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SUMMARY

An anelytical study was performed to determine the sitructural approach best

suited for the design of a Mach 2.7 arrow-wing supersonic cruise airerafst.

Results, procedures, and prineipal justificatioﬁ of results are presented
in Reference 1, Detalled substantistion data are given herein. In gensral,
each mejor analysis is presented sequentially in separate sections to pro-
vide continuity in the flow of the design concepts analysis effort. In
addition to the design concepts evaluation and the detalled engineering
design analyses, supporting tasks encompassing: (1) the controls system
development (2) the propulsion-airframe integration study, and (3) the

advanced technology assessment are presented.

Reference 1  Sakata, I. F. and Davis, G. W.: Bvaluation of Structural Design

Concepts for an Arrow~Wing Supersonic Cruise Aircraft NASA
CR~ 1976
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INTRODUCTLION

The design of an economically viable supersonic cruise aircraft reguires
reduced structural mass frections attainable through application of new
materials, advanced concepts and design tools. Configurations, such as

the arrow-wing, show promise from the serodynamic standpoint; however,
detailed structural design studies are needed to determine the feasibility
of constructing this type of aircraft with sufficiently low structural mass

fracetion.

For the past several yeasrs, the NASA Langley Research Center has been
pursuing & supersonic cruise aireraft research program (1) to provide

an expanded technology base for future supersonic aireraft, (2) 4o pro-
vide the data needed to assess the environmental and economic impacts on
the United States of present and especially future foreién supersonic
ceruise eireraft, and (3) to provide a sound technical basis for any future
consideration that mey be given by the United States to thé development of
an environmentally acceptable and economically viable commercial supersonic

cruise airecraft.

The analytical study, reported herein, was performed to provide data to
support the selection of the best structural concept for the design of a
supersonic eruise aircraft wing and fuselage primary siructure considering
near-term start-of-design technology. A spectrum of structural approaches
for primary structure design that has found application or had been proposed
for supersonicvaircraft design; such as the Anglo—French Concorde supersonic
transport, the Mach 3.0-plus Lockheed F-12 and the proposed Lockheed L-2000
and Boeing B-270T7 supersonic transports were systematically evalueted for

the given configuration and envirommental criteria.

The study objectives were achieved through a systematic program involving

the interactions between the various disciplines as shown in Figures A thrcugh
¢, These figures present an overview of the study effort and provides a
‘summary statement of work, as follows: '

(1} Mask I - Analytical Design Studies (Figure A),- This initial

"task involved a study wherein a large number of candidate structure .

ED
PRECEDING PAGE BLANK NOT FILMED

B




i m—ryp——
PP

concepts were investigated end subjected to a systematic evaluation
process to determine the most promising concepts. An airplane
configuration refinement investigation, ineluding propulsion-girframe

integration study were concurrently performed,

(2) Task II ~ Engineering Design/Analyses (Figure B).~ The most

promising concepts were analyzed assuming near-term start-of-design
technology, critical design conditions and reguirements identified,
and construction details and mass estimates determined for the
Final Design airplane. Concurrently, the impact of advanced ftech-

nology on supersonic cruise aircraft design was explored.

(3) Task IIT - Mass Sensitivity Studies (Figure C).- Starting with

the Final Design airplane numerous sensitivity studies were performed.
The results of these investigations and the design studies (Task T
and Task [I) identified opportunities for-structural mass reduction
and needed research and technology to achieve the objectives of

reduced structural mass,

Displayed on the figures are the time-sequence and flow of date between dis-~
ciplines and the reason for the make-up of the series of sections presented

in this report. The various sections are independent of each other, except as
specifically noted. Results of this structural evaluetion sre reported in
Reference 1. This.reference also includes the procedures and principal justi-
fication of results, whereas this report gives detailed substantiation of the

resulis in Reference 1. This report is bound as four separate volumes.
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SECTION 12

STRUCTURAL. CONCEPTS ANALYSIS

INTRODUCTION

The design of an economically visble supersenic cruise aircraft requires the
lowest attainable structural-mass fraction commensurate with the selected near-term

structurel-material technology. To achieve this goal of minimum structural-mass

fraction, various combinations of promising wing and fuselage primary structure were

enalysed ror the load-~tempersture environment applicable to the arrow-wing config-
uration, This analysis was conducted in accordance with the design eriteria spee-
ified in Section 4 and inecluded extensive use of computer-aided analytical methods
to screen the candidete concepts (Task I) and seleer the most promising concept(s)

for the in-depth structural analysis (Task II).
Structural Design Concepts

Both wing and fuselage primary load-cerrying structural concepts were investigated
for application to the arruvi-wing configuration. ¥For the wing analysis structural
arrangements were investigated that included candidate surface panels. spars and
ribs, and the associated non-optimum factor. These candidate concepts are charac-
terized by the type of wing primery load-carrying arrangement (i.e., chordwise,
spanwise, and momocoque) and are shown in Figure 12-1. Similarly, the fuselage
analysis included the investigation of the major weight components assoclated with
fuselage design, i.e., the shell and frame. Figure 12-2 contains a list of the
paner and frame concepts evaluated., Although the sandwich shell was recognized
to have potential becefits for (1) structural mass reduction, (2) sonic-fatigue
resistance, and (3) reduced sound and heat transmission over the panel concepts
shown in the figure, it was not included a3 part of the study. The results
(Appendix A) of the structural assessment performed to quantify the potential mass

gavings of ‘the honeycomb sandwich fuselage for a near-term supersonic cruise air-

ereft, indicated a weight disadvantage for the sandwich shell because of the parasitic

Weight of the titanium slloy core and aluminum alloy braze materigl.
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For both the wing and fuselage analysis, candidate metallic and composite material
were considered. The metals included representative Alpha-Beta (Ti-6A1-4V) and
Bete (Beta C) titanium alloys. For the composite materials, Boron/polyimide, Boron/
aluminum, and Graphite/polyimide reinforced structure were evaluated., A more
detailel descripi ion of these structural-material concepts and their corresponding
fabrication methods and design parameters (constraints) are presented in Sectioms 1,
T, and 8, respectively,

STRUCTURAL ARRANGEMENTS
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" Figure 12-1l, Candidate Wing Structural Arrangements
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Point Design Regions

The basis for the structural-materisl evaluation was the definition of the candidate

structural components and the load-temperature environment at selective wing and
fuselage regions. These regicons, hereafter referred to as point design regions,
are deseribed in the following text.

Wing Point Design Regions. -~ The location of the wing point design regions are

shown in Figure 12-3 and includes the six-regions which are displayed on the wing
planform’of the structural model. These regions are identified by the NASTRAN panel
element pumbers used for the finite element model (Section 9). Representative
structure is specified at each of these locations and inelude a definition of the
upper and lower surfece panels, typical rib and spar structure, and the associated
non-optimum faetors. These regions were selected as representative of wing eritical

design regions. A deseription of these regions is as follows:

Forward wing box - Point design region 40322 is loecated forwerd of the main
landing gear in a fuel tank region. This area is chaeracterized as basically
transmitting pressure loads with low load intensities with respect to wing

bending loads.

Aft box region ~ Point design regions 40236, L0536, and 41036 are located in
the wing aft box with L0236 and k0536 located in fuel tanks and 41036 in a dry
bay region. In general, these areas represent regions of high spanwise load
intensities and varigble chordwise load intensities due to wing bending. The
chordwise load intensities on region 40236, most inboard regions, reflect the
influence of fuselage body bending while the outboard region 41036 displays
the effect of the wing tip load redirection. ' |

Wing tip region - Dry bay regions 41316 and 41348 are located approximately
at the root and mid-span of the wing tip. These areas are characterized by
high load intensities indicative of the aerc-elastic effect on this flexible

region.

Fuselage Point Design Regions. -~ Four point design regions were selected as

representative of the actual fuselage design. These regions are shown in Figure 12-h
and are located at fuselage stations 750, 2000, 2500, and 3000 for the Task T
analysis. 7
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Figure 12-k. Definition of Fuselage Point Design Regions -~ Task I
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For Task II, slight changes in these locations where required to refleect the
revisions incorporated on the finite-element model and these changes are presented
in the Task II introductory text. Conventional structure cbmposed of skin/stringer
panels and sheet metal frames were selected for these regions. The penel concepts
were varied to refleect the specific design being evaluated. These regions were
selected as typical of the critical design regions on the fuselage and, in general,

classified as follows:
Fuselage Forebody (FS T50) - Generally characterized es fatigue-designed
structure with low load intensities due to fuselage bending.

Fuselage Centerbody (FS 2000 and 2500) ~ Wing/fuselage regions subjected

to maximum body bending end wing spanwise loads.

Fuselage Aftbody (FS 3000} - High body bending and torsion loads with regions

.subjected to a high acoustic environment.

Fuselage point design regions located at FS 2000 and FS 2500 are coinecidental with

the wing forward box and aft box point design regions.
Point Design Environment

The load-temperature environment was defined for each wing and fuselage point design

region in support of the specific task being conducted. A detail deseription of this

environment is presented in Section 11, Point Design Environment, and in general

included:
e The load intensities and thermal strains from the NASTRAN internal load
solution.

e The normal loads acting at each region, considering both aerodynamic

pressure and fuel inertia heads.

¢ The average component temperatures and gradients associated with the

specific structural arrangement.

In addition to the detail description of the point design environment contained in

Section 11, each of the enclosed analysis sections contain the point design environ-—

ment for its critiecal flight condition(s).
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Analytical Methods

Structural analyses were performed on each candidate wing and fuselage concept,
Figures 12-1 and 12-2, to define the minimm weight designs and corresponding

panel proportions. These analyses were conducted with computer programs which used
sound analytical methods and incorporated optimization subroutines for determining
the minimum weight design. These programs, formulated for either the direct-search
or synthesis-method of structural optimization, generally ineluded the following
subroutines: (1) definition of the total inplane stress resultants, (2) calculation
of the seetion properties and stiffnesses, (3} a stress analysis, (4) definition of

the allowable stresses, and (5) the optimization procedure.

Chordwise Panel Concepts - A computer program which uses the direect search method,

was used to determine the minimum weight designs for chordwise concepts. The ana-
lytical methods employed in this program, which is entitled STRUDE IT, are reported
in Section 12 of Reference 1 and analyzes these concepts for the total inplane stress
resultants and normael pressure. In eddition, the analysis procedure includes the
bending moment attributed to eccentric edge loading, initial deflection due to

manufacturing, and bowing caused by a temperature gradient through the panel thickness.

For the compression-combined load ~ondition, the theory is based on the wide-
column approach of Reference 2 moldified %o include bending leads with an inter-
action equation used to ineclude the shear load. The magnification effects of
simultaneously applied exial and transverse loadings (beam column anslysis) is
included for the compressicn-load condition but conservatively neglected for the

tension condition.

For the corbined load condition with an applied tension axial load, the maximum

equivalent stresses (feq) were calculated using the principal stress equation:

>
L (_f.'.) 2
foy = 3 5) * Ty

where (f) and (fxy) represent the axial and shear stresses respectively. The allow-
ghle tensile stressges were based on fatigue allowables commensurate with the

penel fatigue quality index (KQ) for a celculated fatigue life of 1.25 x 105
flight-hours, These stresses were determined by the methods described in

g —
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Section 13 and are reported, along with the associated quality index, in the follow-

ing analysis sections.

Spanwise Panel Concepts - The minimum weight panel designs for the spanvise

concepts were determined using the same methods as described for the chordwise

concepts.

This analysis was conducted using two computer programs, entitled Panel and Fatigue,
for the specific compression or tension combined loading condition. As with the
chordwise concept, the combination of axial load, shear, and bending moment were
ineluded in the enalysis. The exception being the method used to account for the
bending due to panel edge eccentricity, initial curvature, and thermal bowing vhere
the concept of equivalent design pressure was introduced to include these effects.
Table 12-1 presents the equivalent pressure expressions for each type of ‘bending
load. Since these values show that the eguivalent pressures depend on the panel
depth (h) and rib spaeing {L) an iterative procedure was included to determine the

panel design and equivalent pressure based on a common panel depth.

The same compression and tension design criteria as used for the chordwise concepts
were applied to the spanwise concepts. The compression loaded panel designs were
based on the local buckling strength of the skin and stiffener elements for combined
compressive (due to axial load and bending) and shear loading, whereas, the applied
stresses for the tension loaded designs were based on the meximum equivalent stress

and compared to- the fatigue allowable stress.

Biaxielly Stiffened Panel Concepts ~ The candidate biaxially stiffened panels were

analyzed using the STRUDE II computer program, which is described in Section 10 of
Reference 1. The two candidate concepts, honeycomb sandwich and truss core, are

displayed in Figure 12-1.

The multiple panel loeding conditions include biaxial loads, shear, primary bending
and secondary or deflection induced bonding. Bending loads include normal pressure,
edge eccentricity, initial deflections, coupling eccentricity, and initial curvature
due to thermal gradient (X = créﬂq/hJL As with the analysés’of the preceeding
uniaxial stiffened concepts, the beam-column effect was included for the compression
combined load condition and conservatively neglected for the tension combined load

condition.
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Analytical Procedures

To provide a rational basls for evaluating the weight of the candidate structural
arrangements, detail analytical procedures, commensurate with the speeific state of
design under consideration, were esteblished for conducting the structural analysis.
These procedures are described in the following text for each major study task of
this program, i.e., Task I, Analytical Design Studies and the Task IT Detailed

Engineering Studies.

The Task I Analytical Design Studies were conducted in two stages as defined in
Figure 12-5 as the Initial Screening and Detail Concept Analysis. The Initial

Bereening Analysis, in general, consisted of the following steps:

(1) At selected point design regions the load-temperature environments
were defined for each general type of wing arrangement and the single
fuselage arrangement. For each wing arrangement the basis for the
internal loads was the NASTRAN redundant structure analysis solution
using 2-D structural models. For the fuselage, existing body shear
and bending moment diegrams were used to calculate the theoretieal
internal load distributions. Aerodynamic heating analysis were con-
ducted to determine the average temperature and gradients on the wing

and fuselage primary structure.

(2) A weight/strength analysis was conducted on each of the candidate wing
panel and fuselage shell concepts. Panel proportions and unit weights
were determined for various rid and spar spacings for the wing surface
panel concepts and frame spacings for the fuselage concepts. Computer-
aided analytical methods were used to optimize the panels for their most
eritical tension or compression design condition. For the compressive
condition, loeal and general instability modes were included with plastic
deformation taken into acecount with the use of the Ramberg-Osgood stress-
strain relationship. For the tension stress state, the equivalent stress
-was not allowed to exceed the gross area fatigue allowable commensurate
with the fatigue quality of the panel under investigation. In addition
to the strength enalysis, damage tolerance analyses were conducted at
selective loeations for each of the candidate panel concepts and the

results are reported in Section 13.

12-10
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(3) As a result of the panel weight/strength analysis each panel concept
within a general arrangement wag ranked in accordance with weight, e.g.,
with reference to the chordwise stiffened wing arrengement shown in
Figure 12-1, the cireular arc-convex beaded panel weighed less than
cireulsr are-conecave beaded, corrugatlon-concave beaded and the beaded
corrugation~concave beaded concepts. Fromthis ranking the most promising
panel concept from each wing and fuselage arrangement was selected for
further evaluation in the next stage of the Task I analysis, the Detail
Concept Analysis.

The Detail Concept Analysis was conducted on typiecal wing box and fuselage structure.
In addition to the surface panels, the investigation included an evaluation of the
substructure, i.e., the ribs and spars for the wing box and the frames for the
fuselage segment. The analytical approach was shown previously in Figure 12-5 and

was conducted in accordance with the following procedure:

(1) Additional wing and fuselage point design regions were selected and
their specific point design enviromment defined. The load-temperature
environment wes based on the same NASTRAW redundant structure analysis
solutions and aerodynamic heating calculations performed for the initial

screening analysis.

(2) Each of the wing arrangements and the fuselage arrangement were subjected
to a weight/strength analysis which included a further eveluation of the
most promising panel concepts surviving the initial secreening analysis
and typical substructure appliceble to each basic arrangement. As
discussed in the Initial Screening procedure, the components were analyzed
for the most eritical ultimate design condition with a fatigue cut-off
stress being used for the tensile stress-state condition. Additional
gnalyses were conducted on those arrangements which included basie air-
plane flutter, demage tolerance , and sonic fetigue. These results are

reported in Sections 10, 13, and 14, respectively.

(3) The results of the Detail Concepts Analysis were the weight ranking of the
basic wing arrangements and the fuselage srrangement. Weight comparisons
were made by reviewing the point design unit weights as well as the total
airplane weight, reported in Section 15. 1In eddition, these arrangements

were evaluated for cost and performance, reported in Sections 16 and 1T.

12-12
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As a result of these evaluations, a hybrid wing design (combination of
structural-material concepts) and a conventional fuselage design were
selected as the best airplane structural arrangement warranting further
evaluation in the Tagk II Detsil Engineering Studies,

The Task II Detailed Engineering Studies were conducted using the least weight hybrid
arrangement resulting from the Task I analysis with its corresponding wing rid and
sper spacings and fuselage frame specings. The major structural components of this

arrengement were subjected to an in-depth structural snalysis consisting of the
following steps:

(1)

(2)

(3)

(k)

A 3-D struectural model was established using the stiffnesses representa-
tive of the strength-sized hybrid arrangement and a NASTRAN redundant
structure analysis solution. obtained. Using these results the wing and

fuselage point design environments were redefined.

The structural concepts at each of the six wing and four fuselage
regions were subjected to point design analysis which included
evaluation for ultimate loads, load-fatigue, sonic-fatigue, and
damage tolerance. In addition, airplane vibration and flutter

analyses were conducted.

The definition of airplane stiffnesses resulting from the above structural .
analysis were compared to those values input in the 3-D structural model
described in Step (1)}. The stiffnesses were generally in good agreement
except for the highly elastic wing tip where the required stiffnesses
dicteted by the aeroelastic and flutter effects were in considerable
disagreement with the initial model input values. Because of this dif-
ference in wing tip stiffness, the model input data (element properties)
described in Step (1) were altered to reflect the new strength and stiff-

ness regquirements and a new NASTRAN solution was conducted.

The aeroelastic loads, internal loads, and vibration and flutter analyses
were performed using the data generated from the new NASTRAN sclutien,

i.e., structural influence coefficient and stiffness matrices., The mass
matrices used in the above analyses were revised to reflect the ammended

model stiffness.
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(5) 1In general, good agreement in load intensities and displacement were
obtained in the strength-designed regions between the design eyecle con-
ducted using the strength-sized model and those of the strength/stiffness
model. This convergence precluded the need for any major strength

resnalysis.

{(6) The unit weights defined at the strength-designed and stiffness-designed
regions were used to define a group weight statement and total weight for

the baseline Final Design airplane, see Section 15.

The results of the weight/strength analyses described in the above procedures are
presented in this section, whereas, the vibration and flutter, damage tolerance
(fatigue and fail-safe), sonic-fatigue (acousties), structural design loads, and
mass analyses are reported in their regpective sections of this report. Specifically
for the weight/strength analysis, these procedures are described for each wing and
fuselage arrangement investigated and are presented in the order or occurrence in
which they were conducted for this study. Additional introductory remarks and data

are presented for the Task II analyses to maintain continuity for the reader.
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CHORDWISE STIFFENED WING ARRANGEMENT ~ TASK I

An Initial Screening and a Deteiled Concept Analyses were conducted on the chordwize
wing structural arrangement, During the Initial Screening Analysis tvo candidete
structural-materials (both metal) a..d four candidate panel concepts were investi-
gated. The four panel concepts are presented in Figure 12-6, Also included on this
figure is a typicel wing box segment depicting the major wing components ineluded

in the Detailed Concepts Anglysis. Those components considered in this analysis are:
the surface penels, spar caps and webs, rib caps and webs, and the appropriate non-

optimum factors.

Fabrication limits for the chordwise panels and closures are summerized in Figure 12-T
with a detailed description of this data contained in Section 7, Materials and

Producibility Sectiomn.

The basis for the structural analysis was the internal loads resulting from the
NASTRAN redundant structural analysis solution. A 2-D structural model with flexi-
bilities representative of a typical chordwise stiffened wing was used for thisg
solution. These internal loads in conjunction with the applied pressures (aerodynamic
and fuel) and temperatures defined the point design environment for these chordwise
panels, Table 12-2 contains the most critical Task I point design environment.

-

Chordwise Initial Secreening

The chordwlse initiel screening analysis was conducted in twe parts, which were:
(1) 2 material tradeoff study to select the most promising material system and (2)
a detail analysis to screen the candidate panel concepts and select the least-

weight concept for further wvaluation.

. The initial material tradeoff study was conducted using & representative Beta {Beta

0) and Alpha-Beta (6A1-4V) titenium alloys. This tradeoff study was conducted by
strength-sizing both meterials for the trapezoidal corrugation-panel concept (Fig-
ure 12-6) using the point design environment specified for region 40536 (Table 12-1).
The results of this study indicated the Alpha Beta (6AY-LV) alloy was the least-
weight concept and this materisl system wes selected for application to the candidate

panel concepts for the screening analysis.
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!l TABLE 12-2. WING POINT DESIGN ENVIRONMENT, CHORDWISE ARK-NGEMENT - TASK I
o0
i = =
% =
3 iz CONDITION MACH NO 5 S
.t & WEIGHT = 630X 103 L6 : MA -=1.25;n,=25
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g o DESIGN ErEM UNITS #0238 41036 41316 40536 41348 4032
- LOADS UPPER LOWER UPPER LOWER UPPER LOWER UPPER
g oo SURFACE | surrace | surrace | sureacE | surrace | surFace SURFACE
g F B Hx LBAN -5 55 -1,435 1,433 571 ~571 455
:3 1771 AIRLOADS My LBAN +lv, 335 1=, 333 -3 1% B1w | -lwe i, E -L.%3 ——
Nxy LBAN 1,3 1,31 z,7 N Ly 207 L,da7 22
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NET PSi at =101k -1.:7 S.11 Ly -0 -8,33
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The chordwise screening analysis wes conducted on the four candidate panel concepts
vhich were previously shown in Figure 12-6 and included the following concepts:

¢ (Circular-arc convex beaded skin

e (Circular-arc concave beaded skin

e Trapezoidal corrugation-concave beaded skin
e Beaded corrugation-concave beaded skin

These panel concepts were sulbjected to a weight-strength analysis at three point

design regions as shown in Figure 12-3 using the point design environment presented

—

in Table 12-2, This analysis was conducted on all chordwise-stiffened panel concepts,

both upper and lower surface panels, for variable spar spacings of 20, 30 and

hO-inches with a constant rib spacing of 60 inches.

In summary, the initial screening results indicated the circular-arc convex headed

panel concept afforded the minimum weight design at each of the polint design regions.

A welght of 1.75 1b/sq.ft. was recorded for the 20-inch spar spacing design at
region 40322 and spproximately 2.00 1lb/sq.ft. for the same designs at regions 40536
and 41348, No consistent ranking, with respect to weight, was noted for the other

three panel concepts at the regions investigated,

Material Tradeoff Study - In support of the material selection for the baseline

metallic airplene a weight-strength analysis was conducted on representative
metals from each general class of allows considered, Ti 6A1-LV(Ann.) and Beta C
were chosen as representative of the alpha-bets and beta alloys, respectively.
The basic mechanical and physical properties, and fabrication technique of the
candidate alloys are presented in the Materials and Producibility Section,

Section 7. In addition, the basic design parameters were as defined in Figure 12-T.

The tradeoff study was conducted at point design region 40536 and consisted of
sizing both upper and lower surface panel for spar spacings of 20-, 30-, and

L0-inches with rib spacing held constant at 60-inches.

The chordwise panel concept investigated for the application of the two materials
was the trapezoidal corrugation-concave beaded skin concept. The results of panel
sizing for the Beta C materinl are presented in Table 12-3 and the corresponding

Ti 6AL-LV panel data are shown in Table 12-k. Using these results, the upper and
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PABLI 12-3.  GROMETRY AND WEIGHT FOR THE TRAPEZOIDAL CORRUGATION PANEL CONCEPT, BETA C MATERIAL -

TASK I MATERIAL TRADEQFF STUDY

PANEL CONCEPT:

TRAPEZOIDAL CORRUGATION—
CONCAVE BEADED SKIN

MATERIAL:

TITANIUM ALLOY BETA C (STA)

POINT DESIGN
REGION 40536
SURFACE UPPER LOWER
SPAR (m}) { .51 76 1.02 | .51 .76 1.02
SPACING (in) 20 30 40 20 30 40
DIMENSIONS:
ty {in) 029 | .032 | .043 | .033 | .030 | .037
t in) | 025 | .020 | .033| .020 | .024 | .025
Rolto 53.79 | 56.88 | 43.35 | 59.09 | 56.33 | 49.19
0 (DEG) | 77.47 | 79.70 { 79.11 | 66.37 | 81.47 | 90.00
bg {in) 120 { 140 | 150 | 150 | 1.30 | 1.40
b¢ {in) 0.80 | 1.00 | 1.00 | 080 | 1.00 | 1.40
h {in) 090 [ 1.0 | 1.30 | 080 | 1.00 | 1.20
bs {in) 075 | 075 | 075 | 075 | 075 | 0.75
MASS DATA:
t {in} | .0730 ] .0863 | .1083 | .0629 | .0747 | .0805
w (ib/ft2) | 1.787 | 2113 | 2.650 | 1.539 | 1.828 | 2.217
CRITICAL
CONDITION 31 31 31 31 31 31

o =]

Lo

e
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TABLE 12-), GEOMETRY AND WEIGHT FOR THE TRAPEZOIDAL CORRUGATION PANEL CONCEPT, 6A1-4%V (ANN.) MATERIAL -
TASK I MATERIAL TRADEOFF STUDY

m::gcggﬁen | 40536
SURFACE UPPER LOWER PANEL CONCEPT:
gl;ﬁgm wm | 51| .76 [1.02] 51| .76 [1.02 Zgﬁg%‘gggkgg:gg&”‘o“’“ | L
Gy | 20| 30 | a0 | 20 | 30| 40 MATERIAL: .
DIMENSIONS: TITANIUM ALLOY 6AI-4V (ANN.)
to (in) }.029(.034|.044].034 |.030 |.038 L
t {in) |.026|.028 (.030|.020 |.024 |.024 p=—bo—my by/2 p=—
Ro/ty,  —  |58.2857.35/44.3257.35(56.33|51.32
$ (deg) [72.64]77.20|83.42{63.43|81.47(87.80 —_
bo (in) | 130|150 1.50|1.50 | 1.30| 1.50 l
bf m | 0.80|1.00 | 1.20] 0.70 | 1.00| 1.40 T 1 hofb, = 0.10
| h/2 = 375
h (i) }0.75| 1.1% | 1.30] 0.80 | 1.00 | 1.30 ho h e
MASS DATA: ‘
T tin) |.070].084|.106|.063 | .075 | .089
w (/) |1.622(1.946 [2.435/1.461(1.720(2.059 T
ggg&fﬁ%n 31| 31| 31| 31| 31| 31 hofbo =010

e




lower surface panel weights were plotted for comparison purposes and are shown in

Figure 12-8. With reference to this figure, the Beta C design panel is approximately

seven-percent heavier for the lower surface panel and ten-percent heavier on the
upper surface. The largest weight variation occured on the compression design upper

surface panel and can best be expleined by s comparison of the compressive buckling

1.
weight index, P/7 (Ec)?. The terms in this expression are: P is the material density,

7 is the plasticity correction factor, and Ec is the compression modulus. TFor

stresses within the elastic region (¥ = 1), the compressive buckling weight index for

Beta C is approximately twelve-percent higher then Ti 6A1-4LV(Ann.) materiel in the

elastic region.

Panel Secreening - The four candidate chordwise wing panel concepts showm in Fig-

ure 12-6 were analyzed using the most promising metallic material resulting from the

material tradeoff study, 6Al-4V(Ann.)} titanium alloy. This analysis was conducted

at the three wing point design regions indicated in Figure 12-3 using the correspound-

ing load/temperature enviromment defined on Table 12-2. The analytical methods used
to strength-size the panel concepts were as previously described in the introductory

text.

Convex Beaded Panel Concept - The results of the strength analysis conducted on the
convex beaded panel concept are presented in Table 12-5. This table displays the
panel cross-sectional dimensions, mass data, and the critical design conditions.
For the three point design regions the skin thicknesses ranged from 0.015-inches
to 0,04l-inches, with the minimum design thickness constraints {foreign object
damage) active for the 20-inch spar spacing design at region 40322. The wing panel
unit weights ranged from 0,80 1lb/sq.ft. to 1.60 1lb/sq.ft. for the lightly loaded
region 40322 and approximately 1.30 1b/sq.ft. to 2,20 1b/sa.ft. for regilons L0536
and 41348,

To minimize aerodyrnamic drag the bead height-to-chord ratio {h/c) was held constant
at 0.10 with the flat between beads (b) maintained at 0.75 inches to allow for sub-
structure attachment. In addition, the meximum value of the inner bead semi-apex

engle (6 = 87 degrees), commensurate with manufacturing limits of this design, was

uzed in the evalustion of all designs.

Concave Beaded Panel Concept ~ The panel results for this concept afe presented in
Table 12-6. For this analysis, the cross—section geometry was subjected to the

12..22
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Figure 12-8, Panel Weight of Candidate Metallic Materials,
Task I Material Tradeoff Study
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TABLE 12-5, PAHKL GEOMETRY AND WEIGHT OF THE CIRCULAR ARC-CONVEX BEADED CONCEPT -~ TASK I CHORDWISE
WING ARRANGEMENT INITIAL SCREENING

POINT DESIGN -
| REGION 40322 e | | 41348
SURFACE UPPER . LOWER UPPER LOWER UPPER LOWER
l v |
SPAR (m} |.51 .76 !1.02 51 .76 '102|.51 1.76 {102/ 51 | .76 [1.02]| 51 |.76 | 1.02| .51 |.76 |1.02
SPACING E —
i) |20 30 40 20 30 40 | 20 130 |40 | 20 |30 |40 | 20| 30|40 ]20]|30]40
DIMENSIONS:
|
S
t {in) |.015 .021 .026' .015 .020:.025 | .025|.035.040|.024 |.028 | .033 | .025 | .033|.038 | .023 |.020 | .023
ty (in} |.015 .025 031 .020 .020,.025 |.035 | .036 | .040.025 |.029 | .037 | .036 | .037 |.041].028 | .030 | .038
} |
. Ry i) [09 12 14 09 14,1809 11 14|08|10|14[09]11]14]|07]08]08
1 i L ‘
| . 8 (deg)| 87 87 87 87 87187 |8 |87 87|87 |87 |87 |87 |87 |87|87]|687 |68z —_—
' b (i) |75 75 .95 35i.75| .75 .75 75!\ 75|75 |75{.75|.75{.75| .75 .75 | .75
1 )
MASS DATA: ; | ‘
T tin) |.036 .055 .070 .041 .048|.061 |.070 {.085 |.097 |.058 |.068 |.084 |.071 |.084 |.095 |.059 |.058 {.070 '
w (1b/£2)|.0825{1.263 1,6190.942/1.120/1.413 | 1.608/1.965|2.241(1.335 | 1.570| 1.943{ 1.632{1.925|2.199/1.366 [1.328 {1.616
CRITICAL .
S ONDITION 20 ( 20120 | 31| 31|31 | 31| 31| 3131 |31| 31313033131 |n
i PANEL CONCEPT:
] CIRCULAR ARC—CONVEX —
h BEADED SKIN {h/c= 0.10)
-] b/2
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PABLE 12-6.

