problems will further reduce
manufacturing and maintenance costs. (U)

(U)  Structure on the post-1995 aircraft where superplastic-formed/diffusion-
bonded (SPF/DB) titanium applications appear extremely attractive are the

aft fuselage section, leading edges, canard, inlet duct (nacelle) structure,
and highly l.aded doors; i.e., landing gear, engine access, and weapons bay
doors, The aft fuselage strength/temperature requirements due to anticipated
engine placement make this structure viable for SPF/DB titanium application,
Full complete stiffened skins, such as portrayed in Figure 41, will be
superplastic formed and diffusion bonded in one cperation, Also, full fuselage
frames and bulkheads (Figure 42) with thin webs will be formed by the same
process, Assembly of stiffened skins and frames will be accomplished by
advanced welding methods, Compound contoured structure such as leading edges
in high FOD areas are natural candidates for SPF/DB titanium applications and
will be considered for post-1995 strategic alrcraft.
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(U) Figure 41. Fuselage-type structure using SPF/DB
with integral formed frames. (U)
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CURRENT DESIGN SUPERPLASTICALLY FORMED

(U) Figure 42. Nacelle frame comparison. (U)

(U) A highly loaded area like the wing carry-through section lends itself
well to titanium diffusion bonding., By this method, fasteners can be elimi-
nated in areas where there is little space available and where the structure
is subjected to high loads (Figure 43). The complete part could be bonded
and only adjacent structure mechanically attached,
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(U) Figure 43, Typical wing/fuselage structure using SPF/DB process. (U)
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Steel Technology. (U) Many structural parts in high-load areas of post-1995
strategic aircraft will use high-strength/low-cost steel rather than titanium
or aluminum, This predicted use is based on current ongoing development
technology programs for AF1410 steel (14Co-10Ni), Studies show that where its
strength can be used efficiently, cost savings of 30 percent and weight savings
of 10 percent are achievable when compared with titanium in the same applica-
tion, Where volume is critical, reduction in part size is also possible,

An attractive feature of this steel alloy is that it can be welded without
serious strength penalty or special vacuum provisions, making it feasible for
large assemblies where welding is the primary assembly method. (U)

CU) Areas of the post-1995 strategic aircraft which could effectively use
this steel alloy are:

1. Landing gear

2. Wing pivots

3. Wing carry-through

4, Empennage root attachments
5. Weapons hard points

6. Wing root ribs

7. Empennage spindle fittings

Applications such as the landing gear structure and spindle fittings are
especially attractive due to the forgeability and high fracture toughness
qualities of this steel alloy.

Aluminum Technolegy. (U) Fuselage structural components that react concentra-

ted loads, such as bulkheads that provide landing gear or stores support,
appear attractive for large, net, precision cast detalls. Fuselage structure
that forms the boundary of pressurized compartments such as crew compartment,
avionics compartments, and fuel tanks could be made of integrally stiffened
superplastic-formed skins assembled into panel assemblies and joined to adja-
cent structure by adhesive bonding, weld bonding, or with mechanical fasteners,
Aluminum fittings that are sized by fatigue, crack growth, fracture toughness,
and/or stress corrosion requirements will be made out of dispersion-
strengthened aluminum products. Development of the arc seam welding process
for joining thin-gage aluminum assemblies will extent the application of
aluminum to areas where titanium is presently used.
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Metal Matrix Technology. (U) The anticipated operating environment of the
post-1995 strategic agrcraft (bomber) is not sufficiently stringent in terms
of operating temperature to warrant the extensive use of metal matrix materi-
als, Use of these materials should remain an open option until aircraft
temperature and loadings are better defined and future cost/weight/
performance trades for the vehicle are completed.

Potential metal matrix options for the aircraft could include:

1. Landing gear - B/Al tube structure with integral wear liner

2, Longerons - SiC/Al, diffusion-bonded or cast

3, Engine hot-box structure - beryllium/titanium extrusions

4, Ramp structure - diffusion-bonded B/Ti or SiC/Ti

5, Forward and intermediate fuselage - SiC/Al castings fuselage bulkheads

6. Canard surfaces - diffusion-bonded B/Al or SiC/Al

Special-Purpose Structure

Laminar Flow Control (LFC) Structure. (U) The development of the SPF/DM titan-
ium process has presented new possibilities for LFC. Structural arrangements,
similar to those shown in Figure 44, which have been produced on a laboratory
scale, will be scaled up to full-scale production aircraft by 1995, These

concepts offer highly efficlent structures which can perform the LFC function
with virtually no weight or cost penalty over non-LFC panels,
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(U) Figure 44, Selected LFC panel concepts. (U)
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Boundary Layer Control Structure, (U) The major advance in BLC structures will
be in improved methods of producing existing concepts, Using preperforated

or slotted skins in the SPF/DB cycle, BLC titanium panels will be fabricated

at significantly lower cost than at present. For applications where integrally
stiffened aluminum BLC panels are desived, new drilling methods will sub-
stantially reduce the manufacturing costs., Both electron beam and laser

drilling, which are rapidly approaching production capabilities, will be fully
matured by 1995,

Heat-Pu ista (U) The only types of structure for
which hardening methods against the nuclear heat pulse do not presently exist
are transparencies and radomes., However, replacement of existing organic
transparent materials with glass, coupled with predicted improvements in
interlayers, should provide adequate windshields and canopies in the 1995
period, For radomes, two scolutions appear promising. Ceramic radomes,
already produced experimentally, offer an immediate solution which requires
only scale-up to production, A substantial weight penalty would result,
however, The emerging development of multilayer, reactive array radomes offers
a good possibility of providing a nuclear heat-pulse-resistant structure,

Laser-Resistant Structures, . (UJ) The rapid progress in laser weapons has
spurred a number of programs to develop laser-hardened structure. Programs
recently completed show that metallic skins can be hardened in two ways:

1, Reflective Outer Surface - On aluminum skins, this can be accomplished
by polishing the outer surface, Titanium requires a coating of
polished aluminum or copper to provide the required reflectance, The
exterior finish can be applied to the polished surface without
affecting its laser resistance,

2, Heavy-Gage Outer Skins - Skin thickness in aluminum or titanium in

excess of 0,25 inch will serve as a heat sink to prevent penetration
by most laser weapons,

(U) Advanced composites present more of a problem to harden, Studies underway
indicate that coatings can provide some protection, but heavy-gage material.
appears to be the best solution, For transparsncies, new materials have been
developed which will defeat the laser threat, With sufficient emphasis, these

. materials could be available on a production basis by 1995,

Structural/Manufacturing Technology

(U) The primary structural portions of the aircraft (i.e., wing, empenmnage,
and fuselage sections) will be designed and fabricated using an integral
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structure concept., A tentative/generalized post-1995 strategic aircraft using ?j

'l ' innovative integral structure concepts and post-1995 materials is portrayed in
Figure 45. (U)
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(U)Figure 45, Integral structure concept use in advanced strstegic aircraft, (U)

(U) The post-1995 strategic alrcraft will be assembled by imwovativ. methods

to sharply reduce manufacturing costs as compared with the cgnventional assembly
methods of the current period, Skin and stringer mechanically fastened

structure will be supplanted by integral structure concepts that reduce or
eliminate many of the problems inherent in current design/assembly me -odology:
specifically, the excessive number of mechanical joints, drilled holes, fasteners,

and fuel tank (wet structure) sealing problems that drive up the cost of current
| ' aircraft,

i —— e TR RO "L BT

(U) Structure fabricated by the integral structure concept, whether molded/
bonded advance composite integral structure or SPE/DB titanium structure, offers
the promise of increased reliability coupled with lower field maintainability

problems while simultaneously enhancing performance and reducing acquisition
costs,

=L Il

(U) Developing welding methodology as & primary assembly technology for large
monolithic aluminum and titanjum structures will open mew vistas in aircraft

design and construction, and will permit the integral structure concepts and
payoffs to be extended to major primary structure, such s aft fuselage
sections for titanium or forward fuselage sections for aluminum,
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(U) Application of SPF/DB titanium technology or metal matrix technology to
secondary structure such as leading edges and doors will minimize damage due to
ground handling and FOD, while being cost/weight competitive with the conven-
tional aluminum structure of today's aircraft., A summary of manufacturing
technology anticipated for the post-1995 time frame is presented in Table 8,
for advance composites, and in Table 9, for metals,

Computer-Aided Design and Computer-Aided Manufacturing (CAD-CAM). (U} With the

extension of present computing equipment and capabilities to the 1995 time
frame, based on advances made in ti.e past 20 years, it is logical to expect
larger and more complex systems to produce design data at a fraction of
today's cost, Reduced design time based on individual designer terminals will
be expected, Drawing development will use interacting graphical techniques

to determine optimum designs for all functional systems. The data base thus
ubtained will be used in producing the parts through totally numerically
contro. led machining and fabrication equipment,

ormm of decreased o ircratt weight and cost in the 1995 era due to design inno-
vation and improveu manufacturing technology. One key to achieving sharply
reduced costs will be the large-scale use of integral primary structure for the
wing, fuselage, arn' empennage. The benefits that will accrue from the use of
primary integral s+ -ucture are shown in Figure 46.

Improved Jechnology Payoffs, (U) Improved technology will show payoffs in the
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(U) Figure 4. Integral primary structure , ogram benefits, (U)
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(U) TABLE 8. 1995 TECHNOLOGY - MANUFACTURING TECHNIQUES FOR
ADVANCED COMPOSITES (U)

Layup of laminates directly on curing molds by use of high-speed
automated tape laying machines.

Molding and curing of large integral structural assemblies in one
operation,

Automatic flow detection and prevention in automated curing
processors.

Elimination of holes and fasteners in joints by bonding with new high-
strength, high-temperature adhesives.

Replacement of aluminum honeycomb cores by high-strength, high-
temperature foams simultaneously molded, cured, and internally rein.
forced with high-strength dindritic graphite forms or nonhoneycomb
advance composite core forms.

3-D fabricating machines that produce laminated structures with desired
triaxial loadcarrying capability.

Envirommental protective coatings of metallic films deposited on
exterior surfaces.

High-speed laser cutting of tape and laminate layups.

UNCLASSIFIED

(U) TABLE 9. 1995 TECHNOLOGY - MANUFACTURING TECHNIQUES
FOR 1995 AIRCRAFT (U)

Automated machining and drilling coupled to CAD-CAM systenms,
Larger precision net castings and forgings,

Superplastic forming and diffusion bonding of integral structures in
one operation,

Reduction of fasteners by use of automated welding machines for join-
ing large assemblies,

Use of metal matrix for reinforced composite structures.

Use of welding as a primary assembly method.
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(U) Cost and weight trade studies for application of titanium DB and SPF/DB
structural applications to an advanced aircraft on a replacement basis (no

resizing of existing designed structure) indicate the following payoffs could
be achieved:

1, 23% cost savings - integral structure forward fuselage
2, 63% cost savings ~ integral structure aft fuselage

3. 51% cost savings - integral structure wing (expanded sandwich = truss
core design) .

4, 10% weight savings ~ airframe structural weight

5. ©5.4% useful load increase
6. 2.9% weight savings - takeoff gross vehicle weight

(U) Based on NASA-CR-145111, “Evaluation of Low Cost Titanium Structure for
an Advanced Aircraft," it is reasonsble to predict that integral structure
titanium applications to a post-1995 strategic aircraft initiating with the

initial design phase should reduce vehicle cost by 50 percent and weight by
30 percent.

(U)  Advanced composite integral primary structure trade studies (NA-77-264L,
"Technical Proposal for Wing/Fuselage Critical Component Development Program
Preliminary Structural Design') indicate that if advanced composite integral

structure was introduced in the initial design phase, cost savings of 33 percent

could be realized against conventional metal structure, with a corresponding
predicted weight savings of 33 percent,

(V) Preliminary trade studies, comparing a theoretical design using silicon
carbide, continuous, filament-reinforced cast aluminum matrix structure with
conventional production sheet metal construction, indicate cost reduction
approaching 70 percent, for production quantities of 200 units, with a corres-
ponding weight reduction of 28 percent, A comparison of man-hours of effort
per pound of structure indicates this type of construction shows remarkable

potential for furthering the cos. savings already demonstrated by epoxy matrix
composites,

(U) Though not as dramatic, a substantial weight savings of some 30 percent

or more can be shown by DB sheet monocoque structure employing advanced
welding and DB techniques t. eliminate many of the fasteners and their

related lnstallation operations, This type of construction has been traded in
fuselage and wing structure to show a concurrent 25-percent per unit, or
greater, production cost savings,
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Reliability/Maintainability. (U) The post-1995 strategic aircraft by virtue of
the incorporation of advanced welding techniques and integral structure concepts
for fuel containing areds of the structure will have enhanced maintainability

characteristics by elimination/reduction of fasteners, joints, and fuel leskage
problems,

(U) Application of SPF/DB titanium structure to leading edges and doors exposed
to FOD will result in minimized field maintenance activity in contrast to
today's aircraft., Development of advanced composite core details skin sand-
wich structure will eliminate core corrosion problems currently prevalent with
aluminum, such as honeycomb structure,

(U) 1In general, it can be predicted that the application of the innovative
manufacturing technologies discussed in the preceding paragraphs will bring
about a significant improvement in the maintainability characteristics of
post-1995 strategic aircraft,

(U) The long-tem service life of post-1995 aircraft will place additicnal
emphasis on the reliability of materials selected for airframe structure,
Based on current technology development programs and development programs
supporting new materials, damage tolerunce, crack growth, flaw growth, and
fatigue characteristics, enhanced by characterization in environments which
simulate the operational envelope, should be sufficiently deflned tuv pemit
the aircraft designer to f{reely choose from among the materials discussed in
the paragraphs on materials and materials technology.

(U) Repair technology for post-1995 aircraft 1s dependent upon keeping pace
with innovations in material technology. Recent history suggests that this
normally does not occur, and often the material combinations with most
significant performance/cost benefits are delayed in application to production
aircraft, The material solections developed for post-1995 aircrait as a
result of this study should have corresponding technology developments in
repairability during the pre-1995 time period,

(U) Some configuration features incorporated in the I[SADS study to improve
reliability/maintainability are shown ln Figure 47,

(U) The projected avallability dates for these structures and materisls
technologies are summarized as Flgure 48.
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* MODULAR STRUCTURE/SUBSYSTEM FEATURES
¢ QUICK ACCESS FOR COMPONENT REPLACEMENT

 LEFT/RIGHT INTERCHANGEABLE ITEMS
= CONTROL SURFACES
= LANDING GEAR
= TRANSPARENCIES
~ ENGINES
= WING & CANARD BOXES

* RAPID DAMAGE REPAIR FEATURES
= QUICK DISCONNECT MODULES
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(U) Figure 47. Reliability/maintainability. (U)

1978 1980 1985 1990 199% 2000 2005
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SPF/DB TITANIUM
ADVANCED COMPOSITES
RADAR ABSORBENT MATERIAL
MOLDED/BONDED ADVANCED COMPOSITES
INTEGRAL STRUCTURES
LAMINAR FLOW CONTROL STRUCTURES
ADVANCED METAL ALLOYS
METAL MATRIX MATERIALS
ADVANCED STRUCTURAL RAM
SPF/DB ALUMINUM
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(U) Figure 48, Structures/materials technology projections. (U)
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Section III

CONCEPT INTEGRATION AND TRADE STUDIES

INTRODUCTION
(U) In Tasks II and III of the ISADS study, the selected advanced technologies
of Task I were incorporated into strategic aircraft conceptual sketches., These
sketches were subjected to a filtering process to select one base line concept
for each catagory, defined as follows:

1. Low-cost simplistic

2. Minimum weight

3. Minimum penetration time

4. Stealthy

S. Laser defense

The five baselines were then sized and subjected to a series of configurational
and technological trade studies,

ISADS DESIGN GROUND RULES

(U) Concept integration began with the list of technologies identified in

Task I and the ground rules of the ISADS study, These ground rules were either
defined in the Statement of Work or assumed by the contractor in cooperation
with the Air Force ISADS program manager, and are .described in the following
paragraphs.,

.(U) The prime mission of the ISADS aircraft was defined in Statement of

Work to be a 5,250-nautical-mile unrefueled "high-low: : sirategic
penetration mission (Figure 5)., Other fallout missior o a theaver
mission and a standoff, loiter-type mission (Figure o)

(S) The exact mission mach numbers were left to the cont. Rociwell
drew upon its B-1 data base to selecte penetration mach nuw v best com-

promise probability of survival, Figure 49 summarizes the probubility of
survival trend for a manned bomber penetrating Soviet airspace at 200-foot
altitude., The four hashed triangles at the bottom depict the effuctiveness
of the primary threats as a function of mach number, The broad curve at the
top summarizes the overall probabjlity of survival. It can be seen that the
knee of the curve occurs at mach 1.2. This was selected as the penetration
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mach number of the minimum penetration time configuration, For the subsonic
concepts, mach 0.72 was selected, since that is the onset speed for infrared
detection due to aerodynamic heating, as shown in the bottom hashed triangle,(S)
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(U) Figure 49, Survivability trends, (U)

(U) Penetration withdrawal speed was selected as mach 0.55, based on B-1
experience. The cruise legs were initially selected to be at mach 0.70, best

altitude, but the subsequent sizing effort indicated higher cruise speeds
would reduce takeoff weight.

. T T T

(U) Payload was defined in the Statement of Work to be 50,000 pounds,
consisting of 16 advanced air-launched cruise missiles on two rotary launchers,
or alternate conventional stores,

(U) Ride quality and flight control criteria were established in the Statement
of Work by referring to AFFDL TR-73-135, "Terrain Following Criteria," and
nuclear hardening design criteria were defined as follows:

1, Two psi plus gust at sea level

2. Thermal free field of 80 cal/sq km (requires three sequential
applications in this environment)

3. Withstand electromagnetic pulse environment

4, Survivable fuel and flight control system
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(U) The Statement of Work gave freedom to the contractor in defining other
ground rule assumptions necessary to restrain the ISADS study scope. These
were made in cooperation with the Air Force ISADS program manager and are
described in the following paragraphs,

(U) While the Statement of Work stated that the ISADS aircraft were to be
""designed to meet postulated requirements of the post 1995 time period," no
firm guide to establish a specific dateline was given., It was therefore
assumed that these aircraft would have a 1995 initial operational capability
(I0C) date, from which production dates, RDTGE start dates, and technology
readiness dates could be established. On the B-1 program, the IOC date cor-
responded schedule-wise with production of the 65th aircraft; therefore, this
was assumed for the ISADS study. The major effect of these assumptions is
that it limits the usable advanced technologies to those which will be avail-
able by approximately 1985, when RDTEE must begin.

(U) Subsystems definition is beyond the scope of this study, but their weight,
volume, and placement have a major configurational impact. With no avionics
requirements given, Rockwell assumed a 1995 technology, B-1 equivalent capa-
bility avicnic system. This assumption proved to be a major driver in weight,
cost, and aircraft geometry due to the high degree of sophistication of the

B-1 avionics. Similarly, B-1 equivalent assumptions were made for landing
gear, APU, and other subsystems.

(U) To define crew size, it was assumed that the current phenomenal advances
in computing technology will allow most routine crew functions to be automated,
This should allow the B-1 crew complement of four to be reduced to three
(Figure 50), For the low~level supersonic penetrator (minimum penetration
time), the high degres of automated flight control which will be required

will allow a crew of two,

GURRENT AIRCRAFT ISADS CONCRPTS

B-1 - 4 MAN SUBSONIC CONCEPTS - 8 MAN

. wHLOT ——— N . mor

o comLot AUTON mon> o HLOHNAY

¢ ORPENBIVE SYETEMB OMIWATON | \weamast ¢ WYETING UPINATOR

& OPFENNVE EYETEME OPERATOR [ORFENBIVE & OFFINGIVE) \
FB:li - 2 MAN MINIMUM PENETRATION TIME

N + 2 MAN
SUBSTANTIAL >
' Mot AUTONATION ¢ ot
¢ MILOTINAVIOATOR '"““’Lv T motNaY
UNCLASSIFIED

(U) Figure 50, Crew size, (U)
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BASELINE SELECTION

(U) Baseline concept selection was accomplished as a three-step screening
process, (Figure 4). Initially, technologies were combined to produce six

to eight conceptual sketches oriented toward each of the five aircraft cate-
gories under consideration., A qualitative assessment reduced the number of
concepts to be considered to two or three concepts per category. A more
detailed preliminary analysis was then applied to the remaining concepts

to select the most viable concept in each category. This airplane was then
subjected to a highly detailed computerized analysis to calculate performance
and resize the vehicle, as necessary, to meet performance requirements,

CONCEPTUAL SKETCH DESCRIPTIONS

(U) Six to eight candidate concepts were sketched for each of the five
required aircraft categories, These candidates were intended to be imaginative
and innovative and to include as many high-impact technologies as feasible,

For each vehicle, a list of incorporated technology features was also prepared,

To] CONSTANT - CHORD 122 MODULARIZID 1-3 moduLARIZED

. FORWARD SWIPT WING » POWERED LHg POWERED

1«4 MODULAR 1«5 CONRORMAL 1.6 NucLean 1=7 NUCLEAR
PAYLOAD MODULAR PAYLOAD A SITTIR tona - Loman UNCLASSIFIED

(U) Figure 51, Low=-cost simplistic concepts (U)

(U) Figure 51 shows the seven conceptual sketches intended to fit the category
of "low-cost simplistic,"

(U) Concept 1-1 is a simplistic structure concept, Its major feature is the
constant-chord forward-swept wing. As is evident in general aviation, the
constant-chord wing is the cheapest and easiest to build, but usually has ex-
cessive drag. However, as Figure 52 shows, a forward sweep of 22 degrees will
produce an elliptical 1ift distribution, which gives minimum induced drag.
This is applicable only in light of recent work on the forward-swept wing
concept, in which proper biasing of the composite wing box plies has been
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shown to eliminate aercelastic divergence at a negligible weight penalty.

~Thus, a constant-chord forward-swept wing with no weight or aerodynamic pen-

alty and with all the production and maintainence advantages of a constant-
chord wing can be built, (U)

DESION FOR LOW COST

TAPER
RATIO A

1% )
\ g
\ REF: NACA 921
1.2

1'0.:

N

\ PLANFORMS WITH APPROXIMATELY ELLIPTICAL
LOADING INDEPENDENT OF AjPECT RATIO

e 0 ii==o[o TR

-22 ANGLE OF SWEEP, A, DEG UNCLASSIFIED
(U) Figure 52. Effect of sweep on desired taper ratio. (U)

(U) Concept 1-1 also features the canard/tandem-wing concept, in which an
oversized canard carries a large percentage (30 percent) of the aircraft
weight. This provides a bridge-type support for the fuselage, minimizing its
weight while providing a broad range in allowable center of gravity.

(V) Concepts 1-2 and 1-3 are the same aircraft, which is modularized to allow
conversion from JP fuel to liquid hydrogen, when it becomes practical. The
concept features a simplistic airframe with straight taper wings and a circular
cross-section fuselage., A pod carries propulsion, landing gear, payload, and
subsystems.

(U) Concept 1-4 features a modular payload pod, allowing the basic airframe

to be used as a strategic bomber, tanker, cargo, or other aircraft type, by
replacing the payload pod. The concept features winglets, a blended wing-body,
and a boom-type tail support to reduce pod interference for the tanker version,
The cost savings is expected to occur by increasing the total aircraft buy,
hence, reducing unit fixed costs,

(U) Concept 1-5 is similar to concept 1-4, Changes include deletion of the
tail booms to minimize wetted area, addition of a canard for trim, and loca«
tion of the engines at the tips of the canards to increase field of view of
antennas in the AWACS version of the payload pod. Also, the underside of the
fuselage is shaped to minimize the interference drag of the pod.

(U) Concept 1-6 is a nuclear sea sitter which would remain indefinitely on
station. This would reduce the number required for a given effectiveness,
Nuclear power would enable penetration at the enemy's weakest point by circum-
navigating his borders.
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(U) Concept 1-7 is a nuclear long loiter which would loiter indefinately on
station, with the same result as for concept 1-6,
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(U) Figure 53, Minimum weight concepts. (U)

(U) Figure 53 shows the eight concepts of the minimum weight category.

(U) Concept 2-1 and 2-2 are span=loaded f.‘fyin0 wings, Here the fuel and
payload are distributed along the wing, réducing the structural weight. Wing-
lets reduce the drag penalty associated wﬁth aft-swept, constant=-chord wings.
Concept 2-1 is JP-powered; whereas concept 2-2 is liquid-hydrogen-powered and,
hence, features a thicker wing to contain the bulkier fuel,

(U) Concept 2-3 is a highly blended, thin delta wing with all fuel contained
in tip tanks, These tanks can be interchanged with larger, cryogenic tanks
for eventual conversion to liquid hydrogen.

(U) Concepts 2-4 and 2-5 are the same aircraft, again JP to LH, convertible
via plugging the fuselage. A nonplanar wing is used to minimizg induced drag,
and a canard trimmer is used to minimize trim drag.

(U) Concept 2-6 is a ground-based surface effects aircraft, as opposed to a
similar concept, 2-8, which is water-based. Both use ground effect to mini=-
mize drag during cruise and have power enough to climb up to clear obstacles,
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(U) Concept 2-7 seeks to use the structural concept of the self-bracing
tandem arrow wing, in which fore- and aft-swept arrow wings meet at the tip,
providing triangular bracing.
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(U) Figure 54, Minimum penetration time concepts. (U)

(U) Figure 54 shows the six concepts in the minimum penetration time
category.