WING ARRANGEMENT INITIAL SCREENING

PANEL GEOMETRY AND WEIGHT OF CIRCULAR ARC~CONCAVE BEADED SKIN CORCEPT - TASK I CHORDWISE

POINT DESIGN
REGION 403‘22 40536 41348
¥
SURFACE UPPER LOWER UPPER LOWER UPPER LOWER
SPAR  (m) 51] 76| 102y 51| .76 | 1.02| 81| .76 | 1.02| 51{ .76 | 1.02]| 51| .76 | 1.02| 51| .76 | 1.02
SPACING
{in) 20 { 30 | 40 | 20 | 30 | 40 | 20 | 30 | 40 | 20 { 30 | 40 | 20 | 30 { 40 | 20 | 30 | 40
DIMENSIONS:
ty (in} |.020|.025|.034!.020|.025|.030|.029|.038 |.041].025 |.030 | .036|.028 | .035 | .041].022|.023 |.024
ty int |1.015|.015|.017 | .020 | .020{.020 |.033|.037 | .054 | .025 |.031{.035.035 |.041|.0551.029 | .028 |.034
Rp (i) o9 |14|17]09]13}/17|10!13{17]|08|11{14|10|14}| 16|07 |08 |11
g (deg) 87 (87! 87| 87 | 87 )87 |87 | 87|87 | 87| 8 | 87| 87|87 |87 |87 |87 |87
b (in) 751755 {73 75| 75|75|.75] 75|75 |.75|.75|.75|{.75).75:.75|.75|.75|.78
MASS DATA:
I (in} |.043}.051|.066 |.048!.056 |.063|.074|.091|.114|.059 |.073 |.086|.074;.091|.114{.059 | .0617 | .068
w {1b/ft2} |0.982|1.165/1.517|1.100/1.279|1.457| 1.696/2.099| 2.620{1.366 | 1.688|1.993| 1.712|2,101/2.638|1.358| 1.405} 1.566
| criTieaLl | . i
CONDITION 20] 20{ 20| 31} 31| 31| 31| 31| 31| 311 37} 31| 31| 31| 31| 31| 31| 31
PANEL CONCEPT: — ] >;—
y_
CIRCULAR ARC—CONCAVE h 7
BEADED SKIN (h/c= 0,10} t : b/2.
£R.E
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same constraints as previously disclosed for the convex beaded concept except for
the beed height-to-chord ratio which was held constoant at ~0.10,

With reference to Table 12-6, the skin thicknesses ranged from 0.01l5-inches on the
upper surface exposed skin at region 40322 to 0.055-inches for the wing tip upper
surface skin., The unit weight (1lb/sq.ft.) for the panels at region 40322 ranpged
from 1.00 1b/sq.ft. to 1.50 1b/sq.ft. The unit weights for regions 40536 and 41348
renged from 1.40 1b/sq.ft. to 2.6 1b/sq.ft.

Trapezoidal Corrugation-Concave Beaded Skin Concept - The results of the strength
analysis are summarized in Table 12-7. For this analysis the bead height-to-chord
ratio (h/e) of the exposed skin was held constant at -0.10. While the minimum gage
thickness and flat distance between beads were identical to those previously dis-
cussed for the convex beaded concepts. A sketeh of the panel cross-sectional

dimensions is contained in the footnotes of the referenced table.

With reference to Table 12-7, skin gages for the beaded skin ranged from
0.020-inches to 0.0hb-inches while the corrugation thickness varied from 0.019-
inches to 0.030-inches, The unit weight of the surface panels at region hu3e2
ranged from 1.2 1b/sq.ft. to 1.9 1b/sq.ft. The corresponding unit weights for the
surface panels at regions 40536 and 41348 varied from 1.3 1b/sq.ft. to 2.4 1b/sq.ft.

Trapezoidal Beaded Corrugation - Concave Beaded Skin - This concept hed the same
geometric constraints as the previous trapezoidal corrugation concept plus the
additional constraints imposed on the corrugation bead. A sketeh showing the
dimensions of this concept is ineluded in Table 12-8 and indicates the values of the

aforementioned geometric constraints.

For the three point design regions the gage thicknesses varied from 0.0l8-inches
to 0.037-inches, corrugation height (h) ranged from 0.70-inches to l.k-inches,
and the bead width (bo) from 1l.l-inches to 1l.4-inches. In addition, the

corrugation exterior angle (¢) veried for 63-degrees to 90-degrees,

Unit panel weights ranged from 1.2 1lb/sq.ft. to 2.2 1b/sq.ft. for region 40322
with regions 40536 and 41348 having slightly higher values, 1.4 1b/sq.ft. to
2.4 1b/sq.ft.
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TABLE 12-7. PANEL GEOMETRY AND WEIGHT OF THE TRAPEZOIDAL CORRUGATION-CONCAVE BEADED SKIN CONCEPT - TASK I
CHORDWISE WING ARRANGEMENT INTTIAL SCREENING
PO‘P{’EGDES‘E‘GN 40322 40536 41348
SURFACE UPPER LOWER UPPER LOWER UPPER LOWER

sPAR (m) | 511 .76 | 1.02] 51| .76 [1.02] 51| .76 |1.02| 51 | 76 | 1.02| 51 | .76 |1.02| 51 | .76 |1.02
SPACING

i | 20] 30{40 {20 30| 4 | 20|30 |4 {20} 30 |4 | 20304/ 20|30 ] a0
DIMENSIONS:
to (in) |.0201{.023).028 |.020|.023].025 | .029 | .034 | .044|.024 | .030 | .028 | .028 | .034 | .035|.034 | .034 |.034
% i) 1.019{.023] 028 {.019 |.022|.024 | .026 | .028 | .030|.020 |.024 | .024 | .024 | .029 | .034|.018 | .020 {.024
Roft,  —  |97.50/84.78|69.64 |84.50(84.78/78.00 |68.28]57.35 44.32|57.35/56.33(51.32|46.23|57.35/55.71/57.35(57.35 |57.35
&  (deg) |65.77|73.74|74.93|66.04{74.74|75.96 |72.64]77.20|83.42)63.43}81.47/87.80|77.47|74.74/79.11|53.13|66.37|65.77
bo Gn) | 1.50|1.50| 1.80 | .30} 1.50] 1,50 | 1.30} 1.50 | 1.50{ 1.50 | 1.30 | 1.50 [ 1.00 | 1.50 | 1.50] 1.50 { 1.50 | 1.50
b tm | 0.60|0.80]0.80 | 0.50 0.90{0.80 | 0.80} 1.00 [ 1.20} 0.70 | 1.00| 1.40 | 0.60 | 0.90 | 1.00] 0.60 | 0.80 | 0.50
h tGm | 1.00|1.20]1.30 | 0.00] 1.10] 1.40 | 0.75| 1.10 | 1.30{ 0.80 | 1.00| 1.30 | 0.90| 1.10| 1.30{ 0.60 | 0.80 | 1.00
MASS DATA:
T im | .050].065].081 |.050|.062| .073|.070|.084 | .106|.063 | .075 | .88 .072} .085 | .102| .057 | .064 | .072
w (/62) 1,158 |1.493]1.873 |1.1561.425(1.676 [1.622|1.946 |[2.435(1.451 [1.720|2.0591.6641.964 [2.352|1.3221.472 [1.668
gggé?.ﬁ'au 20l2 |2 | 3131311313131 3131|3313 ]3] 3|3 ] a1

1 hg/bg = 0.10
PANEL CONCEPT: !
hy bf2= 375
TRAPEZOIDAL CORRUGATION— ¢
CONCAVE BEADED SKIN 4
e —

P
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TABLE 108,

TABK 1 CHORDWISE WING ARRANGEMENT INITTAL SCREENING

PAREL, GROMETRY AND WEIGHT OF THE TRAPEZOIDAL BEADED CORRUGATION-CONCAVE BEADED SKIN CONCEP

CONCAVE BEADED SKIN

POI%EGDFOSI!IGN 40322 40536 41348
SURFACE |  UPPER LOWER UPPER LOWER UPPER LOWER
seaR - (m) | 51 [ 76 [102 | 51] 76 [102[ 51 [ 76 [ 1.02] 51 [ 76 102 51| .76 [1.02]| 51 .76 |1.02

tin} | 20 {30 |40 [ 20 | 30|40 | 20| 30| 40| 20 | 30 [ 40 | 20 30 | 40 20| 30 | 40
DIMENSIONS: 1T
1o (in) |.020|.025|.030 {.023 |.025/.020 | .027|.032] .034| .032 | .032 | .031 | .028 | .034 | .034 | .032 | .036 | .037
% (i) |.019].024].026 |.023 |.025].030 | .024 | .027| .021| .018 | .021 | .026 | .024 | .025 ] .031] .018 .019 | .020
Ro/to — |91.00/72.80/60.67 |79.13]72.80|58,30|52.96|56.87|53.53/57.88|55. 15 58.71}51.07|49.71/53.53)52.53|50.56 |49.19
Rift; — 14.40|4.18}6.43|6.08|7.35|5.01 |4.87 | 8.05| 7.01{ 8.36 [10.35| 7.71 | 4.88 | 8.36 | 7.01| 6.50| 6.16 | 9.19
$ (deg) |65.77|70.02|81.25|71.5682.8781.87|77.47]87.40/87.80|72.65{87. 14|85.60| 77.47|90.00|87.80)63.43|66.37[81.47
bo (im | 140 1.40( 1.40 | 1.40| 1.40 1.30 | 1.10 | 1.40| 1.40| 1.40 | 1.40 | 1.40 | 1.10 | “.30| 1.40{ 1.40 | .40 | 1.40
bf in} |0.50|0.601.000.801.10| 0.90 |0.70| 1.30| 1.30] 0.90 | 1.30| 1.20 | 0.70 | 1.30| 1:30} 0.70| 0.70 [ 1.10
h tin} |1.00]1.10|1.30 {0.90 | 1.20| 1.40 {0.90 | 1.10{ 1.30| 0.80 | 1.00{ 7.30 { 0.90 | 1.10{ 1.30{ 0.70 | 0.80 | 1.00
MASS DATA: [ ‘
I tin) |.0521.068|.086 |.060 |.077|.007 |.072| .085| .105|.062 | .075 | .088 | .073 | .081] .105| .061 | .066 | .076
w (1b/£12)|1.188(1.563(1.973 | 1.385|1.782{2.243| 1.654|2.047|2.410]1.422| 1.727|2.056{ 1.677|2. 106|2.419|1.402}| 1.520 1739
SR | 20| 20| 20 [ 313131 | 31|31 |31]31 |31 |2a1|31]31]|31]3 |31 a
hy, l__bo—- b/2
PANEL CONCEPT: | tu r— by/bg = .33
oo h;fb; =.48
TRAPEZOIDAL BEADED ] \ T hy/by =.10
CORRUGATION— t, : 1- b/2 =.375
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Chordwise Surface Panel Results - The results of the initial sereening analyses of

the chordwise surface panels are presented in graphic form in Figure 12-9. This
figure compares the total panel weight, sum of the upper and lower surface panels
weights, at the three point design regions as a function of the variable spar

spacing,

With reference to the lightly loaded region 40322, the eircular-arc convex beeded
concept was the least-weight concept with the trapezoidel beaded corrugation concept
the heaviest, e.g., for the 20-inch spar spacing designs the respective values of
1.76 and 2.57 1bs/sq.ft. are noted. The circular-are concave and trapezoidal
corrugation concepts have intermediate values. An exception to this ranking ocecurs
at the 40~ spacing were the circular-src concave beaded concept exhibits a slightly

lower velue, approximately 2-percent lower, than the convex beaded concept.

For region 40536, the circular-arc convex beaded panel concept was again the least-
weight panel concept, less than 3.0 1lb/sq.ft. for 20.0-iach sper spacing and
slightly over 4.0 1b/sq.ft. at 40-ineh spar spacing. These values are indicative
of the higher load intensities experienced af this region and hence more efficient
desipgns were obtainable, This trend is indicated in Figure 12-9 by the small weight
range exhibited by the four panel concepts.

As with the previous point design regions, Figure 12-9 indicates the circular-arc
convex beaded concept is also the least-weight concept for wing tip region 41348,
Approximete urit weight values of 3.0 1lb/sq.ft. and 3.75 lbs/sq.ft. are noted for

spar spacinge of 20-inches and LO-inches, respectively. The concept ranking,

relative to weight, for this region is (1) eircular-arc convex beaded, (2) trapezoidal

corrugation-concave beaded, (3) cireular-are concave beaded, and (4) trapezoidal

beaded corrugation.

To provide further credence to the selection of the least-weight panel concept a
supplémental analysis was conducted to assess any possible changes in panel concept
ranking when substructure is incorporated in to the design. This wing box analysis
was conducted at the highly-loaded aft box region 40536 and included sizing typical
substructure associated with each panel concept. The results of this analysis are
nonteined in Table 12-9 and for comparison purposes displayed graphically in
Figure 12-10, This analysis indicates the design using the circular-are convex

beaded panel results in the least-weight wing box. Approximate unit box weights of
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TABLE 12-9,

UNIT WING BOX WEIGHT FOR CHORDWISE PANEL CONCEPTS — TASK I CHORDWISE
ARRARGEMENT INITIAL SCREENING

CIRCULAR ARC~ CIRCULAR ARC— TRAPEZOIDAL = \—7— | BEADED =T
PANEL CONVEX <~ | concave =—7 |comrugation- \_/ |comRucaTioN
CONCEPT BEADED SKIN BEADED SKIN CONCAVE BEADED SKIN CONCAVE BEADED SKIN

SPAR SPAC {IN) 20 30 40 20 30 40 20 30 40 20 30 40
PANELS
UPPER 1.609 | 1965 | 2.241 ] 1.686 | 2.099 | 2.620 | 1.622 | 1.946 | 2.435 | 1.654 | 2.047 | 2.419
LOWER 1.335 | 1570 | 1.943 | 1,367 | 1.688 | 1.993 | 1.461 | 1.720 | 2.059 | 1.422 | 1.737 | 2.056
P {2.944} | (3.535) | {4.184)§(3.063) | (3.787) | (4.613} | (3.083) | (3.666) | {4.494} | (3.076) | (3.784) | (4.475)
RIB WEBS
BULKHEAD 0,238 | 0,238 | 0.238 | 0.238 | 0.238 | 0.238 { 0.238 | 0.238 | 0.238 | 0.238 | 0.238 | 0.238
TRUSS 0.228 | 0,228 | 0.228 | 0.228 : 0.228 { 0.228 | 0.228 | 0.228 | 0,228 | 0.228 | 0.228 | 0.228
) {0.466) | {0.466) | (0.466)] (0.466) | (0.466)| (0.466) | (0.466)| (0.466) | {0.466) | (0.466) | (0.466) | (0.466)
SPAR WEBS
BULKHEAD 0.270 | G.319 | 0.375 | G.270 | 0.319 | 0.375 | 0.270 | 0.31% | ©.375 | 0.270 | 0.319 | 4.375
TRUSS 0.490 | 0.403 | 0.325 | 0.490 | 0.403 | 0.325 | 0.490 | 0.403 | 0.325 | 0.490 | 0.403 | 0.325
z {0.760) | (0,722} (0.700}] (0.760) | (0.722)| (0.700}{ (0.760)] {0.722) | (0.700) | {0.760) | {0.722} { {0.700)
RIB CAPS
UPPER 0.116 | 0.117 | 0.130 | 0.704 | 0.123 | 0,152 | 0.094 | 0.104 | 0.722 | 0.038 | 0.100 | D.109
LOWER 0.086 | 0.097 | 0.116 | 0.087 | 0,103 | 0.117 | 0.093 | 0.093 | 0.104 | 0.087 | 0.093 | 0.097
z {0.202) | {0.214) | {0.246){ {0.191}] {0.226) | {0.269){ (0.187}{ {0.197) { {0.226} | (0.175) { {0.193} | (0.208)}
SPAR CAPS
UPPER 2710 | 2770 | 2,890 | 2710 | 2.800 | 2.930 | 2.850 | 2.850 | 2.950 | 2.850 | 2,850 | 2.950
LOWER 3,950 | 4.040 | 4.190 | 3.950 | 4.080 | 4.240 | 4.010 | 4.1680 | 4.250 { 4.010 | 4.160 | 4.290
= (6.660} | (6.810) {7.080)| (6.660) | (6.880)| (7.170)| {6.860)] (7.010) | {7.240) | {6.860}| {7.010) (7.240)
NON OPTIMUM
FASTENER 0.200 ; 0.190 | 0.180 ] 0,200 | 0.190 ) 0.180 ]} 0.2C0 | 0.190 | 0.180 | 0.200 | 0.190 | 0,180
WEB INTERS. 0.7120 | ©0.110 | 0.100 | 0,126 | 0.110 | 0,100 | 0,720 | 0.110 | 0Q.100 | 0.120 | 0.110 | 0,100
= (0.320) ] {0.300)] (0.280) | {0.320) | (0.300){ (0.280)) (0.320) ]| {0.300) | (0.280) | (¢_320)| {0.300} 1 (0.280)
[ POINT
z DESIGN (th) 11.352 | 12.047 | 12.956 | 11.460 | 12.381 | 13.498 }{ 11.676 | 12.361 | 13.406 | 11.657 | 12.475 | 13.367

MASS
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11.3 1b/sa.ft. to 13.0 1b/sq.ft. are noted for this concept at spar spacing of

20-inches and LO-inches, respectively.

By comparing the results shown in Figure 12-9 with those in Figure 12-10 it can be
seen that the findings of the panel investigation are validated by the results of the
wing box analysis, i.e., least-weight concept is the circular-arc convex-beaded

1 .el,

Chordwise Detailed Concept Analysis

For the detailed concepts analysis, elementary wing boxes, left-hand sketch on
Figure 12-6, were subjected to point design weight-strength analyses. Structural
components included were the least-weight panel concept surviving the initial
screening analysis, circular-arc convex beaded ceoncepts, with substructure commen-
surate with the chordwise design. This substructure ineluded spar caps and webs,
rib caps and webs, and associated non-optimum structure (i.e., posts, shear ties,

fasteners, ete.)

8ix wing point design regions were selected for this analysis, the three used
for the initial sereening analysis plus three additional regions, Figure 12-3
contains the locations of these regions. The three additional wing regions were

located in the wing aft box and wing tip regions.

The eritical penel load-temperature enviromments are displayed in Table 12-2
for each of six wing point design regions. The substructure was analysed using
the internal forces derived from the NASTRAN redundant structure analysis

solution.

Panel Analysis - The results of the panel analysis are summarized in Table 12-10,.

This table displays the panel dimensions and mass data for the three additionsal
point design regions 40236, 41036, and 41316. All panels were designed for the
eritical symmetric flight condition at Mach 1.25, Condition 31.

With.reference to this table, the bead skin thicknesses ranged from 0.01%-inches
to 0.072-inches for these regions with no minimum gage restrictions. The radius

Por the inner bead R. varied from 0.7-inch to l.5-inches. The semi-apex angle 6,

L

'flat.width b, and exterior skin bead height-to-chord ratio h/c were held tc th.
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CIRCULAR ARC—CONVEX
BEADED SKIN {h/c=0.10)

TABLE 12-10. PANEL GEOMETRY AND WEIGHT OF THE CIRCULAR ARC-CONVEX BEADED CONCEPT — TASK I CHORDWISE
ARRANGEMENT DETAIL CONCEPT ANALYSIS
PO onY 40236 41036 41316
SURFACE UPPER LOWER UPPER LOWER UPPER LOWER
AR (m) | 81| .76]102| 51| 76 (102 51| 76 | 1.02] 51| 76 | 102| 61| 76 | 102) 51 )76 | 102
i |20 (30|40 | 2034 |20 30 |4 | 20|30 {42030 40| 20| 30! 40
DIMENSIONS:
ty (in) |.019|.024] .030 | .022|.028.034 | .024|.028|.033| .020 | .021 .023 | .028 | .00 .038 | .026 | .033 | .037
t (i) 1.019 |.024|.028 |.025].030/.033 | .030|.037).040] .030 | .029 | .030 | .072|.072 | .067] .051 | .046 | .050
Ry m |07]10[13|09|12|15 |08} 11|13[07|08[10[008] 11} 14{08] 10]1.2
8 (deg) | 87 | 87| 87 | 87 |87 1 87 | 87| 87| a7 | a7 [ 87 | 87 | a7 |87 | 87| 87 | 87 | &7
b iy | 75|76 75|75 |75 |75 | 75|75 |75 |95 |75 {75 | 95| 75 95 | 75 | 75 | .75
MASS DATA:
T tm) |.045|.058|.071|.056|.070|.082 | .063|.077{.087|.057 | .058 | .062 | .112| .116 | .122| .087 | .092 |.103
w (16782 11.032|1.325)1.620 |1.279|1.606]1.887 |1.452{1.766(2.0071.320 [1.335|1.435|2.571|2.650(2.811]2.00712.120 |2.366
itk 31|81 |3 |31 813 | s 3 s|s1|3|30p3 |3 |51 5@
PANEL CONCEPT:




same constraints as the panels during the initial sereening analysis: 8T7-degrees,
0.75-inches, and 0.10, respectively.

The detail concept analysis used the panel weights determined during the initial
sereening snalysis at point design regions 40322, 40536, and 41348. See Table 12-5

for a gsummary of the panel geometry and weight of these regions,

Substructure Analysis -~ For the chordwise stiffened wing arrangement, the wing

chordwise extensional stiffness and wing torsional stiffness are primarily a
function of the surface panel properties with the wing bending stiffness provided
by the submerged spar caps. Hence the spars (caps and webs) are major weight
conmponents for the chordwise arrangement. In addition, the rib caps and webs, and

the associated non-optimum structure were included in this substructure analysis.

The substructure weight-strength analysis was conducted at each of the six point
design regions using representative substructure commensurate with the specific
regicn being analyzed, i.e., wet bay or dry bay region. A typical substructure
arrangement for point design region 40536 is shown in Figure 12-11. The number af
components associated with each rib and spar spacing are shown superimposed on
penel dimensions used in the finite~element structural model. All study dimensions
were related to the model dimension. To protect the spar caps from the thermal
environment and provide clearance for the uses of large surface panels {continuous
panel stiffeners) the spar caps are submerged. The caps become large rectangular
blocks with integral tee clips attaching to the skin. At bulkheads the surface
stiffeners taper out and the tee clips are continuous, At intermediate spars the
elips are cut away to allow for continuous panel stiffeners and are hence local

discrete elements.

In addition, the model loads reflect spar caps at the wing surface, hence the actual
spar cap loads used in the weight-strength analysis were adjusted by the ratio of
model spar height. An example of the spar cap stress analysis is shown on Table 12-11,
and Table 12-12 presents the resulting spar cap geometry and weight. Study spacings,
model spacings and inter-related number of caps are defined for each point design
region. The cap geometry and area, and the equivelent surface panel unit weights

are displayed for both upper and lower caps. The nomenclature for the cap geometry
and the weight equation are shown in the footnotes of this Table. The tension

designed lower surface caps (90,000 psi. gross area fatigue allowable stress) are
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CHORDWISE

~ w IN. RIB SPACING
= {MODEL)
= /\< —6-

/

80 IN.

‘ SPAR SPACING

SPANWISE (MODEL)

STUDY SPACING
RIB (b) 60 60 60
SPAR ({a) 20 30 40
SPAR CAPS (NO.} 4 22/3 2
TYPE SLAB SLAB | SLAB
SPAR WEBS (NO.) 4 22/3 2
CORRUGATION 1 1 1
TRUSS 3 12/3 1
RIB CAPS (NO.) 1 1 1
TYPE TEE TEE TEE
RIB WEBS (NO.} 1 1 1
CORRUGATION Y2 % Ya
TRUSS Y ¥ Y

Figure 12-11. Chordwise Substructure Arrangement Point
Design Region L0536
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TABLE 12-11. CHORDWISE ARRANGEMENT SPAR CAP ANALYSIS
APPLIED LOAD
POINT - SPAR CAP frcf? | Fre? | MARGING
DESIGN SPACING | COND. PyLT AREA ’ ' OF
REGION SURFACE (IN.) NO. (KIPS) (IN.2) (KS;} (KS;) SAFETY
40322 UPPER 20 9 -27.4 0.21 -131.1 -1310 0.00
30 9 -41.6 0.32 -130.8 -131.0 0.00
40 9 -56.0 0.43 -129.9 -131.0 0.01
LOWER 20 9 27.4 0.30 90.1 90.0 0.00
30 9 41.6 0.46 89.8 90.0 0.00
40 9 56.0 0.62 90.3 90.0 0.00
40536 UPPER 20 31 -307.4 2.35 -130.8 -131.0 0.00
30 31 -472.8 3.62 -130.6 -131.0 0.00
40 31 -656.6 5.02 -130.8 -131.0 0.00
LOWER 20 31 307.4 3.43 89.6 90.0 0.00
30 31 472.8 5.27 89.7 90.0 0.00
20 31 656.6 7.27 90.3 90.0 0.00
41348 UPPER 20 31 -272.2 2.09 -130.2 -131.0 0.01
30 31 -436.0 3.33 -130.9 -131.0 0.00
40 31 -632.0 4.83 ~130.8 -131.0 0.00
LOWER 20 31 272.2 3.02 90.1 90.0 0.00
30 31 436.0 4,83 90.3 90.0 0.00
40 31 632.0 7.05 89.6 90.0 0.00
NOTES

1. APPLIED STRESS = Py /A

2. ALLOWABLE STRESS:
COMPRESSION (Fg) = Foy

_ TENSION (Fr} = 90,000 PSI (FATIGUE ALLOWABLE)
3. MARBGIN OF SAFETY = F/f-1




TABLE 12-12. SPAR CAP GEOMETRY AND WEIGHT OF THE CHORDWISE WING ARRANGEMENT

gE-2T

MODEL
SPACING SPACING
UPPER SURFACE SPAR CAPS LOWER SURFACE SPAR CAPS
POINT | sPAR | RIB | sPaR | RIB N , e
DESIGN a b A B NUMBER | W t Ag w W t Ac W
REGION | (N | ON) | Gny |ON) | sPARS | N | UND | N2 |os/sa ETd | N | oang | oe? | sssa.FT)
40322 20 60 80 |7 450 150 | .139 | 209 241 150 | .203 304 .350
30 | 60 % |7 3,00 150 | 212 | 318 244 150 | .308 .463 356
40 60 a0 71 2.25 1.50 287 S35 .248 1.50 413 B20 357 ——
40236 20 60 80 63 4.00 2.0 1.37 2.74 3.16 3.0 1.37 412 475
30 60 80 | 63 2.66 20 | 1.41 4.23 3.25 35 | 1.81 6.34 4.86
40 60 80 | 63 2.00 30 | 192 | 576 3.31 40 | 216 8.64 4.97
40536 20 60 80 , 64 4.00 20 | 118 | 235 2.71 25 | 1.37 3.43 3.95 S
30 60 g0 | o4 2,66 25 | 145 | 362 277 30 | 176 5.27 4,04
40 60 80 | 64 2.00 30 | 167 | 502 2.89 35 |208 | 7.27 4.19
41036 20 g0 | 100 |64 5.00 20 | o810 | 1.62 1.87 20 | 117 | 23« 2.71
30 60 | 100 |64 2.33 25 | 103 | 258 1.98 25 | 1.50 2.75 2.88
40 60 100 64 2.50 3.0 1.21 3.63 2.08 3.0 1.75 .25 3.02 e
41316 20 60 50 | 45 25 25 | 136 | 340 3.92 3.0 | 166 4.98 5.73
30 60 50 | 45 1.66 30 |181 | 543 4.15 35 | 225 7.88 6.04
40 60 50 | 45 1.25 35 | =223 | 781 450 40 |284¢ | 1136 6.55
41348 20 60 35 | 40 1.75 2.0 | 1.0a5 | 2.09 2.41 25 | 1208 | 302 3.48
30 60 35 | 40 147 25 | 1332 | 333 256 30 |1.610 | 482 372 —
40 60 35 | 40 0875 |30 | 1610 | 483 278 35 | 204 | 7.08 4.06

SPAR CAP DIMENSIONS

A = CAP AREA OF EFFETTIVE LOAD CARRYING MATERIAL
l =W xt
-t w = EQUIVALENT SURFACE PANEL WEIGHT, LB/SQ. FT.
{ N xA
=—C x 2304 .

.t




heavier then the compression designed upper surface caps. At point design region
40236, inboard locetion on aft wing box, the lower surface caps are approximetely
1.6 1b/sq.ft. heavier than the upper surface caps. As t0 be expected, the spanwise
cap areas inereased at the wing tip root and the wing/fuselage intersection. On

the aft box, reading from outboard to inboard, the unit weights of the upper surface

spar caps for 20.0-inch spacing ranged from approximately 1.90 1b/sq.ft. to 3.2 1b/
8q.Tt,, respectively. The corresponding weights of the lower surface ceps ranged
from approximately 2.70 1lb/sq.ft, to 4.8 1b/sq.ft. A general ranking of the wing

regions by their spar cap weights are as follows: heeviest caps are indicated for

the wing tip regions (41316 and b413L48), intermediate weights for the aft box regions

(k0236, 40536, and 41036), and least-weight for the lightly loaded spars in the

forward wing box region 40322,

The rib caps carry relatively low loads as the chordwise stiffened surface panels
are the primary load-carrying structure. The rib caps were designed to support
the surface panels, provided the necessary material for panel splicing, and in

association with the rib web, supply additional chordwise bending stiffness.

The rib cap geometry was held constant, a tee 2.0-inches wide with & 1.0-inch
flange, with only the thickness allowed to vary with the load intensity. A
minimum design restriction of 0.0b-inches was imposed on the thickness. A
summary of the rib cap geometry and weight are showm in Table 12-13. This table
contains the same type of spacing data apd number of rib caps as described for the
spar caps analysis. The upper and lower surface rib cap gecmetry for each region
are displayed along with the equivalent surface panel unit weight., The footnotes
contain the typical rib cap geometry, and the cap area and equivalent panel unip
weight equations. The rib caps at point design region 41316 (wing tip/aft box
interface) required the greatest areas {heaviest weight)} with the caps at region
40322 being the least-weight designs. A unit weight of 0.16 1b/sq.ft. is noted
for the upper rib cap for 20-inch spar spacing at region 41316 and 0.058 1b/sq.ft.
for the corresponding spacing design at region L40322.

A combination of circular-arc corrugation and truss designs was considered for
the spar and rib webs. The type of web used was contingent on the location of the
specific point design region being analyzed. For wet-bay regions, a combination
of bulkhead and truss webs was considered; whereas, for the dry-bay wing-tip
regions ‘the relatively small wing thickness prohibited the use of truss wehs and
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TABLE 12-13.

HiW CAP GHOMETRY AND WEIGHT OF THE CHORDWISE WING ARRANGEMENT

MODEL
SPACING SPACING _
NUMBER UPPER RIB CAP LOWER RIB CAP
POINT SPAR RIB SPAR | RIB RIB
DESIGN a b A B CAPS t Ag w t AR w
- REGION (IN.) {IN.) (IN) {IN) N ang | ) | osssa.FT) | (M) a4 | (Le/sa. FT)
. 20 60 90 71 1.50 .040 120 058 045 135 .065
40322 30 60 90 71 1,50 055 .166 .081 050 150 073
: 40 60 90 71 1.50 .066 .199 097 050 150 073
20 60 80 63 1.00 064 191 070 " 076 228 083
40236 30 60 80 63 1.00 077 .230 084 .090 271 .099
40 60 80 63 1.00 .090 .270 .099 102 .306 112
20 60 80 64 1.00 107 .321 116 .080 240 .086
40536 30 60 80 64 1.00 .108 324 17 .090 270 .097
a0 60 80 64 1.00 .120 .360 130 107 321 116
20 60 100 64 1.66 .052 .156 .093 049 147 087
41036 30 60 100 64 1.66 061 182 .109 049 147 087
40 &0 100 64 1.66 067 201 120 051 153 .091
20 60 50 45 750 .139 416 160 .108 327 126
41316 30 60 50 a5 750 141 423 162 112 336 129
40 60 50 45 750 .145 .435 67 22 366 141
20 60 35 40 0.666 .089 .267 103 064 192 .074
41348 30 60 . 35 a0 0.666 .101 .303 116 076 228 087
40 60 35 40 0.666 12 .336 129 077 231 .088
o A = AREA, IN.?
I—-—_-zoo]—-JI
=300 xt
| eee— |
- - 2
_— b0l w = EQUIVALENT SURFACE PANEL UNIT WEIGHT, LB/FT.
gt

It

N x Ap x 23.04

B
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only corrugated wehs were considered. The spar web geometry and corresponding
weights ere summerized in Table 12-1h4, with the similar data for the rib webs
shoyn in Table 12-15. Both tables contain the pertinent type and number of webs
for each point design region. In addition, the geometry nomenclature, and the

area and weight equations are defined in the footnotes,.

Unit Box Weights - Tables 12-16 and 12-17 contain a summary of the component and

total weights of the chordwise wing concept for the six point design regions. The
components ineluded: the upper and lower surface panels, rib webs, rib caps, spar
webs, sSpar caps, and non-optimum factors. In addition to the comwonent weights, the
total point design box weight is also included on these tables, For ease in interpre-

ting these results, the component and total welghts at each point design region as a

function of spar spacing are presented in graphic form in Figure 12-12 through
12-17.