(U) Concept 3-1 uses the forward sweep concept to reduce wave drag.
Two-dimensional nozzles provide pitch and roll control.

(U) Concept 3-2 uses a fully skewable, variable-skew wing., At high dynamic
pressures, most of the drag is strictly due to skin friction., By fully skew=-
ing the wing, the skin wetted area can be minimized and, hence, the friction
minimized, Intermediate skew positions provide good transonic cruise, while
unskewing the wing provides high 1ift for landing,

(U) Concept 3-3 uses a fully sweepable wing, for the same reasons, A variable
camber forebody provides pitch trim when the wing is fully swept,

(U) Concept 3-4 is identical to 3-3 except that the wing is a variable-sweep,
forward-swept wing,

(U) Concepts 3-5 and 3=6 are both low-risk concepts featuring fixed delta
wings and circular-section fuselages. Forward-located 2-D vectorable nozzles
allow supercirculation 1lirft for takeoff and landing, Concept 3-6 features
rocket-assisted takeoff,
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(U) Figure 55, Stealth concepts. (U)

(U) Figure 55 shows the six conceptual sketches to fit the stealthy category.

(U) Concert 4-1 uses stealth technologies developed under Rockwell's
Surprise Fighter program, Radar tests of a model of this shape showed virtu-
ally no radar return from most directions, The aircraft penetrates at high
mach number with its wings fully stowed, leaving only a slab-sided shape with
minimal intersections.

' (U) Concept 4-2 uses a flat top to minimize return from above., Inlets are
3 hidden below the wing, which is variable sweep.

(U) Concept 4-3 is a flat-topped, flying delta wing, All signature-producing
features such as inlets, nozzles, and tail surfaces are hidden below the wing.
The vertical tails are shown on rotary actuators to rotate up for landing,
although this later proved unneccesary,

(U) Concept 4=4 is a fairly straightforward concept featuring slab sides and
a hidden inlet, Again, the vertical tails rotate from lower to upper for
landing,

: (U) Concept 4=5 is a slab-sided canard layout which uses anhedral wingtips
¢ for a stealthy vertical surface, Long curved ducts obscure the engine face.

(U) Concept 4=6 uses a variable-skew wing to minimize the frontal area, which
tends to reduce forward aspect radar and visual signature,

UNCLASSIFIED
90




UNCLASSIFIED

flg ;rz

5-1 oarensive LasIR S-2 OEFINSIVE LASER ERCORT §-3 usrsn cOVERAGE
CONFIGURED

M

5-4 Hian aALTiTUTL 5-5 wiaw aLmTUTE 5.6 Lasn-iN-A-BALL 87 PORWARD swaap
PANETAATON SUPIR CAUISER LABIR

UNCLASSIFIED
(U) Figure 56, Defensive laser concepts, (U)

(U) Figure 56 shows the conceptual sketches in the defensive laser category.

(U) Concept 5-1 iz a tailless aircraft which uses vectorable Z-D nozzles for
longitudinal trim, Winglets reduce induced drag, and a pop-through turret
provides 360-degree coverage.

(U) Concept 5-2 is a scaled down version of 5-1 which carries no payload.
It is to serve as an escort to other bombers,

(U) Concept 5-3 features a single top-mounted turret which, because of the
aircraft shape, can cover the whole upper hemisphere plus 5 to 15 degrees
downward, Fold-down tails eliminate rearward blocking.

(U) Concept 5-4 is a high-altitude subsonic penetrator with a lower mounted
turret, The flat bottom provides look-up stealth,

(U) Concept 5-5 is a high-altitude supersonic cruise penetrator with a rear
hemisphere coverage laser. A retracting canard minimizes supersonic trim
drag.

(U) Concept 5-6 is a flying wing using the ''laser-in-a~ball'' concept, in
which all components of the laser are continued in an aimable, removable ball
turret, This provides upper and lower spherical coverage.

(U) Concept 5-7 is a forward-swept wing configuration., The laser is
contained in a rear stinger, providing aft-hemisphere coverage.
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CONCEPTUAL SKETGH ASSESSMENT

(U) These concepts were qualitatively rated to select the best two or three
concepts in each category. This was accomplished by having members of the
functional groups (Aerodvnamics, Propulsion, Weights, Manufacturing, Struc-
tures, Stealth, Performance, and Operations Analvsis) rate several evaluation
parameters for each concept relative to the other concepts in that category
(Figure 57). A package was prepared and distributed for each category, con-
sisting of instructions, the concepts in that category, the technologies
applied to each concept, and a rating form, The completed forms are avail-

_able in Appendix B,
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(U) Figure 57. Qualitative sketch assessment, (U)

(U) No attempt was made to extract a final numerical total from which the
"best" concepts could be mechanically picked, Rather, a committee consisting
of the program manager, deputy program manager, and several representatives
from functional groups sat down with the raw data representing what the funce

. tional groups thought of the concepts, and analyzed the overall merit of each

concept. The process followed was a weeding out one in which reasons for not

pursuing a specific concept were sought, These reasons included high technical

risk, marginal benefits, unacceptable cost impacts, and fuilure to fit the
ISADS Statement of Work. This process was followed until only two to three
candidate concepts remained in each category. In some cases, a candidate con-
cept combined features of several conceptual sketches,
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(U) Figure 58, Baseline selection (U)
CANDIDATE CONCEPT ASSESSMENT

(U) These candidate concepts were then subjected to a preliminary sizing
exercise to select one baseline per category (Figure 58). For each concept
under consideration, the following qualitative assessments were made: (1) ex-
pected L/D values were estimated within the Aerodynamics Group for each major
mission segment, (2) expected SFC values were estimated within the Propulsion
Group, and (3) empty weight fraction and fixed equipment weight required to
perform the task were estimated within the Mass Properties Group, A summary
of these estimates is presented for each aircraft category in Appendix B.
Note that these initial estimates tended to be higher than the final sized
weights given late in the text., This is due to the difficulty of allowing
for advanced technologies in any statistical analysis. However, the relative
weight trends were consistant with later results., The mission of interest

is a high-low-low-high strategic mission, A complete description of this
mission may be found below under ''Performance Requirements,'' herein,

(U) For each concept, the aerodynamic and propulsion data were used to
estimate a fuel fraction required to perform the mission. This was accomp-
lished for each concept, as shown in Appendix B. Here, the left set of
colums represents data calculated for a current technology airplane for which
a detailed performance and design analysis was previously available, This
airplane was flown over the ISADS mission to calculate fuel requirements for
each segment. Fuel requirements for the corresponding mission segments for
each ISADS concept,were ratioed from the known airplane using the cruise
efficiency factor %&Q}. Fuel fraction required was then calculated by sum=
ming up fuel used and dividing by an assumed gross weight of 395,000 pounds
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(for compatability with the known airplane). This required fuel fraction was
assumed to remain constant with gross weight. (U)

SEeTn

(U) Fuel fraction available versus gross weight plots was constructed assum-
ing that empty weight fraction and fixed equipment remain constant (Figure
59). Gross weight to perform the mission may now be estimated for each con-
cept by the intersection of fuel fraction required and fuel fraction available
curves. These results are recorded at the bottom of the sizing forms in ;
Appendix B, The minimum takeoff gross weight concept was selected as base-
line in each category,
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(U) Figure 59. Fuel fraction required versus ' v
take-off gross weight. (U) -

BASELINE SIZING

PERFORMANCE REQUIREMENTS

(U) Performance items calculated for these five baselines consisted of the
following:

1, Strategic mission range

2. Theater mission range

3. Standoff mission range

4, Takeoff distance over a 50-foot obstacle

UNCLASSIFIED
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(U) A description of each mission profile is presented in Figures 60 through
62. All mission performance is calculated assuming 1962 U,S. Standard Atmos-
phere conditions, No fuel flow service tolerance was applied during mission
performance calculations (i.e., fuel flows assumed are identical to those
shown in the preceding for installed propulsion performance),

(S) Takeoff distance is evaluated for sea level, standard day conditionms.
A1l engines are assumed to be operating, and distance calculated is that re-
quired to clear a 50-foot obstacle,

Performance items considered as requirements for airplane sizing purposes
are:

1. Strategic mission range = 5,250 n mi
2. Takeoff distance = 6,000 ft

(U) Range on the theater mission and loiter on the standoff mission were
considered to result from strategic mission fuel requirements.

VEHICLE SIZING AND PERFORMANCE EVALUATION PROGRAM

(U) All performance and sizing calculations were made using the Rockwell
Vehicle Sizing and Performance Evaluation Program (VSPEP), This computer
program is a design tool capable of scaling a known basepoint vehicle accord-
ing to specified values of several different design parameters, These include
vehicle gross weight (or fuel weight), thrust-to-weight ratio (or engine size),
wing loading (or wing area), and payload or fixed equipment weight and volume,
Performance may be determined at specified gross weight or, alternatively, a
search routine permits automatic sizing of the vehicle gross weight such that
a specified radius or range of the design mission is satisfied, Vehicle per-
formance is calculated internally from a set of sub-routines programmed ac-
cording to a detailed performance analysis model, The subroutines are general
in nature and pemmit calculaticn of a wide variety of mission profiles., Sev-
eral mission profiles may be calculated simultaneously, Takeoff and landing
distances and maneuvering capability may also be determined. Figure 63 illus-
trates the evaluation process,

(U) Typical mission legs which may be calculated include warmup, taxi, takeoff,
climb, descent, cruise, and loiter operations, Climb and descent performance
are determined by numerical integration of the equations of motion along a
specified flight schedule., Internally generated schedules are also available,
including minimum time and minimum fuel flight paths as defined by the energy
method. Constraints on the allowable flight regime are included. Cruises and
loiters may be determined at fixed or optimum speeds and altitudes, Numerical
searches are used to determine optimum speeds and altitudes at the beginning
and end of each of these legs.
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1. withdraw 750 n mi a1 J00+To0t wltltude and mach number for
bast renge,

§. Climb to altitude and maeh number for Best grulse,

§. Crulne 8t altitude and mech number for best ronge for a dintanse of
800 n mi.

10, Lend with Joeminute fuel raswrve at mpzimus andurdfse tpesd At »48
leved, plus 8 Initial fus) iosd,

(U) Figure 60, Mission I (strategic). (U)
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() Figure 61. Mission II (theater with
alternate payloads)
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(U) Figure 62, Mission III (standoff). (U)
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(U) Figure 63. Vehicle sizing and performance evaluation program. (U)

Data input to the VSPEP for each ISADS basepoint vehicle include:

1, Weights broken down by major component, along with scaling
information on the wing, tails, fuselage, and engines

2, Drags broken down by major component and type (e.g., friction
drag, wave drag, drag-due-to-1lift, base drag)

3. Installed propulsion data, including thrust and fuel flow as
functions of speed, altitude, and power setting

4, Dimensional data such as lengths, areas, and volumes for major
components and total vehicle

Derivation of these inputs is described in the following paragraphs. (U)

AERODYNAMIC CHARACTERISTICS

(U) Presented herein are aerodynamic 1ift and drag data used in sizing the five
ISADS concepts, Presented are lift and drag data consisting of skin friction,
drag-due-to-1ift, compressible drag rise, and drag increments due to boundary

layer diverter (BLD) and base,
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flaps~down lift and drag data, These data are based on the following initial
trapezoldal wing geometries:

1SADS Concept Smag g b ALE
(ft)  {n)  @n) AR A (dep)
1 - D645-1 (min cost) 1,800 207,9 1,247,1 6 1, =22
2 - D645-6 (min weight) 3,333 400,0 1,200.0 3 1. 30
3 - D645-3 (min pen, time) 2,550 262,5 1,484,3 6 4 8
4 = D645-4 (stealth) 3,860 627.3 1,068,0 2 .18 58
5 - D645-5 (defensive laser) 4,200 435,5 1,555.4 4 ,25 35

t))
(§) In the concept III skewed wing configurstion, the following wing sweep
schedule was assumed:

Flight Mode _m (deg)
Cruise at BOM/BCA 25°
Penetration at 1.2M /200 ft 98° (wing folded)
Takeoff and landing 8° (wing fully extended)
Withdrawal at BCM/200 ft 65°

(U) The following wing and control surface design vriteria were assumed in
estimating the aero data:

LE TE Flap

Concept  Alrfoil LE  Clpgs. Device  Type P_ﬂn Eﬂﬂi OF
1 10% SC -.2 0.5 Yes SSE 0.585° 0.2 20°"

2 12% sC 30 o3 No SSF .86 ol 20°

( 5.5% std 25 o5 Yes - - . -

(bedy 1ift) 98 - - - - - -

y 6% 8 d Yes DSF .785 .25 30%

9 2,6% 65 o2 Yes - - - -

T s T o i
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4 144 55 .3 Yes SSF .689 2 20%
5 14% SC 33 .3 Yes SSF .545 25 10%

NOTE: SC = Supercritical Airfoil
SSF = Single Slotted Flap
DSF = Double Slotted Flap
LE = Leading Edge
TE = Trailing Edge (U)

Skin Friction Drag

(U) Skin friction drag was estimated using the computer program described in
Reference 10, The program employs several well-established semiempirical tech-
niques to estimate the viscous drag of an arbitrary aircraft configuration
using a component buildup approach. The program evaluates laminar and turbu-
lent flap plate skin friction at incompressible and compressible speeds, and
provides specified or flatplate natural transition point calculatlon options

in conjunction with a matching of the momentum thickness to link the two
boundary layer states, For the turbulent condition, the increase in drag due
to distributed surface roughness ls treated using uniformly distributed sand
grain results, Component thickness effects are approximated using experimental
data correlations for 2-D airfoil sections and bodies of revolution,

(U) Natural transition on all lifting surfaces and bodies was assumed (equi-
valent sand grain height (ks) of 0,000033 f£t), reflecting standard camouflage
paint of average application., A standard l0-percent allowance for surface
irregularities was not added to the computed skin friction drag, assuming that
this increment is offset by a reduction in skin friction drag by application
of surface coatings on the baseline vehicles,

(U) The computed skin friction drag values at mach 0,6 and 25,000 feet

(K = 0,000033 feet) are tabulated in the following, The friction drag values
at other mach numbers and altitudes are computed by the vehicle performance
evaluation program using these basepoint data,

Concept fﬂh& SreE SweT Cg
1 - Low cost (D645-1) 0,01112 1,800 £t2 8,790 £t 0,00228
2 ~ Min weight (D645-6) ,00684 3,333 9,347 ,00244
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3 = Min penetration time (D645-3) ,01009 2,550 12,310 . 00209

4 - Stealthy (D645-4) .00584 3,960 8,926 , 00259

5 = Defensive laser (D645-5) ,00690 4,200 11,387 ,00255
W)

Boundary Layer Diverter and Base Drag

(U) Drag increment due to the boundary layer diverter of the D645-3 (minimum
penetration time concept) configuration was computed using the experimental

data correlation contained in Reference 11 and is presented as Figure C-1. Base
drag increment due to the fuselage aft end of the Db45-1 (low-cost concept) is
also estimated based on available experimental correlation,

Drag Divergence Mach Number, Compressible Drag Rise, and Wave Drag

(V) Drag divergence mach number (Mpp) and compressible drag rise (ACp,) due

to lifting surface were estimated using available data correlation and are
presented in Figures C-2 and C-3, Wing leading edge sweep angle, wing thickness
ratio, and airfoil type (standard or supercritical) are the variables in
determining the drag divergence mach number., The compressible drag rise
presented in Figure C-3 is presented as a function of a ratio of flight mach
number to drag divergence mach number (M/Mpp). Therefore, to determine drag
rise at any flight condition (altitude, Mach number, and lift coefficient),
Figure C-3 must be used in conjunction with the drag divergence mach number
plots of Figure C-2,

(S) The minimum penetration time concept vehicle (D645-3) has a penetration
speed of mach 1,2 at 200 feet with its wing fully skewed, For this flight mode,
wave drag was eveluated using LAD's computer-aided digitizing and serodynamic
preliminary analysis system (PAD), described in Reference 12 and shown in
Figure C-4, The actual wave drag level used for this vehicle gizing is denoted
as ''goal," This level is desired through configuration refinement, which re-

quires some further design iteration, The wave drag analysis is based on the far-

field theory presented in Reference 13,

Drag-Due-to-Lift

(U) Incompressible drag-due-to-1ift (induced drag) was estimated using the
aforementioned LAD PAD program (Reference 12 in conjunction with the experimental
wing leading edge suction correlation (Figure C-5), Zero- and 100-percent-
suction induced drag factors are first evaluated by PAD. For a selected suc-
tion (8) curve corresponding to an assumed design 1ift coefficient (CLDES)'
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the drag-due-to~1ift factor (CDichz) is computed for a range of 1ift co-

N efficient, as follows:
l C C c C
D D D D
| b Sl IR Y B
; C, C L C
}: S= S= S = 100

In the preceding equation, the 100-percent-suction induced drag factor

(CD /CL%) s w 100 Will approach 1/m AR (AR = .reference wing aspect ratio) for
ing planfom without winglets (or tip-mounted vertical tails), With wing-

V tip vertical surfaces, (Cp; /CL ) g comes out lower than the basic wing

' showing the end plate effect. ﬁe 0- percent suction induced drag factor

j (Cpy /C12)g = 0 is nothing more than Cp, tan @/C. The following tabulates

A computed values of the aforementioned factors at mach 0.7,

e . Sraded

Concept o C C AR

1
Ly Dy 7AR  “DES
2\
5«0 \ L/ su100
1 - D§45-1 (low cost) 0.1076 0.1622 0.0527 6  0.0531 0.5
| 2 - D645-6 (min wt) 0669  .2609  .0827 3 1061 .3
E 3 - Deds-3 AL "65° L0477 3659 1386  2.38 1338 .2

(min pen. time) ALE »25°  ,0927 .1883 0541 5.81 .,0548 .5

b A *8° 1012 1725 L0827 6 0531 .1

(‘.

) 4 - D645-4 (stealthy) .0503 3470  .1344 2 .1592 .3

; 5 = D645-5 (defensive laser)  .0836  .2038  .0615 4 .0796 .3(U)

; | (U) The low-gpeed flaps-down lift and drag-due-to-1ift for takeoff and landing
* ' were estimated using empirical methods outlined in References 14 and 15.

(U) The drag-aue-to-lift factors are presented in Figures C-6 through C-10 and
the low-speed 1lift data are presented in Figures C-11 through C-15,

LandingﬁGear Drgg

(U) Drag increment due to landing gear is based on an analysis of B-1 data

F
b
¥
|
{,
L
i.

and is presented in Figure C-16 based on total nose and main tire frontal area
! (not including the frontal area of the strut)., To obtain landing gear drag
l UNCLASSIFIED
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increment for any one of the ISADS concepts, ACy of Figure C-16 must be multi-
plied by the ratio of the total nose and main tire frontal area to the concept
reference area. The B-1 employs a pair of dual two-in-tandem main gear
arrangement, concepts 1 and 4 (D645-1 and -4) employ a pair of dual three-in-
tandem main gear arrangement, and concept 3 (D645-3) employs a pair of dual
wheels with very short struts for both the nose and main gears. To account
for variation in gear drag for these situations, the frontal area presented

in Figure C-16 is adjusted for each unique gear arrangement, (U)

Total Drag

(U) Total drag represents a summation of the various increments using the
expression:

——Drag at zero 11£t-—-—-——-1

NE\PEIT + lac
L) Y B
L c G

WEIGHTS

(U) Air vehicle weights presented herein for the five baseline configurations
reflect projected advancements in state-of-the-art (SOA) for the 1995 time
period, Advanced technologies applied to the vehicle basic structure include
the use of new metal and compnsite materials, in addition to advanced
fabrication/manufacturing techniques, The new materials have increased
strength-to~weight ratios and higher design allowables, ylelding a weight
reduction, Advanced fabrication/manufacturing methods provide capability

to form large sections of integral composite structure and large sections

of SPF/DB structure, resulting in both & weight and cost savings, The pro-
pulsion group has advanced engines with high thrust-~to-weight ratios, Pro-

jected technology progress for the various vehicle subsystems are included
with the system weights,

(U) The approach used to estimate structure weights on the 1SADS baseline
concepts was the development of equivalent conventional construction aircraft
component weights to which were then applied postulated achievable weight-
saving increments for advanced material, design, and manufacturing applications,

UNCLASSIFIED
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Statistical methods formulated from a data base of existing hardware were used
to estimate the structure weight of components constructed with conventional
materials and methods, Adjustments were made to these statistical estimates
to account for unique concept-oriented features such as wing-body blending,
winglet effects, and span loading arrangements. (U)

(U) TABLE 10. STRUCTURE WEIGHT SAVINGS FOR ADVANCED
CONSTRUCTIONS (YEAR 1995) (U)

Minimum cost Minimum welght
Luponant Gomp Ev?ngl aving Emp Euvinnu .qlvinll
(4] {5) (%) (1) {4) (§)
Wing M 5,8 R M 0.5
Horlzental tailn
feanurd) #0 6.8 . A0 3.3
Verticul talls A0 .8 . A 30,8
Muselugo " ™ 3 ) as | o
lamnding gears i [ 13 4 7.8 ]
Nacellon i
englne wection . . 1 . - 4.8
4 Not conmldored on ISADS concopts,
UNCLASSTFIED

(U) Table 10 presents the weight savings that were assumed for both advanced
composite and metallic designs which were applied to the statistically esti-
mated component weights, These weight-saving increments for both design-to-
cost and design-to-weiht concepts were derived by reviewing Rockwell design
studies and actual fabrication programs on advanced composite and metallic
constructions combined with known results attained by other aircraft companies,
Figures 64 and 65 show typical wing structure weight-saving data that were
used, Projected technology advancements were consolidated with the foregoing
weight-saving achievements to arrive at the technology design base for the
post~1995 time period,

(U) Similar to vehicle structure, the weights for subsystems were derived
by applying predicted weight reductions to statistically determined system
weights, These weight savings result from the use of advanced technologies,
such as high=pressure hydraulic system, high-voltage electrical system, fiber
optics, mini-micro electronics, composite material, etc, The weight reduc-
tions assumed for the vehicle subsystems are shown in Table 11,

UNCLASSIFIED
103

i



UNCLASSIFIED

: " dox weights Inglude rost atisement or pivel 'iulnn we ight ,
: . flap ¢ slat tracks fual systemy, pylons, org., whers applicable.
h i IS ' g
) -‘ 1 \
K; 2 Composite
’ ? 2.8 § ¥ ¢ / Component naterial
h 2 i \ } 30 Atwl Vi
z Cawrutignt ::;s barits
; i § anvion enno 0ty
: i \ L A "o
1o § \ i ® Lawecont dorigns :":1 Ef;;:!n
; X teto ta
e ) 3 ’
Titanium Advaneyd tomper e tomposite g ] 0 1] (1] (1] 100
sotvgnt iunal moteltie convent lonal Intagral Wolight of comptnite naterial o WCLASSIFI ED
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(U) Figure 64, Advanced construction (U) Figure 65, Advanced composite
concepts wing weight savings, wing box weight savings, (U)
critical component development ,
program, (V)
(U) TABLE 11. SYSTEM WEIGHT SAVINGS ASSUMED FOR
1995 SOA TECHNOLOGIES (U)
Serton Kedght ‘Iu’dun ion
ednsaiy geurhay ) '
tgine vontrgl s L]
KEurting syntom )
Fuet svstom u
Flght cuntralxs 1
Instriment s to
Itydruul fen u
Idoctrical ]
Avionive N
Armamen I
M hings HE
Alr vcomditiening an _J wcms I FI ED {

)] Appendix I summarizes the weights data for the five baseline
configurations, as initially drawn, These data were used as input to the

vehicle sizing program, from which final weights were produced, These final i
weights are given in the text starting on page 209,
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PROPULSION

(U) In the absence of engine manufacturers' engine performance computer
programs for 1995 engines, the Rockwell propulsion analysis program was used
to compute installed propulsion system performance, This program is basically
an engine cycle analysis program extended to compute overall propulsion sys-
tem performance, including inlet and noz:zle effects, Real thermodynamic
properties are included in curve fit form, All component characteristics,
including inlet and nozzle, are input in map form, The program is written in
FORTRAN and is based on the program developed under NASA Ames Contract NAS2-
2985, "Study of Performance and Weight Analysis of Air Breathing Propulsion
Systems for Hypersonic Aircraft." This computer program is capable of com-
puting performance and estimated engine weight, length, diameter, and exhaust
jet noise for several turbocycle engine configurations, including turbojet,
turbofan, and turbo-derivative propulsion systems, The program has been used
extensively to generate propulsion data for advanced study aircraft and to
optimize propulsion system performance,

(U) Inlet and nozzle/afterbody performance characteristics were estimated
using theoretical analyses and existing data from tests of similar config-
urations,

Low-Cost Concept Propulsion

(U) A propulsion system was selected and installed performance was computed
for use in the low-cost baseline aircraft. The following paragraphs describe
the procedure for selecting the propulsion system and the selected propulsion
gystem,

(C) Because this aircraft has no supersonic operational requirement, a pitot-
type inlet was selected, Inlets with ramps, cones, and/or variable geometry
offer no performance advantage in subsonic flight, and they are more complex
and heavier than pitot inlets,