The results for the lightly loaded forward wing box region 40322 are presented in
Figure 12-12. The total box weight curve has a positive slope of approximately
025 1b./sq.ft. per inch of spacing with a minimum-weight value of 3.8 1b/sq.ft

occurring at the 20-inch spar spacing design. With respect to the panel weight

curves the compression design upper surface panels are heavier than the lower sur-

face panels for all designs with approximately 25-inch or larger spar spacings. The

panel weights for the 25-inch spar spacing designs are 1.05 1lb/sq.ft. Tor the
20-inch spar design the incremental weight between the upper and lower surface is
approximately 0.12 1b/sq.ft. with the upper surface design (0.82 lv/sq.ft.) being
the lightest. All substructure components are less than 1.0 1b/sq.ft., with the

spar webs for the 20-inch spacing design being the heaviest weight component.

The wing box weights for region 40236 are shown in Figure 12-13. For this chord-
wvise stiffened wing panel concept, the wing spanwise bendiﬁg loads are.carried by
sutmerged spar caps vhich for this region are the heaviest component and weight
approximately 8.0 1lb/sq.ft. The surface panels are relatively light-weight
components with the heaviest panels being the lower surface panels which weigh
approximately 1.30 lb/sq.ft. and 1,90 1b/sq.ft. for the 20-inch and 40-inch spar
gpacing designs, respectively. Of the remaining components, the spar webhs were
the heaviest item ab 0.90 1b/sq.ft. for the 20-inch spar spacing design. The
total weight curve is linear with a positive slope, a minimum total weight of
approximately 12.0 1b/sg.ft. occurs for the 20-inch spar spacing design.

12-h1
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'TABLE 12-14, SPAR WEB GEOMETRY AND WEIGHT OF THE CHORDWISE WING ARRANGEMENT
MODEL TRUSS WEBS
SPACING SPACING
N BULKHEAD WEBS N TUBE | WALL

POINT |sPAR | RIB |spar | RiB | NUMBER NUMEER | pIa. | THK. NUMBER
DESIGN | a b A B | BULKHD| n B B | t w TRUSS | D t L | A |otaconars w
REGION [ (IN) [ (INJ | (tN) [N | wees | N [(pEG{and [ uny | wesa. FTi| wess | ond | ong [ ang [ un2 n {LB/SQ. FT)

20 |e | g0 (71| 1 4z | 8o |1.20|.022 236 35 150 | .023 | 445 {.107 5 301
ao3zz | 30 |eo | 90 {71 | 1 a2 | 79 l130]|.022 333 2.0 150 | 026 | 446 | 119 5 a91

20 |80 | 80 |71 | 1 4z 68 |1.60 | .028 336 126 | 150 | 033 | 446 | .52 5 53

20 60 80 63 1 35 63 1.80 | .029 361 3.0 2.25 037 380 261 4 544
40236 30 60 20 63 | 35 78 1.40 | .028 396 1.66 2.25 053 33.0 365 4 421

40 60 8o 63 1 35 75 1,50 ] .033 451 1.00 2.25 J68 38.0 465 4 w323

20 |60 | 80 |sa | 1 27 67 |1.40 | .027 270 3.0 1825 | 065 |28.3 | 321 4 .490

40536 | 30 | 6o 80 |64 | 1 27 72 |1.30 | .031 319 .66 | 1.625| .039 | 283 | .475 4 403

4 |60 80 |64 | 1 27 63 {170 | .039 375 100 | 1625| 136 |283 | 636 4 325

20 |60 | 100 [64 | 1 65 | 62 |1.00 |.023 109 40 150 | 063 |220 | 284 4 359
41036 | 30 |60 | 100 |68 | 1 165 | 63 |1.00 | .08 132 233 | 150 | 063 |22.0 | 389 4 287

40 |so | 100 |64 | 1 165 | 5 [1.00 [.022 151 150 | 150 | 096 |22.0 | .423 A 201 .

20 | 60 s0 |45 | 25 135 | e0 |[1.00 [.023 439
41316 30 G0 B0 45 1.66 1335 60 1.00 | .0z8 354 - - — - - -— -

40 | 60 50 {45 | 125 [135 | 0 (1.00 |.033 288

20 60 | a5 |40 | 175 |10 so |1.00|.010 201
41348 | 30 | e0 a5 |40 | 147 |10 | 70 [1.00 |.024 264 - - - |- |- - -

a0 |0 35 |40 | oers |110 | so |1.00 | 025 182
BULKHEAD WEBS {CIRCULAR-ARC CORRUGATION} TRUSS WEBS (DIAGONAL ELEMENTS}

P Ap = DIAGONAL AREA
w = EQUIV, SURFACE PANEL WT., LB/SQ, FT.
L = 714(D-2.D, 2
o "Dy
= N( 2 ) (-"—) t x 23,04 l v w = EQUIV, SURFACE
sind/ \A PANEL WT., LB/SQ. FT.
" I“3°""'I 15 = Nfn x Ap x L)
60 = ————— . % 23,04
Ax B

— ——

—
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TABLE 12-15. RIB WEB GEOMETRY AND WEIGHT OF THE CHORDWISE WING ARRANGEMENT
MODEL TRUSS WEBS
SPACING SPACING
N BULKHEAD WEBS N TUBE | WALL

POINT |SPAR | RIB | sPaR | RIB | NUMBER NUMBER | DIA. | THK. n
DESIGN | a b A B |BULKHD| h 8 R t w TRUSS D 1 L Ap NUMBER w
REGION | (N | NG| g o | wess | N | oeca|ong | an | eessa.FTa| wess | omad | oung | ang | on2) | DlaconaLs | Lessa, BT

20 | 80 90 {71 0.50 45 78 |150 | 029 298 1.00 150 | 021 |a7.4 | 097 45 074
q032z | 30 | 60 g0 |71 0.50 45 | 78 |is0 | .029 298 1.00 150 | 016 | 455 | 074 6.0 074

40 | 6o a0 | 7 0,50 45 78 |1.50 ) .020 298 1.00 150 | 021 |47.4 | 007 45 074

20 | e0 80 | 63 0,50 36 85 |1.80 | .034 279 0.50 225 | .093 410 | 630 4.0 237
40236 | 30 | &0 a0 | c3 0.50 36 65 |1.80 | .034 279 0.50 225 | 073 |[39.0 | .409 5.33 237

40 | 60 a0 | 63 0.59 a6 65 [1.80 | .03 278 0,50 225 | 003 |a41.0 | 630 400 237

20 | 60 g0 | s4 0.50 27 67 |150 | .038 238 0.50 2,00 | 128 [336 | 753 a0 228
4535 | 30 | 60 go | 64 0,50 27 67 |1.50 [ .038 238 0.50 2,0 103 | 3038 | 514 533 228

40 | so g0 | g4 0.50 27 67 |1.50 | .038 238 0.50 2,00 | .28 [336 | 752 4,00 228

20 {60 | 100 | &4 100 - |16 g0 |1.00 | .016 411 0666 |1.00 | .065 |26.0 | .182 5,00 2060
41036 | 30 { eo | 100 | 64 1.00 16 60 |1.00 ] .016 a1 0.666 | 1.00 | .08 [220 | .172 6.56 060

40 | 60 | 100 | 64 1,00 16 60 |1.00 | 016 AT 0666 | 100 | .065 |26.0 | .192 5.00 Q060

20 | s0 50 | 45 075 13 g0 |1.00 | .045 270 - - - - - - -
41316 | 30 | 60 50 | 45 0.75 13 60 |1.00 | 045 270 - - - - - - -

a0 | e0 50 | 45 075 13 | 60 {1.00].045 270

20 | s0 3s | 40 0665 | 12 g0 |1.00 | .019 106
41398 | 30 [ &0 35 | 40 0.666 | 12 60 {1.00 { .019 .106 - - - - - - -

a0 | s0 35 | 40 0656 | 12 60 [1.00].019 .108
BULKHEAD WEBS {CIRCULAR-ARC CORRUGATION) TRUSS WEBS (DIAGONAL ELEMENTS)

h = AVERAGE WEB HEIGHT Aj = DIAGONAL AREA
w = EQUIVALENT SURFACE * . s 2
PANEL WEIGHT h - (Do -D; )
1 15 20\/20
8
- N ALY ¢ x 23.04; 1 :
( in 8 )( ) "QH i"“30"‘! !‘—40'_4 w .M x 23.04

& = RADIANS

SPAR SPACING

AxB

i L

e PP
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TABLE 12-16. DETAIL WING WEIGHTS FOR THE CHORDWISE WING ARRANGEMENT
POINT
DESIGN 40322 40536 41348
REGION
SPAR SPAC (IN) 20 .30 40 20 30 40 20 30 40
PANELS
UPPER 0.825 | 1.263 1.619 1,609 1.965 2.241 1,632 1,925 2,199
LOWER 0,942 | 1,120 1.413 1,335 1.570 1.943 1,366 1,328 1.617
= (1.767) | (2.383) | (3.032) | (2.944) | (3.635) | (4.,184) | (2.998) | (3.253) | (3.816)
RIB WEBS
BULKHEAD 0,298 0.298 0,298 .38 0.238 0,238 0,106 0,103 0.106
TRUSS 0.074 | 0074 0.074 0,228 0,228 0.228 - - -
b {0.372) | (0.372) | (0.372) | {0.468) | (0.466) | (0.466) | (0.106) | {0.106) | {0.106)
SPAR WEBS
BULKHEAD 0.336 | 0333 0,336 0.270 0.319 0.375 0.291 0.264 0,192
TRUSS 0,301 0,191 0,552 0.490 0.403 0.325 - - -
= (0.637) | (0,524} | {(0.488) | (0.760) | {(0.722}} (0,700) | (0.,291) | (0.264) | (0.192)
RIB CAPS
UPPER 0,058 0,081 0.097 0.116 0.117 0.130 0,103 0.116 0.128
LOWER 0,065 0,073 0.073 0,086 0.097 0,116 0.074 0,087 0.088
= {0.123) | {0.154) | (0.170) | (0.202) | {0,214} | {0.246) | {0,177} | (0,203) | (D.217)
SPAR CAPS
UPPER 0.241 0.244 0.248 2,710 2.770 2.890 2.410 2560 | 2.780
LOWER 0.350 0.356 0,357 3,950 4,040 4,190 3.480 3,720 4,060
= (0.591) | {0.600) | (0.608)} | (6.660) | (6,810} | (7.080) | (5.890} | {6.280) | (6.840)
NON-OPTIMUM
MECH. FAST, 0150 | 0170 0,160 0.200 0,190 0,180 0,200 0,190 0,180
WEB INTERS. 0120 | 0110 0.100 0,120 0,110 0.100 0.120 0.110 0.100
b {0.300) | (0,280} | (0.260) | (0.320) | (0.300} | {0,280) | {0.320) | (0.300) | (0.280)
POINT LB
z DESIGN|~—5 | 3.790 | 4313 4928 | 11,352 | 12.047 | 12.958 9.782 | 10.406 | 11.451
FT
MASS
12-1h
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TABLE 12-17, DETAIL WING WEIGHTS FOR THE CHORDWISE WING ARRANGEMENT
POINT
DESIGN 40236 41038 41316
REGION
SPARSPAC(IN} | 20 30 40 20 30 40 20 30 40
PANELS
UPPER 1032 | 1325 | 1620 | 1452 | 1764 | 2007 | 2871 | 2650 | 2811
LOWER 1279 | 1606 | 1887 | 1320 | 1.336 | 1435 | 2007 | 2120 | 2.366
) (2.317) | (2.931) | (3516) | (2772 | (3.700) | {3.442) | (4.578) | (4778} (5.177)
RIB WEBS
BULKHEAD 0279 | 0279 | 0279 | 0111 | o111 | 0111 | oz7e | o270 | 0270
TRUSS 0237 | 0237 | 0237 | o0eo | oos0 | 0.060 - - -
P (0.516) | (0.516) | 10.516) [ (0171 | (0171} | (0.171) | (0.270) | (0270} [ {0.270)
SPAR WEBS
BULKHEAD 0361 | 0396 | 0451 | 0108 | 0132 | 0161 | 0439 | 0354 | o0.288
TRUSS 0544 | 0421 | 0323 | 0359 | 0287 | 0.201 - - -
p> (0.905) | (0.817) | {0.774} | (0.468) | (0.413) | (0.352) | (0.438) | (0.354) | (0.288)
RIB CAPS
UPPER 0.070 | 0.0B4 | 0098 | 0093 | 0108 | 0120 | 0760 | ©0J62 [ 0.167
LOWER 0.083 | 0099 | 0112 | 0087 | 0087 [ 0091 | 0426 | 04129 | 0.141
z (0,153} | (0.183) | {0211} | (0,180} | (0.186) | {0.211) | (0.286) | (0.281){ ‘a.308)
SPAR CAPS
UPPER 3160 | 3.250 | 3310 | 1870 | 1.980 | 2080 | 3920 | 4350 | 4500
LOWER 4750 | 4.860 | 4970 | 2710 | 2880 | 3.020 | 5730 { 6.040 | 6550
b (7.910) | (8.110) | {8.280) | (4,580} | {4.860) | (5.100) | (9.650} | (10.180) | (11.050)
NON-OPTIMUM
MECH. FAST. 0200 | 0190 | 0180 { 0200 | 0190 | 0180 | 0200 | 07190 | 080 -
WEBINTERS. | 0120 [ 0110 | 0100 | 0120 | 0110 | o100 | 0120 | o110 [ 0100
2 (0.320) | (0.300) | {0.280) | (0.320} | {0.300) | (0.280) [ {0.320) | (0.300}| (0.280)
POINT | o
z DESIGN|—=5 | 12115 | 12657 | 12577 | 8.481 | 9.046 | 9556 | 18543 | 16.184 [ 17.373
FT
MASS
QRIGINAL PAGE TS
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The results of the weight-strengbth analysis for region 40536 are presented in

Figure 12-14% and indicate the least weight design (11.L4 1b/sq.ft.) occurs at the
smallest spar spacing investigated, 20-inches. As with region 40236, the spar caps
(upper and lower caps) were the heaviest weight components ranging from 6.7 1b/sq.f%.
at the 20-inch spar spacing to 7.l 1lb/sq.ft. at the 40-inch spar spacing. The

spar cap weilght amounts to approximately 55~ to 59-percent of the total box weight
with the larger percentage occurring for the 20-inch spar spacing design. The
surface panel weight, combined weight of the upper and lower panels, varied from

2.9 1b/sq.ft. to 4.2 1b/sq.ft. for the 20-inch and 40-inch spar spacing designs,
respectively, with the upper surface panel being the heaviest panel for all designs.
The surface panel welght amounts to approximately 26-"to 32-percent of the total box
weight. The sum of the weight of the remaining structural components (spar and rib
webs, rib caps, and non-opbtimum factor) amount to a meximum of l5-percent of the
total weight for the 20-inch spar spacing design and approximetely l3-percent for the

40-inch spar spacing design.

The wing box weights for region b41036 are presented in Figure 12-15. As with the
previous discussed regions the least-weight design corresponded to the . smallest
spar spacing (20-inches) design investigated and weighed approximately 8.5 1b/sq.f%.
The upper surface panel was the heaviest panel for all spar spacings investigated
with the weight ranging from 1.45 1lb/sq.ft. to 2.00 1b/sq.ft. for the 20-inch and
40-inch spar spacing design, repectively. The sper caps (upper and lower) weighed
approximately 5.0 1lb/sq.ft. and ambunted to approximately Sh-percent of the total
box weight. With reference to the remaining structure, no single component weighed
more than 0.5 1b/sq.ft.

The wing, box weights for the wing tip inboard point design region, region 41316,

are presented in Figure 12-16. The minimum-weight design {15.5 1b/sq.ft.) occurs
at the 20-inch spar spacing with the L40-inch spar spacing design being the heaviest
at 17.4 1b/sq.ft. For the minimum-weight design, the weight of the spar caps
amounts to 62-percent of the total weight, while the weight attributed to the panels,
upper and lower, accounts for approximately 29-percent of the total weight. The
remaining structure for the 20-inch spar spacing design amounts to approximately
9-percent of the total weight. The corresponding weights of these components for
the least-weight 20-inch design are: 9.65 ib/sq.ft., 4.58 1b/sq.ft., and

1.31 1b/sq.ft., respectively.

12-52
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The component and total box weight for region 41348 are presented in Figure 12-17.
The minimum~weight design is the 20-inch spar spacing design which has a total box
weight of 9.8 1b/sa.ft., with a unit weight of 5.89 1b/sq.ft. for the spar caps.
The upper and lower surface panels weigh 1.63 1b/sq.ft. and 1.37 1lb/sq.ft.,
respectively, with the rib caps and webs, spar webs, and non-optimum factors

having individual weights less than 0.5 lb/sq.ft. for all spar spacings.
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SPANWISE STIFFENED WING ARRANGEMENT - TASK I

An Initial Screening and a Detailed Concept Analysis were conducted on the spanwise
stiffened wing structural arrangement. The four panel concepts evaluated during the
Initial Screening are presented in Figure 12-18, Also included on this figure is a
typical wing box segment depicting the components included in the detailed concepts
analysis. These components are: the upper and lower surface panels, spar caps and

webs, rib caps and webs, and the appropriate non-optimum factors.

Minimum gages and other fabricetion limits are summarized in Figure 12-19 for the
spanvise panel concepts. A more detail description of this data is contained in

the materials and producibility section, Section T.

The load-temperature enviromment for the spanwise wing arrangement is based on the
internal loads resuiting from a NASTRAN redundent analysis solution. This solution
utilized the 2-D finite element model with flexibilities representative of a
typical spanwise stiffened wing. A description of the model and the input data is
contained in Section 9, entitled Structural Analysis Models. Since the

resulting internal loads are typicel values, the point design environment was

inveriant and was used to analyze all the spanwise arrangements.

The point design environment was defined from a comprehensive list of flight
conditions, see Section 11. The load-temperature environment for the most
eritical Task I flight condition is presented in Table 12-18. This condition
is the Mach 1.25 symmetric flight condition at stall speed,

Spanwise Initial Screening

The spanwige gtiffened wing panels are uniaxielly stiffened panels which are of
two basic constructions: integral and non-integral stiffened sheet. A total
of four panel concepts, two of each basic construection, were included in the
initial screening analysis; these concepts were:

e Zee stiffened

e Hat stiffened

# Integral zZee, and the

s Integrally stiffened

12-5h
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PANEL STRUCTURAL
CONCEPTS

ZEE STIFFENED

1 INTEGRAL ZEE
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SPARS * @ TRUSS
® TRUSS @ CIRCULAR-ARC

@. CIRCULAR-ARC

Figure 12-18. Spanwise Stiffened Wing Structural Arrangements
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FORMING LIMITS FOR STIFFENERS
Ti 6Al-4v HOT FORMED
BETA C COLD FORMED AND AGED
FOREIGN | METHOD OF
INNER outer [ R ) b OBJECT | ATTAGH INNER
FACE L STIFF SKIN _F SHEET | PANEL | anD |, \n 1 DAMAGE [TO OLTER CONTOUR
CONCEPT MATERIAL | MATERIAL | GAUGES | SIZE | SIZE t ) AND b, H L | umis [ surrace LTS COMMENT
.,.{ b, l.._ .
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\yt
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Figure 12-19. TFabrication Limits -~ Spanwise Stiffened Surface Panels
>




s e e o TR AR

£

- ae Fwmiao eemsmedbe sn ippme s edmEaanr omHART e feie g st

TABLE 12-18. WING POINT DESIGN ENVIRONMENT, SPANWISE ARRANGEMENT - TASK I

MATS 313 X MIKg CONDITION @ ; MACH NO. = 1.25: n, = 2.4
POINT DESIGN REGION
ULTIMATE .
DESIGN - Tew f— T s } wn | - | . anm | ane |
"LOADS Ut LOWEN UPPER LOWER UPPER LOWER UPPER LOWER uPrER LOWER ] LOWER
: SURFACE | BumFACE SURFACE' | SUNFACE | SURFACE | SURFACE | SURFACE | SURFACE | SURFACE | SURFACE ] BURFACE | SURFACE
— i
e kiiom ~91 g1 -180 180 2 -2 ol -5h -79 ¥i:d 28 -28 i i
MA LOADS Ny Ahe/om =287 _DR7Y =1648 | =208 208 = 2975 1663 1663 343 Ak
buid i 731 73 ugp " 52 5 15 s 565 565 752 _T1s2 ]
A mm ! [ [ 0 o 0 0
THEmMAL _ ) o 0 o 0 o
STRAIN <y wm o 0 o 0 0 0 0 o o 0 0 o
oy liid 0 o o 0 o o [ 0 0 0 o 0 .
AERD kPa -20.59 -8.27 -8.76 0,76 -34.33 -1.79 -8.76 ~1.79 -34.96 6.62 »10.13 0.41 e
PRESEUAE FUEL &P -4L6.68 61,6k o o o o -39.09 =55.36 0 o -47.30 «62.05
NEY i -63. -69.9 ~8.76 076 -3.33 2.79 ) -47.85 57,15 =34.96 6.62 ~57.43 62,45 |
TEMPERATORE e TAY. °x L _3ak _3sb 359 32 U0 333 333 350 355 3k _3k5 |
ar o 74 ra i =62 57 ~79. -88 =72 =75 -60 -59 =63 _=70:
E; meicHT e x Wi , —
e ' POINT DESIGN REGION |
-3 ULTIMATE : :
DESIGN ITEM uNITS A0 hiland #0322 .. e A1
LoADS e UPPER LowER uPrER LowER uPPER LOWER uePER LOWER UPER LOWER UPPER LOWEN
. SURFACE | SUNFACE [ SURFACE | SURFACE | SURFACE | SUAFACE | SURFACE | SURFACE SURFACE | SURFACE SURFACE | SURFACE
o " LN -514 518 -1.028 100 | 11 -11 396 -3% 450 L50 162 162 .
AIRLOADS »y LN ~1€,L09 16. 509 9,412 9.k12 -1.1%5 1,145 -16.986 1€.936 -9.499 9,499 ~17,948 17,948 JR—
v LWIN %,173 4,173 2,750 3,750 290 390 2,541 2,541 3,237 3,227 4,292 L, 290 |
e @ niM - 0 o 0 5 ) 0 [ 0 0 0 0 0
STRAIN €y NN 0 0 0 Q o 0 0 o 0 0 o 0
oy NN 0 o 0 ) 9 0 [+ 0 0 0 0 0
. AERO m -1,27 -0 6 +5,57 0.9¢ —1.B7 0.0€ -3.03 .1.20 <1.-7 0.11 .98 «0.26
m#""‘ FUEL ) -5.67 -8.,0% 0 0 L% -9.00 -5.93 -3.9% 0 0 0 0 : -
NET L) -6.9 -3.29 -5.07 0.0 =*.33 =20k - 3,96 -10.1b =1.27 0.11 L.98 =026 N
T Lt 143 1 187 & 152 ‘
TemeERATURE |——i¥ * L : L 15 5 139 139 17 180 60 | 162 |
_ i ar °F -133 -139 -m -10% -1L3 159 130 -136 -108 -106 -1tk -126
‘. NOTES: {1} A 025 FACTOR HAS BEEN APPLIED TO THE THERMAL STRAMN WHEN THE SIGN (S SAME AS THE ARLOAD
: . . S$IGN, DTHERWISE ¥O FACTOR APPLIED, :
(271 PRESSURE SIGN CONVENTION: NEGATIVE = SUCTION _

st B A
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A welght-strength analysis was conducted on these panel concepts at the three point
design regions: 40322, L0536, and 41348, See Figure 12-3 for the location of these

regions on the wing platform.

The critical design condition and the corresponding load-temperature environment
for this condition are presented in Table 12-18 with the pertinent regions used

for the initial screening analysis noted.

The weight-strength analysis was conducted on both upper and lower surface panels
for variable rid spacings of 20—, 30-, and 40-inches and a constant spar spacing
of 60-inches., This analysis was conducted using the methods as previously

described and the results are presented in the following text.

Hat-Stiffened Panels - The resulis of the panel analysis are summarized in

Table 12-19 which presents the panel cross-sectional dimensions and mass deta for
each of the rib spacings investigated. In addition to the above data, & sketch

of the panel cross section is presented in the footnotes.

A minimum gage constraint (0.020-inches) was active for the lower surface panels

at point design region 40322. The skin thickness ranged from 0.020-to 0.109-inches,
while the stiffener thickness varied from 0,019-to 0.100-inches, Unit weight
varied from 1.20 1b/sq.ft. to 2.50 1b/sq.ft. on point design region L0322 and from
3.40 1b/sq.ft. to 6.3 lb/sqg.ft. for regions 40536 and L1348,

Zee Stiffened Panels - The results of the analysis conducted on this concept are

summarized in Table 12-20 with a sketch showing the cross-sectional dimenslons

inecluded in the footnotes.

As with the hat-stiifened concept, minimum skin gages (0.020-inches thick) are indi-
ceted for the lower surface panels at region L0322. For both panels at this region,
the skin thickness ranged from the minimum gage value of 0.020-inches to 0.055-inches.
The corresponding thickness range for region L0536 and 41348 was 0.060- to
0.}1k-inches,

The panels at region 40322 were the lightest weight designs ranging in unit weight
from 1.1l4 1b/sq.ft. to 3.15 1b/sq.ft. Conversely, the heaviest panel designs occurred
at region 40536 and veried from 5.28 1lb/sq.ft. to 6.50 1b/sq.ft. The wing tip

point design region 41348 indicated intermediate unit weight values ranging from
3.45 1b/sq.ft. to 5.06 1b/sq.ft.

12-58
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TABLE 12--19. PANFL GEOMETRY AND WELGHT FOR HAT SECTION STIFFENED CONULPT —~ TASK I SPANWISE WING ARRANGEMENT

POINT DESIGN REGION 40322 an536 41348
SURFACE UPPER LOWER UPPER LOWER UPPER LOWER
RIB {m} .51 0.76 1.02 051 0.76 1.02 0.5 0.76 1.02 0.5 0.76 1.02 051 0.76 1.02 051 0.76 1.02
SPACIRG {in.) 20 30 40 20 30 40 20 an 4n 20 30 40 20 30 40 20 30 40
DIMENSIONS:
1 {cm) 0.0660 0.0830 o110 0.0520 0.0520 0.0530 0.2260 0.2390 2.2530 02770 0.2640 0.2670 0.1480 0.1710 0.2010 0.1600 0.1610 0.1610
{in.] 0.0260 0.0350 0.0340 00200 0.0200 0.0210 0.0890 003840 0.1020 0.1020 § 0.1040 0.1059 0.0580 0.0872 049752 0.0630 0.0630 0.0640
By=By=b, lem) 22800 | 3.2400 | 41700 | 2.0100 | 24600 | 2.8900 | 4.4600 | 53500 | 63720 | S.100 | 56000 | 64700 | 3.4100 | a.4800 | 56100 | 35700 | 43400 | S.0200
{in.} 0.8950 | 1.2750 | 1.6420 | 07910 | 0.9690 | 1.1330 | 1.7570 | 2.t070 | 25090 | 20120 | 22410 | 25430 | 13240 | 17630 | 22090 | 1.4050 | 17110 { 19790
=t {cm} 0.0630 | 00830 | 0.2030 | 0.0480 | 0.0480 | 0.0430 | 0.2090 | 0.2230 | 02390 | 02550 | 0.2440 | 0.2450 | 0.1360 | 0.1570 §{ ©.1960 | 0.1470 | 0.1480 | 0.1490
(in 0.0240 § 00320 | 0.0400 | 0.0t30 | 0.0190 | 0.07%0 | 0.0820 | 0.0870 | c.o9an | €.1000 | 0960 | 0.0970 | 0.0540 | 00620 | 0.0730 | 00580 | 0.0580 | 0.0590
by {em) 0.6830 | 0.9730 | 1.2500 | 0.5020 | 07390 | 0.8540 { 1.3200 | 1.6000 | 19100 { 15200 | 17100 | 1.9400 | 1.0200 | 1.3300 | 1.6800 | 1.0700 { 1.3000 | 15100
{in) 0.2620 | 0.3830 | 04930 | 0.237¢ | 0.2910 | 0.3900 | 05270 | 0.6320 | 07530 | 0.6000 | 0.6720 | 0.7650 | 0.4030 | 05280 | 0.6630 04210 | 05130 | 05340
- by bg {em) 15000 | 22720 { 29200 | 1.4100 | 1.7200 | 20700 | 3.1200 | 37500 | 44600 | 35600 | 39800 | 4.5300 | 2.3300 § 31300 | 3.9300 | 25000 | 3.0400 | 3ET00
FP {in) 0.6270 | 0.8930 | 1.1500 | 05540 | c.6780 | 07830 | 12300 | 14750 | 17570 | 14010 | 15630 | 17840 | 0.8410 | 12340 | 15370 | 0.9830 | 1.1980 | 1.2360
\
O MASS DATA:
T {em) 01669 | 0.2253 | 0.2804 § 01302 | 0.1302 | 61335 | 05716 | 0.6028 | 06544 | 0.6981 | 0.6665 | 0.6749 | 0.3735 | 04306 [ 05073 | 0.4026 | 0.4055 | 0.4072
{in] 00657 | 0.0887 | 01184 | 0.0512 | 0.0512 | 00526 | 02250 | 0.2377 | 0.2577 | 0.2748 | 0.2624 | 0.2657 | 0.1470 | 0.1635 | 0.1998 | 0.1584 | 0.1597 | 0.1683
w {kg/m?) | 7.3%00 | 9.580D {124200 | 5.7700 | 5.7/00 | 5.9100 | 25.3200 | 26.7400 | 28.9900 | 30,9000 |29.5200 | 20.8300 |16.5400 |19.0700 | 22.4700 |17.8200 | 17.9600 |18.0400
(/6:2) | 15140 | 20440 § 25430 | Tas10 | 11810 | 1.2190 | 5.9850 | 5.4760 | 59370 | 6.3300 | 60460 | 61220 | 33880 | 39000 | 46020 | 36510 | 36750 | 36340
GRITICAL CONDITION a 33 31 at 3 3 5 1] 31 a n 3t 3 31 1] 31 3 31
tb,-l:a, |'w
L
_.!bfl...... wa l I i !‘L
£ 1 e
; 3
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TABLE 12-20. PANEL GEOMETRY AND WEIGHT FOR ZEE STIFFENED PANEL CONCEPT

)
c.
Try 3 | POINT DESIGN REGION 49322 40538 41348
8 E SURFACE UPPER LOWER UPPER LOWER UPPER LOWER
= ? RIB 1m) 051 | o7s | 162 | os1 076 | 102 | o051 0.76 1.02 051 | 076 | 102 | o5 0.76 102 | 0s: 0.76 1.62
g b | SPACNG fin.) 20 30 4p 20 30 a0 20 20 40 20 30 40 20 30 a0 20 30 a0 e
i ;
> &y | DIMENSIONS:
1 I IS {cm) 0.0800 | 0.1020 | 01400 | 00510 | oos10 | 00520 | 0.2350 | 02560 | 0.2900 | 0.2590 | o.2640 | ©.2670 | 0540 | 04920 | o.2260 | 0.1620 { 0.1630 | 0.1630
=2 B {in) 00310 | 0@a30 | 0.0556 | 0.0200 | 0.0200 § 00210 | 0.0030 | 09070 | 04140 | ©.1020 | 09040 | 0.1050 | ©.0500 | 00750 | 00890 | 0.0840 | o.0s40 | 00640
by fem) 28800 | 41300 | 5.4100 | 23000 | 28400 | 33000 | 52500 | 64000 | 77800 | s.5800 | 65300 | 7.4600 | 4.0200 | 54800 | 68600 | 4.7400 | 50500 | 5.8200
fin.} 11350 | 1.5270 | 27290 ]| 0.9070 | 11180 | 129090 | 20670 ] 25190 | 30620 | 27950 | 25710 | 29360 | 15810 | 2.1560 | 26390 | 1.6200 | 1.9870 | 2.2900
ty=tg {em) 0.0850 | 0.1160 | ©.1490 | 0.0540 | D.0s50 | 0.0550 | 0.2480 | 0.2720-] 0.3070 | 0.2740 | 0.2790 | 0.2820 | 0.1630 | ©0.203¢ | 0.2390 | 0.1720 | ©.1720 | 0.1720
fin 00330 | 0o4s0 | ooseo | 00210 ' 00220 | o220 | o.osso | o070 | o210 | oaos0! 04100 | 04110 | oos4n | o.osoo | 00940 | cosso | 00680 | o.06E0
by {cm} 25100 | 3.6000 | 47000 | 20000 | 24700 | 28700 | 45700 | 55700 | 67700 | 48500 | 5.6800 | 64900 | 3.4900 | 47600 | 5.9600 | 3.5000 | 4.3900 | 5.0600
{in) 05880 | 14160 | 18520 | 0.7890 | 0:8730 | 11300 | 17380 | 21820 | 26640 | 1.9100 | 22370 | 25540 | 1.3750 | 1.8760 | 23480 | 14170 | 17200 | 1.9920
B B tem) 07500 | 1.0g00 | 1.4100 | o.6o00 | 07400 | n.esoo | 13700 | 1.5700 | 20300 | 14500 17008 | 19500 | t.eseo | 14300 | 17900 | 10800 | 13200 | 15200
1 tin.d 0.2960 | 0.4250 | 05560 | 0.2370 | 02020 | 0.33%0 { 05330 | 08570 | 07920 | 5730 | 0.6710 | 07660 | @130 | 05630 | 07050 | 04250 | 65780 | 0s0s0
& MASS DATA:
T {em} 01972 | ©0.2703 { 03468 | 0.4258 | 0.1275 | 01202 | 05823 | 0.6319 | 0.7166 | 0.6388 | 0.6526 [ 0.6506 | 0.3804 [ 0.4743 [ 05576 | 0.4006 | 0.4029 | 0.4012
tin) 00776 | 07084 | 01365 | 0.0485 | 0.0502 | 00509 | 0.2202 | 0.2488 | 02821 | 0.2515 | 0.2569 | 025097 | 001488 o.868 | 02185 | 01577 | 0.9586 | 03580
w k¢/m2} | 87300 |11.9700 | 153600 | 55700 | 5.6500 | 5.7200 | 257800 | 27.9900 |31.7400 | 28.2000 | 280000 | 29.2100 |16.8500 | 21.0100 | 247000 | 977400 | 17.8400 | 177700
(bfti2) | 17890 | 24520 | 31460 | 11410 | 11570 | 1.720 | 52820 | 57320 | 65000 | 57950 | 5.920 | 59830 | 3.4510 | 4.3030 | 50580 | 36340 | 36540 | 36380
A ——
CRITICAL CONDITION a 31 3 3 31 3 EY Y Y 31 31 3 3 3 2 3 31 3
Y
—] b |__.r_
]
b by Yy
—— i, e
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h
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Integral Zee Panels ~ The results of the panel sizing are shown in Table 12-21.,

With reference to this table, skin thicknesses renged from the minimwm gage
value of 0.020-inches to 0.122-inches for the three point design regions,

The heaviest-weight panels occurred at point design region 40536, which varied from
5.13 1b/sq.ft. for the upper surface panel to 6.47 1b/sa.ft. for the maximum weight
lower panel, The least-weight panels occurred at region 40322 and ranged from
1.06 1b/sq.ft. to 2.8% 1b/sq.ft. The intermediate weight panels, region 41348,
ranged from 3.22 1b/sq.ft. to 4.69 1b/sq.ft.