(C) To select an engine cycle, weight and performance data at selected
conditions were computed for a range of mixed-flow engines, including
moderate-bypass-ratio augmented engines and high-bypass-ratio dry engines.
The Rockwell propulsion analysis computer program was used for these engines.
In addition, advanced versicns of existing engines were postulated. However,
no existing engines have the thrust characteristics required for these
vehicles., Preliminary estimates of thrust requirements indicated that for
penetration at mach 0.7, sea level, the thrust required would be approximately
40 percent of the thrust at sea level, static, takeoff., Ideally, this thrust
match can be achieved with a high-bypass-rutio (approximately 7) engine. The
high bypass ratio provides gouod SFC at cruise and penetration and low exhaust
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gas temperatures for low infrared (IR) signature, However, the diameter of '
this engine is then about 8 feet, approximately the diameter of the fuselage. y
The large engine face diameter causes a severe radar cross-section (RCS)

problem. Thus, in order to reduce the RCS problem, moderate bypass ratio

engines with augmentation were examined. (C)

(U) From engine design and maintenance viewpoints, it is desirable to have
turbines which require no cooling flow, Garrett AiResearch indicated that

the maximum turbine inlet temperature that could be used with no turbine
cooling flow would be 2,400° F for IOC in the year 2000, A higher temper-
ature is desired to minimize engine size, Therefore, the temperature was
increased (and high-pressure turbine cooling flow was added) to a point where
the low=pressure turbine inlet temperature was near 2,400° F; therefore, the
low=pressure turbine would not require cooling flow, Thus, the selected

cycle has a fan pressure ratio of 3,7, a bypass ratio of 1,7, an overall
pressure ratic of 35, and a combustor exit temperature of 3,000° F, This
cycle provides a good vehicle thrust requirement match and has no low-pressure
turbine cooling flow., The selected propulsion system has been designated
MF78-01, The engine characteristics and weight and dimensional data are
presented in Table 12, Component performance levels used are presented in
Table E-1, Installation effects are summarized in Table E-2., The engine uses
a variable convergent-divergent axisymmetric nozzle,

(U) TABLE 12. MF78-01 ENGINE CHARACTERISTICS (U)

Sea-level static, maximum power thrust, 1b .
Uninstalled 65,000 !
Installed 60,000 '

Design air flow, lb/sec 5§50

Bypass ratlo 1.7

Combustor discharge temperature, °F 3,000

Overall pressure ratio 35

Fan front face diameter, in. 58

Maximum diameter (at nozzle), in. 85

Overall length, in, 192

Center of gravity, in, from fan front face 74

Dry weight, 1b 5,400

UNCLASSIFIED

Minimum-Weight Concept Propulsion

(U) From a propulsion viewpoint, the minimum-weight concept propulsion :
system installation and thrust requirements are basically identical to those

of the low-cost concept, Therefore, the low-cost propulsion system and its i
performance were used for the minimum-weight aircraft,
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Minimum Penetration Time Concept Propulsion

(U) A propulsion system was selected and installed performance was computed
for use in the baseline minimum penetration time aircraft., The following

paragraphs describe the procedure for selecting the propulsion system and the
selected propulsion system,

(8) Because the maximum mach number is only 1.2, a pitot-type inlet was
selected, Inlets with ramps, cones, and/or variable geometry offer no per-
formance advantage for this airplane, and they are more complex and heavier

than pitot inlets, A 2-D plug nozzle with vectoring for pitch control was
selected,

(S) To select an engine cycle, weight and performance data at selected
conditions were computed for a range of cycle parameters for (1) multimode’
integrated propulsion systems (MMIPS), and (2) mixed-flow engines with
variable gecmetry, low-pressure turbines and variable geometry mixers (similar
to the General Electric variable area bypass injector (VABI) concept). While
MMIPS cycles were found to provide slightly better installed performance,
MMIPS cycle was not selected because of the complexity of the installation.
The Rockwell propulsion analysis computer program was used for these engines,
Preliminary estimates of thrust requirements indicated that for penetration
at mach 1,2, sea level, the thrust required would be approximately 45 percent
of the thrust at sea level, static, takeoff, From engine design and mainten-
ance viewpoints, it is desirable to have turbines which require no cooling
flow. (maximum turbine inlet temperature of 2,400° F for IOC in the year
2000), A higher temperature is desired to minimize engine size, Therefore,
the temperature was increased (and high-pressure turbine cooling flow was
added) to a point where the low-pressure turbine inlet temperature was near
2,400° F; therefore, the low-pressure turbine would not require cooling flow.
Thus, the selected cycle has a fgn pressure ratio of 3.4, a bypass ratio of
2,0, an overall pressure ratio 'bf 35, and a combustor exit temperature of
3,000° F, Combustor exit temperature is allowed to increase to 3,100° F
at mach 1,2, sea level, maximum power. This cycle provides a good vehicle
thrust-requirement match and has no low-pressure turbine cooling flow, While
some optimizing of variable low-pressure turbine and mixer areas was done,
the propulsion performance is not to be considered optimum, Some performance
gains should be realized by varying cycle, turbine, and mixer, The selected
propulsion system was designated MF78-02, The engine characteristics and
weight and dimensional data are presented in Table 13, Component performance

levels used are presented in Table E-3., Installation effects are

sumarized in Table 4. The engine uses a variable flap, expandable 2-D
plug nozzle,

.
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(U) TABLE 13. MF78-02 ENGINE CHARACTERISTICS (U)

PR———

Sea-level static, maximum power thrust, 1b
Uninstalled 62,250
Installed 50,400
Design airflow, 1b/sec 850
Bypass ratio 2.0
Combustor discharge temperature, °F 3,000
Overall pressure ratio . 35
Fan front face diameter, in. ” : 55 o
Maximum diameter (at nozzle), in. L1
Overall length, in. 192
Center of gravity, in., from fan front face 75
Dry weight, 1b (includes axisymmetric nozzle 5,450
aend 5% allowance for variable-geometry turbine
and mixer)
Axsymmetric nozzle weight, 1b 640 1
2-D nozzle weight, 1b 1,800 .
UNCLASSIFIED

Stealthy Concept Propulsion _ !

(U) Initially, it was desired to keep the engine diameter and inlet size
small for the stealth concept so as to minimize RCS. Therefore, the propul-
sion system performance data used on the low-cost aircraft were also used on

the stealthy aircraft. Nozzle weight was adjusted because the stealth air- ;
craft uses 2-D nozzles. :

(U) After the aircraft was sized, it was determined that the aircraft could
accommodate large~diameter engines and larger inlets, Thus, it is recommended
that additional studies be made incorporating high-bypass-ratio unaugmented
engines. These engines would reduce fuel consumption and significantly lower
IR signature (because of much lower exhaust gas temperature),

Laser Defense Concept

(U) The laser defense aircraft has thrust requirements similar to those of
the low-cost gircraft. Therefore, the propulsion system performance data
used on the low-cost aircraft were also used on the laser aircraft. Nozzle
weight was adjusted because the laser aircraft uses Z-D nozzles,
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AIRPLANE SIZING AND SENSITIVITIES

(S8) The "as-drawn' basepoint airplane for each of the five airplane concepts
was analytically resized toward the objective of obtaining the minimum gross
weight (or minimum cost) baseline airplane meeting the performance require-
ments of 5,250 nautical miles on the strategic mission and a takeoff distance
no greater than 6,000 feet. The baseline drawing do not reflect the results
of this resizing.

(S) Resizing was accomplished on each concept by exercising the Vehicle
Sizing and Performance Evaluation Program (VSPEP) for a matrix of thrust-to-
weight and wing loading values, and allowing the program to search for the
. gross weight in each case that satisfies the design mission range requirement,
} i Takeoff distance is also calculated for each point of the matrix, Both gross
‘ weight and takeoff distance plots versus thrust-to-weight (T/W) and wing load-
ing (W/S) were prepared and are presented in the following paragraphs, Several
takeoff distance requirement lines are cross plotted onto the gross weight
versus T/W and W/S curves, Since takeoff distance is the only performance
requirement other than design mission range, the thrust-to-weight, wing load-
ing, and gross weight may now be selected from this design chart for ‘the mini-
mum gross weight airplane to satisfy each of several takeoff distance require-
ments, The optimized baseline airplanes were selected for each concept for
a takeoff distance requirement of 6,000 feet, °

(U) Several design and mission sensitivity trades were performed about the
selected baselines for each of the five ISADS concepts., Parameters varied
consist of the following:

1, Takeoff distance requirement

2, Wing aspect ratio

3. Parasite drag

4, Drag-due-to-lift

5. Engine specific fuel consumption

6., Fixed equipment weight

7. Penetration mach number

; (U) In addition to the preceding items, the following parameters were also
varied for the low-cost and minimum penetration time (high "Q'') baselines:

1. Payload weight

SECRET
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2, Total low-altitude distance (maintalning total range constant at
5,250 and recovery distance constant at 500 nautical miles,
respectively) (U)

(U) All of the preceding trades except the takeoff distance requirement

trade were performed by independently varying the specified parameter and
exercising the VSPEP to resize the airplane to that gross weight required to
meet the 5,250-nautical-mile design mission range. Thrust-to-weight and wing
loading are held constant at those values selected for the baseline, The
takeoff distance requirement trade is plotted directly from the design chart
developed earlier. In this case, T/W and W/S are both variable and are equal
to those values yielding the minimum gross weight vehicle to meet the require-
ment.,

(U) The results of these sensitivity trades are presented in the following
paragraphs,

INTEGRATION AND TRADE STUDY RESULTS

(U) Herein, the final, sized baselines and their trade studies are presented.
The material is organized such that all data on one concept are presented
together,

LOW- COST SIMPLISTIC BASELINE

(U) Figure 66 summarizes the low-cost simplistic baseline, The major feature
of note is the high degree to which constant cross sections and flat-wrapped
skins are employed, The fuselage is constant in section for two-thirds of its
structural length., The wing has a unit taper ratio which can be employed by
using the forward-sweep composites technology. This gives a drag-reducing
elliptical 1ift distribution and allows identical ribs from root to tip,

TOGW: 312,600 LBS

WRUEL: 180,214 LBS
WPAYLOAD! 80,000 LBS

WING AREA! 1,830 FT

CANARD ANEAI 813 kT
THAUBT: 2 X 47,212 LB
LENGTH: 120 BT

SPAN: 121 #T

FLYAWAY COBT! $34.4 MILLION
MISRION || RADIUS! 3,043 N, M|
MISSION 111 LOITER: 330.1 MINUTRE

O CONITANT CHORL WINO SECRET
@ CONSTANT SECTION FUSILAGL

¢ NONSTRUCTURAL COMPOUND CURVIES

SHIGH LIFT-RIGHT COMMONALITY

© WAIST-LEVEL ACCESS DOORS

(8) Figure 66. Low cost simplistic baseline. (U)
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(U) Upper surface podded engines are used because (1) they allow reduced }if
landing gear height without fear of foreign object ingestion, and (2) this j
allows use of a drag-reducing, favorable pressure interference between the |
wing and nacelle, Only two engines are used to reduce production and maintenance
costs,

g R D

(U) The landing gear has several cost-reducing features, The main gears are .{}
identically left/right common, Also, the nose gear wheels, tires, and brakes 3
are common with the main gear. In addition, all gears retract directly with |3
simple pivot mechanisms, ol

The following advanced technologies are employed: gg
1, Supercritical airfoil

2. Aerodynamic surface coatings s;
3. Curved composite wing box &

4, SPF/DB titanium nacelles
5. Relaxed static stability and fly=by-wire gl

(U) Performance and sizing charts for the low-cost concept are presented in (!
Figures 69 and 70. The selected baseline airplane was chosen as having '}
T/Wo = 0,306, Wo/S = 165 psf, and Wo = 330,400 1b., This selection was i
revised, however, as a result of the wing aspect ratio trade, the results of ($
which follow, The final selected baseline is for AR = 8.0 and has T/Wo = 0,302
Wo/S =170 psf, and Wo = 312,663 lb,

1,880

w J “"l . "X . 12,008 \\\ ’

)A‘hl 11,000 .

7 KL I |
X2 BN \\\ |
- ;/A ﬁ ] poe N N ";
| T \\ \\ ~ {
; ps ' ; a0 h
i NN ' \\ W 4
" rom ] L
™ T ‘ 000 \\ ¥ (.‘
H |.O“t 1 b0
L —]i #1100 ey . . . by l
TR GHLN L2 L L e SECRET \
e SECRET (S) Figure 70, Low-cost takeoff '
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(S) TABLE 15.

Figires 71 through 74,
as sclected in the preceding.

(S) TABLE 14,

SECRET

Mission summaries for the strategic

CHARACTERISTICS (V)

Takeoff gross welght, b

Fuel weight, 1b

Wing loading, psf

Thrust-tosweight

Wing avea, sq £t

Wing aspect ratlo

Engine sire

Strategic misvion range, n mi

Theater misslon radius, n mi

Standoff mission patrol time, min

Takeof! distance, ft

(U) A sumary of airplane characteristics and performance for the selected
low=cost concept is presented in Table 14,
(design) mission as well as theater and standoff missions are presented in
Tables 15 through 17,

(U) Results of sensitivity trades for the low~-cost concept are presented in
These trades were performed about the bhaseline airplane,

SBLECTBD LOW-COST CONCBPT

312,003
156,214
170
o2
1,08
(]
788
5,250
3,943
31

0,012
SECRET

STRATEGIC MISSION SUMMARY FOR SELECTED LOW-COST CONCEPT (U)
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sl Total

lag Walpht Altttude Meed used Time hnnr AR
description (1) (1) No, {1h) (mn) (n min) n aln)
Inteia) woight 311,083
Narmpy 4 1.0, 0018 0 0,687 1,M0 1,00 [ []
Climd 103,68 15,507 L] 6,08 1,68 08,0 1000
Crulge 136,904 M0 B o, 10 Mo 3,800 .4 3,000.0
Periotrate 198,008 00 o LN H 120,13 1,000.4 4,000, 4
brep 140,108 00 30 v n [ 4,000, 4
Wi thdray 128,083 00 400 1,003 136,31 7%0.3 4,750,?
Cilmp 13N 10, A0 3, 15,8 it 4 [K 1IN
truine 1e,0% LI RS0 Han N 19,8 5,180,7
lalter 14,08 [ ¥ 1,008 30,0 [} §,280,7
Ronorve 100,449 [ 9 7,808 [} [} 1,180,
Totul fuel o J36,214 (b
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(8) TABLE 16. THEATER MISSION SUMMARY FOR SELECTED LOW-COST CONCEPT (U)

T T TR T e

el Total
leg Welght Altitude ‘Mach used Time nge range
deacription tih ey No, {1h) {min} {n min) {n minj
initinl welght 33,008
Wamiup & T.0, 09, R28 1} 0,007 2 A0 8,00 0 u
¢l 303,084 20,000 R Uiy 13,04 108, 8 108, 8
wruine MLITLES L ER \Rdd B8, 508 L IANA] 3,834.0 30434
{top 108,249 Jo,147 yIT] 1] 0 0 Ladsd
Lrilne 116,038 M7 880 Al,M 440,98 3,0d8,4 7,080, &
lolter 114,288 0 ) 2,648 .00 ] 7,880,8
Reserve 10,4y 0 0 ?,404 0 0 7,480 8
Total fuel = 130,204 1h g
i
1§
SECRET ;

ravnray

eaiiy

! : "_
(S) TABLE 17. STANDOFF MISSION SUMMARY FOR SELECTED LOW-COST .CONCEPT (U) ]
v 3
/ ;
.
! Tota) i
log Woight Altitude Mach uavd Time lunr range 4
description {im {ft) No, (i imin) (LR ILY] {n mn)
Initial weight 312,008
Warmap 4 1.0, b FA f (.1} 2,840 4,00 0 n
Climy AR 2] 000 I 0,00 13,08 106, 8 TN )
Gruise 247, , 32,078 Al 36,373 o LW 3,400,0
Matrol 191, 1238 10,005 AN 4R, 280 A\, 0n i 4h00,0 p
hrap 148,123 20,008 A4 o ] 0 3, M0,0
Climh 1db AR 4N, 7 N T 2,828 LI H] Ta.3 2,8%.) -
Crulae 1in, D 3,13 N 0,082 .8 ERTLN $,000,0 B
laiter 14,201 i ) 2,688 M,60 0 §,000,0 o
Roaerve 106,440 0 [ 7,012 0 0 3,000,0 .
Totul fugl = 188,214 Ih E:
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(U) Figure 71, Low=cost aspect ratio trade, (U)
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(U) Figure 72, Low=cost concept design sensitivities, (U)
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(S) Figure 73. Low-cost concept mission sensitivities, (U) )
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(S) Figure 74, Low-cost concept payload and low-altitude distance trades. (U) !
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Low=Cost Simplistic Concept Design Trades

© 23% TOGW INCREASE
OVER BASELINE

e TOAW = 2B5000 LS
Wpygt 70002 LIS
Weavioap * 80,000 LaS

THRUST: 1 X 35,138 LB

THIS REQUIRES 2 TANKS,
BACH 40 BT LONG, '8 FOOT DIA

UNCLASSIFIED

(U) Figure 75. Design trade - liquid hydrogen. (U)

(U) The most interesting design trade performed on the low-cost simplistic
concept was the application of liquid hydrogen (Figure 75). The following
vaiues were used to obtain the required tank size:

LH, = 0,0854 JP

Heat value LHy = 2,78 HVyp
Therefore require
2% additional HV required for LHj
Wiy, = 57,330 1b
Vol LHZ = 4,29 VOlJp

Wepy, = 0,367 Wrpp
SKCi, = 0.0367 SFCyp

\/ ™ 3
Volyy, = 14,937 ft

(U) This requires two Dewar flask tanks, each 40 feet long and 15 feet in
diameter. In spite of the greatly reduced fuel weight, the increased drag and
structural deadweight resulted in a 23-percent increase in takeoff gross weight.
This is primarily due to the denseness of the uircraft, The baseline wetted
area is very low relative to the gross weight, when compared to a transport-
type aircraft. For this reason, an increase in wetted area has a much larger
impact than in other aircraft which have shown to benefit from the use of
liquid hydrogen,
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\“’//{' REMOVE MANEUVER

— & SURFAGE | VARIABLE | LOAD

(/.\ ‘».\l BASELINE | COATINGS | CAMBER CONTROL VvCE
AY

g
‘rﬂ\\

voowias | swee | maae | sez0 | a0 | 304,000

WEUEL /LBS 194,214 | 171,00 152,760 149, 040 152, 000

WPAYLOAD 5, 000 50,000 %0, 000 50,000 50,000

THRUSTY 2040,202 | 2%30,150 | 2% 46,654 | 2% 45,043 | 2 46,000

UNCLASSIPIED
(U) Figure 76. Other design trade-Low-Cost-Simplistic. (U)

(U) Figure 76 summarizes the other design trades applied to the low-cost
simplistic concept. The aerodynamic surface coatings, basically a plastic
covering, were shown to have saved 20,000 pounds by their use on the baseline,

(U) Variable camber devices showed a marginal payoff of 3,000 pounds, This
would probably not justify their complexity, :

(U) Maneuver load control was able to save 15,000 pounds. This is fairly
substantial, especially since this technology is close at hand, The trade
study was run by recalculating structural weight with the load factor reduced
from 3 to 2 and then adding avionics weight, Further pursuit of this is
recommended,

(U) A variable-cycle fan engine (VCE) concept with a variable low-pressure
turbine and variable-area mixer was examined for use in the minimum-cost
simplistic baseline., The variasble~geometry features of this concept were
estimated to increase engine weight by 5 percent relative to a fixed-geometry
engine, It was found that takeoff thrust could be increased approximately §
percent by varying the geometry to reduce bypass ratio, Thus, no significant
improvement in engine thrust-to-weight ratio.is expected.

(U) Because the baseline engine for the all-subsonic aircraft has a moderately
high bypass ratio of 1,7, varisble geometry does not significantly improve
subsonic cruise and penetration specific fuel consumption (SFC)., It was found
that the VCE provided SFC reductions of 1 to 2 percent relative to the fixed-
cycle engine, This produced a weight savings of only 6,000 pounds which is
probably not worth the complication of a variable-cycle engine,
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TO0W: 192, 370 LM
WRUEL: 10810188
WRAYLOAD! 10,000 L

WAN: 100 FY

SLYAWAY COBY: 827.8 MILL
MISBION (| RADIUS: 3,934 N. Mt
MIBBION i1} LOITER; 238 MINUTES

o NO ROTARY LAUNCHER REQUIREMEN. T
SECRET ® FUEL & PAYLOAD DISTRIBUTED ALONG WING

¢ TWIN COMPOSITE WING BOXES OPTIMIZED
FOR TORSIONAL RIGIDITY

() Figure 77. Minimum-weight baseline. (U)

MINIMUM-WEIGHT BASELINE

(U) Figure 77 summarizes the minimum-weight baseline, This is a span-loaded
flying wing in which fuel and payload are evenly distributed along the wing

for greatly reduced bending loads. BEach air-launched cruise missile is carried
in a separate bomb bay, This breaks the natural wing torque box, requiring small

wing boxes fore and aft of the bomb bays which are optimized for torsiocnal
rigidity,

(U) The upper surface nacelles are again used for reduced landing gear height
and to obtain a favorable engine/wing pressure interference,

(U) Unlike most spanloader concepts, this one features a canard trimmer to
reduce the trim drag frequently associated with tailless aircraft. These
surfaces are canted downward sufficiently to allow them to be used as direct
side force controls, alleviating the landing approach path control problem

typical of flying wings.
(U) Winglets are used to reduce the high induced drag associated with a low-
aspect-ratio-constant-chord design, which was necessary to provide sufficient
chord length to accommodate the payload. This drag reduction is by comparison
to the same wing without winglets.

The following advanced technologies are employed:

1. Supercritical wing

2. Aerodynamic surface coatings
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(S) Figure 81. Minimum-weight take-off dlstance.
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3, Canard trimmer

4, Winglets

5. Composite wing boxes

6, SPF/DB titanium nacelles

7. Relaxed static stability, fly-by-wire (U)

(U) Performance and sizing charts for the minimum-weight concept are presentod l
in Figures 80 and 81, The selected baseline airplane was chosen as having

T/Wo = 0,282, Wo/S = 87,78 psf, and Wo = 292,570 1b, This selection

was influenced by the requirament that wing area be no less than the "as-drawn" !
area of 3,333 square feet needed to carry the payload within the wing, If

that requirement could be ignored (i.e., if the bombers were smaller) both

W/S and T/W would be increased,

(U) A summary of airplane characteristics and performance for the selected
minimum-weight concept is presented in Table 18, Mission summaries for the
strategic (design) mission as well as theater and standoff missions are
presented in Tables 19 through 21,

(8) TABLE 18, SELECTED MINIMUM-WEIGHT CONCEPT CHARACTERISTICS (U)

Takeoff gross weight, 1b 92,870
Puel weight, b 180,018
Wing leading, pef "
Thruststosweight RiH
Ning area, aq ft 3,333
Wing aspect ratlo 3
lingine size 087
Strategic mission vange, n mi 5,250
Thaater mission radius, n mi 3,034
Standoff mission patrol time, min 0y
Takeoff distance, It 5,0
SBCRET

(U) Results of sensitivity trades for the mission welght concept are presented
in Figures 82 through 84, These trades were performed about the baseline
airplane as selected in the preceding, Takeoff distance requirement trades

are presented both with and without the requirement that wing area be no less
than 3,333 square feet,
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PR (S) TABLE 19. STRATEGIC MISSION SUMMARY FOR SELECTED MINIMUM=-WEIGHT CONCEPT (U)
fugl Total
tag Noight Altitude Magh wed Tim Range fange
deseription [§13) ({3} No m min) (n wt) [LYTH]
Initial walght 0,800 .
wamp § 1.0, 00,08 0 0,044 3,0 $.n [} n
Climh us,0le w40 80 BT H 181} 181 s,
Gruise 0,084 M, Nt ad UM HLN FRTI N 00,0
Penatrate 119,71 H o 30,188 136,17 1,000:8 4,000,
Drop 180,11 00 i ] (1} [ 4,000,0
Fithiraw 109,24} oo 1§00 10,850 1380 130.8 4,7
Climp 108,143 9,3 1] 3,007 [T ] 1304 4, M1
Cruise 101,01 310,149 00 348 (111 Je 5,800
laitet 09,304 [} N HY [l o0 [} 5,804
Meserve nyne v 0 i 0 0 N
Total Awl o 180,016 Ib
SECRET
(S) TABLE 20, THEATER MISSION SUMMARY FOR SELECTED MINIMUM-WEIGHT CONCEPT (U)
' _
: el Totul
. Loy Welight Altitwde Mach uned Time Range runye
' deneriptlon (i 13 Na, t1h) {min) (nmi) th mi}
Intttul woight 2N, 870
Warmap & Tith 00,084 0 ttuld 3,403 §.00 0 ]
Glimh J83,038 24,878 JA80 082 14, 88 148,1 140,10
Ghulen 199,819 o, 0N AN LA 435, 3 3, 788,1 1,002
Drop 149,400 48,008 40 [} [i] ' 1] 3,034,2
Ciuive 10t,008 30,109 JA30 48,303 .18 50842 7,46d.d
. Lolter P, 30N 0 a8 3,407 30,00 [ 7808, 4
" Ronerve :1¥%4 0 i} 7,838 0 ] 7,868, 4
Total fuel o 150,818 1b
SECPET
(S) TABLE 21, STANDOFF MISSION SUMMARY FOR SELECTED MINIMUM-WEIGHT CONCEPT(U)
ftuel . Total
Leg Walght Altitude Mach used Time Range rahge
description {1b) (fe) No. {1b) {min) (n ni} tn m)
Initial weight 292,870
Warmup & T,0, 190,088 v 0.6 YL F §.00 0 (i}
tUlimh 3,000 18,87 880 7,004 18,80 140, e,
Crifee 238,338 3,26l 1880 34,001 %.08 43830 2,800,0
Mtrol 181,078 19,979 k1l 46,338 .00 Y 2,800,0
Brop 131,078 19,970 N1l ) )] [} 2,800.0
Glimb 120,130 48, 180 80 3,843 13,04 108,4 2,000, 4
Gruine 101,707 30,190 880 a7, 438 ML A 2,308 f,000,0
Lolter W, 300 0 4 ] 1,407 30,00 §,000,0
Rederve V), Th 0 0 7 ] §,000,0
Total Cuel o 80,818 b
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(U) Figure 84, Minimum-weight aspect ratio trade. (U)

(U) Minimum-Weight Concept Design Trades (V)
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(U) Figure 85, Minimum-weight baseline with rotary launchers, (U)
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(U) The first trade study on the minimum-weight concept dealt with the rotary
launcher requirement, Figure 85 shows this concept as originally drawn with

two rotary launchers, This concentrated the payload, eliminating the spanloader
advantage, and resulted in a very high takeoff gross weight, It was decided

in cooperstion with the Air Force ISADS program manager to relax this require-

ment for the minimum-weight category, which resulted in the span-loaded
baseline previously shown,

o MOUCED WING AREA & THICKNESS

o INGREASED ASPICT RATIO

o SINOLE LARGE WING BOX

o GREATER OUTDOUND ORAQ 100W 305,200 13
100,50 (3

WING CROSS SECTION

Woavioo %,000 1B
HRUST P X &0

o 1% TOQW INCAEASE
OVRR BASELINE

UNCLASS1PIED et

(U) Figure 86. Conformal weapons carriage. (V)

(U) As previously mentioned, internal carriage of payload in spanlosder
‘concepts forces the wing twisting moments into two small boxes rather than s
single, more efficient large box, A trade was therefore conducted in which
the weapons were curried externally, leaving a single, unbroken wing box
(Figure 86). This reduced the structural weight, but the increased drag

of the external weapons yielded a ret weight increase.

1]
To4we 289,800 In
Wp! 148,500 b

VoayLoap' 10/000 )b
Theustt 2 x40, 006 b

UNCLASSIFIED

Figure 87, Forward sweep design trade,
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(U) Since the forward-swept, constant-chord wing proved successful in the low-
cost category, it was applied to the spanloader concept (Figure 87). Some

reduction was obtained, but it was partially canceled by the luss of the |
winglets, which had to be moved inboard to retain the required tail volume.

o MIN WEIGHT BASELINE RESIZED ]
WITH NEW ENGINE !

o 28% TOGW REDUCTICON i
o NOT 15ADS MISSION

M
PAYLOAD w\w“:”i‘“\\m fl
RELEASE a0 o

‘w;on gﬁ?'=qxégiuu
TAK & \
ACC(L‘RA" WCLASS I F I !D NOTH! :c%.ﬂnm I'I‘z.;ﬂ CLiMB TO

(U) Figure 88, Cround effect. (U)

(U) A further trade was conducted by the application of ground effect, A
25-foot altitude (RMS), mach 0,55 mission was postulated (Figure 88), and the
minimm-weight baseline was reengined and resized, This produced the extremely
low takeoff gross weight of 210,000 pounds, but, of course, not for the ISADS
high=low~low=high mission, It was then imagined that the partial use of
ground effect could produce some proportional savings. This would allow the
aircraft to use ground effect over flat portions of its mission, but rising
w for cruise over nonflat areas, However, the optimal engine for a high-low-
low=high mission is very poor at mach 0.55 and 25 feet; therefore, weight
actually rose with ground effect usages, This is shown in Figure 89, aleng
with the effect of reengining a 100-percent ground effect aircraft. Mission
studies are recommended to determine if the ground effect concept can be
applied to a strategic penetrator,
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(U) Figure 89. Impact of occasional ground effect usage. (U)

\ ‘ ACTIVE LAMINAR

Y /] BASELNE | BT o VeE
TOGW/ po 292,870 271,760 204,000
WrUEL/ 5y 180,818 123,660 146,000
WpAYLOAD 80,000 £0,000 50,000
THRUST | 2 41,282 2 X 36,260 2X 39,900

UNCLASSIFIED

(U) Figure 90. Other design trades minimum weight. (V)

(U) Figure 90 summarizes other design trades which were applied to the minimum
weight baseline, The most interesting of these is active laminar flow suctien,
Despite a 10,000-pound deadweight penalty for the ducts and pumps, this trade
ylelded the substantial savings of 21,000 pounds, due to greatly reduced skin
friction drag, This does involve a high technical risk at the present time,
primarily due to ingestion, but should be pursued further,

) The same variable-cycle trade mentioned in the low-cost trades was applied
to the minimum-weight concept, This produced an 8,000-pound savings, which is
appreciable, but probably not worth the complexity of a variable-cycle engine,
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. TOGW: 881,080 LBS
WHUBL! 328,421 LBS

WPAYLOAD: 80,000 LBS

WING AREBA 2,789 BT?
THRUST: 4 X 41,30 8
LENGTH! 167.4 K3

MIBSION 1} HADI:Ull
MIBBION 1
® HIGH ASPECT RATIO FULLY SKEWABLE WING

© FLIUS ON BODY LIFY AT HIGH SPERDS
@ MULTIPLE CYCLE ENGINIS

F: U c
@ SUPINE COCKPITS FOR 'G' & VIBRATION TOLIRANCE SECRET

(S) Figure 91, Minimum penetration time baseline. (U)

MINIMUM PENETRATION TIME BASELINE
(C) Figure 91 summarizes the minimum penetration time baseline, This concept
is based on the fact that at supersonic speeds on the deck, most of the air-
craft drag is due to skin friction or wetted area drag., This concept minimizes
wetted area at high speeds by completely hiding the wing and riding on
supersonic body 1lift,
(U) Control is provided by a canard, a V-tail, and four 2-D nozzles. An
advanced fly-by-wire system is assumed, Supine cockpits minimize drag while
increasing pilot G-tolerance,
(U) Four engines are required to obtain the required thrust level, These are
advanced variable/multiple-cycle engines. (Refer to 'Minimum Penetration Time
Design Trades.')

The following advanced technologies are employed:

1, Surface coatings

2, Variable-skew wing

3, Variable/multiple-cycle engine

4, 2-D vectorable nozzles

5, SPF/DB titanium

6. Fly-by-wire, integrated propulsion controls
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(U) Performance and sizing charts for the minimum time penetrator concept are
presented in Figures 94 and 95. The selected baseline airplane was chosen
as having T/Wo = 0,30, Wo/S = 200 psf, and Wo = 551,880 1b,

(8) TABLE 22, SBLECTED HIGH "Q"' PENETRATCR CONCEPT CHARACTERISTICS (U)

Fabeod | gl ety Hl A84,A80
fuel woight, Ib MA L
wing todding, pad 2
Thetine <o el ght N
Wing atery w1 R 11

WHI aspen t o [0}

Vgt At w2
by WEAN oD e, Bomg el
Phenter miaa o ¥wsdiusg, o m [N
Shedot s Ml e hon patrol time, min A
Laheal't distanee, It ot
SECRET

w A summary'of airplane characteristics and performance for the selected
minimun time penetrator concept is presented in Table 22, Mission summaries

for the strategic (design) mission as well as theater and standoff missions
are predented in Tables 23 through 25,

(U) Results of sensitivity trades for this concept are presented in Figures 96

through 99. These trades were performed about the baseline airplane as
selected in the preceding.
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(S) Figure 94. High "Q' penetrator design chart. (U)
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(8) Figure 95. High '"Q" penetrator take-off distance. (U)
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(S) TABLE 25, THEATER MISSION SUMMARY FOR SELECTED HIGH "'Q' PENETRATOR CONCEPT (U)
LY Total
leg Welght Altitude Much uted Time Range range
- Description 1h) (ft) Na, [41))] (min) (n mi) {n M)
Initial weight 881,080
Warmup § T.0, 3da, 891 0 0,788 4,009 S0 0 0
Climb Bd1,481 30,010 A B0 5.4 44,2 4,4
Cruine 387,354 30,389 A30 L4, 147 883,77 4,800,8 4,000,8
Drop Y, 4 30,849 ¥l 0 0 ¢ 4,600.0
Crulse 197,411 42,03 N1 100,024 587,72 4,600 .4 9,313.0
' Lolter 193,748 0 308 4,803 30,00 0 9,213, '
{ Rewarve 170,489 0 0 10,209 0 o 0,130
Total fuel » 328,421 1b
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Minimum Penetration Time Design Trades

1400
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PENCTRATION MACH NO,
(S) Figure 100. Design trade minimum penetration time concept. (U)

(U) It was originally intended to use an advanced turbojet as the baseline
engine for this concept, with a variable-cycle engine to be used as a trade
study. However, the initial sizing cxercise quickly revealed the impracticality
of this approach (Figure 100). The turbojet aircraft welghs almost 9 millien
pounds, which is totally unacceptable, Therefore, a variable/multiple-cycle
engine comparable to the engine discussed in the paragraphs on low-cost trades
was employed on the baseline,

(U) Also, the Rockwell multimode integrated propulsion system (MMIPS) was
examined for this aircraft. A MMIPS could provide SFC improvements of
approximately 3 percent at subsonic cruise and at penetration relative to the
VCE baseline, This would be achieved by using & fan engine with a higher bypass
} ratio, approximately 2,5, sized for subsonic cruise, and sizing the turbojet

1 for takeoff and penetration, The MMIPS weight would be approximately the same
as the VCE baseline because the significantly higher takeoff specific thrust
of the MMIPS would allow smaller engines, While SFC is extremely important in
1 the minimum time penetration aircraft, the modest improvement the MMIPS offers
i tends to be offset by the complexity of the installation, Thus, the MMIPS was
not analyzed further, '
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(S) Figure 101, Stealth baseline. (U)

STEALTH BASELINE

(U) Figure 101 summarizes the stealth baseline, This concept features reduced
radar, infrared, and visual observables,

(U) Radar cross section is reduced primarily by geometry, Extensive use of
radar-absorbent material (RAM) is not required, since the featureless flat top
reflects away any radar scaaning from above, This flat top is provided by the
use of a supercritical airfoil,

(U) The flat-wrap leading edge windshields are gold flashed to simulate the
rest of the wing, This leading edge is swept back 45 degrees to reflect away
any radar scanning from the forward hemisphere, Flush inlets with long, curved
ducts totally hide the forward engine fact while a plug nozzle hides the aft
engine face, Small ventral verticals use some RAM surface coatings to minimize
intersection return,

(S) Infrared signature is reduced by a slow penetration speed (mach 0,72)
and cooled plug nozzles,

(U) Visual signature is reduced by the lack of shadow~causing features and the
extreme smallness of the concept. At 76,7 feet long, it is only half the size
of the B-1, This is accomplished by the large intemnal volume available in a
thick, supercritical flying delta wing,
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¥= The following advanced technologies are employed:

1, Supercritical wing

3. Advanced composites

4, SPF/DB titanium

e Rt it A

l
!
|
' 2, Aerodynamic surface coatings
|
' 5. RAM, canopy gold flashing

i | 6. Cocled-plug 2-D nozzle
7. Fly-by-wire, relaxed static stability (U)
(U) Performance and sizing charts for the stealth concept are presented in

Figures 104 and 105. The selected baseline airplane was chosen as having
T/Wo - 0.33, Wo/S = 92 psf, and Wo = 302,396 1b,

(U) A summary of airplane characteristics and performance for the selected
stealth concept is presented in Table 26, Mission summaries for the strategic
(design) mission &5 well as theater and standoff missions are presented in
Tables 27 through 29,

tS) TABLE 26. SELECTED STEALTH CONCEPT CHARACTERISTICS (U)

Takeof'f groms weight, 1b 302,300
Rugl weight, b tod, 082
Wing leading, paf n
Thrust-to-weight W33
Wing ares, sq 't 3,387
Wing aspect ratto R
tingine size 814
Strategic migsion ronge, nomi 5,380
Thwater misslon rodiug, n mi Lol

Stamlott misajon patrel time, min

Tuheol' Jlstasee, 't [
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. (S) Figure 104, Stealth Design Chart. (U)
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(S) TABLE 27. STRATEGIC MISSION SUMMARY FOR SELECTED STEALTH CONCEPT ()]
Fue! Total
Leg Weight Altituds Mach used Time Range range
description (ib) (fe) No., (1) {min) (n min) n min)
Initial weight 02, 396
Warmgp & T.0, 209,304 0 0,708 3,002 5.00 0 0 ’;
Climb 204,949 22,201 . 850 4,445 8.42 08,5 68,8 L
Cruise 210,992 20,3% L850 77,987 348,60 2,93L.8 3,000,1 '
: | Panetrate 178,087 200 , 120 38,936 126,24 1,001, 4 4,001,8
Prop 128,087 200 % 0 0 v 4,001,8
Withdraw 106,374 00 ,500 11,682 136,34 7%1.0 4,752,8
Clinb 103,636 47,138 080 1,738 8,64 88,9 IN W
! Crulsy 8,890 48,220 N1 5,047 53,05 4311 8,282.3 I
Lotter 8,758 0 , 200 2,838 30,00 ] 5,252.8 :
Reverve 8,504 [ 0 8,241 i} ] 8,828 i
Total fusl » 104,883 1b J}
' SECRET 3
!
! (S) TABLE 28. THEATER MISSION SUMMARY FOR SELECTED STEALTH CONCEPT (U) ;
Fuel Total 7
Leg Weight Altitude Mach used Time Range range 7
description (1b) (£t) No. (1b) (min) (n min) (n min) ]
3
Initial weight 30z, 396 K
Warmp § T.0. 299,394 0 0.708 3,002 5.00 0 0 !
Climb 294,949 22,201 . 850 4,445 8.42 68,5 68,5 f
Cruise 200,438 32,062 880 94,511 435,30 3,678.8 3,747.3 ¥'
Drop 150,438 37,124 . 850 0 0 0 3,747.3 i
Cruise 98,588 48,303 . 850 51,350 461,17 3,747.3 7,494.6 4
Loiter 95,753 0 280 2,835 30.00 0 7,494.6 f
Reserve 87,514 0 0 8,239 0 0 7,494.8 i
1
Total fusl = 164,882 1b ;5
SECRET ;
(S) TABLE 29, STANDOFF MISSION SUMMARY FOR SELECTED STEALTH CONCEPT (U) 3
Fual Total ,3
Lag Walght Alti tude Mach used Time Range range é
deseription (1b) (ft) No, {1b) {min) {1 min) {n min) p
Initial weight 302, 396 i
Warmp & T.0, 299,394 0 0,708 3,002 $.00 0 0 ;
Climb 204,049 212,202 B30 4,445 8,42 68,8 88,5 :
Cruise 228,800 28,078 850 66,143 285,05 2,431.8 2,800.0 )
Patrol 182,158 19,689 .582 d6,648 280,92 0 2,500,0 i
Drop 152,154 19,889 .582 0 0 0 2,800,0
Climb 130,409 40,278 . 850 1,748 5.81 45,2 1,545,2
Cruise 98,598 48,232 880 3,81 l02.41 2,454.,8 §,000.,0
Loiter 98,763 0 290 2,838 30.00 0 §,000,0
Ressrve 87,514 0 0 8,249 0 0 §,000,0
Total Euel = {64,882 Ib
SECRET
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(U) Results of sensitivity trades for the stealth concept are presented in ‘d
Figures 106 through 108, These trades were performed about the baseline airplane N
as selected in the preceding,

v_ R

.J-
330k :
Rpgs ™ 50250 n nl
325f T/Wo = 0.33
Wo/S = 92
M° 320p=
X 315
2
, 310
§ 305}
= Baseline
3004
295~ UNCLASSIFIED

L L
290 ) #—#———ﬁ—. . . ™S

(U)) Figuré 106, Stealth aspect ratio trade. (U)

380,
RpES = 5,250 NM
wob 1w % 4wt
Wis » 920
4Cpp
1.0.G. W,
(Bs, X 10% atp
300
80
20
UNCLASSIFIED
2'0 | | ] 1 | { | 1

12 -2 4 0 4 ] 12 16 20
PERCENT CHANGE OR DELTA WEIGHT (1,000 LBS.)

(U) Figure 107. Stealthy concept design trades. (U)

UNCLASSIFIED

150




P R ]

e’

-4 0

i d ks

%0 ~
L - MpeN
Wk, 4
nocw LIS
(L8s, X 109
0 Roes « 8,2% NM
m -
m e
-]
20 F
s 1.0, DISTANCE
10 et RPN S ML EREE
TAKE=OFF DISTANCE (FT, X 10%) , ) .
Y S S M S RN R % O W J
PENETRATION MACH NUMBER SECRET

(S) Figure 108. Stealthy concept mission trades. (U)
Stealth Concept Design Trades

(U) The most interesting trade study on the stealth concept was a totally
nuclear-powered configuration, N
(U) This nuclear aircraft would have enough fuel for the reactor to perform
extremely long endurance missions. Any combination of altitude and mach
number within the thrust and structural limitations of the aircraft could be
continued indefinitely. This would greatly increase the flexibility in the
choice of missions and also allow the flight crew during a given mission to
modify the mission profile, as required. Flight to and from the target area
could follow a highly evasive course. High-speed missions at low altitude
which normally are fuel-limited could be conducted for indefinite periods.
The aircraft would fly at a constant gross weight which permits superior
optimization of aircraft parameters.

o+ INDINECT CYOLE TURBOPANG
ENQINE CONGEPTS
o DUAL REDUNDANT REAGTORS
o INBNITE RANGI ' l " " I w
¢ NO JP FUSLE HHUILDING QROUND AUGMANTED ALL PIXED
* LOWER IN IMIBJION THAN coss mATE | 1 Rammm | on mammm | 1 mamn | o8 nEmR
¢ NUGLEAR BIONATURE?
pIACTOR WT.| 1ma | 1mm mevs | as000
WNaINE W, 10029 20024 nm 3030
INST. WT. “ame “n pre [
THRUIT! 2x me 1700 somes | 1080
\ A0 TOGW 1000 | 2M0000 | 400000 | #4000
TURBORANS
REACTORS
L TR (A UNCLASS IFIED | PAVLOAD LB 0,000 L3

SHIILD

(U) Figure 109. Nuclear powered stealthy. (U)
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v Figure 109 sunmarizes the four nuclear engines considered and diagrams
their installation. Note that the crew shield extends all around the crew via
shielding in the aircraft skin, not shown,

(U) An in-depth discussion of the nuclear engines used is contained in
Appendix E., Basically, all are indirect-cycle nuclear turbofans using high-
pressure helium as the heat transfer medium. They differ according to
allowable radiation exposure dose rates and the use of ground-augmented (or
removable) shielding.

(U) As evident by the indicated takeoff weights, these concepts are within
reason, FEngine concept 2 provides a very reasonable takeoff weight at a very
low radiation dose rate, and the required ground shield handling truck just
replaces the unneeded fuel truck,

(U) However, it must be realized that the decision to build a nuclear-powered
aircraft will be primarily political. The goal is to build a strategic system
which will deter aggressiocn, and that requires that the system be built,
Therefore, this approach is not recommended unless it can be shown to be the
only viable one, or overwhelmingly the most cost-effective solution,

ACTIVE
REMOVE LAMINAR
SURFACE | FLOW
) | BAstLINE | COATINGS | _sucrion vt
TOOW /L85 302,39 324,800 m, 40 203,000
WEUEL 1LBS 164,882 183,190 131, 780 139, %0
WPAYLOAD 0,000 30,000 %, 000 30,000
THRUST 2x49808 | 2xm892 | 48T | iX4400
UNCLASSIFIED

(U) Figure 110. Other design trades stealthy. (U)

Figure 110 shows the additional trade studies which were performed on the
stealth baseline. As before, the surface coatings saved about 20,000 pounds.
Active laminar flow suction, despite a 10,000-pound deadweight penalty, saved
25,000 pounds, The variable-cycle engine installation only saved 9,000 pounds.
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(S) Figure 111. Defense laser baseline. (U)
LASER DEFENSE BASELINE

(5) Figure 111 summarizes the defensive laser baseline concept. The laser is
a 1.5-megawatt EDL system capable of 60, 2-second bursts. The device, pro-
jector, tank farm, and electronics weight 16,000 pounds, which is based on
projecting today's technology to the year 1995, The projector is in the very
aft end of the aircraft to provide easy access and a good field of fire. The

turret is on a pop-through mounting so that it can cover almost a 360-degree
sphere,

(U) The aircraft uses four small engines to reduce blockuge of the field of
fire and has 2-D nozzles for pitch trim and control, Winglets provide
directional stability while reducing drag.

The following advanced technologies are employed:

1. Supercritical wing

2, Aerodynamic surface coatings

3, Winglets

4. Composites

5. SPF/DB titanium

6. Relaxed static stability, fly-by-wire
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(U) Performance and sizing charts for the laser defense concept are presented
in Figures 114 and 115, The selected baseline airplane was chosen as having
T/Wo = 0,324, Wo/S = 101,5 psf, and Wo = 340,808 1b.

380

T, = 6,000 ft

360

Selected

LT

32

ToGW - Ib x 103

3%

280

260 Rpgs @ 5/250 n ml
SECRET
2“0 ] 1 1 4 I " j
0.20 0.22 0.24 0.26 0.28 0.30 0.32 0.3 0.36
7
(S) Figure 114, Laser defense design chart. (U)
12,000
11,000
R s §,250 n m!
10,000 ofs 7
& 9,000
]
i 8,000 b
"
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A w/s e 110
9 ¢,000fm
i W3 s 90
5,000 |
4,000 SECRET
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(S) Figure 115, Laser defense takeoff distance. (U)

SECRET
157

el




EIRE L o S 2 e

SECRET

(U) A summary of airplane characteristics and performance for the selected
laser defense concept is presented in Table 30. Mission summaries for the
strategic (design) mission as well as theater and standoff missions are
presented in Tables 31 through 33.

(S} TABLE 30. SELECTED LASER DEFENSE CONCEPT CHARACTERISTICS (U)

Tahvoff gross weight, 1th , 40, HOR g
Fuel weight, 1b 109,718
Wing loading, psf 101, 8 e
Thruststosyeight 324 :
Wing uren, sq ft RPREY]
Wing uspeet ratio 4,0
fingine size Ldbo
Strategic mission range, n mi 5,280
Theater misslon radius, n mi 3,027
Standof mission putro! time, min 13-
TukeolT distunce, ft 5,059
SECRET
(U) Results of sensitivity trades for the laser defense concept are presented
in Figures 116 through 128, These trades were performed about the baseline
alrplane as selected in the preceding.
(S) TABLE 31, STRATEGIC MISSION SUMMARY FOR SELECTED LASER DEFENSE CONCEPT (U)
Puel Total
leg Weight Altitude Mach used Time Range range
description (1h) (ft) No, (1) (min) (n min) (n nin)
Initial weight 310,008
Warmp § T,0, 337,406 n 0.6M2 3,3 5,00 0 0
Climb 331,013 PR H B 5,873 .42 "we 0.6
Lruise 156,200 M, 310 '8 72,0% 383,54 3,010.4 3,000.0
Permtrate 215,008 200 V120 43,042 120,14 1,000,8 4,000,6
Drop 308,608 0 740 0 ] 0 4,000.4
Nithdraw 141,882 00 U0 24,100 136,23 7h0.4 4,750,9
Climb 137,97 47,000 880 3,788 10 98 8,8 4,080
Crulse 132,816 45,080 080 | RL1 30,88 132 5.250.9
Loitey 140,508 0 . 204 . %047 a,00 0 §,350.9
Resarve 131,000 0 0 8,470 ] [ §,200.9
Total fuel = 169,718 1b
SECRET
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' (8) TABLE 32, THEATER MISSION SUMMARY FOR SELECTED LASER DEFENSE CONCEPT. (U)
- Fuel Totai
Leg Weight Altitude Mach used Time Range range
description (1b) (£t) Ne. (1b) (min). (n min) (n min)
Initial weight 340,808
Warmp § T.0, 337,486 0 0.672 3,321 5.00 0 0
Climb 331,613 28,952 .844 5,873 11.12 89.6 89.6
Cruise 23,558 35,963 ,84d 92,055 467.88 3,837.5 3,927.1
Drop 189,558 35,963 .B44 0 0 0 3,927.1
Cruise 132,616 48,642 ,850 56,942 484.98 3,927.1 7,854.2
Loiter 129,569 0 .294 3,047 30.00 0 7,854.2
Reserve 121,000 0 0 8,479 0 0 7,854,2
Total fuel = 169,718 1b SECRET
] (S) TABLE 33, STANDOFF MISSION SUMMARY FOR SELECTED LASER DEFENSE CONCEPT w
: Fuel ' Total 3
4 Leg Weight Altitude Mach used Time Range range y
descripeion (1ib) (fe) No (1b) (min) (n min) (n min) #
Initlal welght 340,808
Warmup & T.0, 337,486 0 0,672 3,321 5.00 0 0
Clinb 331,613 28,082 W44 5,873 11,12 89.6 8.6
Cruise 270,578 33,376 844 61,040 292,20 2,410.4 2,500,0
Patrol 218,482 19,980 . 560 2,090 337,54 1] 2,500.0
_ Drop 168,482 19,980 L8560 0 0 0 2,500.0
3 Climk 165,869 43,704 .8dn 1,614 8.50 7.7 2,567.7
4 \ Crulse 132,628 48,631 ,880 13,240 200,04 | 2,432.3 5,000.0
' Lolter 120,881 0 294 3,047 30,00 0 §,000.0
Reverve 121,000 0 0 8481 Y o 0 §,000.0 ;
t R
é_ u Total Fusl = 169,718 Ib SECRET i
] .
,_ Roes + 320 nM 45K
. 40 TIW .32
3 Wis « 10L5
3 II:BOQO.W. awt
o« 30
3 X 10% 4Cop 1
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é 0
' UNCLASS IFIED
i 1 4 [l 1
b 0 o 1 0 ] . ‘h
PENCENT CMANGE OR ODELTA WEIQHT (1,000 LBS.)
(U) Figure 116. Laser defense concept design trades. )
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(U) Figure 118, Laser defense aspect ratio trade. (U)

Laser Defense Concept Design Trades

(U) No specific trade studies were conducted on the lasexr defense concept.
Note that allowances for laser systems weighing other than 16,000 pounds can

be made by reading the gross weight as & function of change in deadweight in
Figure 116,

- (U) Also note in the same figure that removing the laser entirely (delta
weight = -16,000 pounds) produces a takeoff weight of about 280,000 pounds,
This is less than the weight of the minimum weight concept and is due to the
use of four rather than two engines, This reduces the total excess thrust
carried to allow one engine-out performance, which, in turn, improves the total
cruise fuel consumption, However, this incremses cost and complexity, For this
reason, an engine number trade study is recommended for follow-on work,

SECRET
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Section IV

COST STUDIES

(U) Life cycle costing (LCC), which encompasses development, production,
support investment, and operations and support costs, has become an integral
part of system programs at all levels of development, Inclusion of LCC in
the ISADS program at this conceptual design level has contributed signifi-
cantly to the value of the study. In addition to providing a common denomi-
nator for comparing configurations and supporting trades, LCC's were used as
a design parameter for identifying cost drivers and as a first-order design-
to-cost goal for the next-generation strategic penetrating bomber.