Integrally Stiffened Panel - The results of the panel analysis, which are shown

in Table 12-22, indicate this concept is the most inefficient spanwise design from
a weight/strength standpoint. With reference to this table, minimum gage skinsg

are noted on the lower surface panels at- point design region 40322, while the thick-
est skin gages occur on the surface panels at region 40536 where the corresponding

gstiffener thicknesses range from 0.046- to 0,31-inches.

The forward wing (region 40322) lower surface panels weigh approximetely

1.20 1b/sq.ft., while the heaviest panels, approximstely 6.50 1b/sq.ft. occur at
point design region 40536. The panels at region L1348 range from approximately
4.0 1b/sq.ft. to 6.0 1b/sq.ft.

Spanwise Surface Parel Results —~ Comparison curves of the surface panel weights for

the spanwise concepts are presented in Figure 12-20. ‘Thegse unit weights, sum of
the upper and lower surface panel weights, are displayed as a function of rib

spacing at each of the point‘design regions.

With reference to the forward wing box region 40322, the het-stiffened concept is
the least-weight panel concept at all rib spacing investigated, e.g., approximetely
2.7 1b/sq.ft. at 20-inch rib spacing., Conversely, the integral stiffened concept
is the’ heaviest design with a unit weight of 3.4 1b/sq.ft. for the 20-inch rib
spacing, For the remaining concepts, the integral-zee and zee-stiffened concepts
are rankef, with respect to weights, as the second and third best concepts,

respeetively.

The panels at point design region 140536 exhibit the same weight characteristics

pe those at region 40322, i.e., least-and heaviest-weight designs are the hat-

ghbiffened and integral-stiffened panel concepts, respectively. The exception

being the ranking of the concepts for the 20-inch rib spacing designs, for this
12-61 '
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TABLE 12-21. PANEL GECMETRY AND WEIGHT FOR THE INTEGRAL ZEE PANEL CONCEPT - TASK I
SPANWISE WING ARRANGEMENT
PQINT DESIGN REGION | 40322 40535 41348
SURFACE UPPER LOWER UPPER LOWER UPPER LOWER
RIB (m} 0.51 0.76 1.02 051 0.76 1.02 0.51 0.75 1.02 0.51 0.76 1.02 051 0.76 1.02 051 0.76 1.02
SPACING {in) 20 30 40 20 30 40 20 30 40 20 30 40 20 20 40 20 30 40
DIMENSIONS:
1 {em} po780 | mioso | o.3s50 | 0.0510 | c.os10 | 00800 | 0.2460 § o220 | 0.28%0 | 03070 | 0.3100 | 0.3020 | 0.1540 | 0.1300 | 0.2160 | ©.1820 | 0.1780 | 0.1780
tir} 00310 | 0.0420 | 00540 | 0p260 | 00200 { 06240 | 00970 { C.1030 | 0.1140 | 01210 | 04220 | 0.1130 | €060 | 0.0750 | 0.0880 | 0.0720 | 0.0700 | 0.0700
by fem} 24900 | 25800 | 45300 | 20100 | 24600 | 3.0800 | 4.7400 | 5.6700 | 67700 | 5.4900 | 63500 | 69600 | 3.5200 | 4.7500 | 5.9600 | 3.8100 | 4.6000 | 53000
{in} ogsop | 1.4080 | 1.8230 | 0.7%00 | 0.9630 | 1.2140 | 1.8650 | 22330 | 26550 | 21630 { 25000 | 27400 | 1.3840 | 1.8700 | 23480 | 1.53%0 | 1.8110 | 20880
ty =t (em} 00780 | 01030 | 0.9360 | 05100 | 00510 | 00600 | 02460 | 0.2620 | ©.28%0 | 03070 | 0.3100 | 03020 | ©.1540 | 0.1800 | N.2160 | 0.1820 | 0.1780 | 0.1730
(in} 00303 | 0.0424 | 00935 | 0.0200 | 0.0200 | 0.0237 | 0.08968 | 0.1030 | 0.1140 | 0.1210 | 0.1220 | 01790 | 0.0607 | 0.0749 | 0.0885 | 0.0718 | 00703 { 0.0700
by {em} 24900 | 35800 | 463060 | 20100 | 24600 | 3.0800 | 2.4900 | 3.5800 | 4.6300 | 20100 | 24600 | 3.0800 | 35200 ( 4.7500 | 59600 | 3.9100 | 4.6000 ( 53000
fin.) 0.0800 | 1.4800 | 1.8220 | 0.7500 | c.9680 | 1.2140 | 1.8650 | 22380 | 26650 | 21630 | 25000 { 27400 | 1.3840 | 1.8700 | 23490 | 15350 | 18110 | 20880
by tem} 07500 | 1.0700 | 1.3900 | o.6000 | 0.7400 | 09200 | 14200 | 17100 | 20300 | 1.6500 § 1.5000 | 20800 | 10500 | 1.4200 | 17800 | 1.1700 | 13800 | 1.530D
tin.) 0.2940 | 0.4220 | 05480 | 0.2370 | 02900 | 03540 | 05600 | 06720 | o.8000 | 06500 | 0.7500 | 08210 | 04150 | 05610 | 0.7040 | 0.4610 | D5430 | 0.6260
MASS DATA:
T tom) 01504 | 02481 | 0.3128 | 0.1173 | 0.1173 | 01383 | 05652 | 0.6005 | 0.6630 | 0.7088 | 0.7131 | 0.6950 | 03544 | 0.4377 | 05123 | 04197 | 04105 | 0.4030
tin) 0.0710 | 00977 | 01231 | 00462 | 00462 | 00545 | 02225 | 0.2364 | 0.2614 | 02791 ) D.280B | 0.27356 | 0.13% | 0.1723 | 0.2036 | ©.1652 | 0.1616 | 0.1610
w {ka/m2) | 7.8900 | 109300 | 43,8500 | 5.1900 | 5.1500 | 5.1300 |25.0300 | 255900 | 20,4000 | 313900 {31.5800 |30.7800 | 15.7000 | 19.3800 | 22.9100 | 18.5900 | 18.1800 | 18.1100
(52 [ 1.6370 | 22510 | 2.8370 | 1.0640 | 1.0640 | 5.2550 | 5.1270 | 5.4470 | 60230 | 6.4300 | 6.4690 | 63040 | 32150 | 3.9700 | 4.6920 | 3.0 | 37230 | 37100
CRITICAL CONDITIC 2 3 3 31 31 a1 31 3 a1 k1] 3 31 31 3 21 31 31 3 k7
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TABLE 12-22.

PAWEL GEOMETRY AND WEIGHT FOR THE INTEGRALLY STIFFENED PANEL CONCEPT - TASK I
SPANWISE WING ARRANGEMENT

POINT DESIGN REGIONS 40322 40536 41348
SURFACE UPPER LOWER UPPER LOWER UPPER LOWER
RIB {m) 51 | 076 1.02 051 076 | 102 0.51 0.76 1.02 051 0.76 1.02 0.51 0.76 1.02 051 0.76 1.02
SPACING {in.} 20 0 40 20 30 40 20 30 an 20 30 ap 20 20 40 20 30 40
DIMENSIONS:
g {em) 0.1000 0.1380 0.1760 0.0510 00510 | D.0650 0.2560 0,3000 0.3530 0.2840 | 0.2900 0.3000 0.1840 02330 04 T 0,1800 0.1780 01760
{in.) 0.03%0 0.0540 0.0700 0.0200 0.0200 { 0.0260 0.1010 0.1180 0.1390 0,1120 | 04140 0.1180 0.0730 0.0920 0...50 0.0710 0.0700 0.0700
by {em) 4.2300 6.1000 7.9600 3.0500 3.7300 | 4.8400 6.9200 8.9900 | 11.2600 7.3800 [ B.8500 | 10.3700 5.7500 7.8200 9.9300 5.6900 5.7900 7.9600
fin.) 1.6660 24010 3.1340 1.2000 14700 | 1.90580 27240 a.540 #4.4320 29110 ] 3.4850 4.0810 22640 21190 39210 2.2400 2.7290 3.1340
W=t {cm) 0.2240 0.3100 0.3360 0.1160 0,7160 | 0.1470 05740 D.6760 0.7550 0.6380 | 0.6550 0.6730 0.4140 05230 0.6220 0.4060 0.4010 0,3960
{in) 0.0883 01220 0.1560 0.0459 0.0459 { 0.0578 0.2260 0.2660 0.3130 0.2510 { 0.2580 0.2650 0.1630 0.2060 0.2450 0.160D 0.1580 01560
by {em} 27500 | 3.9600 | 51700 | 1.0800 | 2.4300 | 31400 | 45000 | 5.8400 | 7.3200 | 4.8000 | 57500 | 6.7400 | 27400 | 5.1500 | 64700 | 37000 [ 45000 | 51700
fin.) 10830 | 15610 | 20370 | 0.7800 | 08560 | 12380 | 17700 | 23010 | 28810 | 1.8020 | 2.2650 | 2.6530 | 1.4720 | 20270 | 25480 | 1.4560 | 17740 | 20370
MASS DATA:
T {em} 0.2460 0.3300 0.4340 0.1270 0.1240 | 0.1600 0.6680 0.7380 0.2590 0.6980 | 0.7160 06.7370 0.4530 0.5740 0.6300 0.4440 0.4390 0.4340
{in.} C.0967 0.1338 03710 0.0502 0.0502 | 0.0632 0.2475 0.2908 0.3421 027536 { 0.2819 02500 1785 0.2258 0.2677 0.1740 0.1729 0.1710
™ l'kg!mzl 10,8700 | 18.7400 | 19.2300 5.6400 5.6400 | 7.1100 | 27.8400 | 32,7100 | 32.4800 | 30.8300 | 31.7100 { 326200 | 20.0800 | 25.4100 | 30.1100 |19.6600 | 19.4500 | 19,2400
(b2 | 22270 { 30840 | 39400 | 13560 | 1.1560 | 1.4560 | 5702 | 66990 | 7.8810 | 63270 | 6.4950 | 5.6820 | 41120 | 52040 | 62630 | 4.0270 | 39830 { 38410
CRITICAL CONDITION 31 3 31 M N a1 3 at a1 n 31 k1] 31 kY 31 31 31 1]
by,
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spacing the zee-stiffened concept supersedes the hat-stiffened concept as the least
weight design. The unit weight values for the lightest (zee-stiffened) and heaviest
(integrally-stiffened) concepts for the 20-inch rib spacing designs are approxi-
mately 11.0 1b/sq.ft. and 12,0 1lb/sa.ft., respectively. In general, the zee-
gtiffened and integrally-zee concepts are ranked second and third with unit weights
ranging from 11.0 1b/sq.ft. to 12.5 1b/sq.ft. for the various rib spacings.

The surface panel weight curves for the wing tip region L1348 are the center curves
shown in Figure 12-20. With respect to these curves, the ranking of the panel
concepts on a weight basis is: (1) least-weight hat-stiffened concept, (2) integral
zee, (3) zee-stiffened, and (4) heaviest-weight integrally stiffened concept. This
ranking holds for all rib spacings. For comparison purposes, the least-weight hat
stiffened design and heaviest-weight integrally stiffened design have respective unit

weights values of 7.0 1b/sq.ft. and 8.1 1b/sq.ft. for the 20-inch rib spacing design.

Spanwise Detailed Conecept Analysis

The most promising panel concept surviving the spanwise initisl screening analysis
was the hat-stiffened concept. This panel concept was subjected to point design
analysis at six wing regions, the three regions investigated during the initial
sereening plus three additionel regions located in the wing aft box and wing tip.
Figure 12-3 indicates the locations of the point design regions used for this

analysis.

In addition to analyzing this concept at more locations, the weighbt-strength analysis
was conducted in more depth and included determining unit box weights at each of
the six point design regions, il.e., weights of surface panels, substructure, and

non-optimum factors.

The surface panel load-temperature environment for the most critical flight conditicn
at each point design region was as previously shown in Table . 2-18, 1In addition, the

panel fabrication limits defined in Figure 12-19 are alsc applicable for this analysis.

Panel Analysis - The results of the weight-strength analysis at the three new point

dezign regions are presented in Table 12-23, This table summarizes the panel dim-
ensions and weights for each of rib spacings studied; 20-, 30-, end 40-inches. A

constant spar spacing of 60-inches was maintained.
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TABLE 1o-23.

WING ARRANGEMENT -~ DETAIL CONCEPT ANALYET

PANEL, GEOMETRY AND WEIGHT FOR THE HAT SECTION STIFFENED PANEL CONCEPT - TASK I SPANWISE

g

N

L
E

«L

HAT SECTION STIFFENED

I

POINT DESIGN REGIONS 40236 41036 41316
SURFACE UPPER LOWER UPPER LOWER UPPER LOWER
RIB {m) 051 0.75 1.02 051 s | 1.02 051 0.76 1.02 051 0.76 1.02 0.51 0.76 1.02 051 0.76 1.02
SPACING in) 20 20 40 20 30 ap 20 30 a0 20 30 40 20 30 40 20 30 a0
DIMENSIONS:
1 tem} 02000 | 02200 | ozes0 | 0.2260 | 0.2250 | 02300 | 01800 | e.i7eo | o0.ass0 | 0.1850 | 0.1810 | 0.1800 | 02200 | 0.2540 | 02730 | 02760 | 02770 | 0.2730
tin.) 00820 | 0.0%00 | 6.1040 | 0.08%0 | c.osgo | oosw | o.oe30 | 00700 | 0.0770 | 0.0730 | o070 | vo7ie | 00980 | o000 | 01080 | 0.10%0 | 01030 | 0.1080
by=by=b, (e 42400 | s2200 | 6.4400 | 4.4600 | 59700 | 60000 | 35700 | 45800 | 55400 | 38100 | 48000 | 53100 | 47400 | 65500 | 5400 | 5.0800 | 58600 | 65400
“tind 1.6680 | 20540 | 25360 | 17570 | 20340 | 23640 | 1.4050 | 18030 | 23800 | 15400 | 1.8130 | 20000 | 1.8670 | 21860 | 25750 | 20020 | 23030 | 25750
1=t {em} 0.1920 | 0.2520 | 02440 | 0.20%0 | 02080 | 02150 | 0.1470 | 01650 | 01870 | 0.1700 | 01670 | 0.1660 | 02300 | 0.2340 | 02520 | 0.2550 | o0.2560 | 0.2520
{in.) 00760 | 00830 | 00%s0 | 00870 | cos20 | 00840 { 0.0580 | 0.0650 | 0.0710 | 0.0670 | 0.0660 | 00650 [ 0.0900 | 0.0820 | 0.09%0 | 0.1000 | 0.1010 | 0.0990
by fem} 12700 | 15600 | 19200 | 13400 | 15500 | 1.8000 | 1.0700 | 13700 | 1.6600 | 1.4700 | 13800 | 15500 | 14200 | 1.6700 | 1.9500 | 15200 | 176500 | 1.9600
(in} 05000 | 0.6160 | 07610 { 0.5270 | 0.6100 | 07030 | 0.4210 | 05416 | 0.6540 | 0.4623 ) 0.5440 | 06270 | 05610 | 06560 | 07730 | 0.6000 | 0,6930 | 0.7730
bs- bg (em} 29700 | 26500 | 45100 | 31200 | 2.6200 | 4.2000 | 25000 | 3.2000 | 3.8800 | 27400 | 3.2z00 | 37200 | 33200 | 28900 | 45800 | 35600 | 4.1100 | 4.5800
(in) 1.1680 | 7.4380 | 17750 | 1.2300 | 14240 | 1.6550 | nes30 | 1.2620 | 1.5260 | 1.0780 | 1.2690 | 1.4630 | 13070 | 1.5300 | 1.8030 | t.4010 | 1.6170 | 1.8030
MASS DATA:
T {em) 05277 | 05785 | 07389 | 05716 | 05688 | 0.5808 | 0.4025 | 0.4506 | D.4sa0 | 0.4650 | 0.4556 | 0.4539 | 0.6272 | 05400 | 0.6889 | 05381 [ 0.6988 | 0.6889
{in.} 02078 | 0.2278 | 0.2041 | 02250 | 02230 | n.zza7 | 0.1584 | 01774 | nasas | o0.834 | 01794 | 0787 | 0.2470 | 02523 | 02712 | 02748 | 0251 | 0.2712
w {ke/m?) [233700 |25.6200 |33.0800 |25.3200 |25.1500 |25.7200 |12.8200 |19.9500 |21.8800 |20.6300 |20.1800 |20.1100 | 27.7800 [ 28,3900 30,5100 {30.9000 | 30.9400 | 30.5100
(/ft2) | 47900 | 52500 | 67800 | s.1800 | 51600 | 52700 | 3.6500 | 4.0900 | 4.4800 | 42300 | 41300 | 49200 | 5.6900 | 5.8100 | 6.2500 | 63300 | 63400 | &.2500
CRITICAL CONDITION A LT 31 3 = 31 3 31 Y kY 31 31 3N an 3 a1 3t 3
b,-b
= -
| _F | L
(ol || L,

e i e g
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Skin thiclknesses varied from 0.063-inches to 0.109-inches with the stiffener

thickness ranging from 0.058-inches to approximately 0.100-inches.

Region 41036 had the least-weight panels for the new point design regions, unit
weights for this region varied from 3.65 1b/sq.ft. to 4.6 1b/sq.ft. for the upper
surface panels. The heaviest-weight panels occurred at point design region 41316,
inboard region of the wing tip, where the upper surface panels varied in weight from
5.69 1b/sq.ft. to 6.25 1b/sq.ft. And the tension design lower surface had an
average unit weight of approximately 6.30 1lb/sq.ft. The upper surface of region
40236, inboard region on the aft wing box, experienced the largest variation in unit
weight, ranging from L.79 1b/sq.ft. to 6.78 1b/sq.ft. This variation is attributed
to the panels being predominately designed by the high compressive loads. The
tension design lower surface panel at region 40236 experienced a slight variation
in unit weight (0.11 1b/sq.ft.) with ar average weight of approximately

5.20 1b/sq.ft.

The surface panel designs established for the hat-stiffened concept during the
initizl screening study are applicable for this analysis. The panel dimensions
and unit weights for these regions (40322, 40526, and 41348) were previously
presented in Table 12-19.

Substructure Analysis - For the spanwise stiffened wing arrangement the surface

panels carry the wing spaawise bending loads with the rib caps supporting the
chordwise loads. The chordwise loads resisted by the skin were conservatively
neglected. Both truss and circular-arc webs were considered for the spar and
rib web design. Since the panels are the main spanwise load carrying members,

only light spar caps located at contour are reguired.

All substructure components were subjected to analysis at each point design
region and the resulting weights are summarized in the de%tail wing weights
reported later in the wing box results. For this section, only the results of
the rib cap analysis (geometry and weight) are reported to illustrate the depth
of analysis conducted on the substructure components. Table 12-24 contains this
detea for the upper and lower rib caps gt each of the point design regions. A

sketch of the rib cap design is inecluded in the footnotes.

Spanvise Box Weights - A compilation of the component and total wing box weights

for the spanwise arrangement at each point design region are shown in Table 12-25
and 12-26, These tables includes the weight of the surface panels, rib webs, sper
12-67
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TABLE 12-24. RIB CAP GEOMETRY AND WEIGHT FOR THE SPANWISE WING ARRANGEMENT
SPACING UPPER CAP DATA 1.OWER CAP DATA
POINT
DESIGN SPAR RIB h b T A T h b t A t
REGION {IN.) {IN.) any bo(IN) (IN) (IN.%) (IN.) (IN.) (INL) {in.) (N2 {IN.)
40322 60 20 1.00 2.0 060 120 0060 1.00 2.0 060 120 0060
30 1.38 2.0 060 120 0040 1.07 2.0 060 120 0040
40 1.74 2.0 060 120 0030 1.23 2.0 .0B0 120 0030
40536 60 20 1.70 2.0 060 120 .0060 211 2.0 067 134 0067
30 2.21 2.0 072 144 0048 2.34 2.0 105 210 0070
40 2.61 2.0 089 198 0080 2.65 2.0 44 288 0072
41348 60 20 1.39 2.0 104 208 .0104 1.51 2.0 156 312 0156
30 1.87 2.0 175 .350 0117 .81 2.0 253 506 0169
40 2.31 2.0 ,261 522 0131 2.08 2.0 .379 758 ,0190
40236 60 20 1.80 2.0 .060 120 0060 1.80 2.0 060 J120 .0060
30 2.20 2.0 060 120 0040 2.20 2.0 060 120 0040
40 2.70 2.0 060 120 L0030 2.50 2.0 060 120 0030
41036 B0 20 1.60 2.0 060 120 0060 1.70 2.0 60 120 Q060
30 2.00 2.0 080 180 0060 2.00 2.0 065 130 0043
40 2.30 2.0 131 262 0066 2.20 2.0 .091 182 0046
41316 60 20 2.00 2.0 .061 122 L0061 2.20 2.0 .060 120 .0060
30 2.30 2.0 .092 184 0061 2.50 2.0 061 122 .0041
40 2.70 2.0 138 .276 .0069 270 2.0 .095 .190 .0048
CAP GEOMETRY —= NOTES:
% AREA{A) = b xt
I t T = A/RIB SPACING
] i
J i AREA OF THE CLIP AND WEB ATTACHMENT INCLUDED IN
. 1.00 NON-OPTIMUM WEIGHTS.

"‘Z—--J"""—
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TABLE 12-25. DETALL WING WEIGHTS FOR THE SPAMITISE WING ARRANGIMENT

69-2T

POINT DESIGN
REGION 40322 41316 41348
RIB SPAC {IN) 20 30 40 20 30 40 20 30 40
PANELS :
UPPER 1514 | 2044 | 1543 | 5690 | 5814 | 6249 [ 3.288 | 3.906 | 4.602
LOWER 1181 | 1181 | 1.211 | 6.330 | 6339 | 6.249 | 3651 | 3.679 | 3.694
2 (2.695) | (3.225) | (3.754) {(12.020) |(12.153) [(12.498) |(7.039) |(7.585) | (8.296)
RIB WEBS
~ BULKHEAD 0517 | 0551 | 0555 | 0271 | o218 | 0181 | 0276 | 0.187 | 0.150
TRUSS 0.408 | 0373 | 0296 | — - - - - -
2. {0.926) | (0.924) | (0.851) | (0.271) | (0.218) | (0.181} {(0.276) |{0.187} | (0.159)
SPAR WEBS
BULKHEAD 0133 | 0133 | 0133 | 0.163 | 0.163 | 0163 | 0.200 | 0.200 | 0200
TRUSS 0.230 | 0.230 | 0.230 - — — — — —
2 (0.363) | {0.363) | (0.363) | (0.163) | (0.163) | (0.163) | (0.200) | {(0.200) | (0.200)
RIB CAPS
UPPER 0.139 | 0.105 | 0.070 | 0.139 | 0.147 | o159 | 0.240 | 0270 | 0.302
LOWER 0.139 | o0.105 | 0.070 | 0.138 | 0.101 | c.108 | 0.360 | 0.390 | 0.583
2. {0.278) | (0.210) | {0.140) | (0.278) | {0.248) | {0.267) | (0.600) { (0.6560) | (0.885)
SPAR CAPS
—UPPER 0.069 | 0.069 | 0.076 | 0.357 | 0.247 | 0202 | 0.063 | D.o79 | 0.093
LOWER 0.069 | 0.063 | 0.069 | 0395 | 0268 |- 0.202 | 0.073 | 0.075 | c.074
2 (0.138) | (0.138} | (0.145) | (0.752) | (0.515) | (0.404) |15.136) |{0.154) | (0.167)
NON-OPTIMUM -
FAST./CLIPS 0.180 | 0.170 | 0.160 | 0.200 | 0.190 | 0.180 | 0.200 | 0.190 | 0.180
WEE INTERS. 0.12¢ | 028 | 0.121 | 0.043 | 0.038 | 0034 | 0.048 | 0.033 | 0.036
{0.309) | {0.299} | (0.281) | (0.242} | (0.228} { (0.214) | (0.248) | (0.229) | (0.216)
POINT LB
Z DESIGN | —= | 4709 | 5159 | 5534 |13.727 | 13525 |13.727 | 8499 [ 9.015 | 9.923
WEIGHT| FT
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TABLE 12-26.

DETAIL WING WEIGHTS FOR THE SPANJISE WING ARRANGEMENT

POINT DESIGN

REGION 40236 40536 41036
 RIBSPAC {IN) 20 | 3 | 4 | 20 | 30 | 40 | =20 30 | 40
PANELS
UPPER 4787 | 5248 | 6776 | 5.185 | 5476 | 5937 | 2651 |4u0ss | 4481
LOWER 5.185 | 5.150 | 5268 | 6.330 | 6046 | 6122 | 4226 | 4133 | 4.118
= (9.972) |(10.407) | (12.044) |{11.515) |(11.522) | (12,059} |(7.877) |(8.221) | (8.599)
RIB WEBS _
BULKHEAD 0451 | 0513 | 0559 | 0396 | 0422 | 0425 [ 0150 | 0177 | 0.204
TRUSS 0.642 | 0.423 | 0300 | 0.410 | 0280 | 0187 | 0475 | 0.124 | 0.073
2z (0.093) | (0.936) | (0.859) | (0.806) | (0.702) | (0.612) [(0.:325) |(0.301) |(0.277)
SPAR WEBS
BULKHEAD 0353 | 0.353 | 0.353 | 0.380 | 0380 | 0380 | 0.072 | 0.072 | 0.072
TRUSS 0.080 | 0080 | 0.080 | 0.125 | 0125 | 0125 | 0.040 | 0.040 | 0.040
2 (0.433) | (0:433) | (0.433}| (0.505}| (0.505) | (0.505) | (0.112) |(0.112) | (0.112)
RIB CAPS
UPPER 0130 | 0002 | 0092 | 0333 | 0110 | 0115 | 0138 | 0.145 | 0.152
LOWER 0.133 | 0.092 { 0.069 | 0.155 | 0.161 [ 0.160 | 0139 | 0.100 | 0.104
z (0.278) | (0.184) | (0.161)| (0.294) | (0271} (0.275) |(0.278) | (0.245) | (0:256)
SPAR CAPS
UPPER 0.206 | 0219 | 0213 | 0120 | 0.116 | 0159 | 0.227 | 0471 | 0.143
LOWER 0319 | 0216 | 0.166 | 0.169 | 0.154 | 0196 | 0260 | 0.173 | 0132
(0.615) | (0.434} | (0.379) | (0.289) | (0.270) | (0:355) | (0.487) |(0.344) | (0.275)
NON-QPTIMUM
FASTENERS/CUPS | 0200 | 0190 | 0.180 | 0.200 | 0.120 | 0190 | 0200 | 0380 | 0.180
WEB INTERS. 0152 | 0136 | 0130 | 013t | 0421 | 0112 | opsa | 0041 | 0.030
(0.352} ] (0.326)| {0:310)| (0:331)] (0.311) | (0.292) | (0.244) |(0:231) | (0:210)
POINT | | o |
2 jpesien | B 112743 | 12720 | 14186 | 13.740 | 13581 | 14.098 | 9.323 | 9454 [ 9720
WEIGHT | FT
I - o e
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webs, rib caps, spar caps, and associated non-optimum factors. For easier
interpretations these results sre displayed in graphic form in Figures 12-21
through 12-26.

The component veights and total box weight for the forward wing box point design
region 40322 are presented in Figure 12-21, The upper surface panel displays a
large positive slope characteristics of panels designed by high compression loads
in combination with normal pressure, i.e., beam column effect. The panel weight
rarged from 1.5 to 2.5 1b/sa.ft. for 20- and 4O~inch rib spacing, respectively.
The lower surface panel weights. which are tension designed, indicate only a slight
variation with rib spacing and has a value of approximately 1.2C 1b/sq.ft. The
weights for all other components display only a slight variation with rib spacing
with the largest weight attributed to the rib webs, approximetely 0.90 ib/sq.ft.
With reference to the total weight curve on this figure, the minimum-weight design
is coincidental with the smallest rib spacing investigated with the total weight
varying from approximately 4.7 1b/sg.ft. to 5.5 1b/sq.ft. for the 20- and LO-inch

rib spacing designs, respectively.

With reference to Figure 12-22, a minimum-weight design of 12.72 1b/sq.ft. is
indicated for region 40236 at a rib spacing of 30-inches. A slightly higher total
box weight is noted for the 20~inch rib spacing design (12.74 1b/sq.ft.), vhile a
much larger weight increase is shown for the 40-inch design, i.e., approximately
l2~-percent inecrease over the minimum-weight design. The weight curves for the
surfe. » panel design exhibit the same characteristic slopes as those indicated

for region 40322, The upper surface panel weights vary from 4.8 1b/sq.ft. to

1
6.8 1b/sq.ft. for the 20-inch and 4O0-inch rib spacing designs, while the weights of j
the lower surface panels were almost invariant with respect to rib spacing at 1
approximately 5.2 1b/sq.ft. All other components indicated negligible weight chenges f
with respect to rib spacing with the largest weight comporent being the rib webs {

i

at approximately 1.0 1b/sq.ft.