(U) LCC estimates were prepared for each final design configuration in
accordance with a set of costing guidelines, as follows:

1. All costs are in constant FY 1977 dollars without allowénce for
future escalation or inflation.

2, There are four flight test airplanes, with any other airplanes
used in flight test being refurbished and becaming production
articles. There are 200 production airplanes.

3, LCC's are calculated for 15 years, There are 15 unit equip-
ment (UE) per squadron and 400 flying hours per UE per year,
Only peacetime costs are considered.

4, Fuel costs are $0.44 per gallon, and the sensitivity of LCC
to 50~ and 100-percent increases in fuel cost is shown.

(U) The LCC of the configuration was developed using three costing models
that address research, development, test, and evaluation (RDTGE); production
(PCM); and operation and support (FCOST), The RDTGE model uses cost-
estimating relationships (CER) for engineering, fabrication, and test to cal-
culate all of the costs for this portion of the total L.CC, The PCM is a
statistical/parametric model used to develop production costs for advanced
gircraft systems where only general weight, geometric characteristics,
material, and fabrications process data are available, Both the RDTEE and
the PCM incorporate equations similar to those developed by Rand to estimate
respective propulsion costs, The FCOST model uses CER's based on similar
operational aircraft to calculate the operaticn and support cost nf the air-
craft force over a specified period of years, It also adds all costs for

the total LCC summary when so directed. The costing models were validated
using the B-1 as a source of input, including the 240 aircraft buy size, The
output values forthe B-1 are given in Table 34 together with the June 1977
System Acquisition Report (SAR) values for comparison,
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(U) Certein B-1 program cost data were used directly or as a basis for
developing portions of the ISAD design LCC estimates, Specifically, in the
RDT8E those costs allocated to the B-1 for advanced development tasks, pro-
gram development tasks, and other government costs are not generated in the
costing model., These costs, assumed equal to those for the B-1, have been
added to RDTEE for all configurations under the heading of ''other,"

(U) The PCM accounts for recurring and nonrecurring costs as they apply to
the airframe and its associated systems, with the exception of propulsion
and avionics, Therefore, the B-1 costs for nonrecurring and for sustaining
engineering on these two systems have been included in the unit flyaway cost
category, "other,' for each of the five configurations.

(U) The cost of the laser that is carried on the laser defense configuration
was not included in the cost of that aircraft, This decision was based on
the uncertainty surrounding laser design, the technology improvements that
would be difficult to include in the RDT8E costs, and the stated objective

of the study which is directed at the technologies of aircraft aerodynamics
and innovative design,

(U) Calculations for the l5-year operation and support (08S) costs generally
were based on B-1 values, as follows. A ratio of the unit flyaway cost of

each configuration to the B-1 was used to develop the annual values for depot
maintenance (both cost per UE and cost per flying hour), the cost of common
operational support equipment (OSE), and the cost of replenishment spares,

The base material cost of the B-1 was used as a constant for all configurations,
Maintenance man-hours required per flight hour for the B-1 were adjusted for
each configuration according to recognizable differences in the quantities or
types of systems, These were used by the model to calculate manning and related
requirements, The avionics RDTEE and production costs used for'the five config-
urations were based on the avionics costs of the B-1, The assumption was made’
that improved capabilities would be required for the ISADS avionics that would
require a comparable expenditure, Adjustments were made for the avionics costs
of two configurations. The high penetration speed of the '"Minimum Penetration
Time' configuration was assumed sufficlent to eliminate the need for ECM in the
rear quadrant, and the cost was changed accordingly. The ''Laser Defense' con-
figuration avionics costs were increased in proportion to the additional weight
required for the laser fire control avionics.

(U) A summary of the more significant of the costs generated by these models
is given in Table 34, The empty weight velues of the five are also given at
the bottom of each column, together with a ratio of the configuration empty
weight to the B-1 empty weight, These added data were considered important

in answering the obvious question, ‘‘why are these unit flyaway costs so low
compared with the cost of the B-1?'" which would be approximately $60.5 m for an
equivalent 200-unit buy size. The answer is that weight is the prime cost
driver, and the 1SADS designs are generally lower weight than the B-1. This
fact is reflected in the final line on Table 54 where a flyaway cost ratio of
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the ISADS configurations to the 200-buy B-1 ($60,5 m) indicates the same gen- 3
eral relationship as the weight ratios. The complete set of costs for the 1
five configurations that were generated by the cost models have been included

as Appendix F to this report.(U)

(U) The impact of the simplistic aspects of the low-cost design (viz, constant
chord and rib shape for the wing and canard and the constant fuselage frame
section for over 50 percent of the length) was reflected in the acquisition
costs, Data were extracted from the PCM output and used to develop a break-
down of the various costs of the vehicle, as shown in Figure 119. The left
column is according to the WBS format, The middle colum aggregates costs
differently so that costs that could be affected by the simplistic design
could be assessed, The right column is a breakdown of the manufacturing

labor costs, normalized, as they apply to the varicus parts of the aircraft.

As shown, the hours attributable to the fuselage are the largest for structure,
Consider that while the shape of the fuselage frames at different stations
might be the same, the number, and therefore the amount, of handling and
manufacturing tasks remain almost the same as for a nonuniform fuselage. Even
if a savings of 10 percent is realized in the fuselage manufacturing labor
costs, the change to the unit cost will be less than 1 percent. The point
here is that simplifying the design will help lower the cost, but there are
other considerations beyond the scope of this study that may be more signi-
ficant, (U)

(U) TABLE 34, COST METHOD VALTDATION AND ISADS CONFIGURATION
COST BREAKDOWN (1977 § M) (U)
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(U) Figure 119. Air vehicle cost breakdown (low-cost configuration) (U)

(U) Another examination of the low-cost configuration considered the impact
of using aluminum instead of titanium in all but the hot section of the
nacelles, Figure 120 depicts the change in the structural cost brought about

by this change in material, It amounts to about 4 percent. Equal weights .
of both materials were assumed, R
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(U) Figure 120, Material trade (low-cost configuration). (U)

(U) A sensitivity analysis was conducted to determine how changes to the

performance requirements would affect aircraft weight and, therefore, cost,
The low-cost and minimun-penetration-time configurations were examined, and
the results were compared in terms of relative performance versus relative
cost, The advanced design sizing model was used to develop changes to the
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weight of the alrcraft as a function of changes to the payload, penetration
distance, and penetration mach number., The results of this analysis are
depicted on Figures 121 and 122 for the two configurations, It should be rec-
ognized that the curves reflect the trends rather than absolute relationships
because the configuration designs were not optimized for the differences;
rather the aircraft were grown or shrunk according to the performance para-
meters. Figure 123 compares the cost-performance trend of the two configura-
tions for the penetration distance variable, where the higher speed aircraft
is more seriously affected. (U)
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(U) Figure 123. Air vehicle performance versus cost comparison
(penetration distance variable). (U)
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(U) Consideration of these trends of cost-performance relationships points
out that the operational reyuirements that are imposed on a design liave great
impacts on the final cost of the aircraft, Competent contractors exercise
control where feasible, but the percentage margin they have to work with is
not very large. This 15 illustrated by the relatively small span of unit
flyaway costs sumarized in Table 34,
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FUEL COST IMPACT

(U) One of the requirements of the study was to determine the impact of fuel
cost on LCC, assuming a fuel cost of $0.44 per gallon as well as values 50 and
100 percent higher, The results of this analysis are shown in Figure 124, When
the fuel costs for 15 years of operations are compared with total O8S costs, the
percentages range from 14,2 percent at the low end of the laser defense line

to 39,2 percent at the upper limit of the minimum penetration line. Such a
large cost factor must be carefully considered in future aircraft studies,
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(U) Figure 124. Fuel cost impact on LCC. (V)
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Section V

PROGRAM PLANNING

INTRODUCTION AND SUMMARY

(V) The program plan portion of the ISADS final report is divided into three
sections, The first section, "Advance Technology Schedules,' inciudes back-
ground material relating to all advance technology subjects considered in the
ISADS program planning task, It also includes ''lead-in'" program schedules for
selected advance technologies,

(U) The second section, '"Master Program Schedules - Technology Advancement/
Configuration Definition," contains summary schedules which depict the mile-
stones, activities, and time required for each of the five ISADS design con-
cepts, from the present time to RDTSE go-ahead,

(U) The third section, '"Master Program Schedules - RDTEE/Production,"
includes detail schedules which highlight the milestones, major activities,
and time required for each of the five concepts, from RDTGE go ahead through
delivery of the final production aircraft.

(U) Figure 125 summarizes the considerations followed by Rockwell in
establishing the ISADS program plan.

(U) Figure 126 sumarizes the total program schedules for the five baselines.

ADVANCE TECHNOLOGY SCHEDULES

(U) The 50 advance technology subjects considered in the ISADS progtum
planning task are 1isted in Table 35, Category A items are recommended as
separately funded advance technology lead-in programs which shauld be sub-
stantially completed prior to Milestone II. Some category A items are follow-
on efforts to ongoing research programs, Lead-in programs are not required
for Category B items. In these cases, it is estimated that sufficient time
will be available to explore the required technology concurrent with applic-
able full-scale englneering development programs.

UNCLASSIFIED
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(U) Table 35.
ISADS TECHNOLOGIES (U)

Number Technology Cutegory
Propulsion
101 Current engine B
102 Variuble-cycle engine A
103 Multimods Integrated propulslon system A
104 Nucloar A
105 Advanced conventlonal engine A
16 Turbo prop B
107 Ratio B
Fuels
108 Ly A
109 Slush H B
110 JP (Adv§ B
1n Shelldyne B
Nozzles
112 Nonaxial notiles B
Lontrols
1 Integrated propulsion controls ]
04 2-D vectorable A
03 Structural mode controls B
04 Reluxed static stability B
208 Manetiver load control B
206 Actlve Flutter suppression B
207 Guat alleviation ]
Jog tly hy wire [}
Averoynamice
301 Boundary layer control B
302 Surfuce voutings A
303 Advanced supercritical wing B
30d Nonplunar wing B
los Advanced variable cambur B
30» Coplanar wing A
174 Blonded wing-body B
Jog Porward wing sweep A
309 Skowed wing A
310 Variable sweep B
i Ground effect A
Structures/materiuls
4nle1 Advanced compoyi tos A
401-2 " Mvanced compositos A
401-3 Advanced composites A
402-1 Metalllc mutorial A
402-2 Metallle material A
4023 Metalllc matervial A
403 Metal matrix A
J04 Aeroelustic talloring A
408 Nour-net Jdiffusion bonding B
408 Superplustic forming/dlffusion hending A
07 Poriodic wlot array radone A
low Ohwervables
LU Planar rotreating surfaces 8
502 linglne face obscuration Jduvives A
30 Cooled plug nosnlen A
504 Paints and vouatings [
508 FMilsin lighta ]
fue Nealing und homding ]
507 Metalife (lushing on cockplt glass ]
508 RAM UNCLASSIPIBD A
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(U) The applicability of Category A items to the five ISADS conceptual designs

is listed in Table 36.

(U) TABLE 36. TECHNOLOGY APPLICATIONS (U)

I Lot cont | Min pen time | Stouith  [Def laser | Min weight | Not
Nugnhey | (bods 1) LS80 | (D) | (D0a8-8) | (Imdsen) applicuble |
e l 3
! 108 I ! ! \
104 A
105 A X N
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| am X X X
s X X
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(U) The items listed as ''not applicable' were examined for broad potential
application to ISADS, but they do not specifically apply to any of the five
conceptual designs presented by Rockwell in this report, Appendix G details
the schedules which were developed for Category A items, Each schedule con-
tains an entry designated "input to TAA" (technology assessment annex). The
TAA is defined in DOD Directive 5000.1 as ''a one page description of tech-
nological risks remaining in a system program and che plans to address these
risks,'" The TAA is a key element in the decisionmaking procass at Milestones
I and II, 1In some cases (i,e, item 104, Nuclear Engines), the "Input to TAA"
milestone is followed by Milestone I and a demonstiation and validation
program, In other cases (i.,e, item 102, Advanced Conventional Lngine), the
option of proceeding either to Milestone I or directly to Milestone II is
left open, In these cases, the decision will rest upon the degree of pro-
gram progress up to that point in time,

UNCLASSIFIED
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(U)  Rockwell has assumed that the requirement for a demonstration snd vali-
dation phase would be bypassed fur the purpose for establishing schedule re-
Quirements leading up to ROT4E, The rational for this assumption is docu-
mented in the following paragraphs,

MASTER PROGRAM SCHEDULES - TECHNOLOGY ADVANCEMENT /CONFIGURATION DEFINITION
—— e o ee L T SLIINOLOGY ADVANCEME!

(U) Separate schedules (appendix I) have been established to depict the
milestones, activities, and time tequired for each of the five ISADS design
concepts, from the present time to RDTHE go-ahead, The time period between
the end of the existing study (30 June 1978) and the availability of funds

(1 October 1979) to proceed with advanced technology programs having future
applicability to ISADS has been set aside for Air Force actions, These
actions include Air Force review of ISADS final reports, solicitation of
industry proposals for selected advanced technology programs and ISADS follow-
on studies, contractor proposal preparation, and contract negotiations, Those
advanced technology lead-in program schedules which have application to gpe-
fic ISADS design concepts have been summarized for inclusion into the master
program schedules, The technology program which requires the longest time for
documentation of successful achievements into the TAA establishes the critical
path to RDTEE go-ahead. This path is represented by the dotted line on each
schedule,

(U) The ongoing programs related to SPE/DB are documentated in Meta
Structures Roadmap, published by the Air Force Materials Laboratory (ARML),
These programs Include current contracts applicable to build up low-cost ad-
vanced titanium structure (BLATS), and limits of process, Other SF/DB pro-
grams which are in the advanced planning stages include a NASA-sponsored
subsonic cruise aircraft research (SCAR) structural development program and
Alr Force studies related to skin design, hardware validation for ATF, ine
novative low-cost tooling, and size scaleup, All of the aforementicned pro-
grams will complement and support the Rockwell identified SF/DB program for
titanium reduction to practice and the establishment of a design manual, NASA,
FDL, and APL are $ponsoring industry and in-house efforts related to 2-D
nozzles, NASA- and FDL-sponsored current and expected programs are devoted
to vectored thrust and 2-D wedge research, cooling studies, and wind tunnel
testing, APL and FDL have ongoing programs covering aircraft propulsion
system integration (APSI) wind tunnel tests and installed turbine engine
survivability criteria (ITESC) static tests, In addition, APL is planning
programs for APSI full-scale demonstration, IR/RUS reduction models, and
full-scale static tests, All of these programs will dovetail into the Rock-
well identifled 2-D vectorable nozzle program,

UNCIASSIFIED
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(U) Other Government and industry programs are either planned or currently
underway which will support Rockwell identified programs related to composites,
skewed wing, and forward swept wing advanced techriology advancement require-
ments.

(U) Activities which are scheduled to proceed in parallel with the Rockwell-
recommended advanced technology lead-in programs are ISADS follow-on studies,
AF/0SD/0JCS planning for Milestone 0, and competitive studies, After inputs
to the TAA are completed, the necessary activities leading up to RDTEE go-
ahead are scheduled. These activities include AF/0SD/0JCS planning for Mile-
stone II and solicitation of proposals for full-scale engineering development.

() For the purpose of schedule consistency with the B-1 program and in the
belief that DOD would prefer, for a new strategic bomber program, to move
directly from the competitive studies stage to full-scale engineering develop-
ment, the competitive demonstration and validation phase has been bypassed. The
rational for this assumption is the belief that sufficient funding to proceed
in parallel with two programs of this magnitude would not be available. It is
possible that separate competitive demonstration and validation of certain
advanced technologies, such as those planned for advanced engines, may prove to
be necessary at a later date. This would also have the effect of extending the
total time required to achieve total system IOC.

Scheduled RDT&E go-shead dates are as follows:

Design Concept RDTEE Go-Ahead
Low cost (D645-1) ] May 1984
Minimum penetration time (D645-3) 1 September 1984
Stealth (D645-4) 1 September 1984
Defensive laser (D645-5) 1 September 1984
Minimum weight (D645-6) 1 September 1984
UNCLASSIFIED

(U) An alternate approach would be to proceed with an aircraft demonstration
and validation phase, and to use this experience to minimize the RDTEE flight
testing. This approach, which may be politically more acceptable, was not
specifically addressed in this study but will be investigated in follow-on
efforts.

MASTER PROGRAM SCHEDULES - RDT&E/PRODUCTION

(U) Appendix J presents the ISADS master schedules for the period after
RDTGE go-ahead. In general, the B-1 master program schedule (Appendix H)
was used as a model for deriving the ISADS schedules, This is a composite
of the B-1 RDTGE program as it is presently constituted plus the production
program, as planned prior to cancellation in June 1977,

UNCLASSIFIED
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(U) Rockwell has assumed that the requirement for a demonstration and vali-
dation phase would be bypassed for the purpose for establishing schedule re-
quirements leading up to RDTEE. The rational for this assumption is docu-
mented in the following paragraphs,

MASTER PROGRAM SCHEDULES-TECHNOLOGY ADVANCEMENT/CONFIGURATION DEFINITION

(U) Separate schedules (appendix I) have been established to depict the
milestones, activities, and time tequired for each of the five ISADS design
concepts, from the present time to RDTGE go-ahead. The time period between
the end of the existing study (30 June 1978) and the availability of funds

(1 October 1979) to proceed with advanced technology programs having future
applicability to ISADS has been set aside for Air Force actions, These
actions include Air Force review of ISADS final reports, solicitation of
industry proposals for selected advanced technology programs and ISADS follow-
on studies, contractor proposal preparation, and contract negotiations, Those
advanced technology lead-in program schedules which have application to spe-
fic ISADS design concepts have been summarized for inclusion into the master
program schedules, The technology program which requires the longest time for
documentation of successful achievements into the TAA establishes the critical
path to RDTGE go-ahead, Thils path is represented by the dotted line on each
schedule.

(U) The ongoing pr« yrams related to SPF/DB are documentated in Metallic
Structures Roadmap, published by the Air Force Materials Laboratory (AFML).

These programs include current contracts applicable to build up low-cost ad-

vanced titanium structure (BLATS), and limits of process, Other SF/DB pro=-
grams which are in the advanced planning stages include a NASA-sponsored
subsonic cruise aircraft research (SCAR) structural development program and
Air Force studies related to skin design, hardware validation for ATF, in-
novative low-cost tooling, and size scaleup, All of the aforementioned pro-
grams will complement and support the Rockwell identified SF/DB program for
titanium reduction to practice and the establishment of a design manual., NASA,
FDL, and APL are sponsoring industry and in-house efforts related to 2-D
nozzles, NASA- and FDL-sponsored current and expected programs are devoted
to vectored thrust and 2-D wedge research, cooling studies, ard wind tunnel
testing, APL and FDL have ongoing programs covering aircraf* sra- -ion

PP —

system integration (APSI) wind tunnel tests and installed ( . c ine

survivability criteria (ITESC) static tests, In additien, . ing

programs for APSI full-scale demonstration, IR/RCS reduction ! ;
full-scale static tests, All of these programs will dovetai. Rock- :

well identified 2-D vectorable nozzle program,
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(U) On the B-1 program, aircraft No. 1 and 2 (A/C-1 and -2) were of essen-
*ially the same design, with relatively minor design changes occurring on
A/C-2, Significant design changes occurred on A/C-3, These were followed by
additional major design changes on A/C-4,

(U) For ISADS scheduling purposes, in each of the five cases, A/C-1 and A/C-2
are considered to be of the same basic design. Time for major design changes
is included in schedules for A/C-3, All remaining flight test aircraft are
considered to be of the same basic design as A/C-3. A/C-3 constituted a sig-
nificant design change over the first two aircraft in order to accommodate
installation of the offensive avionic system and associated cocling equipment,
Redesign of the B-1 to install the defensive avionic system was delayed until
a later point in time (A/C-4). These changepoints were selected because of
funding constraints and technical reasons which existed at that time, Whether
similar circumstances would exist during the ISAD RDTBE program(s) cannot be
precisely predicted at this time, For ISADS scheduling purposes, Rockwell has
established a ground rule that a redesign of A/C-3 would be programmed to
accommodate installation of both the offensive and defensive avionic systems,

(U) B-1 A/C-4 constituted a major design change over the first three aircraft.
The most significant change, other than the installation of the defensive
avionic system, involved the redesign of the forward fuselage to delete the
crew escape capsule and incorporate ejection seats, Other significant changes
included cost-reduction redesigns of the nacelles, aft fuselage, aft inter-
mediate fuselage, wing, and wing carry-through structure, For ISADS scheduling
purposes, Rockwell has assumed that the circumstances which required these
changes to the B-1 would not be repeated on ISADS. Therefore, no separate re-
design of A/C-4 has been indicated in the five ISADS schedules,

(U) The B-1 flight test program, as indicated in Appendix H, ends on 13 March
1979 as presently contracted, The planned and anticipated programs for flight
test of A/C-4 are also indicated, At the time of production cancellation
(June 1977), initial plans and schedules were being prepared for extension of
RDTEE flight testing and incorporation of early production aircraft into the
flight test program, These schedules are not shown.

(U) In the process of scheduling flight test programs for ISADS, the over-
riding considerations were Rockwell test needs and the requirements called out
in applicable ~ir Force specifications, For each design, 6 months of flight
testing for A/C-1 is scheduled prior to long-lead go-ahead for Lot I. The
number of production aircraft scheduled for ISADS flight testing varies in
accordance with anticipated testing complexity and differences in specified
performance, Schedules for refurbishment and redelivery of flight test A/C-§
and subsequent are included in the ISADS master program schedules,
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(U) Separate complexity factors were established for the purpose of adjusting
the B-1 master program schedule to make it consistent with ISADS requirements,
For example, in the case of the low-cost concept (D645-1), ISADS engineering
activities were compressed to 75 percent of the time required for comparable
activities on the B-1. Other complexity factors were developed for application
to manufacturing, associate contractor, and major subcontractor activities.
Hardware deliveries were adjusted accordingly, In the event that fimm sched-
ules are required for ISADS at some future time, designated associate contrac-
tors and selected subcontractors would have to be consulted to determine pre-
cise leadtimes,

(U) B-1 production rates and deliveries were plamned for buildup from one to
a maximum of four aircraft per month. The planned rate buildup from one to
four aircraft would have taken 32 months, Similar rate buildup schedules
were established for the ISADS conceptual designs, The B-1 planned maximum
production rate of four aircraft per month was used in every case for the
ISADS designs.

(U) Initial operational capability (I0C) for the B-1 was planned to coincide
with delivery of the 65th airplane, This figure was also used in the case of
the ISADS designs, ISADS scheduled I10C dates are as follows:

Design Concept 10C
Low cost (D645-1) 31 May 1995
Minimum weight (D645-6) 31 August 1994
Minimum penetration time (D645-3) 31 May 1996
Stealth (D645-4) 30 April 1995
Defensive laser (D645-5) 30 April 1996

UNCLASSIFIED
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Section VI

CONCLUSIONS AND RECOMMENDATIONS

(U) The objective of this study was to identify alternate upproaches to
preliminary designs of strategic aircraft through the application of innova-
tive concepts and the most effective combinations of advanced technology. The
study included projections in which advanced technologies applicable to 1995
manned penetrating bombers were identified and assessed. The surviving tech-
nologies were then integrated into five baseline aircraft concepts, upon which
performance trades, cost, and program planning was accomplished.

ANCED T 0G

(U) Technologies which will be available for inclusion into a 1995 manned
strategic penetrator can be expected to produce up to 50-percent total reduc-
tions in takeoff gross weight and cost for a given mission when compared to
the best of current technology aircraft. This reduction will be produced -
by individual technology percent reductions as follows:

1. Structures - 30%

2. Propulsion ~ 25%

3. Aerodynamics - [i.e., Fuel Weight] - 40%
4, Equipment and misc. - 20%

(U) Structural weight reductions will occur mainly through the use of com-
posite primary structure, aeroelastic tailoring, and superplastic-formed/
diffusion-bonded (SPF/DB) titanium, Large one-piece components will reduce
fasteners and joint structure, resulting in cost as well as weight savings.
More exotic concepts such as metal matrix composites and SPF/DB aluminum will
be beginning to see use by 1995, much as composites are today.

(U) Five propulsion-related items could have significant impact on an
advanced strategic penetrating aircraft; i.e., fuels, engine weight and per-
formance, variable-cycle engines, nuclear power, and 2-D nozzles.

(U) Petroleum based or synthetic JP fuels are likely to be the cheapest and
most available fuels well into the next century and will therefore be the most
likely fuel for the new aircraft. The trade study using liquid hydrogen showed
that even though hydrogen has a much higher heat content per unit weight, the
increased volume and structure required more than offset the reduced fuel
weight, An extrapolation of this trend implies that a denser fuel than JP4,
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such as Shelldyne, could result in a takeoff gross weight reduction. While
Shelldyne is currently very expensive bacause of a low production rate, and
hence was not considered, it may become competitive with a high production
rate. (U)

(U) Advances in engine materials and component performance will result in '
improved engine thirust-to-weight ratios and lower fuel consumption. A partic- '
ularly promising area is that of ceramic combustors and turbines which will

allow higher turbine inlet temperatures (with less turbine cooling flow) than !
currently achievable. t

(U) Two-dimensional nozzles will provide vectoring for control and reduced i
IR/RCS.

(U) Variable-cycle engines hold promise for aircraft with widely varying
performance requirements such as those of the minimum-time penetrator.

Indeed, in order to achieve a reasonable takeoff gross weight for the minimum-
time penetrator, it was necessary to have a varigble-cycle engine, While a
VABI was used in this study, the MMIPS or VSCE are also good candidate engines
for such aircraft.

(U) While a nuclear-powered aircraft would require a vigorous development
program and would probably face considerable environmentalist opposition,
it does appear technically feasible.

(U) Two major advantages for the nuclear aircraft are (1) essentially infinite
range and flight duration resulting in greater flexibility, and (2) reduced

IR signature because there are no combustion products in the engine exhaust.
Shielding of the reactor will minimize crew exposure and increase useful

flight duration,

(U) The aerodynamic-related items primarily direct attention to the drag
reduction concept. Reduction of turbulent skin friction drag offers the most
fruitful area for significant progress. Included are techniques to eliminate
roughness by application of surface coatings, delaying transition from laminar
to turbulent flow by active boundary layer control in the near term, and by
understanding the mechanism of transition and proper design in the far term.

A 20-percent reduction in turbulent skin friction drag is projected. Addi-
tional advances in supercritical wing technology can be projected, resulting
in a 15-percent reduction in lifting surface drag or the ability to operate
at higher mach numbers without drag incresses above current technology.
Induced drag tailoring for this class of vehicles offers lower potential due
to the considerable effort over the past decade to design efficient cruising
wing geometries. However, a 5-percent reduction in induced drag is projected.

(U) While equipment is beyond the scope of the ISADS study, improvements will
definitely occur by the year 2000, For example, a recently developed concept
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in avionic electromagnetic pulse (EMP) protection will allow a 1,600-pound
savings over the equipment used in the B-1, (U)

(U) Stealth technologies will minimize aircraft observables in radar cross
section, infrared radiation, and visual detection., Other observables such as
laser cross section will become increasingly important in the year 1995 and
beyond. Several techniques are available to address either the reflection
(away from the receiver) or the absorption of these energy sources. The radar-
absorbing materials (RAM) will find increasing use in areas of high reflecti-
vity. However, advances are to be expected in this material to increase the
frequency range of the absorption, Geometry control will continue to play an
important role in inducing specular return away from the receiver. Tuned
(selective frequency) radomes will be another development maturing in the 1995
timeframe.

(U) Computational technology advances will be in the forefront of these
developments. Computational tools will enable the designer to advance his
capabilities in an efficient manner and open the spectrum to additional appli-
cations, The aerospace industry will develop synthesis capability for 3-D
nonlinear solutions with viscosity and expand to nonlinear flutter, divergence,
and load analysis. In the far term, the operational capability to solve the
Navier-Stokes equations will permit complex design computations currently
unthinkable,

(U) Control technologies will continue to reflect the reduced static sta-
bility redundant control systems currently emerging. Ride control, gust

load relief, and fatigue rate reduction have been demonstrated by structural
mode control devices. Future systems will incorporate maneuver load control
and active flutter suppression to enhance vehicle flight envelopes at reduced
structure weight.

(U) A development cost study of these technologies was not a part of this
study, as this is available in Rrtierence 16.

(U) Figure 127 summarizes the ISADS configuration baseline concepts.
Figure 128 shows a relative size comparison of the concepts.

(U) Note that four of the five baseline concepts benefit fram the structural
simplicity of the all-wing arrangement, which can be used to best advantage
due to the large fuel volume required to perform the ISADS mission. Also,
the geometric simplicity of the all-wing design tends to yield a lower radar
cross section.

(U) The major risk of the all-wing arrangement is in the provision of ade-
quate stability and control without incurring a performance degradation.
Previous all-wing designs have incorporated reflexed airfoils and/or highly
twisted wings to attain longitudinal trim and stability, with resulting effi-
ciency losses. The adaptation of advanced flight controls to the all-wing
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(S) Figure 127. Baseline concepts summary. (U)

concept should enable the elimination of most of the losses. However, the
technical risk involved prevented application of the all-wing concept to the
ISADS low cost simplistic baseline, (U)

(U) The major conceptual conclusions are as follows,
LOW-COST SIMPLISTIC

(U) The major conclusion from this effort is that a simplistic, minimum
risk aircraft may incur efficisncy penalties sufficient to ralse the total
system cost over that of a less simple, more efficient aircraft. However,

the simplistic approach offers minimum program risk, and is not dependent
on unproven technologies,

MINIMUM WEIGHT

() The spanloader concept produced a very light aircraft when aided by the
use of a canard trimmer. Although alternatives of external stores were inves-

tigated, the lowest weight approach was to accept a structural penalty to
retain clean aerodynamics.
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(U) Supersonic penetration on the deck for 1,750 nautical miles was shown to
be viable, but a high risk. This is because of the advanced technology devel-
cpment required to attain the high-speed penetration efficiency yet still
accomplish high-altitude transitional cruise out and back

STEALTHY

(S) The ''flying delta wing concept' proved to be a very stealthy system for
the penetrator case. It gave up less than 5 percent in weight when compared
with the minimum-weight concept. First-order approximations show the concept
to have an average radar cross section between 0.0l and 0.1 square meters,

1t also proved tc be the smallest aircraft with advantages in manufacturing,
maintenance, and survivability. Potential problems include possible unusual
stability characteristics and low accessibility of internal systems,

LASER DEFENSE

(U) Carriage of a laser lethaé/ai¥énse gystem was shown to be compatible with
the ISADS mission. Further stddy should investigate its value relative to a
substantial system weight penalty. Trades assessing additional defensive
missiles/guns with substantial additional fuel must be addressed.

COST.

(U) The major cost conclusion is that cost is still primarily a function of
weight, Thus, weight-reducing advanced technology will usually reduce the
aircraft cost, in spite of the increased cost and complexity of that
technology. However, those unproven, advanced technologies increase the cost
uncertainty and therefore increase the probability of a cost overrum.

() Further, the actual cost of any manned strategic penetrator will be
largely fixed at the earliest stages of procurement, in which the mission
requirements are established. Especially important parameters are range, pay-
load, speed, altitude, refueling, and avionics. These establish subsystems
requirements, which, in turn, establish 60 to 70 percent of the aircraft cost.

RECOMMENDATIONS

(U) The following recommendations are suggested:

1, Mission requirements for a marmed strategic aircraft should be
established by effectiveness/cost/risk trade studies, in which the
evaluation parameter is target value killed versus cost of the system.
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Suggested studies include:

a. Standoff versus penetrating
b. Avionics/ECM requirements

¢c. Payload versus force size

d. Lethal defense effectiveness
e. Launch sufvival concepts

Additional aircraft concepts should be investigated:

a. Multirole aircraft
b. Laser gunship

¢. Surface effect

Additional trade studies should be undertaken to use the ISADS
data base: 3

a. Mission trades (range, speeds, payload, mission profile,
conventional uses)

b. Engine trades (mumber, type, BPR)
c. Avionics/ECM trades

d. Other subsystem trades relative to total system cost/risk/
effectiveness

e. Technology level trade (vary IOC date - 1985, 1990, 1995) (U)
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3 (Note: These are statistically based estimates)
Coneapll  low gost

ions atii i e Caee s

Range « § 050 n i
Toaw « §99,000 16

) “ LI dusantiy l = . L :
Segment LI YL L1 AN | Ay ML/ Rt L] LI 1Y 113 w _L [hd LI (Y mLL) % | A
Wt . . L s | . . . LYALT K A . . r-:!li LI T . . L1
LI & CAURIO.PR{10,8(0.760) 17 526)),000{ 101 9270, 7419, 00, 68 ) s, 000] ) ,000| 77,4900, 73(20. 0 l0.00]au.000(5,000] v, 128]0. 18] 10.010.40{ 19.000]1,008| 91,210
(LN b 2] 10 0 o 00| d.one]t,000] wa,9esl0.ra 8,00 08f 7.000]1,000{ ¢o,808[0.72] 7.0 (0. 0¢] 4. 108 10007 &0 10010, 7010,0/0.88] 4. 200( 1,000 bbbty
WItH, 0. 68101, 0(0. 0901 2.000] 790] sn.agnfo.bé)i0.gle.r0] G.uc0] 7m0] s0,08e]e.58[10.0]0.70] 4,000 Mol 190060001 . 5(8,70| 9.200] 190 B4,004
€ul o caubfo, 810,80, 1e8] 10, 24) 00 19,140]0, 7819, 0{0. 00128, 000) 300 10,104]0. 7el20.8 0. va]2n.000] fo0 ln‘lﬂh." 1h.nla.00]1p. 000 $08) 15,809
LoITtn (RU R H U] 1R e inefe-esparan| o JA9010 » |20, 000800, 49| - HIS] ¢ linojo.u8(en. 0] o 1,907
) BRI LY I N I el . 0 <] (A1)
. tolal |8,000) 200,048 L L LHEIRL §.180] 196,802 v.mkn.m
vl
fraetion 0.4l 0. b9y
ragd
UNCLASS I FIED
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Category! min walght ) Condept numbar
Parameter t O] 14
Asrodynamicy
L/D MAX for optimum ¢rulse ) H
L/D at penetration math number and altitude 1 H
L/D at withdraws)l magh number and altitude 12 H
Propulusion
e for aptimal crulee 80 W !
$FC Por panatration maeh numbee and &1t!tude A2 7 T
SPC Por withdrawa) magh number and alt|tude 70 87 1y B
$7¢ for vaa-level lolter (~0.3H) 4 Rt | B
MAxs preparties
Vampty/Vo * empty weight fraction %1 i 1 ' ‘
Wr g * weight of flued equipment [tems nan i 8t v i
neconsary to perform Jdesired task
fined vanicle ;;.
? W = gross welght 397,000 140,000
Weye!l = Tusl walght 192,320 §),420 T
Wryel/ve * fusl fraction 11l B111] b
‘\
] UNCLASSIFIRD . ]

Y (V) Sizing parameters estimation form, (U)

OOt min whight
famge & 530w .

1oV o JHH,080 b X
CurrOn) Pognnalogy Baneiine T e ’ 3
RIASIM /o MO0 R C o
foamnl [ | owe we | o\ o ow e | | ot " W W o we fm ) o " ™ i
wen ) ' . . . an o ] . . . N K . , . . L Ji
oot | o | L ense | e | e | e {ese ] e | ese [ e | s | nom .
", ot | e [ ovos | omoae | ovees | osnse {eat | ne | e | oane | ves | ene )
’m, e L [ | ot oo | oone [eas e | ee | v | ome | s ([0 ] 00 e LU R L 3
\ worares | oone [ aby L ame Jorme | we | oo Jon | e | ade | e | opse | aee :
ins ol e Jam | o e few [y | o prb e | me fesy | wam |- L8
(118 . ' . - ) [ BRI} . . . . . .".' [} s . [ . ..u.
Tarety | 0N | 00,0 1000 | 190,08 D8 | )R
rad .
i UNCLASSLPLED
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H e
E
v Categoryt hligh "Q' penatrator ~ Concept nuner
) . Paramater g )2 35
' Asrodynamies
. L/0 MAX far optimum drulne 18 0 1] '
L/0 at penstration magh Aumber and alititude [ 7.3 H
' L/D at withdrawal magh numbar and altitude 10 12 10 3
3
Propuliien ?
. 3
. ' SPC for optimal arulve 0.6% 0.48 0.6
SFC for penstration mach number and «it|tude 1.} 13 1.3 j
$FC for withdrawal magh number and altitude 0.7 0.7 0.7 £
SPC far seaslave) loiter (~0,JM) 0,68 0.48 0.48 i
] Mots properties :
W < ampty walght fraction B L ¥} ¥ H
w:'{':"-"ﬁ‘mm of /ined squipment |tems [
nscestary to parform desired Lash iR LY 75,98/ N i
' Sited vahiole :
Wy  gross welght 800,000 510,000 »400,000 A
Wpgal ® fuel welght 146 Y00
l Yrual/we * fusl frection 5995 A2y .§995
UNCLASSIPIED ‘f
l (U) Sizing parameters estimation form. (U)
1 |
, l- tondapt:  Aln, pen, 1IN}
L L bl
Qurrant Teansniugr Qassiing )i [
s LI LY "’ LY ]
Topaal L] e " L] ] w L] 1] " (143 [0} it ) (%] (1] i A Y
win . ' ' . . LN . . . . . LN . . ' . ' IR
' [N} "h " (31} (N1} L, ) 191,601 6N e | 6.8 il 3,080 niey | on TR RN} Htbh 11498 "t
i, et | ve | ome | hes | oraed | et [ v [ ome [ | vl [ e TUNER! P f e [ oea et | ovee
i, o8 | ot | o wa ] g | egt [ et [ | ke | ke 1 | e0b | 1e [0 | v wo|
tWheimd | o g | 6.ne 0.8 [ ] 13,100 | 018 180 | 068 19,958 50¢ i [ en 0.0 |0y (A1 100 [LR1]
[T13]1]} . [ R] [ 1A LN} ] Ll )" . e [ o8 (N1 . 1, * e |{an o1y . nin
m. . . . . . R . . . . (NI . , . . (RL)
tonate | 010 | 20, ie Bl | a0 Bk | aen
tyel
Lty
UNCLASSIFIED
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Category: stealthy

Parameter

Asrodynanies

L/D HAX far uptimum arvise
L/0 at peretration magh number and altitude
L/ at withdrawa! magh number and altltude’

Propulsien

$RC Por eptimal &ruise

$PC for punetration mach number and altitude
SFC for withdraws) mach aumber and aititude
$FC for seaclavel 1elter (m 0.3M)

Mass Properties

v, « empty waight fraetion

anply/ve

w”: ! waight of fland equipment items
nedataary to perform deslired task

$lted vehigle

Wy * gross waight
Wygel ¢ fusl waight
ufuo\/\h « fusl fragtion

Cancent number

ket 43 i-3

16 it 18

] ] 1Y)

12 10 12

00 ,60 40

81 R H N}

70 g0 70
1] : 43 N1

BT g 4
79,907 75,987 1,00
414,000 412,000 k34,000
197,070 198,950 212,380

4760 N3 ) N1

UNCLASSIFIED

(U) Sizing parameters estimation form, (U)

[CC TR
[ RN X
L]

b OED

U0
QurrEn TRIRMI g1 BiA01Ing [ (1)) [0)
o :3r 7% v
Vopast nolve | W L) " b fare |k L) w s [ [ Lok “ - A lup L L i w
wen . » ' v f} [}l f ’ f f ' HWin f ' f . i LM f} f} B . . PRI
eboom [t Donn [ o L oue booom Foonr Jai [ madame | oenw [ huee {oanad [ o [ 000 | aoe [aveee {00 [ o0 fon | b | o [nree | e { e
m CR AT R O 2O G T (RO RTINS T T (RO BTN T S O R R T A T IRY O  YTE O R RO 1 T T P A U
v, o Lo [ et | WO e Lo [ v | o | i Lo [ L] v [ ] oo [ o [re [ o | e o | e
aroemt Jon e fene foraie | oo Tent | owadube [ovase | oo | Jen [ aee Jaw favam [ o b e [ e e e | ] e
i . Wy e el (K1 Wl e W | . we lam [y | [T ] WM e ] 14
My, . . . . (B ' . . . (K] . . . . TR . . . . ()
L K [T Vi {10 [XITNIEAD
i

ooy
UNCLASSIFIED

- : UNCLASSIFIED
196

"' R
B e

o i B RE

N




R

“' ”

UNCLASSIFIED

Category: laser Concupt number
Parameter LR §+8
Aerodynamics
L/0 NAX for optimum ¢rulse 18 20
L/0 at penesration mach aumber and altitude 10 8
/D ot withdrawal mach aumber and altitude 10 10
Propuision
$0C for optimal cruise 48 )]
S for panetration mach number and altitude N 8
SPC for withdraws) mash number and altitude g7 n
$PC for sea=luvel loiter (w 0,IN) W7 N Y
' Nass properties
¥ « ampty walght fraction (estimated) Bl RS 1
H:T:!!/t’iuht of flned equipment |tems neusssary CIIH ] 81,374
to perform desirad task (astimated)
$izad vahlale
Wy * gross welght 420,000 430,000
Wigel * fusl weight 208,620 218,440
Wrgel/wo © fuel frastion V4967 Jon
UNCLASSIFIED
(U) Sizing parameters estimation form. (U)
|
rangepts  1gyer
dngs o §,000 i
LR R Y
Currani Taahnalagy Jareting i m
Mivsion LY. "o a/s
fopment L] e " Wwe in W L} e " L] ty o ] i) (L] e At A
wWe'ly . . » . . LN . . . . ' I N . ] . . . Y
e eemt | ot [ otn [ o | ooaane | oaeee | vovonr fam [ v foey [ s [ a0 | 0080 [ oare {ane [0 | e | boee | man
. (%) ]S4 5,000 | 1m0 s ol e { ot .10 | 1,00 Wwan | an i | 00 T TR ] 0t
itk wie | oo [ | rae me | e o [ owe [on | ran we | aam | o [ we fon | o1ty ne | oan
G e hvl | &0 | 0k | 2080 | 2me $00 | N0 Tl | ke [ | ol (L] i [ e |10 | 0.8 [ 00 00b W e
1 . e | ui ] e [ 15 L e | 0.8 | th.ne ' [y L . 0.0 | 06 [ 1w ' (N1}
M. . . . . ' W | . . . . by | . . . (X1
teiah | 8,008 | an, 0 nase | et Vs ] en N
(1] -
e (CEH) (ECTA) (o)
UNCLASSIFIED
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0,00n8
AC, base N
]
N

ac
oo

UNCLASSIFIED

0é43s1
tase drag

0.0012

0,000k
]
0. . 0, 0. [ e 1.
Mach number
Debife)
Oraq Ingrament dua to boundary layer divertar
0.0008
0,000k "’,;"
0
0.2 0.& & 868 I} § \

Magh numier  UNCLASSI PIED
(U) Figure C-1 (U)

Orag diverganca maeh number varsus |Irfe couf?lelant

Dedidd)
Minlmum penetration time
1.0f A LE = 3BT (penetration) and
LE = 63% (withdraw!)
0.9
ALt = 28% laruteq) ™
L °"F P.5::’+'-=~
o.r[:“
ry
4% g TN W,
¢,
06h3=1, 4, b ¢ 3
1.0
Mll-?l (nugm)
0.9 Db4=b (min vit)
o0
0.8 \ - ToRed=TTTow wore
IR (I]our hlmm)
°"u* 6.2 04  o0.6 0,8 1,0 1,

L UNCLASSIFIED
(V) Figure C-2 (U)
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tompressible drag rise = all configurations

9.02% ED N -AED forjﬂoo n'cL -0
M M
CL o0
0‘030""“-“
AcoM 'MDM for HDD at CL >0
CL » X
0.018
ac, ]
0.012 /
0.008
3 0.004
E ! | 0 /
' 3.50 o'.ﬂ'ﬁo. f”ﬁ.s 0,96 1.00 1.04 1.0
! M/ Mpp UNCLASSIFIED
(U) Figure C-3 (U)
D6LE~Y
Wave drag versus mach number
for penetration
0.008 T~
Wing folded Status
Ay = 9% Ve
Y
If ) Goa!
Ve
|7
r Con ©.004 IIJ
% /
0.002
1
"
v} h-——J.-ﬁ" o
8 0

0.‘ °|7 °| I’ ‘co 'a' '-2

Magh number UNCLASSI PIRD
(U) Figure C-4 (U)
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Deb4s
Wing leading edge suction versus 1ift cosfficlant
1.0
0.8

o o
[ ] R
o [+]
- [

S - leading edge suction
s T 2

0 0.2 0.4 0.6 0.8 1.0
UNCLASSIFIED
(U) Figure C-5 (U)

p6hS=1
Incomprasnible drag=due=to=11ft factor

0.20

4« 0°

T

sh  fpamdi  dammen e Gt gums ewe dug Bes s YR SRR N

i L
0.08
0.04
Q - a
0 0.4 0,8 1.2 1.§ 2,0 2.4

UNCLASSIPFIED
(U) Figure C-6 (U)
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Incompressible dragedue=to-l(ft facter
o.28
0.24 \

0.20 \

3 » 0°

N

0.16

A

/r B - 200 ]

°'°.o 0.2 0.4 0.6 0.8 1.0 1.2 Ihh
¢, UNCLASSIRIED
(U) Figure C-7 (U)
o648 -3
Incompressible drag=dus=to~|ift factor
O » 0°
.32 "
o.:lk /(u‘
0.2k
0.20
&% OIl“
“ /A-ql'
0.98 A = 88"
| —
0.04
T & .0 . T
6, UNCLASSIFIED

(U) Figure C-8 (U)
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084§ -4
ingompressibie drag=dusctoe«lifr factor

00"

S v 0

0.28

/
4

i

0,20

<

: Z
7T
"

e. 16

\ A

wE

0.2 ok |, 0.6 0.8 1.0 1.2 N
& UNCLASSIFIED
(U) Figure C-9 (U) -
DE4S-S
ingomprassible drag-dua~te~lift factor
0,34 ‘
0.32 ‘
0.28}
\\
0.20 - /b‘_‘
p * /

s

AN L

0 0.2 0.4 0.