The peint design box weights for region 40536 are shown in Figure 12-23., This
region, whieh is located at approximetely mid-span uvn the wing wft box, has

a minimum-weight design of 13.58 1b/sq.ft. {total box weight) for the 30-inch

rib spacing design. The corresponding t~tal box weights for the 20-inch and
Lo-inch designs are 13.74 1b/sg.ft. and 14,10 1b/sq.ft., respectively. As compared

with the prior regions, a smaller weight increment is noted between the upper and

12-T1
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lower surface panels with a maximum increment of 1.0 1b/sq.ft. indicated for the
20-inch rib spacing designs, which decreases to 0.20 1lb/sq.ft. for the LO-ineh
design. As with the previously discussed point design regions, the weight of
the substructure components very slightly with rib spacing with no component

weighing more than 1.0 1b/sq.ft.

The unit box weight for point design region 41036 representative of the structure
located outboard on the wing aft box, are presented in Fipgure 12-24, A curve with

& slight positive slope defines the total box weight with a minimum value of 9.3 1b/
sq.Pt. occurring for the 20-inch rib spacing design and a maximum value of 9.7 1b/
sq.ft. for the LO-inch design. A meximum veight increment of only 0.60 1b/sq.ft. is
indicated hetween the surface panels for the 20-inch specing design vhere the heavier
lower surface penel weighs 4.2 1b/sq.ft. Identical surface.panel weights (zero weight
inerement) of approximately 4.1l 1b/sq.ft. are noted for a 30-inch rib spacing desien.
For the 40-inch rib spacing designs, the upper surface panel is the heaviest panel
and is approximately 0.4 1b/sq.ft. heavier than the corresponding lower surface
panel, All substructure components have unit weights less than 0.50 1lb/sa.ft. with

the spar caps having the maximum values at all rib spacings.

A symmetrical total weight curve is noted in Figure 12-25 for point design region
ki316. This curve shows & minimum-weight design of 13.5 1b/sq.ft. for 30-inch rib
spacing and identical values of 13.7 lb/sq.ft. for the 20~ and LO-inch designs. ;
The predominately-tension designed lower surfece panels are heavier than the |
corresponding designs for the upper surface panels. The exception being the

4Y0~inch rib spacing designs vhere the surface panels have identieal unit weights
of 6.25 1b/sq.ft. The heaviest substructure components are the spar caps which

have g maximum value of 0.75 1lb/sq.ft. for the 20-inch rib gpacing design.

The last point design region ineluded in the Detailed Concept Analysis is the mid-
span wing tip region L1348, The results of this analysis are presented in Fig- !
ure 12-26 where the total weight curve indicate the least-~weight design occurs for

the lowest rib spacing investigated, 20-inches, A unit box weight of 8.5 lb/sq.ft.

is noted for this design. The predominately compression designed upper surface

panels are heavier than the lower surface penels for designs with rib spacings greater
then approximetely 25-inches. At this rib spacing, both panels weigh approximately
3.66 1b/sq.ft. The rib ceps are the heaviest weight substructure component h wing

g unit weight of 0.90 1b/sq.ft. for the LO-inch rib spacing design.
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MONOCOQUE WING ARRANGEMENTS - TASK I

The monocoque (biaxially stiffened) panel concepts were subjected to the same stages
of analysis as the uniaxial stiffened panel arrangements, i.e., an Initial Screening
and a Detail Concept Analysis. 1In addition, an additional analysis was conducted st
the start of the initial screening to ascertain the minimum weight panel proportions

(aspeet ratio) prior to screening the candidate concepts.

The two candidate panel concepts are shown in Figure 12-2T7 and include the honeycomb
core and truss core sandwich concepts. In addition this figure contains a sketch of
typical monocoque arrvangement wing box segment depicting the biaxially stiffened

surface panels and related substructure.

The fabrication limits for the monocoque panels and closures are contained in Fig-
ure 12-28. These limits include the thickness constraints imposed on the face
sheets due to foreign object damage (F.0.D.); which were: .020-inch for the lower

surface and .0l5-inch for the upper surface exposed skins.

The point designs environments for the criticel flight conditions are presented in
Table 12-27. The critical flight conditions for the Task I analysis were condi-
tions' 20 and 31. Condition 20, start of cruise, being the most severe environment
for the forward wing box region 40322 with the symmetric flight condition at

Mach. 1.25, condition 31, being the most critical for the aft box and wing tip

regions.
Monccoque Initial Screening

The candidate monocoque wing panel concepts are blaxially stiffened panels with the
two most efficient designs being investipgated in the initial screening analysis;
these concepts were: '

¢ Honeycomb core sandwich

e Truss core sandwich

The initial sereening analysis was conducted at the three point design regions shown
in Figure 12-3 using the associated critical point design environments presented in

Table 12-2T.
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TABLE 12-27.

ARRANGEMENT —~ TASK IT

CRITICAT WING POINT DESIGN ENVIRONMENT, MONOCOQUIL

CONDITION 20 : (START OF CRUISE); MACH NO. = 2.7; n, =2.5
WEIGHT =860 X 10°L8. ’
POINT DESIGN REGION
T
":';‘Ié'-"rﬁ; € ITEM UNITS 4236 41036 41316 40536 41318
LoADs UPPER LOWER UPPER LOWER UPFER LOWER UPPER LOWER UPPER LOWER
SURFACE SURFACE SURFACE SURFACE SURFACE SURFACE SURFACE SURFACE S_UHFACE SURFACE
Ha LB/N =13141 115k ~1LkE, 1LL6 <6l (£ -1885 1845, -5 L5
AIRLOADS My L8/ _ngy 1157 -3598 3558 ~790% 7901 =703k 7034 b0 | 4370
Hxy LB/iN =1045. 1093 =1968 1968 1hoe =3ho2 -7508 2503 1oz =102
THERMAL e WM | ool x 107 ] Aok x 1070 1% 20| 1 x 100 7 % 1077 <7 # 107 <t x 1070 134 x 20°) .3 x 307 |-0.3 x 30O}
STRAIN €y AN | 870 x 10-7) 820 x 10-] B x 10°| -Bx 1077 15 x 1071 -15 x 10| 170 x 10~ |-120 x 10 "§0.38 x 10" |2.38 x 207"
exy INfif 7¢_x 1077 7 2 107 18 2 107°] 1Bk 107°] 8% 307°] 88 x 207710k x 1075 20 x 107 0.2 x 2079 5.1 % 107®
AERD St -1,70 - 74 -1.75 .38 -1.65 1.00 -1.47 =236 =1.29 1.0k
PRESSURE FUEL ] 647 -7.84 o 0 a 0 -6.00 7.1 o 0
NET Pst -8.12 -H.58 -1.85 2.38 ~1.£5 1..00 7,47 ~7.47 -1.009 1.0L
T, OF ) -
TEMPERATURE AV ~ ¢ 21l 203 3L 332 313 318 213 so7 155 4o
AT F ! =228 ~P37 =3k 70 -39 ~8l =733 -7h1 =39 =51
NDTES: {11 A 1.25 FACTOR HAS BEEN ARPLIED TO THE THERMAL STRAIN WHEN THE SIGN 1S SAME AS THE AIRLOAD
SIGN, OTHERWISE NO FACTOR APPLIED.
{2} PRESSURE SIGN CONVENTION: NEGATIVE a SUCTION
CONDITZION 31 : MACH NO. = 1.25: nz = 2.5
WEIGHT = 690 % 103 L8,
POINT DESIGN REGION
ULTIMATE
DESIGN 1TEM UNITS 40238 41036 e $oaz2
LORDS UPPER LOWER UPPER LOWER UPPER LOWER UFPER LOWER
SURFACE SURFACE SURFACE | SURFACE | SURFACE SURFACE SURFACE | SURFACE
Mx LBAN +1193 1193 2719 719 -1587 1587 1 =51
AIR LDADS Ny LB/IN -11638 11638 -6lio3 £y ~17163 1°183 =329 529
May LBIIN 709G 2099 3709 3709 3310 3310 191 191
THEAMAL Ex INfIN 8] 2] 0 [+] ] 0 [ Q
STRAIN €y NN 0 0 0 0 0 0 0 o
uy INJIN a 0 a 0 s} 0 o o
AERD Ll -3.03 -1.20 ~1.27 0.11 ) -.26 w17 .05
FRESSURE FUEL P31 -5.093 -8.94 0 ¢ 0 o -6.86 -9.30
NET sl -B.46 =10.14 =1.27 0.11 -L.98 «0.56 -f.33 =f.9%
T, OF 1 -
TEMPERATURE AY, - L6 L7 209 164 78 172 169 155
AT F ~129 -138 ~Lo =h0 -gd «30 «105 =153

NOTES: {1} A 125 FACTOR HAS BEEN APPLIED TO THE THERMAL STRAIN WHEN THE SIGN 1S SAME AS THE AIRLOAD
SIGN, OTHERWISE NO FACTOR APPLIED. :

(20 PRESSURE SIGN CONVENTION: NEGATIVE » SUCTION

e
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The retionale used for evalusiing the monocoque panel concepts during the initial

sereening was:

(1) To ascertain the minimum weight panel proportions by conducting an aspect
ratic study using a representative panel concept, honeycomb core sand-
wich., This included evaluating multispar and multirid designs on a weight

bases for panel and wing box designs.

(2} Then conduct a weight/strength anslysis for each candidate panel concept
using the minimum-weight panel proportions determined from the aspeet
retio study,

(3) Compare the results of the above panel snalysis and select the most prom—
ising concept for further in-depth analysis in the Detalled Concepts

Analysis.

The analysis conducted using the above procedure is described in the following text.

Aspect Ratlo Study -~ For this study, various aspect ratios were investigatéd for

multispar and multirib honeycomb core sendwich panel designs. The panel orientation
and the gensral dimensioning associated with thcse arrangements are shovm in Fig-
ure 12-29.

Multispar Arrangement — Varieble spar spacings of 20-inches, 30-inches, and 40-inches
were used for each point design analysis. A constant rib spacing of 60-inches was
used for regions 40536 and k1348 with a 130-inch rib Spacing selected for the

lightly loaded forward box region 40322. For direct comparison bebween general types
of load carrying panels, the r%b and spar spacing selected oy the multispar arrange-

ment are identical with those selected for the chordwire stiffened panel concepts.

The results of the basic paael sizing for the multispar arrangement are shown in
Table 12-28 and incliudes the panél proportions, cross sectional dimensions, anrd the
weight data. The panel aspect ratio (Lp,x/Lp,y) ranged from 0.33 to 0.67 for
regions 40536 and 41348, and .15 to .31 for region 40322. Panel heights (h) varied
from approximately .25~ to .50-ineh, thicknesses from .0ll-inch to .OBT-inch;

and cell size from .17-inch to ,30-inch. A minimum core foil thickness of
.002-inch was maintained for all designs. With fefefence'to Table 12-28, the.

panel equivalent thickness (E) and unit weight (w) includes the core. In addition,
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PABLE 12-28, PANEL GEOMETRY AND WEIGHT FOR THE HONEYCOMB CORE SANDWICH PAWEL
MULTISPAR ARRANGEMENT — ASPECT RATIO STUDY

POINT DESIGN REGION 40322 40536 41348
o SURFACE UPPER LOWER UPPER LOWER UFPER LOWER
=T
s & SPAR {m) 051 | 076 | 102 | 051 ) 076 | 102 | 051| 076! 102 | 051 | 076 | 102} 051 | 076 | 102 | 051 | 078 | 102
% \2 SPACING  [in} 20 30 40 20 ao 40 20 30 a0 20 30 40 20 30 40 20 30 40
w F RIB (m} 330 | 230 | 330 | 330 | 330 | 330 | 152 152| 152 | 152 | 152 | 152 | 152 | 182 | 152 | 152 | 152 | 152 _—
e SPACING  (in.) 130 | 130 { 130 [ 130 [ 130 [ 130 | 60 | ea | e | 6o | 60 [ o0 | 60 | 60 | 60 [ s0 | 60 | 60
o |
G\.% ASPECT RATIO 015 | 023 [ 031 | 015 | 023 | 031 | 033) o50| 067 [ 033 | 050 | 067 | 033 | 050 | 067 | 033 | 050 | 067
73] DIMENSIONS:
H (em) 1577 | 2530| 3713| 2101| 2652| 5.184| 2126] 2233 3762| 0.737| 1.183| 1984| 1.825| 2647| 3.279| 0561| 0917| 1486 e
fin.) 0.621| 0996 1.462( 0.827{ 1.044| 2.041] 0.837] 1273 t1481| 0.200( oasa| 0781] 0.719] 1.042| 1291 0.221] 0361 casE
1, fom} 0.038| 0.046| 0.058| 0.028( 0.038| 0.038] 0.135| 0.132) 0.127| 0.193| 0.193] 0.221| 0083| 0.091] 0.098| 0118} 0.178{ 0.137
~ fin.} 0.015| 0.018| 0.623} 0.011| 0.015| 0.015| 0.053| 0052 o.050| 0.076| 0.076) 0.087] 0.035| 0.036| 0.035| 0.047| 0.070| 0.054
% R 1y (cm) 0.038] 0.038| 0038} 0.051} 0.051] 0.051] 0.132| 0130 0.127| 0155 | 0.160| 0.135| 0.097] 0.087| 0.102| 0.112| 0.051) 0.099
! @ fin.} 0.015] 0.015| 0.015| 0.020| 0.020( 0.020{ 0.052] 0.05i o0.050| 0.081| 0.063| 0053 0.038| 0038| 0.040| 0.042| 0.020| 0.038
: t, fom) 0.005 | 0.005| 0.006| 0.005| 0.005| 0.005| 0.005{ 0.005 0.005| 0.005 0.005| 0.005] 0.005| 0.005| 0.005( 0.005 | 0.005| 0.005
{in) 0002 | 0.002| 0002| 0.002| 0.002| ooo2| 0.002] 000zl 0.002| o.co2| 0.002| 0.002| 000z c.002| 000z 0.002) 0.002| .02
s (cm) 0537 | 0.716| 0795 | 1.270| 1.270| 1.270| 0.655| 0.470] 0.424.1.270| 1.270| 1.270| o808 0.655] 0.737) 1270 1.270] 1270
- (in.) 0235 | 0.282| 0.213| o0sco| o500 | 0500 ozss| o0.185| 0167 | 0500 o500 0s00| 0.318| 0.258| 0.200| 0.500 | 0500 o500
|
MASS DATA: N
T cm) 0.102| 0.419| 0.142| 0.097| 0109 0.120) 0.297| 0.323] 0.353| 0353 | 03611 0368] 0.208| 0.225] 0.244) 0.232 0.234| 0.2m
fin.) 0.040 | 0.047| 0.056| 0.038] c.0a3| 0.051] 0117 0131 0.4139] 0139 0.142| 0.145] 0.082( 0.089| 0.095( 0.092{ 0.092] 0.095
w tkg-m2) | 4511| 5263] 6.280) 4.248| 4.863 | 5737|13.124| 14.740] 15.682 | 15.634 [ 16.000 | 16.246 | 9.169 | 10,009 | 10.785 | 10.336 | 10.370 | 10.658
Ib-1t:2) 0.524 | 1.075] 1.288 | 0.870| 0.996 | 1.175| 2.688| 2018 3.212| 3.202| 3.277 | 3.348| 1.878| 2050| 2208 | 2117 | 2124 2183
W, tka-m2 | 1.040| 1538 | 2051) 0718| 08| 1.850| 1270 3095 44s8| 0.137| 0283 | 057e| 0.913| 1.694| 1880 0117 | 0.244) 0327 -
tb-:2) | 0.213| 0315 | 0420| 0.147| 0.186] 0.379] 0.262{ 0.63a] 0.913| 0.028( 0.058; w.it8] 0.187( 0.347| 0.385( 0.024| 0050 0.067
P, (kg-m3) {75431 62824 |56.641 | 35.423 | 35.433 | 35.433 | 68.880(104.25 {127.12 |35.433 | 35.433 | 35.433 | 55.632 | 68.862 | 61.062 | 35.433 | 35.433 | 35.433
tb-fe3) | azoa| 3022 3536| 2.212| 2.212) 2.212] 4300{ 6.508| 7938| 2212 2212| 2.212| 3473| 4208| 3812} 2.212| 2212| 2212
CRITICAL CONDITION 20 | 20 | 20 | 20 | 20 | 20 | 31| 2} 31 | 2 Jan | ) s |au] | m; || l —
NOTE: (1} ASPECT RATIO=Lpx/lpy
(2} BRAZEMATERIAL NOT INCLUDED




the core density (Pc) and weight (w,) are also listed separately., The panel unit
weights, includes face sheets and core, range from a minimum weight of 0.90 1b/sq.ft.
to a meximum of 3.35 lb/sq.ft. '

The welght related to the panel fabrication technigue was investigated to obtain a
more reglistic comparison between errangements. The weight data for the 3003 alumi-
num braze alloy used for panel fabrication was obtained from empirical data reported
in Reference 3 and is shown in Figure 12-30. Using this data and the basic panel
results shown in Table 12-28, the combined panel weights were calculated and are
pregented in Table 12-29 for the multispar design.

Multirid Arrangement - For this arrangement, variable rib spacings of 20-inches,
30~inches, end 40-inches were used at each point design region with a constant sper
spacing of 60-inches. Similer to the panel dimension criteria used on the multispar
arrengement, the multirib panel dimensions were selected for direct comparison with

the uniaxial spanwise stiffened arrangements.

The results of the panel sizing analysis conducted on the muitirib panel designs

are summerized in Table 12-30, With reference to this table, the aspect ratio varied
from 1,5 for the lgrger rib spacing to 3.0 for the smaller spacing, The panel
heieghts, face sheet thicknesses, and core cell sizes, ranged from: 0.85-inch

te 2.0-inch, 0.01l2-inch to 0.105-inch, and 0.20-inch to 0.50-inch, respectively.

The panel weights, sum of the face sheets and core, varied from approximately

0.9C 1b/sa.f%. to 3.50 1b/sq.ft. The braze weights were defined using Figure 12-30
and are included in the panel weight summary for the multirib arrangement presented
in Tabie 12-29.

Aspect Ratlo Study Results - Table 12-29 presents both designs for comparison
purpoges and includes the individual panel, braze materisl, and combined weight for
both the multispar and multiridb designs. ¥For clerity in réporting, these values
are displayed graphicelly in Figure 12-31, ¥rom a review of this figure, the weight

of the multispar panel arrangements were lighter theu those of the multirid designs
at all point design regions. The exception being ut region 40322 where the multirib

design has a slightly lower weight, i.e., approximately l-percent lighter than the
multispar design. In addition, the minimum-weight designs for both arrangements are

those associated with the smallest spar spacing, 20-inches.

Panel weights for the 20-inch spar spacing multispar designs at regions k0322,

41349, and 40536 are 2.1 1b/sq.ft., 4.3 1b/sq.ft., and 6.2 1b/sq.ft., respectively.
12-86 :

e,

[




/.

TOTAL WEIGHT (BOTH FACES). Ibfsq. ft.

0.8

0.6

0.4

0.2

y
) 4

CORE DEPTH
\\% 15
w0
~————
05
0.1 02 03 0.4 05

Figure 12-30.

SQUARE CELL SIZE, S, in.

Honeycomb Core sandwich Braze Weight,
3003 Aluminum Braze Alloy

1287

P ———




TABLE 12-2%. SURFACE PANEL WEIGHT COMPARISON OF THE MULTISPAR AND

MULTIRIB DESIGNS - ASPECT RATIO STUDY

WT.
ITEM SURFACE PANEL UNIT WEIGHT (LB./SQ. FT.}
POINT DESIGN
REGION 40322 40536 41348
SPAR SPACING (IN.) 20 30 40 20 30 40 20 30 40
MULTI SPAR DESIGN
e UPPER SURFACE (1.14) (1.31) {1.61) (2.92) | (3.49) (3.77 | (2.02) {2.31) (2.47)
PANEL 0.92 1.08 1.29 2.69 2.02 3.21 1.88 2.05 2,21
BRAZE 0.22 0.23 0.32 0.23 0.47 0.56 0.14 0.26 0.26
» LOWER SURFACE {0.98) (1.12) {(1.44) {3.30) (3.38) (3.46) | (2.24) (2.22) {2.29)
» PANEL 0.87 1.00 1.18 3.20 3.28 3.35 2,12 2.12 2.18
E‘; BRAZE 0.11 0.12 0.26 0.10 0.10 0.11 0.12 0.10 0.11
had o TOTAL > (212) (2.43) {3.05) {6.22) | (6.87) {7.23) | (4.26) {4.53) (4.76)
MULTI RiIB DESIGN
UPPER SURFACE (1.13) {1.30) (1.43) (3.08) (3.99) (4.10) | {2.21) {2.55) {2.72)
PANEL 0.93 1.07 1.19 2.78 3.41 3.51 1.99 2.30 243
BRAZE 0.20 0.23 0.24 0.30 0.58 0.59 0.22 0.25 .29
LOWER SURFACE (0.96) (1.10} (1.25) (327} | (3.54) (3.66) | (2.20) (2.26) {2.29)
PANEL 0.86 0.98 1.07 3.26 3.39 3.48 2,10 2.16 2.19
BRAZE 0.10 0.12 0.18 0.01 0.15 0.18 0.10 0.10 0.19
TOTAL > (2.09) {2.40) {2.68) {6.35) (7.53) (7.76) | (4.41) {4.81) {5.01)

l;.‘._-.____, L
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TABLE 12-30.

PANEL GEOMETRY AND WEIGHT FOR THE MULTIRIB DESIGN HONEYCOMB CORE SANDWICH
PANELS, MONOCOQUE ARRANGEMENT — ASPECT RATIO STUDY

POINT DESIGN REGION 40322 40536 41348

SURFACE UPPER LOWER UPPER LOWER UPPER LOWER

SPAR {m} 152 | .52 | 152 | 152 | 162 | 182 | 162 | 152 | 152 | 152 { 1.52 152 | 152 | 152 152 | 162 | 1.52 | 152

SPACING (in.} 60 60 GO 60 60 60 60 60 60 60 60 60 &0 60 60 G0 60 &0
L .

RIB {m} 0.51 076 | 1.02 | 0.51 0.76 | 1.02 | 0.51 076 | 1.02 | 051 0.76 | 1.02 | 0.51 076 | 1.02 | 0.51 0.76 | 1.02

SPACING {int.) 20 30 40 20 S0 40 20 30 40 20 30 a0 20 30 40 20 30 40

ASPECT RATIO 3.0 20 1.5 3.0 2.0 1.5 3.0 2.0 1.5 3.0 2.0 1.5 3.0 20 1.5 3.0 20 1.5

DIMENSIONS:

H {cm) 1.689 | 2427 | 3.284| 1.8371| 2418 | 3.810| 3.239] 5.034| 5.438| 2.164| 2.850| 3.503| 2.761| 3.678| 4.199| 1.374| 1.654| 1,593
{in.} 0.665 | 0.953 | 1.293| 0.721| 0.952| 1500] 1.275] 1.982| 2.141| 0.852| 1.122| 1.379| 1.087| 1.448| 1.653| 0.541| 0.551| 0.627

] {em) 0.038 § 0.046 | 0.051; 0.030 ) 0.038| 0.036] 0.130] 0.132| 0.132| 0.079| 0,102 0.130| 0.097| 0.122| 0.130| 0.102 | 0.109| 0.130
{in.} 0.015 | 0.018 | 0.020| 0.012| 0.015| 0.014] 0,051 0.052| 0.052| 0.031| 0.040| 0.05%| 0.038] 0.048| 0.051| 0.040 | 0.043]{ 0.057

ty fem} ' 0.038 0.038 ; 0.038 | 0.051| 0.05%1| 0.051] 0.130] 0.132] 0.132| 0.267 | 0.254| 0.229 | 0.086] 0.089 | 0.089 | G.122 | 0.117] 0.102
{in.) 0.015 | 0.015 | 0.015| 0.020 | 0.020 0.020 | 0.051] 0©.052| 0.052| 0.105| 0.100{ 0.090 | 0.034) 0.035| 0.035 | 0.048 | 0.046{ 0.040

1, (cm} 0.005 | 0.005 | 0.005 | 0.005 | 0.005| 0.005} 0.005| 0.005| 0.005| 0.005| c.005| 0.005| 0.005] 0.005| 0.005) 0.005 | 0.005{ 0.005

) fin.) 0.002 | 0.002 | 0.002| 0.002) 0.002 | 0.002} 0,002y 0,002 0.002]| 0.002| 0.002| 0.002) 0.002{ 0.002} 0.002] 0.002 | 0.002| 0.002

8 {em) 0.622 | 0.721 | 0.764 | 1270} 1.270| 1.270| 0.638] 0.462| 0.460| 1.270| 1.262| 1270} 0,714} 0.841| 0787 1.270 | 1.270| 1270
{in.} 0.245 | 0.284 | 0.297 | 0.500 | 0.500 | 0.500 | 0.251) 0.182| 0.181| 0.500] 0497 0500} 0.281{ 0.331; 0.310; 0.500 | 0.500} 0.500

MASS DATA:

T {cm} 0.102 | 0.117 | 0.132| 0.094 | 0.103 | 0.117 | 0.307] 0.376| 0.386 | 0.361| 0.373| 0.384 | 0.218] 0.254 | 0.269{ 0.234 | 0.239( 0.2
lin.} 0.040 | 0.046 | 0.052 | 0.037 | 0.043 | 0.046| 0121 0.148| 0.152| 0.742| 0.147 | 0.151| 0,086{ 0,100} 0.706| 0,092 | 0.094| 0095

w (kg -m3 4.550 | 5.210 | 5.800 | 4.779 § 4.809 | 5.205 | 13.598| *6.654] 17.147 | 15.922 | 16.561 [ 16.976 | 9.721 | 11.230 | 11.869 | 10.258 {10.551 | 10.678
{1k - $t2) 0.932 | 1.067 | 1.188  0.856 | 9.985 | 1.066 | 2,785] 3.411] 3512] 3.261] 3.392| 3.477 | 1.991| 2300 | 2431 | 2,101 | 2,161} 2.187

W {kg - m3) 1.167 | 1.455 | 1.826 | 0,620 | 0.825| 1.318 | 2,099} 5.009] 5.429 | 0.644| 0.880 | 1.113 | 1.626| 1.855 | 2.275 | 0.410 | 0.508 | 0.483
(b - £t-3) 0.239 | 0,298 | 0.374 | 0.127 | 0.169 § 0.270 | 0430] 1.026} 1.112] 0.132| 0.182| 0.228 | 0.333| 0.380 | 0.466| 0.084 | 0.104 | 0.099

-2

P {kg-mgy) 72.419 [62.200 (59.749 | 35.433 }35.433 |35.433 | 70.561]104.94 [104.97 {35,417 |35.673 | 35.449 |563.129 { 53.486 | 57.154 | 35.433 | 35.43R | 35.433
{lb-ft ) 4.521 | 3.883 | 3.730 | 2212 2.212| 2212 | 4.405] 6.551] 6553 2.211| 2.227 | 2213 | 3.941] 3,339 | 3.6568 | 2.212 | 2.212| 2.212

CRITICAL CONDITION 20 20 20 20 20 20 31 31 31 3 31 31 31 31 3 31 3 31

NOTE: (1)

ASPECT RATIO = Lp y/Lp v

{2} BRAZE MATERIAL NOT INCLUDED
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In general, the largest difference in weipght between the multispar and the multirib
arrangements occur at Region 40536 vhere a difference of 0.66 1b/sq.ft. is noted
for the 30-inch spacing designs.

Conversely, no appreciasble weight difference is indicated between the 20-inch
spacing multispar and multirib designs at any of these regions. A meximum weipht
difference of approximately 0,20 1b/sq.ft. is noted at Region 41348 vhere the
lightest design is the multispar design.

The panel aspect ratio study indicates the multispar panel arrangement results in
the lightest weight desipgns for the larger panel widths, but the data is inconelusive
for the smaller panel widths.

To establish the weight trends for the multisper and multirib designs at the smaller
panel widths, the aspect ratio study was extended to include the weight of the
assoclated substructure, In addition to the panels sized for the panel aspect ratio
study, the weights attributed to the rib and spar caps, rib and spar webs, and non-
optimum factors were included in the wing box aspeet ratio study. For this study,
only the results will be presented since a thorough descripbtion of the substructure

is inecluded in the following Detailed Concepts evaluation.

The results of the unit box weight study are summarized in Tables 12-31 and 12-32
for the multispar and multirib arrangements and inelude the unit weight for each

component and the tobal box welght, As with the panel aspect ratio study, point

design regions 40322, 40536, and 41348 were used for this analysis.

For an interpretation of these results the point design box weights are displayed
graphically in Figure 12-32, With respect to this figure, the multispar arrange-
ment affords a lighter weight design for all panel widths. The exception being the
35~inch or gregter multirib designs at Region 40322 vwhich are lighter than the

corresponding multisper designs. The minimum-weight multispar arrangements are the

20-inch spar spacing designs which weigh 4.5, 5.8, and 8.7 1b/sq.ft. for Regions L0322

41348, and 40536 respectively.

In conelusion, the multispar panel arrangements affords the minimm-welght designs

from both a panel and wing box segment standpoint. In addition, the inelusion of
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TABLE 12-31.

MULTISPAR ARRANGEMENT - ASPECT RATIO STUDY

DETATL WING WEIGHTS FOR THE HONEYCOMB SANDWICH PANEL

POINT DESIGN
REGION 40322 40536 41348
SPAR SPAC {IN) 20 30 40 20 30 40 20 30 40
PANELS
UPPER 1144 | 1.308 | 1.608 | 2018 | 3.489 | 3.772 | 2,018 | 2.310 | 2.469
LOWER 0980 | 1.126 | 1.445 | 3302 | 3.377 | 3.458 | 2.241 | 2.224 | 2.288
(2.124) | (2.434) | (3.083) | (6.220) | (6.366) | {7.230) j (4.259} | {4,634) | (4.757)
RIB WEBS
T BULKHEAD 0.241 | 0.241 | 0241 | 0.244 | 0244 | 0.244 | 0.100 | 0.100 | 0.100
TRUSS 0,198 | 0.198 | 0.198 | 0.229 | 0.229 | 0,229 - - -
(0.439) | (0.439) | {0.439) | {0.473} | {0.473) | (0,473) | (0.100) | (0.100) [ {0.100}
SPAR WEBS
BULKHEAD 0.355 | 0343 | 0.352 | 0.245 | 0.285 | 0.321 | 0401 | 0.301 | 0.251
TRUSS 0339 | 0,194 { 0,121 | 0590 | 0.383 | 0.326 - - -
{0.694) | (0.537) | {0.473) | {0.835) | (0.674) | {0.647) | (0.401) | {0.301) | {0.251)
RIB CAPS
UPPER 0.120 | 0.140 | ©0.158 | 0.127 | 0.143 | 0,950 | 0,127 | 0.146 | 0.154
LOWER 0.133 | 0138 | 0.193 | 0.100 | 0.106 | 0.127 | 0.089 | 0.106 | 0.113
(0,253} | (0.278} | {0.351) | (0.227) | (0.24%) | {0,277) | (0.226) | (0.252) | (0.267)
SPAR CAPS
" UPFER 0,401 | 0307 | 0.268 | 0.418 | 0311 | 0.242 | 0.376 | 0.289 | 0.227
LOWER 0.445 | 0.316 | 0.325 | 0,332 | 0.236 | 0.206 | 0.290 | 0.208 | 0.167
2, {0.846) | (0.623) | (0.591)! (0.750) | {0.547) | {0.448) | (0.666) | (0.497) [ (0.394)
NON-OPTIMUM
MECH, FAST. 0.050 | 0.040 | ©0.030 | 0.050 | 0.040 | 0.030 | 0,050 | 0.040 | 0,030
WEB INTERS, 0113 | 0.098 { 0,091 { 0.131 | 0.115 | 0,112 | 0.050 | 0.040 | 0.035
{0.163) | {0.138) | (0.121}] (0.181) | {0.158) | (0.142) | (0.100) | {0.080) | (0.085)
POINT LB
Z DESIGN | — 4518 | 4.448 | 5.028 | 8.686 | 8.964 | 9.217 | 5752 | 5764 | 5.834
WEIGHT | FT .
12-92
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TABLE 12-32. DETATL WING WEIGHTS FOR THE HONEYCOMB SANDWICH PAWEL
MULTIRIBE ARRANGEMENT - ASPECT RATTO STUDY

[

Po'gge'?gi'm 40322 40536 41348
RIB SPAC (IN) 20 30 40 20 30 40 20 30 40
PANELS
UPPER 1132 | 1207 | 1428 | 3085 | 3991 | 4102 | 2211 | 2850 | 2.721
LOWER 0,056 | 1.105 | 1,256 | 3271 | 342 | =657 | 2201 | 2261 | 2.287
(2.088) | (2.402) | (2.684) |{6.356) |(7.533) | (7.759) |wa.412) | (a.81) | (5.008)
RIB WEBS
““BULKHEAD 0.446 | 0.446 | 0.454 | 0202 | 0333 | 0.430 | 0260 | 0.167 | 0.133
TRUSS 0.300 | 0.164 | 0.115 | 0541 | 0.330 | 0.245 | — —~ -
(0.746) | (0.610) | (0569} | (0.833) |10.663) | 10.675) | (0.250) | (0.167) | (0.133)
SPAR WEBS
BULKHEAD 0.352 | 0352 | 0352 | 0,388 | 0388 | 0388 | 0.251 | 0.251 | 0.251
TRUSS 0.048 | 0.048 | 0.048 | 0,137 | 0,137 | 0137 | - Z -
(0.400) | (0.400) | {0.400} ! (0.525) |(0.525) | (0.525) | {0.251) | (0.251) | {0.251)
RIB CAPS
~UPPER 0.406 | 0.205 | 0.240 | 0491 | 0364 | 0.281 | 0447 | 0504 | 0532
LOWER 0.421 | 0,300 | 0268 | 0333 | 0206 | 0.246 | 0353 | 0.373 | 0.366
(0.827) | (0.596} | (0,508) | {0.824) |{0.660) | (0.527) |(0.800) | {0.877} | (0.828)
SPAR CAPS
~UPPER 0132 | 0.146 | 0.161 | 0957 | 0,189 | 0.190 | 0.188 | 0.223 | 0.235
LOWER 0.137 | 0.149 | 0180 | 0.138 | 0153 | 04166 | 0.157 | 0.165 | 6.162
(0.269) | (0.295) | (0.341) | (0.295) | (0.342) | (0.356) | (0355} | (0.388) | (0.397)
NON-OPTIMUM .
MECH, FAST. 0.180 | 0,170 | 0.160 | 0200 | d.190 | c.180 | 0.200 | 0.190 | 0.180
WEE INTERS, 0.115 | 0101 | 0.097 | 0.136 | 0.119 | 0.120 | 0.050 | 0.042 | 0.138
(0.295) | (0.271) | (0.267) | (0.336) | (0.309) | (0.300) | (0.250) | (0.232) |{0.218)
POINT | | -
> |DESIGN —<E. | 4625 | 4574 | 4750 | 9163 110032 |10.142 | 6318 | 6726 | 6.906
WEIGHT| FT
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substructure in the analysis resulted in a larger variation between the arrangements

and provides a much eclesrer definitlon of the minimum weight arrangement.