Y S R Y I
& UNCLASSIFIED

(U) Figure C-10 (U)
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Déug=1
Takeoff and landing 1ife datp

Takeof f and landing |ift data

0.8

0.6

0.‘4/ /

0 12
a- deg

(U) Figure C-12 (U)
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2.8
2.11
2.0
SLe
1.2
o‘a V
0.4
0 UNCLASSIFIED
0 b 8 12 16 20
o - dey
(U) Figure C-11 (U)
D645 -6
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Dous-3
Takeoff and lending 1ift date

ae ¥
Double~slotted Flap JO°

b'lbw « 0.788

C'/Cu = 0.25

e

".
. v/
4

0.8 A’/”',~

[ - UNCLASSIFIED

0 [ 12 16
a - deg

(U) Figure C-13 (U)

0645 -4
Takeoff and landing 1ift dats
M= 0.2
1.4
1.2 “”’~
"4
A
- A / o
o ¢ '/
cI.
o.lj:::::qb»
0.4
0.2
0 UNCLASSIFIED
0 y - 8 12 16 20 ]

o - deg

(U) Figure C-14 (U)
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06453
Takeof! and lending |1fe data

4 -ruo‘

4 =0

S, 0.8
0.4
4
// %
D.l/j
o& - ermm UNCLASSIFIED
Q- deg

(U) Figure C-15 (U)

tanding gear drag

,l. 4 A
Date based on total noss
\ and main tire fronta! |r1a
)
N ] a0, , ®AC, 0 Sl e
\ [.1X] LI I
24 \\
l|° \\
Mor 16 \
2 2
Concept Ig o ft Saqg * It
112 e . —
(-1 1Y 1Y HE ) ) 1,800
It D6hs=b .4 LW
N psne
0. 1) DEkSe) 9.8 1,880
IV D8kS= 4.0 1,360
LILY B TYT 3.9 4,200
Srrontal arsas ad)usted to acveunt far :.mtw.
gear arrangement,
° L 1 L n 4
0 [ ] 12 1 1 H]
Gppp = 999

(U) Figure C-16 (U)
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WBIGHTS DATA
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.1
l UNCLASSIFIED
) (U) TABLE D~1, 18ADS - MINIMUM-COST BASELINE - AS DRAWN (V)
- ‘ WEIGHT SUMMARY
v D48~ Total Non~DCPR oePR
l Structure groups (61,480) (8,200) (50,3:0)
Wing group 15,048 15,008
Tail group - capard 3,730 3,7%
« vertical 1,110 il
‘ Body growp | 23,800 23,600
; Alighting gear growp - main 11,108 4,800 b,308
Engine section o uix?"’“:iﬁp” §'33° 3o
e tn ¥ 0 3
]_ Air induction system ! 900
’ Propulsion group (12,748) (v,470) (3,878)
Engine (as instulled) 9,730 9,720 .
Accessory gear boxes and drives b 10} 280
Nxhaust system . .
; Cooling and dvain provisions 0 20
¢ Engine controls 108 148
] Scarting system 300 150 $0
: Fuel system 3,480 2,480
3 Fan (as installed) .
! Hot gas duct system .
: Equipment groups (27,043) (1,020) (19,028)
: Flight controls group 3,670 2,070
: Auxiliary power plant group 300 200 0
4 : Instruments group 188 488
Hydrsullc and pneumatic group 7HY 700
1 Blectrical group 5,340 580 4,000
4 Avionius group 0,140 6,000 3,080
Armament group 1,108 1,168
Furnishings and equipment group 2,478 1,478
Air conditioning group 4,008 1,810 3,08
: Atleleing group
k , Fhotographic group - .
1 Load and handling group 133 128
Total weight empty 11,470 13,000 78,180
; Crew 072
fuel - unusable 1,
X 3 Fuel - usable 1,5
1 0i1 - engine 180
: Passengers/cargo
; Avmament - missile launchers 1,080
* missiles 50,000
EXCM dispenser 40
Equipment - food and water 75
‘ + survival gear 08
i - miscellaneous L3
R Total useful losd 280,207
, Takeoff gross weight s, la?
Flight design gross weight 100,000
i Landing design groos weight
(Note: These weights reflect the aircraft as orginally drawn, UNCLASS IFIED
not the resized aircraft, The final sized weights are
] given in the test of the report, starting on page )

UNCLASSIFIED




TeTUEmTRReRTT e

UNCLASSIFIED

30
emmpsas W(ng + canard
wwwnaes Wing only
a
T 20
3
10 ;M

Wing area ~ ft2 UNGL ASS ¥ 18D

(U) Figure D-1, D645-1 wing-canard weight matrix. (U)

(U) TABLE D-2. D645-1 - ISADS MINIMUM COST BASELINE MATERIAL BREAKDOWN (U)

Resorunt Aerray| Mise
Nons Mvanced | (Piber-glave/| and
Component Total DCPR DCPR Aluminum |Titaniun | Steel jcomponite netal) others
Wing (51,088) {18,905} (680} {40) | (14,478) {sem (48n)
Miltlspar/plate 14,1t8 14,118 188 1] 13,188 10
SPR/0B 9o 400 "8 15
Bomded huneysomh 1,380 1,380 1,120 3au
Canard {3,730) 13,730 [FA1) 1o (5240 s f1m
Miitispar/plate 3,000 3,000 i o 3,038 103
SDK/D8 00 {1 18 3
Porcled honeycomb 40 440 s 138
Vert {cal {1,110) (1,110) tm (0d8) 1ol 35
Multlapsr/plate 1) Tan ] ho ] 34
§PR/DB L] (1} L1
Bonded honeycomb 1) 68 i ol
Muselage (33,600) (23,000) | (o, 088) | (L,300) (1sm t4"om (488) 1,00
Prame/ longeron «
spr 4,740 2, M 18,088 1,300 1A 08 [Ty
Bonded honeycomb 1,880 1,860 Lo 160
Main gear 11,108 | 4,800 8,304 11 0 4,888 s
Nove goar 1,980 §00 i) 300 3a8 L1 1,008 M
Nicolle und ong
sect (3,900) {3,090} 3,700} (At} (090 (1m
ftrine/ longeron 1,800 1,890 1) 400 oot} 38
SPH/ DA 2,100 3,100 1,038 68
Tetal structurn ol,480 | 8,200 Bo, 380 | 20,308 5,00 | 0,880 | M 1,010 1,898
UNCLABSIFIED
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1
f l UNCLASSIFIED
.
’ (U) TABLE D-3. ISADS MINIMUM WEIGHT BASBLINE - AS DRAWN (U)
i l WEICHT SUMMARY
g ' Do4S- 8 Total Non+DCPR DCPR
Structure groups (80,870) (4,580) (40,320)
Wing growp , 18,700 18,70
: ‘ Tall group - canard 1,380 14330
: « vertical 1,280 1,380
Body grow , 6,080 0,000
Alighting gesr growp - main 8,300 1,200 4,180
l « Auxiliary 1,400 h1 1] 1L,
Bngine section or nacelle growp 3,390 3,500
Alr induction system
Prapulsion group (12,400) (v,470) (3,530)
' Engine (as installed) 0,72 9,10 .
Accessory gear boxes and drives 280 150
, Exhaust system . .
' Cooling and drain provisicns : n
ingine controls 105 108
Starting system 200 150 L]
_ Puel system . 2,08 3,08
' Fan (a0 inatalled) .
Hot gas duct system .
Equipment yroups . (20,880) (H,578) 1,38
Flight controls group 2,378 2,875
, Auxiliary power plant group hA[i] 200 L0
‘ Instruments group EH] LAY
v Hydraulic and pneumatic group 110 T
; Blectrical group 1,020 08 F, M8
' , Avionics group 0,140 04000 3,000
: Arnanent group 1,108 1,168
h : Fumnishings and equipment group 2,478 2,478
i . Alr conditioning group 4,808 ° 1,810 3,008
‘ Ati-lcing growp
Photographic group . .
Load and handling group 133 125
] Total weight empty 9o, 1w 22,008 07,108
i Crew (]
Fuel - unusable {080
Pusl - usable 168,000
0i1 - engine 1o
Pessengers/cargo
Armament - missile launchers 4,080
1 * missiles 80,000
i EXQM dispenser ' A0
r Bquipment - food and water "
: : * survival gear ns
= miscellanecus i
. Total useful load S3R, 107
Takeoff gross weight 3,047
Rlight dntfn grose waeight 380,000
maing design gross weight
UNCLASSIFIED
UNCLASSIFIED
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11 m——
8, « 3,800 nl
T
e 1
* X
a /
! 3 = 2,000 fe? :
i w
[
g 18
200,000 300,000 400,000 500,000

. Gross walght ~ Ib NCLASSIFIED
(U) Figure D-2. D645-6 ISADS spanloader wing weight matrix. (V)

(U) TABLE D-4, D648-6 - ISADS MINIMWM
WEIGHT SPANLOADER CONCEPT MATERIAL BREAKDOWN (V)

Rexonane
array Miay
Non. Mdvaneed | (Ciberglann/ | ond
tampanent Total DR PR Miminam [Ticaniun | Stevl |componite metal) uthers
Wing (28, 700) {38,700) (3,038} M | (28,140 (AN} Ry
Mult ispar plate 13,108 23108 1,000 I\ 1 b nhd
/08 450 180 N 1}
Horwed lwneveomh 0,38 0,38 L1 1) s
Ganurd 1, 3m (1,3 () (EI] o 14
/Dy ] L] 4n
Sonded honeyuemh 1,380 1,0 W Ll o
Vertical (1,3 t1ydam (140 (1,078 (3
Mult lapar plute 10 "o ] 0 hH
&pH/DR 138 13 134
Bonded haneycomb 108 08 s
Ruselage 16,000} {o,000) | (4,0 (The ) 1t (M8
Frame/longoron -
At 8,800 S0 $,6% ws MA
Bonded honeycomh 1™ 1% 1
Maln gear LI 4, 0 4,180 LTI 48 A1 “5
Nowo gear 1,48 n (I8 0] b vl A ] Ih
Nucello und eng
noct 13,800 13, 801) (3,8 U 0 tHm
lF'rime/ tongeron 1,00 1y ™00 ho son nd 13}
iy | 1,490 1,090 1,838 35
Tatal stpucture (RO A0 [i4,580) | 4oy dd0) | (B BB (B,008) {14, 8001 [ (28,088) w-m (1,800
UNCLASS I FIRD
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(U) TABLE D-5, ISADS MINIMUM PENETRATION TIME BASELINE « AS DRAWN (U)
: WRIGHT SUMMARY
D848+6 Total Non-DCPR DCPR

Structure groups (106, 740) {6,630) (100,119)
Wing group 0,310 9,510
Tajl group - canard 460 oY

» vertieal 1,008 1,008

hody growp §7,370 87,270
Alighting gear growp - main 0,928 3,318 3,610
« auxiliary 0,023 3, M8 3,010

BEngine section or nagells group 828 58
Aly induction system 3,420 3,130

Propulsion group (32,720) {28,000) (4,000)
Engine (as installed) 27,040 37,800 .
Accessory gear boxes and drives 400 100
Exhaust system . .
Cooling and drain provisions ) 40
Bngine controls F11] JiB
Starting system b1 ] 210 "
Fuel systam 3,900 3,000
Fan (as installed) .

Hnt_{u duct system .

Bquipment groups (27,008) (6,408) (21,010)
Fn!ht controls group 5,048 3,048
Auxilisyy power plant group 300 o O[]
Instruments group V83 111
Hydraulic and pneumatic group 1,173 1,178
Blectrical grow 3,880 580 17
Avionics growp 6,008 4,10 1,008
Armament group 1,108 1,108
Furnishings and equipment grouwp 2,308 3,308
Alr conditioning growp 3,00 1,938 5
Anti-lcing growp
Photographic grouwp .

Load and handling growp 128 143

Total weight empty 107,38 41,018 133,730
Crew i
Fusi - unusable 3,380
Fuel = usable 338,000
0il - engine o
Passengers/cargo
Armament « missile launchers 4,080

« missiles 80,000

KXOM dispenser , 140
Bquipment + food and water S0
s survival gear 08

+ miscallaneous 118

Total useful load AT LT

Takeoff gross weight 551,728

Rlight duizn gross welght 310,000

Landing design gross weight

UNCLASSIFIED
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Wing weight ~ 1,000 ib
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L
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400,000 §00,000 600,000  UNCLASSIFIED "
(U) Figure D-3, D645-3 ISADS minimum penetration time baseline ;
wing weight matrix, (V) E
# (U) TABLE D-6, DO45-3 - ISADS MINIMM U
1 PENETRATION TIME BASELINE MATERIAL BREAKDOWN (V) 4
Reaunant g
! array Ming '
1 Non Advanced | (fihergians/| and :
¢ ' Component Total BepR PR Aluninum | Tituntum | Steel | dompanite metyl) others
t Wing (PLALID] 130,810} (R 50) (300} 1 (a0, tn (RS0}
! Malelvpar plate | 1A% 8,813 BT Y ML T 0y
NP LIS 11 4,088 LY UL Y] .
. hended henvyeomh | 1140 LD i b,
; Canutd (8841) 1) IV YR T 128 '
: $P/on ] Y] " [
; Bonded honeyuoms Ah 03 n "8 3 g
P Vertival t1,008) (4,8 (" (i T k
E, Multiupar plate w0 oup [} Bnd AT ' 3
i T ) i a M | 8
Honded oneyconh L} ] s L}
. Fine luge 187,3% (8%,3%0) | (4880 { (*,und) [N BTN LY M8 (3030} :
: I'rume/ longeton - ‘4
: Spp 38,080 ¥8,080 | 3R, 48N *ind 00 b,908 L2 bR (-
¥ Sonded heneyvemh Y 330 L . ¥
t Madn gear (fwd) 0,93 | L8 Sl LA A0 3800 0B b
L Main goar tute) 04148 | SiMB Lnlo 538 MU LY L]] -
i Mg et amd ALY {3,148) 13,048) (IRK) L0 13w48) tis
b I'rume/ longeran AR 1,300 00 300 10y
: SPH/R son fon ns 1]
E Rondud honeyvemh (£} 1 148
r Total stnwture (108, T | (o, a30) L0100, 000) § (30, 828) | (he,"00) [(h, 135) | (X8, 908) [ALT} (3,480
-
i
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(U) TABLE D-7. ISADS STHALTH BASELINE - AS DRAWN (U)

WG SUMMARY

Dod8-0 Totul Non - GPR PR
structure groups {49, 350 (8,388 (W RRUEY
wing yreup 32,080 32,080
Tail yroup - cunard
« verticul 680 ui
Body group .
Alighting gear group - main 1,1 4,048 178
« auxiliary 1,000 410 1,380
lingine vection ot nacelle yroup 228 228
Alr induction systenm M8 A RL
Propulslon group (118 (11,4100 13, M08
lingine {as lnutulled) 11,300 {1,360 .
Accesvory gear boxes and drives 280 280
lixhaust system . . .
Coeling and drain provislons i} Wi}
lingine controlx 103 s
Stareing system 200 150 S0
l'uel wystem ., 280 < e f)
Fan (o8 inatalled) .
Hot pus duct system
llyuipment group (30,080 (N,860) LIR30
Flight ¢ontrols group 3,828 sihed
Auxiliary power plant group M) Nl [N
Instrumenty group (1] LEE
Hydraulle and pneumatic group 788 "84
Hlectrical group 4,048 4 4,108
Avionics group g, 14 B () T 3,080
Armamant group 1,108 Lol
Purnishings and equipment group w478 248
Alr condltlening group 4,808 1,81 5,048
Antl-leing group
Photographie group .
Load and handliing group 128 123
Totul welght empty 90,418 35,08 AU
Grow o7}
Fuel - unusable 1,830
Fuel - uwable 183,000
01l - englne 180
Pussongors/caryo
Nrmament + miswile luunchers 4,030
« nissiles 80,000
INQM diapenser 440
liquipment - Food and wuter 78
« survival gear v8
= mincel luneous 18
Totul usetul lowd 34,087
Tukoof't yrowy welght 331,482
Bilght ceslgn grons welght 412,000
Lunding dealgn gross welyght
UNCLASSIFIED
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(U) Figure D-4, D645-4 1SADS stealth baseline wing weight matrix. (U) ;
B
o
i
(U) TABLE D-8, D645-4 - 1SADS STEALTH BASELINE MATERIAL BREAKDOWN (U) it
Resonunt
array Mine ;|
None Advinced | (Fiberglass/|  and :
Canponent ‘Total PR DCPR Aluminum [Titanium | Nteel | composite metal) athers “i
Wing {(32,080) (32,080 | (1,000 | (3,178) (310)] (38,000) (040) (1,33 _—
Multlspure plate 7,448 7,408 1,600 1,880 Mo 13,830 1,198 !
8pit/ng 1,368 1,508 1,328 i) .
Bonded honeygamb d 00 4y o 3,180 040 \
vetrtival (0801 th30) ("M {ASH) tam :
Maltinpur plate bk L} 10 M3 Mil :
SPR/nB ns (1] vl A
Ronded honeyceonb H0 A0 b1 .
Main gear W | 4048 | 0,78 018 368 | 4,78 1o 4
Noke gour 1,960 41 1,880 s L1 1,060 n =
fng xeet and ALS {3,6%0) (3,670) s {le0)| 12,315 (80)
fiyame/ longeron 2,580 2,880 1ol 2,518 "™
PE/A 10 10 LA 5
Total structure (40, 380) [ (8,385) | (43,098) | (,900) | (3, M%) [(6,318)( r2d,860) {A40) (1,408) .
- UNCLASSIFIRD

218




R by

] F

ot gT

e

PR,

4

RN

UNCLASSIFIED
(U) TABLE D-9, 1ISADS DEFENSIVE LASER BASELINE - AS DRAWN (U)
WEBIGHT SUMMARY
D64s-5 Total Non-DCPR DCPR
Structure groups (59,210) (5,455) (53,758)
Wing group 26,810 26,810
Tail group - canard 320 320
« vertical 1,920 1,020
Body group 12,385 12,358
Alighting gear group - main 10,205 §,040 5,168
« suxiliary 1,800 418 1,385
Engine section or nacello group §,800 5,800
Alr induction system
P i 16 N} 06s
Topus no"(.gl:plnuunodz (16,608) (11.630) (8,0e8)
N (SLS) = 27,500 #/Bngine 11,420 11,420 -
Accessory gear boxes & drives 400 400
Exhaust system . .
Cooling § drain provisions 40 40
Engine controls 215 218
Starting system 288 210 75
Fuel system 4,338 4,338
Fan (as installed) .
Hot gas duct system .
Bquipment groups 33,460) 11,730 21,730)
? p'l:':l hg cogtrols grou ( :790) (11,730) ( 2:790
Auxillary powsr plant group 300 200 100
Instruments group 983§ 955
Hydraulic and pneumatic group 1,250 1,260
Electrical group 6,208 800 5,635
Avionics group 12,038 8,980 3,955
Armament group 1,168 1,165
- Furnishings and equipment group 2,530 2,530
Alr conditioning group 5,108 1,890 3,218
Anti-icing group
Photographic group .
Loud and handling greup 128 128
HRLWS (dry) 10,360 10,360
Totul weight empty 119,725 28,815 90,910
Crew 672
Puel - unusable 3,440
Fuel - usable 344,000
Qil - engine 240
Passengers/cargo
Armament - missile launchers 4,000
< missiles 50,000
EXCM dispenser 440
TS Cuel 2,008
Equipment - food and water 75
= survival gear Vs
* miscellaneous 115 ‘o
Total useful load 06,672
Takeoff gross weight 520,307
Rlight design gross weight 420,000
Landing design gross weight
UNCLASSIFIED
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(U) Figure D-5, D645-5 ISADS - defensive laser concept
wing weight matrix. (U)

(U) TABLE D-10. D645-5 - ISADS DEFENSIVE LASER CONCEPT MATERIAL BREAKDOWN (U)

Resonant
array Mine
Non. Advanced | (flberglass/| and
(lomponent Total DCPR DCPR Aluminum | Tleaniun | Steel | componite metal) otherx
Wing (20,810 (26,810) (aye3M (0 [ 122,038 19400 (Y]
Multispare plate | 21,768 21, 768 1,b50 o 19,018 (Y )
SPF/DB L HH S30 15
Bonded honeyconb 4,480 480 3,010 8du
Vertlcal amd ventral| (2,240 2, Hm 1370) {1,808 (65)
Miltispar plute 1,108 1,208 in 1,190 63
SPE/0A 0 360 n0
Bonded honoyueomh 01§ 0l 618
fuselage (12)359) (12,388 | (%0300 [ (1,000 (180) 12,783) LHH) (o
Frame/ longeron -
$Pr 10,728 1, %28 T30 1,00 130 1,358 i
Bonded lioneycomh L8 1,080 1,430 log
Main gear 10,208 5,040 §yln8 v W 4,008 1]
Nose goear 1800 418 1,388 o B ) bl N
Nacelle nmd
eng sovt 18,800) 15,800 (4,830 {1th) 19331 I8
I'rame/ Longe ron 1,180 1,180 1o 283 3
SPl/DB 4,050 1,080 4,810 [R11]
Totul structire 180, 100 | (8,455) | (83,758) [ (4,39 (8,488) (8,708 [ (28,1%) (m [RERAiY
UNCLASSIFIED \NelAssiFieD
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PROPULSION DATA
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SUBSONIC ENGINE CHARACTERISTICS b

(U) TABLE E-1, MF78-01 COMPONENT PERFORMANCE LEVELS (U)

Fan
Design pressure ratio 3.7
Number of stages 3 .‘
Design adiabatic efficiency 0.844
Design inlet mach number 0.55 ‘
Design outlet mach number 0.5
Hub/tip ratio 0.39 jf,
Bypass duct mach number 0.3 li

Compressor
Design corrected flow (W,@T2/8T72), ib/sec 68.4
Design pressure ratio 9.5
Number of stages 7 ;‘:
Design adiabatic efficiency 0.87
Design inlet mach number 0.5 ;
Design outlet mach number 0.35
Hub/tip ratio 0.8
Maximum discharge pressure limit, psia 700 r

Combustor
Design efficiency 0.99
Design pressure loss,AP/P 0.06 ]
Design diffuser inlet mach number 0.3
Fuel lower heating value, BTU/1b 18,560

UNCLASSIFIED
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TABLE E-1.

MF78-01 COMPONENT PERFORMANCE LEVELS (CONCL) (U)

High-pressure turbine
Design adiabatic efficiency
Stator cooling flow, % of compressor flow
Rotor cooling flow, % of compressor flow

/ Design discharge mach number
Number of stages

Low-pressure turbine
Design adiabatic efficiency
Stator cooling flow
Rotor cooling flow
Design discharge mach number
Number of stages
Augmenter
Design efficiency
Design total pressure loss, AP/P
Dry total pressure loss, AP/P
Maximum augmenter temperature, °R
Inlet mach number

Mixer

Hot -stream mach number
Cold-stream mach number
Mixed-stream mach number
Hot-stream pressure loss, AP/P

Cold-stream pressure loss (fan to mixer, &P/P
Mixing pressure loss, AP/P

0.895

0.45

0.91

0.45

0.95
0.18
0.045
3,960
0.25

6.3
0.3
0.3
0.015
0.025
0.02

UNCLASSIFIED
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(U) TABLE E-2, MF78-01 INSTALLATION EFFECTS (U)

Inlet type

Capture area, sq in.

Throat area, sq in,

Throat/capture area

Subsonic duct loss coefficient

Inlet recovery

Inlet drag

Nozzle external performance

Gross thrust loss due to leakage and friction
Gross thrust loss due to under/overexpansion
Power extraction, hp

Compressor interstage bleed, lb/sec

Pitot

2,013

1,610

0.8

0.03

Theoretical computer program
Figure E-1

Figure E-2

0.015

Theoretical computer program
400

2.0

UNCLASSIFIED
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(U) Figure E-1. Pitot inlet drag, low-cost aircraft.(U)
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(U) Figure E-2. Nozzle/afterbody drag increment, low-cost aircraft, (U)
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SUPERSONIC ENGINE CHARACTERISTICS
(U) TABLE E-3, MR78-02 COMPONENT PERFORMANCE LEVELS (U)

! Fan
Design pressure ratio 3.4
n Number of stages 3
Design adiabatic efficliency 0.855 )
l Design inlet mach number 0.55 é
| Design outlet mach number 0.5 |
Hub/tip ratio 0.39
{ Bypass duct mach number 0.3
Compressor
Design corrected flow (wwﬁfTZ/GTZ), lb/sec 65.2
Design pressure ratio 10.3
Number of stagés 7
Design adiabatic efficiency 0.87
v Design inlet mach number 0.5
) Design outlet mach number 0.35
Hub/tip ratio 0.8
Maximum discharge pressure limit, psia 810
Combustor
Design efficiency 0.99
Design pressure loss, AP/P ' 0.06
Design diffuser inlet mach number 0.3
Fuel lower heating value, BTU/1b 18,560
UNCLASSIFIED
UNCLASSIFIED
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TABLE E-3. MP78-02 COMPONENT PERFORMANCE LEVELS (CONCL) (U)

High-pressure turbine

Design adiabatic efficiency 0.895
Stator cooling flow, % of compressor flow 3.6
Rotor cooling flow, ¥ of compressor flow 3.6
Design discharge mach number 0.45
Number of stages 2
Low-pressure turbine
Design adiabatic efficiency 0.91
Stator cooling flow 0
Rotor cooling flow 0
Design discharge mach number 0.45
Number of stages 2
Augmenter
Design efficiency 0.95
Design total pressure loss, &P/P 0.164
Dry total pressure loss, AP/P 0.045
Maximum augmenter temperature, °R 3,960
Inlet mach number 0.27
Mixer
Hot-stream mach number 0.31
Cold-stream mach number 0.31
Mixed-stream mach number 0,31
Hot-stream pressure loss, AP/P 0.015
Cold-stream pressure loss (fan to mixer), AP/P 0,025
Mixing pressure loss, AP/P 0.02
UNCLASSIFIED
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(U) TABLE E-4, MR78-01 INSTALLATION ERFECTS (U)

l Inlet type Pitot

' Capture area, sq in. 1,768
Auxiliary inlet area, sq in. 860

l Inlet recovery Figure E-3

l Inlet drag Figure E-4
Nozzle performance Figure B-5
(ross thrust loss due to leakage 0,003
Power extraction, hp 250
Compressor interstage bleed, lb/sec 1.3
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(U) Pigure E-3. Inlet recovery, minimum time penetrator. (U)
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(U) Figure B-4. Inlet drag, mi;ximum time penetrator, (U)
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(U) Figure E-5. Nozzle performance, minimum time penetrator. (U)
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NUCLEAR ENG INE CHARACTERISTICS

NUCLEAR POWER

(U) A trade study was performed to determine if nuclear reactors could be used
to power aircraft engines and be competitive with conventionally powered air-
craft, It appears that with a vigorous research and development program, the

necessary technology could be made available for a strategic aircraft with an
10C in the year 2000.

(U) It was found in previous studies (References 17 and 18) that use of JP
fuel for an emergency range capablility and for takeoff and landing (with the
reactor inoperative for safety reasons) seversly penalized nuclear-povwered
aircraft. These aircraft were as much as 80 percent heavier than a conven-
tional aircraft, and they carried as much as 65 percent of the JP fuel of the
conventional aircraft. Containment of reactor system elements has been demon-
strated (Reference 19), and it is therefore believed practical to uss the
reactor power during takeoff and landing., Thus, a configuration with two
reactors and no JP fuel was selected. With two reactors, the airplanc has
reactor-out flying cupability.