Panel Screening - 4 struectural anslysis was conducted on the two candidate monceogue

panel concepts (honeycomb-core sandwich and truss-core sandwich) to define an accurate
weight for each concept and select the most promising concept for further study in
the Detall Concept Analysis. This screening analysis was conducted at three point
design regions using the related monocoque load/temperature environment specified

in Table 12-27, In eddltion, the metallic material used for these concepts was
6A1L-4V (ANN.) titenium alloy and the panel proportions were commensurate with the
findings of the aspect ratio study, i.e., multispar arrangement. For this arrange-
ment verisble spar spacings of 20-inches, 30-inches, and 40-inches were investigated

for a constant rib spacing,

Honeycomb-Core Sandwich - Since the material system and applied loads (point design
enviromment) are identical to those used for the aspect ratio study, the panel
sizing data calculated for the multlspar structural asrrangement is also spplicable
for this analysis. Table 12-28 contains these resulise which included the basie croas
section dimensions and weight data for each design., The total panel weights (com-
bined weight of the basic panel and aluminum braze) for the honeycomb core sandwich
concept are presented in Table 12-33 and includes the braze weight as determined
from Figure 12-30,

Truss-Core Sandwich - The basic penel sizing results for the truss—core sandwich
ére presented in Table 12-34 and contains simllar cross sectional properties and
weight data as showvn for the honeycomb core sandwich panels. With respect to this
table, minimum panel weights are noted for ragion L0322 vhere the weights ranged
from a minimum of 1.32 1b/sq.ft. for the lower surface panel with 20-ineh spar
spacing to a maximum of 2.70 1b/sq.ft. for the upper surface LO-inch spar spacing
design, TFor region 40536, the panel weight varied from approximetely 3.2 1b/sq.ft.
to 4.5 1b/sq.ft. Similarly, the weight range at point design reglon 41348 was
spproximately 2.0 1b/sq.ft. to 3.2 1b/sq.ft. In addition, this table indicates the
eriticel Task I flight condition designing each region, see Section 11 for a
desceription of the fiight parameters,
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TABLE 12-33. COMPARISON OF THE CANDIDATE MONOCOQUE SURFACE
PANETL, WEIGH?S - INITIAL SCREENING
WT.
ITEM SURFAGE PANEL UNIT WEIGHT (LB./SQ. FT.)
POINT DESIGN
REGION 40322 40536 41348
SPAR SPACING ({IN.) 20 30 40 20 30 40 20 20 40
HONEYCOMB CORE )
SANDWICH
e UPPER SURFACE 14 | (13 | (en | ez | 49 | 370 | 2020 | (231 | (2.47)
PANEL 0.92 1.08 1.29 2.69 3.02 3.21 1.88 2.05 2,21
FAB. METHOD
(BRAZE) 0.22 0.23 0.32 0.23 0.47 0.56 0.14 0.26 0.26
e LOWERSURFACE | (0.98) | {1.12) | (1.44) | (3.30) | (338) | (346) | (2.24) | (222) | (2.29)
PANEL 0.87 1.00 1.18 3,20 3,28 3.35 2.12 2.12 2.18
FAB. METHOD
(3RAZE) 0.11 0.12 0.26 0.10 0.10 0.11 0.12 0.10 0.11
s TOTAL | 212) | (243 | (308 | (622) | (687 | (7.23) | (426} | (453) | (4.76)
TRUSS-CORE
SANDWICH
UPPER SURFACE (.61 | oo | (270 | (318 | (373 | {(446) | (2.13) | {(270) | (3.25)
PANEL 1.61 2.00 2.70 3.16 3.73 4.46 2.15 2.70 2.23
FAB. METHOD _ _ _ _ _ _
{DIFF. BOND.) - - -
L OWER SURFACE (1.22) | (1.34) | (1.88) | {3.31) | (3.47) | (3.60) [ (2.00) | {212) | (2.19)
PANEL 1.32 1.34 1.95 3.31 3.47 3.60 2,00 2.12 2.19
FAB. METHOD _ 3 _ _
(DIFF. BOND) - - - - -
TOTAL T (293 | (334 | (485 | (647 | (7200 | (8.06) | (4.15) | (482) | (5.44)

o —
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TABLE 12-34, PANEL GEOMETRY AND WEIGHT FOR THE MULTISPAR DESIGN TRUSS -
CORE SANDWICH PANELS -~ INITTAYT, SCREENING
POINT DESIGN REGION 40322 40536 41348
SURFACE UPPER LOWER UPPER LOWER UPPER LOWER
SPAR {m) 0.51 0.76 1.02 | 051 076 | 1.02| 051 0.76 102% 051 076 | 102} 051 076 | 1.02] 0.51 0.76 | 102
SPACING - (in.} 20 30 40 20 30 40 20 30 40 20 30 40 20 30 40 20 30 40
RiB m) 330 330} 330| 330| 330| 330} 182 162 152 | 152| 182 | 152 152 162| 152 | 152 | 152] 152
SPACING fin.} 130 130 130 130 130 130 60 B0 60 60 4] 60 6D 60 60 &0 60 60
ASPECT RATIO 015 | 023;: 031 045 | 023] 031 0.33 050 | 067 | 033) 050} 067| 033 | 050 { 0.67 | 033 | OEQ | 0.67
DIMENSIONS:
H {em} 1.657] 2515] 3.830] 1.067| 1.148} 2.802] 2.337] 3.094| 4,028 0.556) 0.871] 1.176| 1.661| 2380 3.043} 0.734 1.204| 1.260
{in.) 0.613| 0.990] 1.508| 0.420] 0.452] 1.103| 0.920] 1.218| 1586 0.219] 0343 0.463| 0.654 0.237] 1.198} 0.289} 0474 0.496
t - {em) 0.051] 0.064] ©58) 0.030] 0033 0.048] 0.135 0.147| 0.145] 0.170| 0.180{ 0©.188| 0.,107] 0.178| 0.137} 0.104]| 0.117} ©.119
{in.) 0.020| 0.025| ©623] 0012 0.013| 0.019] 0.053] 0.058] 0.057| 0.067| 0.071] 0.074) 0.042| 0.047| G.054| 0.041] 0.046| 0.047
tp {cm} 0.038] 0.051| <.051] 0.051] 0.051] 0.051] 0.117| 0.119] 0,127 0.160| 0.165| ©.1658] 0.069| 0.081| 0.094| 0.089] 0.08G| 0.084
{in.} 0.015] 0.020] 0.020| 0.020| 0.020| 0.020| 0.046] 0,047 0.050] 0.063| 0065/ 0.066] 0.027| 0.032] 0.037| 0.035| 0.034| 0.033
T, {em) 0.025| 0.025| 0.028] 0.028| 0.025] 0.025| 0.041] 0.048| 0.056f 0.028} 0.025| 0.025| 0.030| 0.036| 0.043] 0.025| 0.025] 0.028
{in.) 0.010 0.010} 0.011| 0.611| 0.0170{ 0010| 0.016/ 0.019| 0.022{ 0.011] 0.010} 0.017] 0.072| 0.074| 0.017} 0.010| 0.010{ 0.011
by {cm) 0.917| 1.207f 1.148| 0.888] 0.968] 1.234] 2.009) 2047 2.057{ 1.118| 1381 1.881| 1.697| 1.737| 2.090] 3.053] 3485 2624
(in.) 0.361| 0.4s5| 0.452] 0.350( 0.381| 0.486{ 0.791] 0.806| 0.810] 0.440| 0535| 0.662f 0.668] ©.534{ 0.823| 1.202| 1.372| 1.033
b, [em) 1.580] 2.532{ 3.820] 1.118] 1.207| 2.822| 2.428] 3.132| 4.023| 0.683| 0.975| 1.306] 1.788] 2.441| 3.109( 1.656{ 2.062] 1.750
{in.} 0.622f 0997 1.504] 0.440| 0475( 1111} 0.856; 1.233| 1.584; 0.269) 0.384; 0.514] ©.704] 0.961| 1224 0.652} 0.812} 0.689
A {rad) 1.278 1.330] 1.421] 1.162| 1459 1351 1.145) 1.237| 1.312] 0.613| 0.793} 0.871] 1077 1.208f 1.229; 0.396| 0.564; 0.724
{deg} 732 | 762 | 814 (666 |&664 |774 656 | 7098 |75.2 [351 |458 |48.9 |61L7 |[69.2 |704 |227 323 |415
MASS DATA!
T {em) 0.178] 0.221] 0.207| 0.145| 0.147| 0.213| 0.348| 0.411] 0.490| 0.363| 0.381] 0.396| 0.236] 0.297| 0.356| 0.221| 0.234} 0.241
fin.) 0.070{ 0087 0.117| 0.057| 0.658| 0.084| 0.137| 0.162] 0.193| 0.143 0.150| 0.156| 0.093| 0.1717| 0.140| 0.087| 0.092] 0.095
w (kg-m 2y 7.856| 9.775| 13.193| 6.435] 6.552] 9,501 15.424] 18.226| 21.756] 16.141} 16.827] 17.596} 10.497] 13.187| 15.751| 9.740| 10.331} 10.678
{ib - ft-2) 1.609| 2.002{ 2702| 1.318] 1.342| 1.946| 3.159] 3.733| 4.456| 3.306] 3.467| 3.604| 2.150] 2.701| 3.226] 1.995] 2.116] 2.187
W, (kg - m -2) 3881 4721] 8.378| 2856 2817 5.146| 4.202] 6.420| 9.667| 1.553| 1.645| 1.455| 2759| 4394 5512 1.221| 1.333| 1.640
{lb - ft-2) 0.795! 0.967| 1.716| 0585 0,577 1.054| 0.873| 1.315| 1.980| 0.318 0.337{ 0.380| 0.565| 0.900| 1.129 0.250] 0,273{ 0.336
P (ko-m-3) 25671 {192.06 [221.84 [278.75 [254.37 (186.94 [193.98 (216,87 [248.46 {395.02 [235.63 [185.86 [175.15 [192.63 {188.22 |191.58 [120.76 [141.59
{ib - ft-3) 16.026] 11.990| 12,849} 17.402| 15.880{ 11.670| 12.110| 13.539] 15.511{ 24.660( 14.710| 11.603| 10.934} 12.026{ 11.750{ 11.960| 7.539} 8.839
CRITICAL CONDITION 20 20 20 20 20 20 31 31 31 31 31 31 31 31 21 31 31 3

NOTE: {1} ASPECT RATIO=Lpxilpy
{2) PANELS HAVE SPANWISE STIFFENING
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The diffusion bonded technigque was employed for fabriecating the skin-to-core
abtachment, This proecess results in no discernable weight penalty for the basie

truse-core panel as summarized in Table 12-33.

Monocoque Surface Panel Resulbts - The results of the panel sizing analysis conducted
on the candidate monocogue concepts are presented in Table 12-33 and displayed
graph.ecally in Fipgure 12-33, With respect to Figure 12-33, the honeycomb core
sandwich concept is the lightest-welght concept at each of the three regions investi-
gated for this study. The exceptlon being region 41348, midspan wing tip location,
where the truss—core and honeycomb-core concepts have approximately the same

weight (4.2 1b/sq.ft,) for the 20-inch spar spacing design., The least-weight designs
for each concephb oceur ab spar spacing of 20-inches. Foui this spaecing, the minimum-
weight honeycombd sandwich concept has unit weighte of 2.1 1lb/sa.ft., 4.2 1b/sq.ft.,
and 6.2 1b/sd.ft. for region L0322, 41348, and 40536, respectively.

B8imilar to the chordwise and spanvise initial sereening enalyses, an additional
weight-ﬁrend study was conducted wvhere the candidate panel concepts were applied to
representative wing box structure. For this analysis, the wing box weight at
region 40536 was defined for emech panel concept using typical substructure and
panel close-out designs, TFlgure 12-3L contalns the close-out designs for the two

panel concepts.

The detail wing weights for the two concepts are shown in Teble 12-35 and presented
graphically in Figure 12~35. From a review of "able 12-35, the predominant weight
component for each design are the surface panels with the spar webs and rib webs
renked a disbant second and third, respectively, Similar to the panel study, the
20~inch spar spacing wing box design which lncorporasted the honeycomb core sandwich
panels resulbed in the least-welght design. Unit box weights ranging from

8.3 1b/sa.ft. o 8.9 1b/=q.ft. are noted for the 20~inch and 40-inch spar spacing
designs, respectively. The corresponding box weights for the trusg-core sandwich
range from 8.6 1b/sq.ft. to 9.9 1b/sq.ft. for the same spar spacings.

Based on the panel and wing box study results, the honeycomb core sandwich concept
was selected for further valustion in the following Detail Concept Anelysis.
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TABLE 12-35. DETATL WING WEIGHT COMPARISON OF THE MONOCOQUE
PANEL CONCEPT — INITTAL SCREENING
HONEYCOMB CORE
PANEL CONCEPT A TRUSS-CORE SANDWICH
POINT DESIGN 40536
SPAR SPACING {IN) 20 30 40 20 30 40
PANELS
—UPPER 2,92 3.49 3.77 3.16 373 4.46
LOWER 3.30 3.38 3.46 3.31 3.47 3.60
2 (6.22) (6.87) (7.23) (6.47) 7.20) | (8.08)
RIB WEBS
“BULKHEAD 0.24 0.24 0.24 0.24 0.24 0.24
TRUSS 0.23 '0.23 0.23 0.23 0.23 0.23
2 {0.47) 0.47) | (047 047 | w0an | 047
SPAR WEES
BULKHEAD 0.24 0.28 0.32 0.24 0.28 0.32
TRUSS 0.59 0.29 0.33 0.59 0,39 0.33
2. (0.83) {0.67) (0.65) {0.83) (0.67) (0.65)
RIB CAPS
~ UPPER 0.07 0.08 0.08 0.12 0.15 0.18
LOWER 0.07 0.07 0.08 0.12 0.10 0.11
2 (0.14) (0.15) (0.17) (0.25) {0.25) (0.29)
SPAR CAPS
UPPER 0.24 0.18 0.14 0.21 0.15 0.16
LOWER 0.24 0.16 0.14 0.20 0.15 6.12
2 (0.48) (0.34) {0.28) (0.41) (0.30) {0.28)
FASTENERS 0.05 0.04 0.03 0.05 0,04 0.03
(0.05) {0.04} {0.03) {0,05) {0,04) (0.03)
WEB INTERSECTION 0.13 0.12 0.1 0.13 0.12 0.1
(0.13) 0.12) (0.11) {0.13) (0.12) 0.11)
POINT
):, DESIGN LB 8.32 8.66 8.94 8.61 9,05 9,89
WEIGHT FT2
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Monocoque Detail Conecept Analysis

The most promising panel concept surviving the Tnitial Screening anslysis was the
honeycomb-core sandwich panel concept with the general panel proportion commensurate
with a multisper structural arrangement. 1In addition, only one material was con-
sidered for this investigation, titanium alloy Ti-6A1-Lv (ANI).

Por this analysis, representative wing box segments were subjected to a weight
evaluation at the six study point design regions. These wing box segments ineluded
the wing panels, representetive subgtructure, and the related non-optimum factors.
In addition, unit wing box weights were calculated to reflect the specific method
of attaching the panels to the substructure.

Penel Analysis -~ In addition to the panel proportions defined for the initial

screening analysis, the honeycomb sandwich panels were sized for three additional
point design regions: 40236, 41036, and 41316. These panels were analyzed for
their most critical loasd/tempersture environments (Reference Table 12-27) and the
results are summarized in Table 12-36. This table includes the specific panel cross

sectional dimensions and related mass data for each of the new point design regions.

Substructure Analysis - Typical substructure was investigated for applieation to the

monocogue structural arrangement. This substructure included the following com-
ponents: spar caps and webs, rib caps and webs, and the applicable non-optimum
factors. The weight of the rib and spar caps varied with the specific type of
panel-to-substructure attachment heing considered; whereas, the remaining substruecture

components (rib and spur webs) were invariant with the attachment design.

The three types of panel-to-substructure junctiors considered in this analysis are
shown in Fipures 12-36, 12-37, and 12-38. The first type (Figure 12-36) consists

of embedding tubular ingerts into the honeycomb panel at the rib and sper intersec-
tions and mechanically fastening the struetural components. Figure 12-37 presents
the second type., which also uses a tubular insert that is welded into the panel,

and to the rib and spar abtbachments. The last type of panel-to-substructure Junction
.considered is showm in Figure 12-38 and is comprised of & densified core insert

which is mechanically fastened to the substructure.
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TABLE 12-36. PANEL GEOMETRY AND WEIGHT FOR THE MULTISPAR
DESIGN HONEYCOMB SANDWICH PANELS

POINT DESIGN REGION 40236 41035 41316
SURFACE UPPER LOWER UPPER LOWER UPPER LOWER
SPAR {m} 6.51 0.76 1.02 | 0.51 0.76 1.02 | 0.51 0.76 1.02 | 051 0.76 1.02 0.51 0.76 1.02 0.51 0.76 1.02
SPACING lin.) 20 30 40 20 30 40 20 30 40 20 30 40 20 30 40 20 30 40
RiB (m} 162 | 152 { 152 1.52 1.52 1.52 152 { 152 152 1.52 1.52 1.52 1.52 1.52 1.52 1.52 | 1.52 | 152
SPACING {in.} 60 60 &0 G0 60 60 50 G0 60 60 60 60 60 60 60 60 60 60
ASPECT RATIO 033 | 0.50 | 0.67 | 0.33 | 050 | 0.67 033 | 050 [ 067 | 033 | 050 | 067 | 033 | 050 | 0.67 | 033 | 050 | 0.67
BIMENSIONS:
H (em) 1.958 | 2.8831 3.818] 1.659| 1.412| 2360 1.760| 2525) 3,254 | 0.655| 0.848] 1.095| 1.834] 2545} 3.409| 0.488| 0.622| 0.808
fin.} 0.771 | 1.135| 1.503| 0417 | 0.556| 0.926| 0.693]| 0.994) 1.281| 0,258 0.334) 0.431° 0.722] 1.002] 1.342} 0.192| 0.245| 0.318
t1 {cm} 0119 | 0,122 | 0.130| 0.2341 0.188| 0.147| 0.084| 0.084| 0.091| 0.119| 0.127{ 0.114| 0.132)| 0.137| 0.145| 0.178) 0.173| 0.173
lin.) 0.047 | 0.048} 0.051| 0.092) 0.074] 0.058) 0.033| 0.033} 0.036]} 0.047| 0.050) 0.045 ] 0.052) 0.054} 0.057 ] 0.070| 0.068) 0.063
12 {cm) 0.124 | 0.127 | 0,930 0.069 | 0.117| 0.157 | 0.084} 0.094| 0.094 | 0.091| 0.081] 0097 | 0,135| 0.137| 0.135| 0.157| 0.163} 0.163
{in.} 0.049 | 0.050] 0.051] 0.027 | 0.046) 0.062) 0.033| 0.037] 0.037] 0.036| 0.032| 0,038 | 0.053| 0,054 0.053} 0.062| 0.064) 0.064
te {cm) 0.005 | 0.005 | 0.005| 0.005{ 0.005} 0005| 0.005{ 0.005| 0.005| 0.005| 0.005| 0.005| 0.005| 0.005| 0.005| 0.008) 0.005| 0.005
{in.) 0.002 | 0,002} 0.002] 0.002 ) 0.002) 0.002]| 0.002| 0.002] 0.002{ 0.002} 0.002] 0.002) 0,002| 0.002| 0,002} 0.002] 0.002] 0.002
s (em) 0947 | 0.744 | 0.729| 1.270 | 1.270| 1,270 0.747| 0.767] 0.752| 1.270; 1.270| 1270 0925| 0.831| 0.726| 1.270| 1.270]| 1270
{in.} 0.373 | 0,293 0.287| 0.500 | 0.500] 0500/ 0.294| 0.302| 0.296] 0.500) 0.500| 0.500) 0,364 0327] 0.286| 0.500)| 0.500) 0.500
MASS DATA:
T {cm) 0.264 | 0.284} 0.370] 0.310 | 0.315| 0.323{ 0.191| 0.208| 0,226 ( 0.2i3| 0.213| 0.218{ 0.284| 0302 | 0323 | 0.335| 0.335( 0.338
lin.) 0.104 | 0112 | 0.122| 0.122 ) 0.124| 0.127| 0.075| 0.082| 0.089 | 0.084| 0.084| 0.086| 0.112| 0.119} 0.127 | 0.132} 0.132| 0.133
w (kg-m-2) |11.674 [12.631 {13715 | 13.720 | 13.964 | 14.305 | 8.393) 0.228 | 9.989 | 9.443] 9.477 | 9.623 |12.597 | 13.412 | 14.252 | 14.857 | 14.891] 15.009
v {lh - ft-2) 2391 | 2587 | 2.809 | 2.810 | 2,860| 2.930| 1.719| 1.890| 2.046| 1.934 | 1.941| 1.971| 2580[ 2.747 | 2.913| 3.043| 3.050| 3.074
we {kg-m-2) 0.815 | 1.592 | 2,192 | 0.269 | 0.391] 0.723| 0962 1.377] 1.836| 0.156| 0.225] 0.312| 0.762| 1.230| 1.938| 0.054 0.'163 0.166
{ib- ft-2) 0.167 | 0.326 | 0.449} 0.055] 0.080( 0.148 | 0.197 | 0.282| 0,376 | 0.032| 0.046| 0.064{ 0.166) 0.252| 0.397 | 0.011| 0.027( 0.034
Pe {kg - m-3) 47.687 |60.390 {61,665 | 35.433 |35.433 | 35.433 {60,277 | 58.724 159.861 | 35.433 | 35.433 | 35.433 [48.616 | 54.174 | 61.959 | 35.433 { 35.433 | 35.433
{Ib - f£3) 2977 | 3.770 | 3.849| 2212 | 2.212} 2212 3.763| 3.666| 3,737 | 2.212| 2.212| 2.212 | 3.035| 3.382| 3.868 | 2.212] 2.212]| 2212
CRITICAL CONDITION 3 31 31 1 31 31 kil 31 N 3 31 31 31 3 31 31 31 31

NOTE: (1) ASPECT RATIO=Lp x/Lpy
(2) BRAZE MATERIAL NOT INCLUDED
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For the vertical web designs, combinations of eircular-arec and truss-type webs were
used as dictated by the specific design requirements at each point desipgn region.
For example, at region 40536 which is located in a fuel tank, cireular-are webs
were used for the fuel tank bulkheads and truss webs for the intermediate spars and

ribs.

The welghts of the substructure components are itemized in the detail weight state-

ments for each of ‘the wing structural arrangements.

Monocoque Box Weights - A detail weight stetement and the optimum rib/spar spacings

were determined for each of the monocoque wing arrangements, These arrengements, as
characterized by the type of panel-to-substructure junction design, are all multi-

spar arrangements and employ the honeycomb-core sandwich panel concept.

Mechanically Fastened-Tubular Insert - A detail weight statement for this arrangement
is shown in Table 12-37. This data reflects the weight/strength analysis conducted
at point design regions 40322, 40536 and #1348, In addition, this data includes a
varisble spar spacing of 20-inches, 30-inches, and L40-inches with a constant rib

spacing,

In addition to the detail weight tebles these welghts are presented graphieally in
Figures 12-39, 12-k0, and 12-31, for regions 40322, 40536, and 41348, respectively.
The forward wing box region 40322, displayed in Figure 12-39, has an optimum design
for a spar spacing between 25-inches and 30-inches with & total wing box welght of
approximately L.4 lb/sq.ft. Tor region 40536 (Figure 12-40) no discerneble optimum
spar spacing is indicated for the positive sloping totel weight curve. The least-
welght design is for 20-inch aspar spacing, and weighs approximately 8.7 1ib/sa.ft.
The total weight curve for reglon 413k8 is showm in Pigure 12-k1. A minimum weight

of 5.8 1b/sqg.ft. occurs for the smallest spar spacing investigated, 20-inches.

Welded~Tubular Insert - Detail weight statements are shown in Tables 12-38 and
12-39 for the six point design regions investigated. This data reflects a multispar
arrangement with a constant rib spacing and variable spar spacingg of 20-inches,
30-inches, and 40O-inches, For ease in intervretation, this weight date is shown
graphically in Figures 12-42 through 12-47. No discernsble optimum design is

noted for any of the regions with the exception of repion 40322, The total weight
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TABLF 12-37. DETALL WING WEIGHTS FOR THE MONOCOQUE MECHANTCALLY
FASTENED ~ TUBULAR INSERT ARRANGEMENT

POINT DESIGN
REGION 40322 40536 41348
SPAR SPAC (IN.) 20 2 | 40 20 30 40 20 30 40
PANELS
UPPER 1144 | 1308 | 1.608 | 2918 | 3.489 | 3772 | 2018 | 2310 | 2.469
LOWER 0.980 | 1126 | 1.445 | 3302 | 3.377 | 3.458 | 2241 | 2224 | 2.288
2, (2.124) | (2.434) | (3.053) | {6.220) | (6.866) | (7.230) | (4.259) | (4.534) | (4.757)
RIB WEBS
BULKHEAD 0.241 | 0241 | 0241 | 0244 | 0244 | 0244 [ 0100 [ 0.100 | 0.100
TRUSS 0.198 | 0.198 | 0.198 | 0229 | 0229 | 0.229 | - - -
2 (0.439) | (0.439) | {0.439) | (0.473) | (0.473) | {0.473) | (0.100) | (2.100}] (0.100)
SPAR WEBS
BULKHEAD 0.355 | 0,343 | 0352 | 0245 | 0.285 | 0.321 | 0401 | 0301 [ 0.251
TRUSS 0.333 | 0194 | 0.12¢ | 0530 | 0389 | 0326 | - - -
2 (0.694) | {0.537) | (0.473) | {0.835) | (©.674) | (0.647} | (0.401) [ (0.301) | (0.261)
RIB CAPS
UPPER 0120 | 0,140 | 0158 | 0127 | 0143 | 0,150 | 0.127 | 0,46 [ 0.154
LOWER 0.133 | 0.138 | 0.193 | 0.100 | 0106 | 0.127 | 0.09% | 0106 | 0.113
Z (0.253) | (0.278} | (0.351) | (0.227} | (0.249) | {0.277) { (0.226) | (0.252) | (0.267)
SPAR CAPS
UPPER 0.401 | 0307 | 0268 | 0418 | 0311 | 0.242 | 0376 | 0.289 | 0.227
LOWER 0.445 | 0316 | 0.325 | 0.332 | 0.236 | 0.208 | 0.290 | 0.208 | 0.167
> (0.846) | (0.623) | (0.591) | {0.750) | (0.547) | (0.448) | (0.666} | (0.497)| (0.384)
NON-OPTIMUM
MECH. FAST. 0.050 | 0.040 | 0030 | 0.050 | 0040 | 0.030 | 0.050 | 0.040 | 0,030
WEB INTERS, 0.113 | 0.088 [ 0091 | 0431 | 0115 [ 0172 | 0050 | 0040 | 0.035
>, (0.163) | (0.138) | {0,121} | {0.187) | (0.155) | (0.142) | (0.100) | {0.080} | {0.06S)
POINT B
S| DESIGN | —| 4519 | 4449 | 5028 | 8686 | 8964 | 9217 | 5752 | 5764 | 5834
weleHT | FT
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Optimum Spar Spacing for the Monocogue Mechanically

Fastened - Tubular Insert Arrangement, Point Design Region L0322
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POINT DESIGN WING BOX MASS — kg * m™2
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S

DETATL WING WEIGHIS FOR THE MONOCOQUE WELDED -
TUBULAR INSERT ARRANGEMENT

Sy

POINT DESIGN

REGION 40322 41218 41348
SPAR SPAC (IN) 20 30 40 20 30 40 20 30 40
PANELS
UPPER 1144 | 1.308 .| 1.60% | 2,710 | 2857 | 3,189 | 2.01e | 2310 | 2.469
LOWER 0.980 | 1.126 | 1.445 | 3.143 | 3.150 | 3.174 | 2.241 | 2224 | 2,288
3 (2.124) | (2.434) | (3.053) { (5.853) | (6.107} | (6.363) | (4.259) { (4.534) | (4.757)
RIB WEBS
BULKHEAD 0241 | 0.241 | 0.241 [ 0187 | 0.187 | 0,187 { 0.100 | 0.100 | 0,100
TRUSS 0.198 | 0,198 | 0.198 - - - - - -
5 {0.439) | {0.439) | {0.439) | {0.187} | {0.187) | {0.187) | (0.100) | (0.100) | (0.100}
SPAR WEBS
BULKHEAD 0355 | 0343 | 0.352 | 0289 | 0.229 | 0.190 | 0.401 | 0.301 | 0.251
TRUSS 0339 | 0.194 | 0.121 - - - - - -
N {0.684) |{0.537) | {0.473} | (0.289) | (0.229) | (0.190) | {0.401) | {0.301} | (0.251)
RIB CAPS
UPPER 0114 | 0134 | 0,158 | 0139 | 0,154 | 0.173 | 0.141 | 0.160 | 0.168
LOWER 0127 | 0133 | 0.188 | 0.080 | 0,129 | 0.117 | 0.113 | 0.123 | 0.127
' {0.241) |{0.267) | (0.341) | (0.229) | (0.283} | (0.290) | (0.254) | (0.283} | {0.295}
SPAR CAPS
UPPER 0355 | 0285 | 0258 | 0463 | 0.341 | 0,258 | 0.419 | 0.317 | 0.248
LOWER 0398 | 0294 | 0,310 | 0.304 | 0.288 | 0.177 | 0.332 | 0.241 | 0.188
h {0.754) | (0.579) | {0.568) | (0.767) | (0.629) | {0.435) | {0.751) | (0.658) | {0.436)
NON-OPTIMUM
MECH, FAST. - - - - - - - - -
WEB INTERS, 0,113 | 0.098 | 0.091 | 0.048 | 0.042 | 0.035 | 0.050 { 0.040 | 0.035
o (0.113) {(0.098) | (0.091} | (0.048) | (0.042) ! (0.035} | {0.050} ; (0.040) | (0.035)
POINT (B
Z DESIGN -y 4365 | 4.354 | 4965 i 7.373 | 7.477 | 7.30C | 5.815 | 5816 | 5.874
WEIGHT | FT
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TABLE 12-39.

DETAIL WING WEIGHTS FOR THE MONCCOQUE WELDED -
TUBULAR INSERT ARRANGEMENT

POINT DESIGN
REGION 40236 40536 41036
> SPAR SPAG {IN} 20 30 40 20 30 40 20 30 40
PANELS
“UPPER 2511 | 2.817 { 3100 | 2918 | 3.480 | 3.772 | 1.869 [ 2.090 | 2.246
LOWER 2910 | 2960 | 3.030 | 3.302 | 3.377 | 3.458 | 1.944 | 2.041 | 2071
(5.421) | (5.777) | {6.138) | (6.220) { {6.866) | (7.230) | {2.813} | (4.131)] (4.317)
RIB WEBS
T BULKHEAD 0329 | 0329 | 0329 | 0244 | 0244 | 0244 | 0.126 | 0.126 | 0.126
TRUSS 0.336 | 0.396 { 0.396 | 0,229 | 0.229 [ 0.228 | 0111 | 0.111 | 0.111
{0.725) | {0.725) | (0.725) | (0.473) | (0.473) | (0.473) | (0.237) | (0.237}] {0.237}
SPAR WEBS
“BULKHEAD 0,367 | 0422 | 0463 | 0.245 | 0.285 | 0.321 | 0.096 | 0.114 | D0.130
TRUSS 0,877 | 0706 | 0514 | 0590 | 0.389 | 0.326 | 0.188 | 0,183 | 0.165
> {1.244) | (1.128) | (0.977) | {0.835) | (0.674} | (0.647) | {0.284) | {0.297){ (0.295}
RIB CAPS
UPPER 0,127 | 0.145 | 0157 | 0.123 | 0139 { 0.146 | 0.124 | 0.138 | 0.139
LOWER 0.105 | 0.115 | 0.136 | 0.096 | 0.102 | 0.123 | 0.099 | 0.104 | 0.125
> {0,232) | {0.260} | (0.293) ! (0.219) | (0.241) | (0.269) { {0.223} | {0.242)| (0.264)
SPAR CAPS
UPPER 0378 | 0273 | 0.247 | 0376 | 0.292 | 0.235 | 0.367 | 0278 | o0.188
LOWER 0313 | 0.234 { 0209 { 0290 | 0.217 | 0189 ( 0.288 [ 0.206 | 0.169
2 {0.691) | {0.507) | {0.456) | (0.666) | (0.509) | (0.434) | (0.655) | (0.484)| (0.357)
NON-QPTIMUM
" MECH. FAST. - - - - - - - - -
WEB INTERS, 0.197 | 0185 | 0.170 | 0.431 | 0115 | 0.112 | 0,052 | 0.053 | 0.053
b (0.197) | {0.185) | (0.170} | (0,131} | {0.116) { (0.112} | (0.052) { (0.053)( {0.053)
POINT LB
E DESIGN | —== 8510 | 8582 | 8760 | 8544 | 8.878 | 0.165 | 5.264 | 5444 | 5523
WEIGHT | FT
12-114
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POINT DESIGN WING BOX MASS — kg * m™2
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curve for this region is shown in Figure 12-42 and indicate & minimum-veight design

occurring for a spar spacing between 20- and 30-inches.

Mechanically Fastened-Densified Core - The detail weight statements for this
arrangement are presented in Tables 12-40 through 12-41. Similar to the cther
arrangements, the weight data for this arrangement are also shown graphically in
Figures 12-48 through 12-53. No readily discernable optimum designs are noted,
but the total weights curves for regions 40322, L0236, 41316, and 41:i8 indicate
the likelihood of the lowest spar spacing design {20-inch) investigated being an

inflection point.

For summary purposes, the unit wing box weights for each of the candidate wing
arrangements are presented in Table 12-42. This data represents the unit weights
for the 20-inch spar spacing designs normalized to the weight of the least-weight
arrangement. With reference to this table, the mechanically fastened-densified

core arrangement is the minimum-weight monocoque arrangement with the welded-tubular
and mechanically fastened-tubular arrangements ranked second and third, respectively.
Comparing the mechanically fastened-densified core arrangement (1east-weight) to

the welded-tubular arrangement, = minimum weight savings of 3-percent is noted for
regions 40236 and 40536; while region 40322 affords a maximum weight saving of
9-percent. Similarly, the least-weight arrangement indicates minimum and maximum
weight savings of lL-percent and 13-percent, respectively, as compared to the

heaviest-weight mechanically fastened - tubular arrangement.

In conclusions, based on the results of the relatively extensive Task I analysis
the mechanically fastened-densified core arrangement was selected as the most-

promising monocoque arrangement,

COMPOSITE REINFORCED WING ARRANGEMENT - TASK I

The Task I analysis included a relatively comprehensive study on the application of
composite to the arrow-wing primary structure. This study was based on nesr-term
technology and limited the use of composite to reinforecing the titanium primary

structure on the chordwise wing arrangement. Those structural components presenting

oy
HU 4324
G%%é% e
0 J
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TABLE 12-40. DETAIL WING WEIGHTS FOR THE MONOCOQUE MECHANICALLY
FASTENED - DENSIFIED CORE ARRANGEMENT

- —— .

POINT DESIGN
HEGION 40322 41316 41348
SPAR SPAC (IN} 20 30 40 20 30 40 20 30 40
PANELS
" UPPER 1144 | 1.308 | 1.608 | 2710 | 2957 | 3.189 | 2.018 | 2.310 | 2.469
LOWER 0080 | 1.126 | 1.445 | 3.143 | 3150 | 3174 | 2241 | 2224 | 2288
(2.124) | (2.434) | (3.053) | (5.853) | (6.107) | {6.363) | (4.259) | (4.534} | (4.757)
RIB WEBS
BULKFEAD 0241 | 0.241 | 0241 | 0.187 | 0.187 | 0.187 | o.100 | 0.100 | 0.100
TRUSS 0.198 | 0.198 | 0.198 - - - - - -
{0.439) | (0.439) | (0.439) | (0.187) | {0.187) | (0.187) | (0.100) | {0.700) | {0.700)
SPAR WERBS
T BULKHEAD 0356 | 0.343 | 0.352 | 0288 | 0.229 | 0.190 | 0.401 | 0.301 | 0.251
TRUSS 0339 | 0194 | 0.121 - - - - - -
(0.694) | (0.537) | (0.473) | (0.289) | (0.229) { (0.190) | (0.401) | {0.301) | (0.251)
RIB CAPS
UPPER 0.069 | 0.074 | o068 | 0.070 | 0.077 | 0.077 | 0077 | 0.079 | 0.084
LOWER 0.062 | 0.072 | o086 | 0.067 | 0067 | 0.067 | 0082 | 0.087 | 0.103
(0.131) | (0.146) | (0.134) | (0.137) | (0.144) | {0.144} | (0.159) | (0.166} | (0.187)
SPAR CAPS
UPPER 0235 | 0163 | 0127 | 0232 | 0.185 | 0.115 | 0.227 | 0.1566 | 0.124
LOWER 0214 | 0.168 | 0.113 | 0.224 | 0.149 | 0.101 | 0.240 | 0.170 | 0.153
5 (0.449) | (0.331) | {0.240) | (0.456) | (0.314) | (0.216) | (0.467) | {0.326) | (0.277)
NON-OPTIMUM
T MECH. FAST. 0.050 | 0.040 | 003 | 0050 | 0.040 | 0030 ( 0.05 | 004 | 0.03
WEB INTERS. 0113 | o098 | 0091 | 0.048 | 0.042 | 0.030 | 0050 | 0.04 | 0.035
(0.163) | (0,138) | (0.121) | {0.088) | (0.082) | (0.060) | (0.10) | (0.08) | {0.065)
POINT LB
> IDESIGN | == | 400 | 4025 | 446 | 7.02 | 7.063 | 7.16 | 5486 | 5507 | 5.637
WEIGHT | FT2
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TABLE 12-41, DETAIL WING WEIGHTS FOR THE MONOCOQUE MECHANICALLY
FASTENED - DENSIFIED CORE ARRANGEMENT
POINT DESIGN
REGION 40236 40536 41036

SPAR SPAC (IN) 20 30 40 20 30 40 20 30 40
PANELS

UPPER 2511 | 2.817 | 3100 | 2918 | 3480 | 3772 | 1.860 | 2.000 | 2.246
LOWER 2910 | 2960 | 3.030 | 3.302 | 3.377 | 3.458 | 1.944 | 2,041 | 207
2 (5.421} | (5.777) | 16.139) | (8.220) | (5.866) | (7.230) | (3.813) | (4.131) | (4.317)
RIB WEBS

BULKHEAD 0320 | 0320 | 0329 | 0.244 | 02424 | 0244 | 0,126 | 0126 | 0.126
TRUSS 0.396 | 0.396 | 0.396 | 0.228 | 0.220 | 0229 | 0111 | 0111 | 0111
> (0.725) | (0.725) | (0.725) | (0.473) | (0.473) | (0.473) | (0.237) | (0.237) | (0.237)
SPAR WEBS

BULKHEAD 0367 | 0.422 | 0463 | 0.245 | 0.285 | 0.321 | 0.006 | 0.114 | 0.130
TRUSS 0.877 | 0.706 | 0.514 | 0.590 | 0.389 { 0.326 | 0.188 | 0.183 | 0.165
2 (1.244) | {1.128} | (0.977) | (0.835) | (0.674) | (0.647) | (0.284) | (0.297) | (0.295)
RIB CAPS
~UPPER 0073 | 0.073 | 0075 | 0071 | 0083 | 0.090 | 0.076 | 0.079 | 0.080
LOWER 0.073 | 0.073 | 0.083 | 0071 | 0.073 | 0.081 | 0088 | 0.074 | 0.075
2 (0.146} | (0.146) | (0.158) | (0.142) | (0.156) | (0.171) | (0.145) | (0.153) | (0.155)
SPAR CAPS

UPPER 0241 | 0164 | 0.130 | 0239 | 0.181 | 0.144 | 0.250 | 0,169 | 0.122
LOWER 0241 | 0.164 | 0126 | 0.239 | 0.163 | 0.136 | 0.250 | 0.169 | 0.117
> {0.482) | (0.328) | {0.256) | (0.478) | (0.344) | (0.280) | (0.471) | (0.320) | {0.239)
NON-OPTIMUM

MECH. FAST. 0.050 | 0,040 | 0.030 | 0.050 | 0.04 | 003 | 0.050 ! 0.040 | 0.030
WEB INTERS. 0.197 | 0185 | 0170 | 0.131 | 0.115 | 0.112 | 0.052 | 0.053 | 0.054
2 (0.247) | (0.225) | (0.200) | (0.181) | (0.155) | {0.142) | (0.102) | (0.083} | (0.084)

POINT LB
Z DESIGN | == | 8265 | 8239 | 8455 | 8329 | 8668 | 8943 | 5.052 | 524 | 6.327

WEIGHT | FT
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| TABLE 12-42. WEIGHT COMPARISON OF THE TASK I MONOCOQUE WING ARRANGEMENT
UNIT WING BOX WEIGHTS
MINIMUM (1) NORMALIZED VALUES(2)
POINT SPAR WEIGHT :
DESIGN SPACING ARRANGEMENT MECH. FAST. — WELDED — MECH, FAST. —
REGIONS (IN.) (LB./SQ. FT.) TUBULAR TUBULAR DENSIFIED CORE
40322 20.0 4,00 1.13 1.00 1.00
40236 20.0 8.26 N,A.(3) 1.03 1.00
40536 20.G 8.33 1.04 1.03 1.00
41036 20.0 5.05 MA.(3) 1.04. 1.00
41316 20.0 7.02 N.A.(3) 1.05 1.00
41348 20,0 5.49 1.05 1.06 1.00

1. MINIMUM WEIGHT ARRANGEMENT ~ MECHANICALLY FASTENED — DENSIFIED CORE
2. ALLVALUES NORMALIZED TO THE MINIMUM-WEIGHT ARRANGEMENT

3. WEIGHT DATA NOT AVAILABLE (N.A.}
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the greatest weight-saving potential were the metallic surface panels and
submerged spar caps. Figure 12-5k shows these components and a typical wing box

segment for a chordwise wing arrangement.

The composite reinforced designs were analyzed for the same point desipgn environ-
ment as defined for the metallic chordwise wing arrangement. Table 12-2 contains
the critical surface panel load-temperature environment. The composite reinforced
concepts were subjected to the same combinations of load as the metallic concepts
and sized for equel or greater strength. For the design loads the ultimate strength
of the composite and titanium elements were not exceeded. For the tension condition,
the ultimate tensile stress in the titanium substrate did not exceed the fatigue
allowable, Under the application of the design loads the combired structure
experience neither general instability nor loecal instability failures. The effect
of thermal curing stresses and thermal gradients on the strength of the reinforced

element was also evaluated.

The composite reinforced concepts were designed to have egual or greater stiffness
than the representative metallic concepts used in the chordwise structural model,
This criteria applies to both the shear stiffness (Gt) and axial stiffness (Et) of

the section in the principal stiffness direction.

The reinforced concepts were sized for the same panel proportion (rib/spar spacing)
studied for the chordwise metallic panels and the resulting least-weight panel

geometry and associated rib/spar spacing were defined.
Composite Wing Surface Panels

A systematic approach was used to evaluate the application of composite to the
chordvige stiffened wing panels. The initial task involved screening the composite
material system and selecting the most promising materisl for a more in-depth study.
Those materials considered were: Graphite/polyimide (Gr/PI}. Boron/polyimide (B/PI)
and Boron/aluminum (B/AL), Upon selecting the material system, a weight-strength
analysis was conducted with variable spar spacing to define the panel proportions
which exhibit the largest potential welpght saving over the metallic design. Then
using these panel proportions, the detail panel geometry was determined at each

of the six point design regions.
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Material System Trade-off Study - The three candidate composite material systems
evaluated were MODMOR II/Skybond 703 Grephite/polyimide (Gr/PI), Boron/Skybond T03
(B/PI), and 5.6 Boron/110N Aluminum with titanium interleaves (B/Al). The statie

material properties for these materials are presented in Section 7 and are based
on currently published (1970-1972 technology) data which have minimal statistical
basis.

Comparative welght-strength studies were performed using the hat-stiffened concept
to assess the relative weight of these candidate composite materials. This study
included sizing both upper and lower surface panels for spar spacings of 20-, 30-,
and 40-inches. A sample of these results are presented in Figure 12-55 for the
hat-stiifeaed concept reinforced with each of the candidate composite materials.
This data is for 20-inch spar spacing at point-design region 40536 with the least-
weight metallic chordwise design, convex-beaded concept, included for comparison
purposes. These panel weight results indicated the following ranking for the candi-
date composite materials: (1) Graphite/polyimide, (2) Boron/polyimide, and

{3) Boron/alumimm. The Graphite/polyimide reinforced design is the least-weight
composite conecept (3.21 1lb/sq.ft.) indicatirg approximately 3-perecent and ll-percent
weight savings over the Boron/polyimide and Boron/aluminum designs, respectively.
The metallic design, which weighs 2.9% 1b/sq.ft., is approximately 8-percent lighter

than the minimum-weight (Gr/PI) composite reinforced design.

Based on the results of the material trade~off study the Graphite/polyimide material
system was selected as the most promising composite material for application to the

surface panels.

Detail Panel Analysis - The Graphite/polyimide panel design was subjected to further

analysis to ascertain the panel dimensions (rib/spar spacing) affording the greatest
weight savings potential over the minimum-weight metellic design. Table 12-L3
summarizes these results for point design regions 40536 and 41348 and inecludes the
panel cross-section dimensions, unit welghts, and critical design conditions for
both upper and lower surface panela. The surface panel unit weight from this table
are graphically displayed in Figure 12-56 with the corresponding deta for the light-
est weight metallic concept (convex-beaded). With regard to this figure, the weight
of the composite reinforced panels are almost invariant with respect to spar

spacing e.g., only a six-percent weight increase is indicated when the spacing is
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TABLE 12-43., PANEL GEOMETRY AND WEIGHT FOR THE GR/PI
COMPOSITE REINFORCEN PANEL CONCEPT
POINT DESIGN
REGION 40536 41348
SURFACE UPPER LOWER UPPER LOWER
SPAR SPACING
{InL) 20 30 40 20 30 40 20 30 40 20 30 40
DIMENSIONS:
1, {IN.) | 0.052 | 0.052] 0,062 | 0.042 | 0.042] 0,042 | 0.054; 0.054 | 0,054 | 0.045( 0.045 | 0.045
b (IN.) j 3.200 | 3,300 3.100 | 3,100 [ 2.900 2.500 | 3.300 | 3,300 | 3.100 | 3.200| 3.100 | 3,300
bg {IN.} § 0,400 | 0,400 0.400 | 0.400 | 0,400} 0.400 { 0.400 | 0,400 | 0.400 | 0.400) 0.400 [ 0.400
by (IN.) | 0.640 | 0.880 ( 0,850 { 0,600 | 0.600( 1.080 | 0.650 | 0.850 ( 0.600 | 0.600{ 0.600 [ 1.040
bg (iN) | 1500 | 1.550 | 1.450 | 1.450 | 1.350 | 1.150 | 1.550 | 1.550 | 1.450 | 1.500| 1.450 | 1.550
t; (IN.} | 0,018 | 0,018 0.015 | 0,015 | 0.015 ] 0.017 | 0.019 | 0.018 | 0.015 | 0.015| 0.016 | 0.018
ty {IN.) | 0,015 | 0.015 | 0.015 | 0.015 | 0.015 | 0,015 | 0.015 | 0,015 j 0.015 | 0.015| 0.015 | 0.015
t; {IN.) | 0,055 | 0,065 | 0.070 | 0.015 | 0.C30 | 0.040 | 0.055 | 0.065 | 0.070 { 0,025 | 0.030 | 0.040
MASS DATA:
w (LB./FT.% | 1.806 | 1.886 | 1.958 | 1.402 | 1.469 | 1.536 | 1.831 | 1.903 | 1.978 | 1.491| 1.515 | 1.538
CRITICAL
CONDITION 31 31 31 31 31 31 31 3 31 31 31 31

Gr/P1 (0° PLIES)
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increased from 20-inches to 4O-inches at point design region 41348, Relative to
the weight of the metallic panel designs, the composite reinforced panels are
heavier for the 20-inch spar spacing designs, show no definitive weight trend for
the 30-inch design, and indicate a decisive weight advantage for the 40-inch
design., A weight sevings of approximately 8B-percent and l6-percent are noted for
the LO-inch composite reinforced designs for regions 41348 and L0536, respectively.
Since the largest weight savings are indicated for the larger spar spacings, the
panel cross-section dimensions and unit weights for the hO~inch spar 5p%9ing are

shown in Table 12-44 for all six wing point design regions.
Composite Substructure

Bimilar to the philosophy adopted for the composite surface panel, the application
of composites to the substructwre wag restricted to reinforcing metallic designs.
The major weight components were reviewed and the component exhibiting the greatest
potential weight saving was selected for investigation; namely, the submerged spar
caps of the chordwise wing arrangement e.g., the weight of the metallic spar caps
for 20-inch spacing at region 40536 are approximately 60-percent of the total box
welght,

For the Tesk I composite substructure analysis, only metallic spar caps with Boron/
polyimide reinforcement were considered. Methods used to conduct the analysis and

the results of the analysis are presented in the folleowing sectlon.

Methods - For the analysis of the composite reinforced metallic spar caps, allowable

tension and compressive strength curves were defined. The basic material properties
of the 6A1-4V Titanium alloy and the Boron/polyimide reinforcement are presented in
Section 7, Table T-3. The laminate (combined titanium and B/PI) tensile and com-
pression stress-straih curves are presented in Figure 12-5T7 and 12-58 for various
proportions (by cross-sectional area) of unidirectional Boron/polyimide. A curing

thermal differential temperature of 300°F was assumed.

Figure 12-59 presents the allowable laminate tensile stress developed from the
tensile stress-strain curves at the fatigue cutoff strength of the titanium alloy,

00,000 psi, For the sllowable laminaste compressive stress, the fiber failure point
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TABLE 12-44. PANEL GEOMETRY AND WETGHT FOR THE GR/PI
- COMPOSITE REINFORCED PANELS
POINT DESIGN
REGION 40322 40236 40536 41036 41316 41348
SURFACE up |Low | uPp |tow | up | ow | up | ow | ur | Low | ur | Low
RIB SPACING
(IN.) a | 40 40 a0 | 40 40 a0 | 40 a0 | 40 40 40
DIMENSIONS:
s (IN.) | 0.026 | 0.031 | 0.036 | 0.048 | 0.052 | 0.042 | 0.053 | 0.046 | 0.078| 0.096 | 0.054 | 0.045
b an. | 1.500 | 1.900 | 2.300 | 2.900 | 3.100 | 2.500 | 3.400 | 3.600 | 3.600| 4.800 | 3.100 | 3.300
b (IN) | 0.400 | 0.400 | 0.400 | 0.400 | 0.400 | 0.400 | 0.400 | 0.400 | 0.400| 0.400 | 0.400 | 0.400
by (IN.) | 0.670 | 0.940 | 0.610 | 0.930 | 0.850 | 1.080 | 0.960 | 0.690 | 0.610| 0.250 | 0.600 | 1.040
be (iN) | 0.650 | 0.850 | 1.030 | 1.350 | 1.450 | 1.150 | 1.600 | 1.700 | 1.700| 2.300 | 1.450 | 1.550
t (IN) | 0.015 | 0.015 | 0.015 | 0.015 | 0.015 | 0.017 | 0.018 | 0.015 | 0.015| 0.015 | 0.015 | 0.018
t (IN) | 0.015 | 0.015 | 0.015 | 0.015 | 0.015 | 0.015 | 0.015 | 0.015 | 0.015| 0.015 | 0.015 | 0.015
t (IN) | 0035 | 0.045 | 0.050 | 0.070 | 0.070 | 0.040 | 0.065 | 0.035 | 0.045| 0.045 | 0.070 | 0.040
MASS DATA:
W (LBJFT.2) | 1341 | 1.497 | 1.464 | 1.829 | 1.958 | 1.536 | 1.900 | 1.549 | 2.305| 2.120 | 1.978 | 1.539
eivace- 20 31 31 31 31 31 31 31 31 | 3 31 31
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defines the maximum compressive stress for each proportion of Boron/polyimide.
These stress levels are the terminus point of the stress-strain curves shown in
Figure 12-58. These compressive allowables are superposed on the same fipure used

to present the tension allowables, Figure 12-59.

Composlte Spar Cap Anslysis - A sample of stress analysis performed on the B/PI

reinforced spar caps at regions 40322, 40536, and L413L8 are shown in Table 12-45.
The seme loads were used as for the metallic spar caps of the chordwise wing
arrangement. Using these desipn loads {Table 12-11), the arez of the metal and
Boron/polyimide compcnents were determined by using the allowable curves ou Fig-

ure 12-59. Using a minimum design area for the titanium substrate, the percentasge

of B/PI (by cross-sectional area) was varied until the applied stress (£C-T = Pyim/ A7)

approached the allowable stress (FC’T). The reszuliing margins of safety are
included on Table 12-45.

From the gross area proportions determined from tne stress analysis, care was
exercised in the distribution of this area into realistic dimensions to preclude
any local or general instability failures. Tables 12-46 and 12-L7 contain the spar
»cap dimensions for the six wing point design regions. In addition to presenting
the area and dimensions, the equivalent surface panel unit weights are shown for
each design, and the equations used for these calculations are presented in the

footnotes of these tables.

The results of the composite reinforced spar cap analysis are summarized in

Table 12-48 for each of tue wing point design regions. Included on this table
are the corresponding weights of the metallic design caps and the percentage
welght saving afforded by the application of composite reinforcement to the spar
caps. In general, large weight saving are indicated for the composite reinforced
designs in the highly loaded wing regions i.,e., aft box and wing tip. A minimum
woight savings of 52-percent iz noted for the upper surface cap at peoint design
region 41036 and a maximun weight saving of 69-percent for the upper surface cap
at region 41346, For the lightly loaded forward wing box region (40322), no
appreciable weipht saving over the all metal titanium design was noted for the
20-inch design capsy whereas, the composite reinforced designs for the 4C-inch spar
spacing offers a 2B8-percent and LlU-percent weight saving »ver the corresponding

upper and lower surface caps of the titanium design.
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TABLE 12-45. COMPOSITE (B/PI) REINFORCED SPAR CAP ANALYSIS
APPLIED
LoAD(1) AREA(2}
POINT SPAR (3) ()
DESIGN SPACING | COND.| PyLT {C,T % gC,T
REGION | SURFACE {IN.) NO. (KIPS) | Ay Ac At {(KS1) COMPOSITE {KS1) m.s.(5)
40322 UPPER 250 9 -27.4 021} -— 0.21 | -131.1 - -131.0 0.00
a0 9 -56.0 0.24| 0.16 { 0.40 | -140.0 40 -151.0 0.08
LOWER 20 9 27.4 030 — 0.30 90.0 - 90.0 0.00
40 9 56.0 024 | 025 | 0.49 | 114.3 51 120.0 0.05
40536 UPPER 20 31 |-307.4 0.45 | 1.20 | 1.65 | -186.3 73 -193.0 0.04
. 40 31 |-656.6 045 | 278 | 323 | -203.3 86 -208.0 0,02
LOWER 20 31 307.4 045 1 1.96 | 2.41 | +127.6 81 136.0 0.06
40 31 656.6 0.45 | 471 | 5.16 | +127.2 91 141.0 0.11
41348 UPPER 20 31 2722 045 | 1.04 | 1.49 | -182.7 70 -188.0 0.03
40 31 -632.0 0.45 | 2.60 | 3.06 | -207.2 85 -207.0 0.00
LOWER 20 31 272.2 0451} 1.68 | 213 | 127.8 79 136.0 0.06
40 31 632.0 0.45 | 441 | 486 | 130.0 91 141.0 0.08

ULTIMATE LOADS PER TABLE 12-11.

2, CAP AREAS:
= METALLIC AREA

An

AT

COMPOSITE AREA

= TOTAL ARC
APPLIED STRESS (ULT.) &1 = Pyt /AT
ALLOWABLE STRESS PER FIGURE 12-59

5. MARGIN OF SAFETY {M.S.} = (FC.TAC.T) -1

Y

v e A



TABLE 12-46. GEOMETRY AND WEIGHT OF THE COMPOSITE (B/PI)
REINFORCED SPAR CAPS
UNIT
SPAR CAP DIMENSIONS AREAS WEIGHT
POINT
DESIGN SPACING| h b H W tq ty A,\g Ac w
REGION | SURFACE (IN.) (NG} ] OCNGY § NG O [ NG| (N | N2 | (INL2) | (LB./SQLFT.)
40322 UPPER 20 — | = —= )} =] = —_ —_— —_—
’ 40 0081 0.50 | .00} 1.50 | 0.08 | 0.11 | 0.24 0.16 0,18
LOWER 20 — | =} = | =} — —_ J— _—
40 012 | 050 | 1.00| 1.50 | 0.09| 0.11 | 0.24 0.25 0.20
40536 UPPER 20 030 | 1.00 | 1.20] 250 | 0.12| 0.13 | 0.45 1.20 1.14
40 056 | 1.25 | 1.20| 3.00 | 0,10 ( 0,13 | 0,45 2,78 0.98
LOWER 20 049 | 1.00 | 1.20 | 250 | 0.12| 0.13 | 0.45 1.96 1.53
40 0.67 | 1.75 | 1.20| 400 | 008} 0.13 | 0.45 4,71 1.48
41348 UPPER 20 0261 100 | .20 250 | 6.12] 0.13 | 0.45 1.04 106
40 052 | 125 | .20 ] 300 | 0.10| 0.13 | 0.45 2,60 0.94
LOWER 20 042 | 1.00 | .20 | 250 | 0.12| 0.13 | 0.45 1.68 1.38
40 063 | 1.75 | 1.20 | 4.00 | 0.08] 0.13 | 0.45 4,41 1.41

N

H

\\

L._

—»—I

B/PI COMPOSITE
REINFORCEMENT

‘i’\emﬂw {Ann,) TITANIUM

w = EOQUIVALENT UNIT SURFACE PANEL
WEIGHT

= (PmAM * PcAg) x 144/a;LB./SQFT.)

WHERE

Pp = METAL DENSITY (ti6AT-4V)
= 0.16 LB./IN.3

Ap = METAL AREA
= {H-tq)tp + Wt1:!N.2

Pc = COMPOSITE DENSITY (B/P1)
= 0.072 LB./IN.3

AC = COMPOSITE AREA =

1l

SPAR SPACING

bxhx4;1N.2

12-1hh
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TABLE 12-47. GEOMETRY AND WEIGHT OF THE COMPOSITE (B/PI)
REINFORCED SPAR CAPS
UNIT
SPAR CAP DIMENSIONS AREAS WEIGHT
POINT SPAR ‘
DESIGN SPACING]| & b H w 1q 1] Am Ac w
REGION | SURFAGE {IN.) UNG L ONG)  ONGH OINGY ] ONGY ] O NL2) | (nL2) | (LB/SQ. FT.)
40236 UPPER 20 0.35 | 1.00 120 | 2.80 0.12 | 0.13 0.45 1.40 1.24
40 0.64 | 1.25 1.20 | 3.00 0.10 | 0.13 0.45 3.20 1.07
LOWER 20 0,59 | 1.00 1.20 | 250 0,12 | 0,13 0.45 2.36 1.74
40 079 | .75 | 1.20 | 4.00 | 0.08 { 0.13 | 0.45 5,53 1.70
41036 UPPER 20 0.18 1.00 1.20 | 2.60 0.12 1 0.13 0.45 0,72 0.90
40 038 { 1.25 | 1.20 | 3.00 | 0.10 | 0.13 | 0.45 1.90 0.75
LOWER 20 0,29 1.00 1.20 | 2,50 0.12 1 0.13 0.45 1.16 1.12
40 0.45 } 1.75 1.20 | 4.00 0.08 | 0.13 0.45 3.15 1.07
41316 UPPER 20 0.44 | 1.00 ,1.20 2.50 0.12 | 0.13 0.45 1.76 1.44
) 40 0.87 1.28 1.20 | 3.00 | 0.10 | 0.13 0.45 4.35 1.38
LOWER 20 0.74 | 1.000 { 1.20 { 2,50 0.12 | 0.13 0.45 2.96 2,05
40 1.07 | 1.75 1.20 | 4.00 0.08 | 0,13 0.45 7.49 2,20

- B/PI COMPOSITE

w = EQUIVALENT UNIT SURFACE PANEL
WEIGHT

= (PmAM * PcAC) x 144/a; LB./SQ,FT,

T REINFORCEMENT WHERE:
1
N .

l SO _'L Pj = METAL DENSITY (Ti6A1-4V)
\ = 0,16 LB./IN.3 ;
| I " ! |
- Ay = METAL AREA |
' = (H-ty)tg + Wty N2 i
L____w SAL-4V (AnnJ TITANIUNM Pc = COMPOSITE DENSITY (8/P1) |
= 0.072 LB./IN.3 i
Ag = COMPOSITE AREA = bx hx 4;1N,2 J
a = SPAR SPACING |
3
1
12-145 ' ‘ ‘ i
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TABLE 12-48,

WEIGHT COMPARISON OF THE METALLIC AND
COMPOSITE REINFORCED SPAR CAPS

SPAR CAP DESIGN
COMPOSITE AL..
REINFORCED METAL |
SPAR CAP
POINT SPAR UNIT UNIT WEIGHT
DESIGN SPACING WEIGHT PERCENT WEIGHT SAVING
REGION | SURFACE (IN.) (LB./SQ. FT.) { COMPOSITE | (LB./SO.FT.) | (PERCENT)
40322 UPPER 20 - - 0.24 -
40 0.18 23 0.25 28
LOWER 20 - - 0.35 -
40 0.20 32 0.36 44
40236 UPPER 20 1.24 58 316 61
40 1.07 78 3.31 68
LOWER 20 1.74 70 4,75 63
40 1.70 84 4.97 66
40536 UPPER 20 1.14 54 2.71 58
40 0.98 74 2.89 66
LOWER 20 1.53 41 3.95 52
40 1.48 82 4.19 65
41036 UPPER 20 0.90 41 1.87 52
40 0.75 66 2.08 64
LOWER 20 112 54 2,71 59
40 1.07 76 3,02 64
41316 UPPER 20 1.44 63 2.92 63
40 1.38 82 4.50 69
LOWER 20 2.05 75 5,73 64
40 2.20 88 655 66
41348 UPPER 20 1.06 51 2.41 56
40 0.94 72 2.78 66
LOWER 20 1.38 63 3.48 60
40 1.41 81 4,06 65
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Composite Wing Box

Wing box weights for the chordwise arrangement were investigated for the application
of composite to both panels (Gr/PI) and spar caps (B/PI), and for spar caps only.
For both applications the remaining structural weights corresponded to the metal

designs as previously discussed for. the chordwise wing arrangement.