(U) The five airplane concepts were examined to determine which aircraft

might benefit from a nuclear installation. The stealth aircraft was selected
for the following reasons:

1. The nuclear reactor and shielding require a large volume. The
stealth aircraft appeared most capable of handling that volume,

2. Use of a high-bypass-ratio engine to eliminate the need for thrust
augmentation with JP fuel or with an additional hest sxchanger is
desirable, The large-diameter, high-bypass-ratio engine is most
easily accommodated in the stealth airplane. This type of engine,
with its low exhaust gas temperatures, also reduces infrared
radiation signature (IRS).

3. The lack of combustion products in the engine exhaust flow reduces
IRS still more,

(U) The propulsion system selected initially and arsas where further study
should result in reduced vehicle weight and cost are discussed in the follow-
ing paragraphs,

ENGINE CYCLE

(U) In an attempt to minimize engine size, a relatively high turbine inlet
temperature of 2,400° F was selected. Current studies of nuclear power in
space applications are using high-pressure helium as the reactor coolant with

UNCLASSIFIED
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helium temperatures in excess of 2,400° F (Reference 20). This temperature
also coincides with thte projected maximum temperature for uncooled turbines.
A high overall pressure ratio of 25 was selected to minimize heat exchanger
volume and weight. A moderately high bypass ratio of 4 was selected to mini-
mize heat exchanger size and to allow & reascnable thrust/drag match at the
mach 0.7 penetration. Engine characteristics are summarized in Table E-5. (U)

REACTOR AND SHIELDING

(U) Reactor power and dimensions were determined, and several approaches to
shielding were examined. Unit shields (with all shielding around the reactor)
were quickly eliminated from consideration because of excessive weight penal-
ties. A range of aircraft crew and ground crew dose rates were examined with
and without shield augmentation (adding shielding around the reactor) while
the aircraft was on the ground. Reactor and dhielding weights and dimensions
are shown in Tables E-6 and E-7, respectively, for four configurations:

1. With augmentation and ground crew dose rate of 1 r/hr
2. With augmentation and ground crew dose rate of 5 mr/hr
3. Without augmentation and with ground crew dose rate of 1 r/hr

4. Without augmentation and with ground crew dose rate of 5 mr/hr

P

Figures E-6 and E-7 show schematically the crew shield and the reactor shield
assembly, respectively.

R

(U) Por all these configurations, the aircraft crew dose rate was 5 mr/hr. ]
Ground crew dose rates are for 30 minutes after reactor shutdown at a distance
of 20 feet from the center of the reactors. In all cases, airport personnel

at a distance of one-half mile during takeoff would receive less than 5 mr/hr,

(U) The 1 r/hr dose rate is somewhat high and therefore was considered only §
to show trends. Of the two cases with 5 mr dose rate, the unaugmented case :
requires extremely heavy shielding. Thus, the case of greatest intersst is
that with a ground crew dose rate of 5 mr/hr with shield augmentation. The
augmentation would require some special handling procedures. The reactor
shield would be designed with a shell container such that material such as
mercury, lead shot, or steel shot couid be ''poured" into the shell and sur-
round the reactor. The augmentation material could then be removed just prior
to flight. While some special handling is required for this concept, it does
provide an aircraft with essentially infinite range/duration capability, with @
only a modest increase in takeoff gross weight relative to the baseline !
stealth aircraft, ]
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(U) TABLE E-5. MF78-03 ENGINE CHARACTERISTICS (U)

Sea-level static, maximum power thrust, lb

Uninstalled 60,000
Installed 55,000
Design airflow, 1lb/sec 1,478
Bypass ratio 4,0
Combustor discharge temperature, °F 2,400
Overall pressure ratio 25
Fan front face diameter, in, 90
Maximum diameter (at nozzle), in. 97
Overall length, in. 243
Center of gravity, in., from fan front face 90
Dry weight, 1b 7,500
Fan 7,500
Design pressure ratio 1.97
Number of stages 1
Design adiabatic efficiency 0.858
Design inlet mach number 0.55
Design outlet mach number 0.5
Hub/tip ratio 0.39
Bypass duct mach number
Compressor
Design corrected flow (W'Vrg;z/Bsz. 1b/sec 168
Design pressure ratio 12.7
Number of stages 7
UNCLASSIFIED
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(U) TABLE E-5. MF78-03 ENGINE CHARACTERISTICS (CONCL) (V)

Design adiabatic efficiency

Design inlet mach number

Design outlet mach number

Hub/Tip ratio

Maximum discharge pressure limit, psia

High-pressure turbine

Design adiabatic efficiency

Stator cooling flow, % of compressor flow
Rotor cooling flow, % of compressor flow
Design discharge mach number

Number of stages

Low=-pressure turbine

Design adiabatic efficiency
Stator cooling flow

Rotor cooling flow

Design discharge mach number
Number of stages

Mixer

Hot-stream mach number
Cold-strean mach number
Mixed-stream mach number
Hot-stream pressure loss, AF/P

Cold-stream pressure loss (fan to mixer), &P/P

Mixing pressure loss, AP/P

0.87
0.5
0.38
0.8
390

0.895
0.0
0.0

0,45

0.81

0.45

0.30
0.30
0.30
0.015
0,025 . y
0.02 ,_
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(U) TABLE E-6. REACTOR AND SHIELD WEIGHTS (POUNDS) (U)

Shield type Augmented Not augmented

Ground crew dose rate 1 r/hr 5 mr/hr 1 r/hr 5 mr/hr
Front fixeds 5,434 5,434 5,434 5,434
Side fixed® 10,354 10,354 10,354 10,354
Rear fixeds 1,729 1,729 1,729 1,729
Total fixeds 17,517 17,517 17,517 17,517
Front auge - - - 6,547
Side auge - - 34,380 67,010
Rear auge® - - 6,505 15,280
Total augmented - - 40,885 89,237
Front neutron 6,666 7,955 6,666 7,955
Side neutron 9,263 11,810 9,263 11,810
Rear neutron 4,761 6,020 4,761 6,020
Neutron shield struct 3,300 4,000 3,300 4,000
Total neutron shield 23,990 29,785 23,990 29,785
Total shield 41,507 47,302 82,392 136,539
Reactor controls 6,505 6,505 6,505 6,505
Reflector 6,288 6,288 6,288 6,288
Ducting 4,500 4,500 4,500 4,500
Heat exchanger 12,000 12,000 12,000 12,000
Helium pump 2,000 2,000 2,000 2,000
Total reactor shield assy 72,800 78,595 113,685 167,832
Two assemblies 145,600 157,190 227,370 335,664
Crew shield 22,335 22,325 22,335 22,335
Total nuclear plant 167,935 179,525 { 249,705 358,000
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TABLE E-7. REACTOR SHIELD DIMENSIONS (INCHES)

KRt S

Shield Type Augmented Not Augmented
Ground crew dose rate 1 r/hr 5 mr/hr 1 r/hr S mr/hr
Overall length 124 130 124 130
Nominal diameter 98 104 o8 104
Front ¥ thickness 4.4 4.4 4.4 6.9
Front ¥ aug thickness 0 2.5 - -
Front neut thickness (total) 45 45 45 45
Side ¥ thickness ‘ 1.4 1.4 4.4 6.9
Side ¥ aug thickness 3.0 5.5 - -
Side neut thickness (total) 30 30 30 30
Rear Y thickness 1.4 1.4 4.4 6.9
1 Rear? saug thickness 3.0 5.5 - -
] Rear neut thickness (total) 30 30 30 30
1 Reactor length 36 36 36 36
Reflector thickness 6.0 6.0 6.0 6.0
‘ Inner neut thickness 6.0 6.0 6.0 6.0
Intermediate neut thickness 4.0 4.0 4.0 4,0
- UNCLASS IFIED
o
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(U) Figure E-6. Schematic of crew shield. (U) UNCLASSIFIE
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in the other two cases.

(U) Figure E-7. Schematic of reactor shield assembly. (U)
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Reactor

(U) The reactor used in this study is of the reverse, folded-flow type
described in Reference 21. The fuel consists of 3/16-inch-diameter uranium
oxide pebbles enriched to about 15 percent in U-235. The fuel pebbles are
packed into 20 beds each measuring 6 by 36 inches and having an average
thickness of 2.6 inches. These 20 pebble beds are spaced radially around a
central island, forming a reactor core that is 24 inches in diameter and

36 inches long.

(U) The reactor coolant is high-pressure helium that enters the side of the
reactor, turns and passes through a pebble layer, then leaves the side of the
reactor in a reversed direction. The helium enters the reactor at 1,200° F
and in one pass is heated to 2,550° F, This results in a maximum fuel surface
temperature of 2,868° F. The reactor pressure drop is 15 psi, of which § psi
is in the fuel region.

(U) The reactor is controlled by 18 control rods that operate in the central
island. The rods contain boron carbide neutron absorber material. There are
six operating and 12 shim control rods.

(U) The advantages of reverse flow, folded reactors are that they are very
compact and lightweight and, at the same time, have a rugged fuel element with
good heat transfer characteristics. The thermal, medhanical, and nuclear
features of this type of reactor were investigated in the nuclear aircraft
program,

Shield

(U) The shield concept used in this study is a divided shield. The crew is
protected by relatively thin layers of depleted uranium to attenuate scattered
gamma rays and thicker layers of lithium hydride to remove neutrons. The crew
shield was held fixed at 22,335 pounds for all four cases,

(U) The shielding around the reactor is tungsten (or a similar dense material)
for gamma rays, and lithium hydride (LiH) for neutrons. A 6-inch reflector of
beryllium nxide is placed around the reactor and contributes to the shield
attenuation.

(U) All four cases have an inner gamma shielding layer surrounding the
reactor - front, sides, and rear. A layer of LiH about 6 inches thick is
between the reflector and this gamma shield to reduce the generation of
secondary gammas. The two nonaugmented cases have a second fixed gamma shield
that is outside the first. The purpose of this shield is to reduce the dose
rate to the ground crew to 5 mr/hr at a distance of 20 feet from the reactors

UNCLASSIFIED
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one-half hour after shutdown of both reactors. Since this shield is not partic-
ularly useful in reducing the dose received by the flight crew, the presencs of
this shield during flight represents a weight penalty. (U)

(U) In the two augmented cases, the outer gamma shield is present during
ground operations but is removed for flight operations, at least when high
performance is desired. The shield can be put in place or removed by being
fluidized, such as using liquid mercury or shot made with lead, tungsten, or
depleted uranium. The difference in weight between one shield with the aug-

mented shield being either in or out is 89,237 pounds for the case when the
ground crew receives 5 mr/hr.

HELIUM HEAT TRANSPORT SYSTEM

(U) Several nuclear powerplant cycles were given consideration. The direct
air cycle where the compressor discharge airflow is passed through the reactor
and then to the turbine was rejected because of the possible safety problems
arising in the event of fuel element failure. Liquid-metal-cooled reactors
used in an indirect cycle can, in principle, lead to lightweight powerplants.
However, liquid-metal systems would have difficulty reaching the desired cycle
temperatures, In addition, the complexity and safety problems of liquid-metal
systems in a military aviation environment are formidable,

(U) The selected system uses high-pressure helium to c¢ool the reactor and
deliver heat to the engine. This cycle has some of the simplicity of the
direct air cycle and the lightweight features of the liquid-metal cycles. At
high pressure, helium hay good heat transfer characteristics. It is non-
corrosive and has a negligible nuclear effect on the reactor. Any radicactive

particles released by the fuel elements will be contained by the closed helium
loop.

AIRCRAFT PROPULSION IMPROVEMENTS

(U) During the trade study, several arsas were identified where refinements
could be made to reduce the aircraft gross weight. It was found that the air-
craft drag characteristics were such that an engine cycle with higher bypass
ratio or lower turbine inlet temperature could be used. The engine c¢ycle has
a large impact on the heat exchanger weight and volume. For example, changing
turbine inlet temperature from 2,300° to 2,200° F with a cross-counter flow
heat exchanger resulted in a reduction in heat exchanger weight from 22,000

to 12,000 pounds. Turbine temperature reduction would alsc aid in the
selection and cost of the helium ducting. The helium flow rate also has a
large impact on heat exchanger weight. By increasing the helium flow rate
from 67 to 134 1b/sec, the weight of a counterflow heat exchanger was reduced
from 22,000 to 13,500 pounds. Other parameters which affect heat exchanger

UNCLASSIFIED
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and engine weights include compressor discharge temperature and pressure,

air-side heat exchanger pressure loss, and helium-side heat exchanger pressure :
loss, Thus, significant improvements in the total propulsicn system would be b
expected with additional effort in these areas. (U) 4

(U) Aircraft thrust-to-weight and wing-loading ratios were held at the base-
line values for this trade study. Reoptimization of these parameters with
the new engine characteristics should result in vehicle weight improvements.
Additionally, a relaxation of takeoff distance from 6,000 feet to, say, 7,000
or 8,000 feet would reduce weight still further.
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Appendix F
COSTING DATA
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 UNCLASSIFIED
TASK SUMARY , ADVANGED SUPERCRITICAL WINGS

DESCRIPTION

(U) Advanced Supercritical Wings will extrapolate current supercritical
technology using advanced computational capabilities to provide reduced drag
at high subsonic Mach numbers. These wings will be designed in three dimen-
sicns using transonic relaxation solutions to the small disturbance theory or
full potentisl equations of motion. The resulting wing will be optimized
such that the upper surface shock will be minimized, aveiding the pressure
drag rise associated with shock strength.

REQUIREMENT

(U) Advanced Supercritical Wings were assumed for the ISADS baseline concepts
because of the roughly 10% improvement in aerodynamic efficiency (ML/D) they
provide, Other applications include all high speed cruising aircraft.

(U) Currently, supercritical technology is well documented in wind tunnel and
flight test research for the airfoll technology. Analytical analysis tech-
niques are available. The prime required advance is to extend these to 3-D
design procedure and airplane synthesis. When this is accomplished, three-
Dimensional wing design and optimization will provide nearly shock-free wings,

TECHNICAL APFROACH

(U) Ongoing research is developing the asrodynamic and computational technolo-
gles required for the development of advanced supercritical wings. Full 3-D
wing design should be available in the 1990-2000 time frame.

FUNDING REQUIREMENTS

(U) A development cost of $10 million has been estimated.
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UNCLASSIFIED
TASK SUMMAR‘Yl LAMINAR SURFACE COATINGS

DESCRIPTION

(U) Laminar surface coatings are plastic coverings supplied over the aircraft
skin which, by their smoothness, delay transition of the boundary layer. This
reduces the skin friction drag yielding net cost and weight savings.

REQUIREMENT

(U) Laminar surface coatings realized an 8% reduction in take-off gross
weight for the ISADS baselines. These coatings could be applicable to any
aircraft. Currently this technology is being demonstrated on general aviation
aircraft, and is commercially available. Application to large, high speed
aircraft will require research to define the lightest and most durable cover-
ings to use.

TECHNICAL APPROACH

(U) The basic concept of laminar surface coatings is proven. Research is
needed to define the best coatings to use for large, high speed aircraft, and
to wind tunnel and flight test the selected coatings. Laminar surface coatings
could be available by 1985,

FUNDING REQUIREMENTS

(U) Development and test of laminar surface coatings for large, high speed
aircraft should cost $3-5 million.
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UNCLASSIFIED
TASK SUMMARY, ACTIVE BOUNDARY LAYER SUCTION

DESCRIPTION

(U) Active boundary later suction involves mechanically removing the boundary
layer off of the aircraft's skin by means of auxiliary pumps and ducting.

This allows laminar flow, offering drag reduction yielding net weight and cost
savings.

REQUIREMENT

(U) Application of laminar flow via active boundary layer suction to the
ISADS baselines produced gross weight reductions of over 12% despite a con-
servatively assumed 10,000 1b dead weight penalty for pumps, ducts and wing
redesign. Studies of cruise-only transport aircraft have shown even higher
savings.

(U) Boundary layer suction has been verified in the X-21.flight research pro-
gram conducted by Dr. W. Phenninger and his associates, as well as numerous
wind tunnel programs. The primary difficulties remaining are the weight and
operational penalties of the required ducts und pumps, and the solution to the
ingestion problem.

TECHNICAL APPROACH

(U) The concept of active boundary layer suction is well established. The
remaining technical effort should focus on structural concepts for minimizing
the duct weight penalty, and investigation of ways to alleviate ingestion.
Additional problems including moisture effects, allowable roughness, and lead-
ing edge instability require investigation. Active boundary layer suction
could be available by the 1990's.

FUNDING REQUIREMENTS

(U) Recent estimates of funding requirements for the development of a feasible
active boundary layer suction system have ranged from $100 to $200 million.
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R UNCLASSIFIED
TASK SUMMARY, COMPOSITE PRIMARY STRUCTURES

DESCRIPTION

(U) Composite primary structure will apply composite materials, mostly A ﬁ
graphite/epoxy, to the aircraft's major load carrying structures. This

includes the wing box, fuselage, and tail surfaces. Major weight and cost !
savings will be realized, as well as making feasible such concepts as aero- o
i elastic tailoring and forward swept wings.

REQUIREMENT

(U) The application of composite materials to the aircraft's primary struc- ;
ture yielded over 10% reductions in cost and take-off gross weight for the ;“
ISADS concents. Currently, composites are seeing wide applicetion in non-
primary structures such as weapons bay doors and inlet ramps. Test articles
of composite primary structures such as Bl tall surfaces have been fabricated
and show 30-40% component cost and weight savings. These composite primary
structures will be applied to all types of aircraft when problems such as
fastening, weather and moisture effects, and bird or hail strike are resolved.

TECHNICAL APPROACH

(U) Ongoing research is pursuing the application of composite materials to 4
primary structure. Application to production aircraft should be available in ;
the 1985 to 1995 time frame.

FUNDING REQUIREMENTS

(U) Development of routine application of composite material to aircraft %
primary structure will require $200-300 million, !
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~ UNCUASSIFIED
TASK SUMMARY, SPF/DB TITANIUM

DESCRIPTION

(U) Superplastic formed/diffusion bonded titanium is produced by forming
multiple sheets of titanium under elevated temperatures and pressures, produc-
ing a single formed part featuring light weight and a high degree of geometric
complexity. This allows fewer parts for reduced manufacturing costs,

REQUIREMENT

(U) The application of SPF/DB titanium to the hot parts of the ISADS concepts
ylelded approximately 2% reductions in take off gross weight, and a 3-5% reduc-
tion in cost. Currently SPF/DB titanium has been successfully used in portions
of the Bl nacelles, and a Bl fuselage frame test specimen has been successfully
fabricated and tested.

(U) SPF/DB titanium will see application in the nacelle area of most aircraft.
Additionally, it offers a construction technique for aircraft skins with
laminar flow ducts built right in.

TECHNICAL APPROACH

(U) Current research programs are developing the SPF/DB processes, The major
program addressing them is the Built-Up Low Cost Advanced Titanium Structure
(BLATS) program. This program will fabricate a main central selection of a
representative fighter concept primarily out of SPF/DB titanium. This and
other programs will make SPF/DB titanium available for large scale usage by
the mid 1980's.

FUNDING REQUIREMENTS

(U) Purther development of SPF/D titanium technology has been estimated at
$10-20 million.
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UNCLASSIFIED
TASK SUMVARY, ADVANCED AFTERBURNING TURBOFAN

DESCRIPTION

(U) Controlled evolution rather than revolution is forseen in propulsion.
Engine thrust-to-weight ratios as high as twelve are projected based on
improvements in overall pressure ratio, component aerodynamics and materials,
and augmentor efficiencies. Variable cycle will be available for aircraft

encountering widely different f£light conditlons, but cost is expected to keep
application to extreme cases.

REQUIREMENT

(U) The ISADS study indicated approximately a 154 reduction in take-off gross
weight due to these improvements over current engines. This general improve-

ment in the propulsion state of the art will be applicable to all aircraft,
with availability in the 1990's,

TECHNICAL APPROACH

(U) Currently planned research will bring about these advances. This research
will be directed in several areas.

(U) Compressors will be improved by the use of 3-D flow analysis programs
capable of design as well as analysis. Centrifugal compressors may be in
incorporated, contributing to reduced cost as well as higher pressure ratios.

(V) Combustors and turbines will also be improved by the use of 3-D flow
analysis and design programs., Additionally, improved materials such as
ceramics will permit much higher operating temperatures.

(U) Augmentors will yield higher efficlencies with less weight and bulk by the
use of swirl can burners,

FUNDING REQUIREMENTS

(U) Overall propulsion development costs will be on the order of $100 million
to §1 billion.
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TASK_SUMMARY , ACTIVE CONTRO

DESCRIPTION

(U) The specific active controls technologies identified as high priority for
the ISADS concepts are relaxed static stability, maneuver load control, and
structural mode control. All depends on the use of fly-by-wire technology,
which is now considered state of the art.

(U) Relaxed static stability uses automatic longitudinal feedback controls to
augment the aircraft stability. This allows a smaller horizontal tail, a
further aft center-of-gravity, and hence reduced drag and weight.

(U) Maneuver load control reduces structural weight by automatically unloading
the wingtips in a turn or pullup. This allows reduced structural load factor
margins, which reduce structural weight. !

(U) Structural mode control uses aerodynamic controls to damp out structural
bending medes. This reduces the excess structural weight required solely to
meet stiffness criteria.

REQUIREMENT

(U) The ISADS study indicated approximately 5% gross weight reductions due to
relaxed static stability, 7% reduction due to maneuver load control, and 8%
reduction due to structural mode control. Active control technology is con-
sidered near temm, with the required fly-by-wire and digital avionics capa-
bilities considered current state of the art. Active control technology will be
be applicable to virtually all high-technology aircraft.,

TECHNICAL APPROACH

(U) Required research for the implementation of active controls is well under
way. Relaxed static stability and structural mode control have been demon-
strated in the F-16 and Bl (respectively), and maneuver load control will be
featured on the next version of the L1011, All will be considered routine
state of the art by 1985,

FUNDING REQUIREMENTS

(U) Approximately $8 million will be spent perfecting active controls
technology in the next five years.
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TASK SUMMARY, STEALTH TECHNOLOGIES

DESCRIPTION

(U) Stealth technologies increase an aircraft's survivability by reducing the
probability of its detection by opposing forces. Stealth technologies con-
sidered essential to the ISADS stealth concept are radar absorbent materials
(RAM), radar reflective flashed glass canopy, tuned randome and cooled plug
nozzle.

(U) Radar absorbent materials (RAM) are dielectric materials into which
electrically active elements are positioned which absorb radar energy. These
RAM materials may be either applied as a coating over existing structure, or
built as structural RAM which can replace existing structure.

(U) The radar signature caused by the cockpit cavity is reduced by flashing
the canopy glass with metal, usually gold. This makes the glass radar reflec-
tive so that the inside cockpit cavity is not encountered by the radar energy.

(U) In similar fashion, the randome cavity signature 1s reduced by adding a
slotted metallic foll which allows only the frequency of the aircraft's radar
to pass. For all other frequencies, this ''tuned" radome appears solid,
eliminating the radome cavity signature.

(U) Cooled plug nozzles reduce infrared signature Ey cooling the exhaust flow
and shielding the hot parts. In addition, proper shaping can reduce radar
signature by hiding the rear engine face.

REQUIREMENT

(U) These stealth technologies were considered essentiul to the ISADS stealth
concept because they offer significant reductions in the probability of
detection. This in turn increases the aircraft's probability of survival.

TECHNICAL APPROACH

(U) The greatest improvement needed in RAM is an increase in the frequency
range of the highly absorbent types of RAM. In addition, RAM materials must
be developed to withstand high temperatures. This will allow radar absorbing
nozzle structures.

(U) Gold-flashed canopies are current state of the art. Additional research

should address reductions in cost and the loss of optical transmissivity
caused by the flashing.
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(U) Ongoing research is developing both the tuned radome and cooled plug
nozzle, with availability expected in the 1990's,

FUNDING REQUIREMENTS

(U) Total funding requirements for these stealth technologies is estimated
on the order of $100 million.
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DEPARTMENT OF THE AIR FORCE

HEADQUARTERS 88TH AIR BASE WING (AFMC)
WRIGHT-PATTERSON AIR FORCE BASE OHIO

9 Jan 2008

88 CG/SCCMF
3810 Communications Blvd
Wright-Patterson AFB OH 45433-7802

Defense Technical Information Center

Attn: Ms. Kelly Akers (DTIC-R)

8725 John J. Kingman Rd, Suite 0944 -
Ft Belvoir VA 22060-6218

Dear Ms. Akers

This concerns Technical Report ADC016293, Innovative Strategic Aircraft Design Study
(ISADS) Phase 1 —Jun 1978,

Subsequent to WPAFB FOIA Control Number 07-153LK, the distribution statement:
“Distribution authorized to U.S. Vog’t agencies and their contractors; Specific Authority; May 78.
Other requests must be referred to Commander, Aeronautical Systesm Div., Attn: XRT, WPAFB

is no longer applicable to this document.

The document has was reviewed by the SAF/AQL, Col Roger M. Vincent, Director, Special
Programs, and it has been determined that the distribution statement should be changed to
statement A (publicly releasable). (see attached 27 Nov 2007 memorandum) The record is fully
releasable to the public.

Point of contact is Lynn Kane at (937) 522-3091.

Sincerely

— t LA

LYNN KANE

Freedom of Information Act Analyst
Management Services Branch

Base Information Management Division
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