A comparison of the box weights of the two composite arrangements with the least-
weight metallic arrangement is presented in Figure 12-60 for point design region
L0536, Both composite designs, composite reinforced panels and spar caps and the
application of composites to the spar caps only, affu-led weight saving of approxi-

mately 35 percent over the all metallic designs for comparable spar spacings.

With respect to the composite reinforced arrangements, the arrangement which in-
corporated the composites reinforced spar caps was least-weight for the 20-inch spar
spacing; whereas, the arrangement which incorporated both reinforced panels and spars
afforded the least-weight design for the larger 4O-inch spar spacing. Detail weight
statements for these two composite reinforced arrangements are shown in Tables 12-4g
and 12-50. The detail weights for the metallic components were as present in the
chordwise arrangement analysis; whereas, the detail component weights for the com-

posite reinforced structure were as presented in Tebles 12-4k and 12-L48,

FUSELAGE STRUCTURAL ARRANGEMCNT — TASK I

The major fuselage structural components (panels and frame) were subjected to point
design analysis commensurate with the stages of design incorporated in the Task I

analytical design studies, these stapges were:

¢ Initial Screening — A preliminary parametric frame spacing study to ascer-
tain the spacing associated with minimum welght design:; then using this
apacing, & structural anslysis was performed to screen the fuselage panel
candidates to determine the most promising concept or combination of concepts

for further evaluation.

e Detailed Concept Analysis - 1 detail analysis of the surviving concept(s)

from the Initlal Screening analyais.

12-1kT
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TABLE 12-49, DETATL WING WEIGHTS FOR.THE CHORDWISE ARRANGEMENT
WITH COMPOSITE REINFORCED SPAR CAPS
POINT DESIGN
REGION 40322 40236 40536 41036 41316 41348
SPAR SPAC {IN.) 20 20 20 20 20 20
PANELS
UPPER 0.825 1,032 1.609 1.452 2.571 1.632
LOWER 0.942 1.279 1.335 1.320 2.007 1.366
p» (1.767) | (2.311) | {(2944) | (2.772) | (4578) | (2.998)
RIB WEBS
 BULKHEAD 0.298 0.279 0.238 0.111 0.270 0.106
- TRUSS 0.074 0.237 0.228 0.060 - -
> (0.372) {0.516) | (0.466) (0.171} | (0.270) | (0.106)
SPAR WEBS
BULKHEAD 0.336 0.361 0.270 | 0.109 0.439 0.291
TRUSS 0.301 0.544 0.490 0.358 - -
>, (0.637) | (0.908) ( (0.760) | (0.468) | (0.439) | (0.281)
RIB CAPS |
UPPER 0.058 0.070 0.116 0.093 0.160 0.103
LOWER 0.065 0.083 0.086 0.087 0.126 0.074
> {(0,123) | {0.153} | (0.202) | (0.180) | (0.286) | (0.177}
SPAR CAPS
UPPER 0.241 1.240 1.140 0.900 1.440 1.060
LOWER 0.350 1.740 1.530 1.120 2.050 1.380
> (0.591) {2.980) (2.670) (2.020} (3.490) (2.440)
NON-OPTIMUM |
MECH. FAST. 0.180 0.200 0.200 0.200 0.200 0.200
WEB INTERS. 0.120 0.120 0.120 0.120 0.120 0.120
2 {0,300} (0.320) | {0.320) | (0.320) | (0.320) | (0.320)
POINT | g
>, |DESIGN 3 3.790 7.180 7.360 5.930 9,380 6,330
mMAass | T : _
12-1ho
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DETATL WING WBIGHTS FOR THE CHORDWISE ARRANGEMENT WITH

TABLE 12-50,
COMPOSITE REINFORCED SURFACE PANELS AND SPAR CAP
POINT DESIGN
REGION 40322 40236 40536 41036 41316 41348
SPAR SPAC {IN.) 40 40 40 40 40 40
PANELS
UPPER 1.341 1.464 1.958 1.900 2.305 1.978
LOWER 1.497 1.829 1.536 1.549 2.120 1.539
>, {2.838) {3.293) (3.494) (3.449) (4.425) (3.517}
RIB WEBS
BULKHEAD 0.298 0,279 0,238 0.111 0.270 0.106
TRUSS 0.074 0.237 0.228 0.060 - -
>, {0.372) {0.516) (0.466) | (0.171) | (0.270)} | (0.106)
SPAR WEBS
BULKHEAD 0.336 0.451 0.375 0.151 0.288 0.192
TRUSS 0.153 0.323 0.325 0.201 - -
> (0.4889) (0.774) (0.700) | (0.352) | (0.288) | {0.192)
RIB CAPS
UPPER 0.097 0.099 0.130 0.120 0.167 0,129
LOWER 0.073 0.112 0.116 0.091 0.141 0.088
> {0.170) | (0.211) | (0.248) | (0.211) | (0.308) | (0.217)
SPAR CAPS
UPPER 0.180 1.070 0.980 0.750 1.380 0.940
LOWER 0.200 1,700 1,480 1.070 2.200 1.410
b {0.380) (2.770) (2.460) | {1.820) | (3.580) | (2.350)
NON-OPTIMUM
MECH. FAST. 0.160 0.180 0.180 0,180 0.180 0.180
WEB INTERS. 0.100 0.100 0,100 0.100 0.100 0,100
>, {0.260) (0.280) | (0.280) | (0.280) | (0.280) | (0.280)
POINT | o
>, |DESIGN| == 4.510 7.840 7.650 6.280 9,150 6.660
|mass | FT2
12-150
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For these degipgn studies, analyses were conducted on & point desipgn basis at four
discrete fuselape locations. These locations are shown in Figure 12-4 overlayed on
a planform view of the arrow-wing configuration and included fuselage stations 750,
2000, 2500, and 3000.

The structural arrangements investigated in the Task I studies included conventional

skin-stringer and freme designs. For the panels, zee-and hat-stiffened concepts

were investigated, with both open and closed designs considered for the hat-stiffened

concept. A floating frame with skin shear-ties wag the only candidate congidered

for frame design. These candidate concepts were previously shown in Figure 12-2.

Point design analyses were conducted for both the Initial Screening and Detailed
Concept Analyses on the aforementioned structural concepts at the selected fuselage
regions. The specific load/temperature environment, methods, and analysis are in-

cluded in the discussion for each stage of design.

As specified in the point design enviromment (Section 11), since the Task I strue-
tural model contained a coarse fuselage model, all Task I internal loads were based
on existing loads from references 4 and 5. These external loads are presented in
Figures 12-61 and 12-62 where the meximum point design values for FS 2000, FS 2500,
and FS 3000 are:

FS BENDING MOMENT (IN-LBS) SHEAR (LB)
2000 150 x 10° 300 x 10°
2500 200 x 10° 350 x 10°
3000 150 x 10° 300 x 103

Internal loeds were defined for each stage of the Ta.k I analyses using the above
applied loads and theoretical bending (MC/I) and shear (VQ/I) distributions.

Frame Spacing Study

A study vas conducted to define the frame spacing associated with minimum-welght
fuselage design. Tor this study, 2 simplified weight-strength analysis was con-

ducted on each of the three panel candidates to establish their weight trend as a
function of frame spacing. The single frame design was included in this znalysis

and was invariant for all panel conecepts.

12-151
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Panel Sizing - The panel inplane loads were determined using the applied bending
moments and shears as previously speecified in Figures 12-61 and 12-62, Table 12-51
contains a summary of the internal forces resulting using the theoretical MC/I and
VQ/I distributions. A maximum axial lcad of 17,600 1b/in. ocecurs at the extreme
fibers of FS 2500 where the-corresponding maximum shear flow on the side panel is
2100 1b/in, Discrete panels at each cross-section were analyzed for failure under
combined compression (tension) and shear loadings. The maximum normal stresses (f )

T
were calculated using the principal stress egquation:

2
= \/—‘
o X . X 2
fp = ~5°% (2) * %q

vhere the axial stress (fx} and shear stress (fxy) represents the stress intensity

normal and parallel to rnhe surface, respectively.

The panel margins of safety were determined by comparing the stresses calculated by

the above equation with the appropriate allowable ciress.

The allowable compressive stresses and corresponding panel geometry were determined

by the theory defined by Emeroc and Spunt in Reference 2, i.e., wide column allowables,

Por fuselage bending material, the ultimate desipn gross area stress in tension was
limited to 90,000 psi, see fuselage fatipgue analysis, Section 13. For this tension
condition, the principal stresses were calculated using the optimum panel cross-
section geometry for compression design panels., An example of the results of this
analysis sie shown in Table 12-52. This table summarizes the results of the hat-
stiffcned panel analysis at I'S 2500, and inecludes the equivalent panel thicknesses
for frame spacings of 10-, 20-, and 30-inches. TFor the maximum tension lcads, upper
location, a constant panel thickness of 0,196-inch is noted, whereas, for the maxi-
mum compression leoaded fibers the thicknesses range from 0,155- to 0.187-inch for

the three frame spacings investigated.

A comparison of the panel thicknesses for the candidate concepts at each of the
three point design region are shown in Table 12-53. The hat-stiffened concepts
(open and closed) have approximately the same weight which is lighter {approxi-

mately five-percent) than the zee-stiffened designs all point desipn regions.
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TABLE 12-51,

FRAME SPACING STUDY ~ TASK I

FUSELAGE PANEL LOAD INTENSITIES,

FUSELAGE PANEL LOAD INTENSITIES (ULT.), LB/IN
LOCATION
DIRECTION FS 2000 FS 2500 FS 3000

Ny 13200 17600 13200
UPPER PANEL

Nyy 170 255 170

Ny 0 0 0
SIDE PANEL

Nyy 1400 2100 1400

Ny -13200 -17600 -13200
LOWER PANEL

Nyy 170 255 170

TABLE 12-52, REBULTS OF FUSELAGE PANEL ANALYSIS AT FS 2500

EQU[VALENTZPANE L THICK.
PP D - - L ]
POINT APPLIED LOADS (ULT.) {IN.4/IN.)
DESIGN CIRCUM Ny N L =10 L =20 L =30
REGION LOCATION (LB./IN.) (LB.);?'N.) {IN.) {IN.) (INL)
FS 2500 UPPER 17,600 255 196 .196 .196
UP — 45° 10,000 1,680 .129 129 .129
N.A. 0 2,100 051 072 .089
LOW — 450 -10,000 1,680 092 21 .150
LOWER -17 800 255 165 .168 187
AVERAGE ‘ 112 125 .140
LOCATION - 5 _[5
UPPER AVERAGET = 2, Gt/ T G
i=1 i=1
- L = FRAME SPACING
Ny = AXIALLOAD -
LOWER Nyy = SHEAR LOAD
12-15k
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Frame Sizing - The sizing of the frames for this parametric study were based on the

theory derived by Shanley in Reference 6, which is premised on providing sufficient
frame stiffness to preventing general instability of the shell in bending. Shanley's

expression for the required frame stiffness is:

This expression relates the frame stiffness {EI} to the applied shell bending mo-
ment (M), shell diameter (D) and the frame spacing (L). In addition, the r=com-

mended value of 1/16 x 103 was used for the frame stiffus=ss coefricient (C.). For

this parametric study a constant thickness channel section frame 3.0 inchei deep
with constant width flanges of 1.0-inch was evaluated. For this eross section, a
simplified expression was determined which relates the frame area to the frame
momert of inertia, A = 0.T4I. Using the above expression for frame stiffness
with the assumed cross seetion relationship the required area, as e function of
frame spacing, was defined for each point design region. Table 12-54 presents the
results of this analysis conducted at FS 2500. For this point design region, the
equivalent panel thickness of tne frame ranged from C.lOk-inch for a spacing of

10=inches to & 0.0l12-inch thickness for the 30-irch frame spacing.

A comparison of frame eguivalent panel thickness at each point design region is

shown in Table 12-55. 1In general, the frame equivalent thicknesses for the 30-inch

spacing. The eguivalent panel thickness for 20-inci: frame spacing is ,020-inch at

FS 2000 and FS 3000, and .026-inch at FS 2500,

|

|

|

frame spacing are approximately 10-percent of the thickness values for the 10-inch 1
Results - The results of the panel and frame analyses were combined to Indicate the '
fuselage weight trends at the three point design regions investigated. Figures 12-63 1
|

and 12-64 present this data for FS 2500, and FS 2000 and 3000, respectively. These

#igures present the component weights (panel and frame) and total weight, expressed
as equivalent panel thickness, of the fuselage as a function of frame spacing.

Figure 12-63 indicates a minimum weight design of approximately .l5-inch is attain~

able for the hat-stiffened design at frame spacing between 20— to 20~inches. The

corresponding minimum weight design, hat-stiffened panel concept, at F5 2000 and

F5 3000 is approximately .12-inch for frame spacings between 20- and 30-inches.

|
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TABLE 12-53. WEICHT COMPARISON OF THE CANDIDATE FUSELAGE PANEL CONCEPTS
POINT EQUIVALENT THICKNESS, T
DESIGN PANEL
REGION CONCEPT L=10 L=20 L=30
FS 2000 HAT-STIFF 0.083 0.099 0.112
ZEE-STIFF 0.087 0.103 0.117
FS 2500 HAT-STIFF 0.112 0.125 0.140
ZEE-STIFF 0.116 0.130 0.145
FS 3000 HAT-STIFF 0.082 0.099 0.112
ZEE-STIFF 0.087 0.103 0.117
TABLE 12-54%. RESULTS OF FUSELAGE FRAME AFALYSIS AT TS 2500
FUSELAGE FRAME EQUIV.
POINT | BENDING SHELL FRAME | STIFFNESS | FRAME | FRAME | PANEL
DESIGN | MOMENT | DIAMETER | MODULUS | PARAMETER | SPACING | AREA | THICKNESS
REGION | M, (IN-LBS) D, {IK.) E, (PSI) Cs LN | A GN) T (N3N
FS2500 | 200X 10° 134.0 16 X 108 1/16000 10 1.04 0.104
200 X 108 134.0 16 X 108 4116000 15 0.69 0.046
200 X 108 134.0 16 X 108 1/16000 20 0.52 0.026
200 X 10° 134.0 16 X 108 1/16000 25 0.42 0.017
200 X 106 134.0 16 X 108 1/16000 30 0.35 0.012
EQUATIONS:
(Ef} = C; MD?/L
FOR A/l = 0,74 (SEE ASSUMED CROSS SECTION)
A = 0.74 (El)

TABLE 12-55.

FUSELACE FRAME WEIGHTS, TASK I FRAME SPACTNG STUDY

POINT BENDING SHELL EQUIVALENT P.. ™ ZL THICKNESS {INZ/IN)
DESIGN MOMENT DIAMETER

REGION M, {iN-LB) D, (iN.) L=10 =20 L=30
FS 2000 150 X 108 134.0 0.078 0.020 0,009
FS 2500 200 X 108 134.0 0.104 0.026 0.012
FS 3000 150 X 108 134.0 0.078 0.020 0.008
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The results of the frame spacing study indicated frame spacings between 20- and
25-inches offer minimum-weight design. When these results are reviewed in conjunc-
tion with the results of the wing study, the lower bound value (20.0-inches) appears
to be the most realistic spacing. Table 12-56 contains a weight comparison of the
zee-and hat-stiffened designs for 20-inch frame spacing. The minimum-weight design
hat-stiffened concept weighs 2.74 1b/sq.ft. at FS 2000 and FS 3000, and 3.48 1b/sq.ft.
at F8 2500. The corresponding values for the zee-stiffened cohcePt are approxi-

mately 3-percent higher.
Tuselage Initial Screening

To screen the fuselage panel concepts, a weight-strength analysis was conducted at
the four point design region usiny the results of the prior frame spacing study,

i.e., ninimum-weight fuselage designs were indicated for 20-inch frame spacing.

Fugelage panel load intensities, axial lnad and shear flow, were calculated using
the theoretical bending and shear distributions as previously discussed. For these
calculations, the design loads (bending moment and shear) showm in Figures 12-61

and 12-62 were used in combination with the section properties defined in the frame
spacing study. The point design environment included only the inplane lcad resulting
from the fuselage bending and shear loads, internal pressure and temperatures were
not considered for this screening investigation. Table 12-57 presents a summary of
the fuselage panel load intensities at Fuselage Stations 2000, 2500, and 3000 for
the maximum compression {lower panel), maximum shear (side panel), and the maximum

tension (upper panel) panel locatioms.

For the stress analyses, the initial step was obtaining the gross aree section prop-
erties and stresses, and the resulting load intensities. This data was .djusted

until realistic stress levels were obtained. IFor example, when the tensile stress
exceeded the Tatigue allowable (90,000 psi’, the equivalent panel thickness was in-
creased until the stress level was equal to or lower than the allowagble. These re-
sulting load intensities were used for the detail stress analysis., For this analysis,
the principal stress was calculated and compared to the appliceble tension or com-

pression allowable stress.

For the tension condition, the principal stress was compared to a pross area fatigue

allovable stress of 90,000 psi. Similarly, the principal compressive stress was
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TABLE 12-56.

WEIGHT COMPARISON OF THE CANDIDATE FUSELAGE ARRANGEMENTS,
TASK I FRAME SPACING STUDY

HAT-STIFF CONCEPTS ZEE-STIFF CONCEPT
POINT FRAME TOTAL TOTAL FRAME TOTAL TOTAL
DESIGN SPACING 53 W SPACING T w
REGION {IN.) (IN.2/1N.) (LB/SQ. FT) (N} {IN.2/IN.) (LB/SQ. FT)
FS 2000 20.0 0.119 2.74 20.0 0.123 2,83
FS 2500 20.0 0.151 3.48 20.0 0.156 3.59
FS 3000 20,0 0.119 2,74 20,0 0,723 2,83

1. T = EQUIVALENT PANEL THICKNESS; t {(FRAME) +T (PANEL}
2, W = EQUIVALENT PANEL WEIGHT; 23.04 X TOTALt

TABLE 12-57. FUSELAGE PANEL LOAD INTENSITIES, TASK I INITIAL SCREENING

FUSELAGE PANEL LOAD INTENSITIES (ULT.), LB/IN

LOCATION FS 2000, FS 3000 FS 2500
DIRECTION [ —— T — —
= . oy Il L
UPPER PANEL Ny 11600 | 11760 | 11600 | 15700 | 14600 | 15690
Nyy 412 417 413 629 597 629
SIDE PANEL Ny 377 406 300 422 545 416
Nyy 1361 1357 1330 | 2025 | 2000 | 1998
LLOWER PANEL N, -11700 | -11650 | -12000 | -16100 |-16800 | 15900
Nyy 415 412 426 645 670 633
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compared to the most critical instability failure mode, i.e., either local or general
instability. TFigure 12-65 shows the allowable loads for a specific geometry hat-
stiffened panel which has a constant stiffener gecmetry and thickness, and a variable

skin thickness.

Table 12-58 contains a sample of the stress analysis conducted at the fuselage aft-
bedy region, ¥S 3000. This‘table presents the panel cross section gecmetry, the
applied and allowable stresses, end the margin of safety. The footrotes contein a
sketeh showing the circumferential locetion of the panels. A comparison of panel
geometry is shown in Table 12-59 for each of the panel concepts. This geometry and
weight comparison is made on the uppermost circumferential panels at each point

design region.

The average panel weights for each fuselage region are shown in Table 12-60. The
zee-stiffened concept is the lightest weight concept abt FS 750 with an averege weight
of 1.31 1b/sa.ft. For the hisher loaded regions - FS 2000, 2500, and 3000, the re-
sults of the analysis provided the following ranking of the panel concepts: closed
hat-stiffened concept, open hat-stiffened concept and the zee-stiffened concept.

This ranking was invariant at each of the regions with unit weights of 2.80 1lb/sq.ft.
and 3.18 1b/sq.ft. indicated for the least-weight closed hat-stiffened concept at

S 2000 and 3000, and F8 2500, respectively.

The fuselage component weights, frames and panels, and total weights are presented

in Table 12-61 for each of candidate panel concepts. This data reflects the minimum-
weight freme spacing of 20-inches and the frame weights (Table 12-55) ascertained

in the previously described frame spacing study. Since the frame weights were in-
variant with each panel concept, the total weight (frame plus panel) reflects the
game weight trend and hence have the same ranking as previously described wvhen com-
paring the pznel weights. The least weight fuselage concept, closed-hat stiffened
concept, has a total unit weight of 3.26, 3.78, and 3.26 1b/sq.ft. at FS 2000, 2500,
and 3000, respectively. The minimum total unit weight at ¥8 750 is 1.56 1b/sq.ft.

for the zee-stiffeaed concept.
Fuselage Detailzd Concept Analysis

The most promising structural conecepts surviving the initial screening analysis

were subjected to a more detailed analysis to refine the weight ol the major

12-160

B e R




Ta9T-2T

ALLOWABLE LOAD, Ngp, kipsfin,

16

14

—
X)

-
=

p—v

LOCAL INSTABILITY |

1
/ ALLOWABLES

= [k
.070 -}
HAT-STIFFENED (CLOSED) / GENERAL INSTABILITY
CONCEPT

MAT'L-6A1-4V Ti (ANN.)

tS
g
L~ THICKNESSES
t5t = 070
.10 12 14 16 .18 20

EQUIVALENT THICKNESS, 1, in.2/in.

Figure 12-65. Panel Allowables for the Hot-Stiffened Panel Concept

.15

.05

THICKMESS, in,




e9T-2t

TABLE 12-58. RESULTS OF THE FUSELAGE PANEL ANALYSIS AT FS 3000,
TASK I INITTAL SCREENING
APPLIED
FUSELAGE PANEL DIMENSIONS STRESS
POINT - ALLOWABLE
DESIGN PANEL by | 1 c f h to T i | Ty STRESS
REGION CONCEPT LOCATION | (IN) | (INJ | UNJD | (1N | (IND | O} | ONGZAND) | (KS) | (KSD) F {Ks1) M.S.
FS 3000 | CLOSED HAT 1 600 | .080 | 1.50 | .80 | 1.25 | .063 | .142 817 | 52 80.0 0.10
2 600 | .070 | 1.50 | .75 | 1.25 | .080 | .120 718 | 7.6 90.0 0.24
3 6.00 { .063 | 1.50 | .75 | 1.25 | .040 | .100 43.1 | 17.8 90.0 0.81
4 600 | .063 | 1.50 | .75 | 1.25 | .04¢ | .100 3.8 | 21.6 90.0 LARGE
5 6.00 | .070 | 150 .75 1.25 | .050 .120 -36.5 19.0 -55.2 0.26
6 6.00 | .0BO { 1.50 | .80 1.25 | .063 142 -64.3 | 16.2 -75.7 0.11
7 6.00 | .080 | 1.50 j§ .90 1.26 | .070 .159 -73.6 4.6 -76.0 0.03
PANEL LOCATION PANEL CROSS SECTION MARGIN OF SAFETY (M.S.)
2 < b —p MS = .1
> n
< 30°rvP) vy " ¢ [« r_
‘ T WHERE:

?i—_
s

y

= —P

T

st

HAT-STIFFENED (CL.LOSED}

CONCEPT

fp = PRINCIPAL STRESS

2 1/2
x ¥x 2
"2t [(?) ”xv]

—— ——

-———
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TABLE 12-59. GEOMETRY COMPARISON OF THE CANDIVATE TFUSELAGE PANEL CONCEPIS

AT SELECTIVE LOCATIONS, TASK I INITTIAL SCREENING
POINT FUSELAGE PANEL DIMENSION
DESIGN PANEL By - c f h Tt T
REGION | LOCATION CONCEPT {IN.) {iN.) (i) {In) (IN.} (IN.) {tn.)
FS 2000 TOP ZEE STIFF 4.00 .100 0.75 1.00 1.25 0.80 J160 1
AND OPEN HAT 5,00 .080 1.25 B0 1.25 063 151
FS 3000 CLOSED HAT 6.00 .080 1.50 «+80 1.25 063 142 1
FS 2500 TOP ZEE STIFF 4.00 .100 0.75 1.00 1.25 110 1490 |
OPEN HAT 5.00 080 1.25 80 1.25 .070 189 |
CLOSED HAT 6.00 .0ag 1.80 80 1.25 080 158, 1
i
|
| by l | be b - ] J
Fl= Tl - 1
. { ( } ‘ —— c e j |
— * ‘| i  E—— p——— 1 f |
tg —r] [ t5¢ h £ = ety h % { h

- — B

ZEE-STIFFENED HAT-STIFFENED (OPEN) HAT-STIFFENED {CLQSED)
CONCEPT CONCEPT CONCEPT

TABLE 12-60. WEIGHT COMPARISON OF THE CANDIDATE FUSELAGE PANEL
CONCEPTS, TASK I INITTAL SCREENING

1. CONSTANT FRANME SPACING = 20.0 INCHES

POINT AVERAGE PANEL WEIGHT (B/SQ. FT)
DESIGN ——— — —t— |
REGION |—| _J_ |

— NN -

FS 750 - %\\\\1\31\\\ |
FS 2000 2,98 3.01 |
FS 2500 3.35 3.52 ‘
FS 3000 2.98 3.01 J
NOTES: 1

!
1
!
|
i
|
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components prior to estimaebing the totel fuselage weight, Section 15. Those leasgt
weight concepts investigated were the zee-stiffened panel concept at FS 750 and the
closed hat-stiffened concept at ¥S 2000, 2500, and 3000. All designs incorporated
the floating frame design with skin shear clips and s minimum-weight frame spacing
of 20-inches. In review, the point design locations are presented in Figure 12-L
and the minimum-weight penel and frame concepts are displayed among the list of

concepts shown in Figure 12-2.

As with the prior fuselage studies, the shear and bending moment diagrams shown in
Figures 12-61 and 12-62 were the basisz for defining the point design environment.
The panel load intensities used for this analysis were the same theoretical distri-
butions as calculated for the Initial Sereening, Table 12-57.

Unlike the previous fuselage anelysig, the cabin pressure and thermel environment
were included in the definition of the point design environments. Tables 12-62
and 12-63 contain the detail data related to these components. A summary of the
point design enviromment vhich includes the inplane loads, normal loads (pressure),
and thermal components is presented in Table 12-64 for the start-of-eruise design

condition.

The fuselage shell was analyzed for its most critical f£light condition, the ultimate
loed condition at start-of-cruise. For this analysis, the biaxial stress state

was defined at each point design region by superposing the eirloed and pressure
membrene stresses. The airload membrane forces (Nx and ny) are contained in the
point design environment specified in Table 12-64, and the pressure forces (Nx

and Ne) are defined in Table 12-65. Using these biaxial forees and the initial panel
geometry, the biaxiel stress state and resulting -rincipal stress are celculated and
compared to the epplicable allowable stress (tension or compression). This process
is repeated until reasonable convergence is attained between the principel and allow-
sble stresses, i.e., positive margin of safety. Table 12-66 presents a summery of

the stress levelg obtained on the most critical panels et each point design region.

In addition to the membrane analysis conducted on the shell, which is appliecable for
the shell structure at a reasonable distance from the frame attachment, s disconti-
nuity enalysis was conducted at the frame/shell interface to assess the total stress
state for both shell and frame. This enalysis was performed using the theory pre-
sented by Fligge in Reference 7. For this analysis, the membrane stresses due to

12-16h

T ———




o

TABLE 12-61, WEIGHT COMPARISON OF THE CANDIDATE FUSELAGE ARRANGEMENTS,
TASK I INITTAL SCREENING
FUSELAGE UNIT WEIGHTS {LLB/SQ FT)
FRAME
POINT UNIT OPEN-HAT CLOSED-HAT ZEE-STIFF
DESIGN WEIGHT
REGION | (LB/SQ FT) PANEL TOTAL PANEL TOTAL PANEL TOTAL
FS 750 0.25 - - - — 1.31 1,56
FS 2000 0,46 2,98 3.44 2.80 3.26 3.01 3.47
FS 2500 0.60 3,34 3.95 3.18 3.78 3.52 4,12
FS 3000 0.46 2.98 3.44 2.80 3.26 3.01 3.47
TABLE 12-62., TUSELAGE CABIN PRESSURES
LOAD cABIN(T)
WT. MAGH Ve ALT.
CONDITION % 103 LBS NO. FACTOR | @ | y 103 Fr, PRE{S‘IglIJ)RE
Nz
START-OF-CRUISE 660 2.7 2.5 460 61.5 17.55
TRANSONIC 690 1.2 2.5 372 38.2 17.55
DESCENT AT
M1.2
1, ULTIMATEp = 1.5 X LIMIT p
12-165
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NOTES:

1. BASED ON HOT DAY {STD+8K)
4200 n.mi. FLIGHT PROFILE.

2.  HAT-STIFFENED PANELS,
EXCEPT ZEE-STIFFENED
AT FS750.

TABLE 12-63,

3. ‘TOP', 'BOTTOM' AT G ;

‘SIDE’ AT 90° OR ABOVE

WING,

TEMPERATURES IN F

TEMPERATURE AND GRADIENTS FOR TFUSELAGE
SKIN PANELS .

TASK T

PANEL SCHEMATIC

_ INSULATION
7 7

T, STIFFENER CROWN

I LT 1

T, EXTERIOR SKIN

FLIGHT CONDITION

LOCATION START OF CRUISE MAGCH 1.2 DESCENT
Ti—Tq Tava Ti—To Tava

TOP
FS 750 -105 342 +111 114
2000 175 295 +171 144
2500 186 281 +181 156
3000 174 292 +170 145

SIDE
FS 750 -106 332 +109 108
2000 157 324 +156 129
2500 171 311 +170 139
3000 147 301 +142 122

BOTTOM

FS 750 -106 333 +109 108
- 3000 177 278 +171 141

12-166
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START OF CRUISE; MACH NO, 2.7; N,=25

TABLE 12-6k,

FUSELAGE POINT DESIGN ENVIRONMENT, DETAILED CONCEPT AWATYSIS

L9121

FS 750 FS 2000 FS 2500 FS 3000
ITEM  [UNITS | ypPER| SIDE | LOWER | UPPER | SIDE |LOWER| UPPER | SIDE |LOWER | UPPER | SiDE | LoOwER
PANEL [ PANEL | PANEL | PANFL | PANEL | PANEL | PANEL |PANEL | PANEL | PANEL | PANEL | PANEL
N, LB/IN |1580 | 200 |-1880 (11630 | 1230 - |15730 {1230 - 11830 1230 [-11670
Nyy Le/iN | 50 | 250 50 412 | 1350 - 629 2025 - 412 | 1360 415
INTERNAL | PSI 1755 17256| 1786| 1755| 1755| - 1755 1755 - 1755| 17.55 17.55
PRESSURE
Tava oF 342 | 332 333 295 324 - 281 311 - 292 301 278
AT oF -105  |-106 -106 -175 -157 - 186 | -171 - 474 | 147 177

e e =



N

g9T-2t

R = SHELL RADIUS, in.
A= ENCLOSED PRESSURIZED AREA, in.%
€= SHELL CIRCUMFERENCE, in.
UNIT Ny = A/C, Ib/in. per psi

TOTAL Ny = px{UNIT Ny}; Ib/in.

Np=pxR

TABLE 12-65. FUSEIAGE SHELL MEMBRANE FORCES DUE TO INTERNAL PRESSURIZATION
. DESIGN (2)

1 POINT UNIT TOTAL | HOOP
pesign | B A c Ny PRESSURE. | Ng
REGION ) m. ) {ibfin.) (PSi) {Ibfin.) {ibfin.}

750 72.0 11,761 411 28.6 17.55 502 1264
2000 68.0 10,787 394 27.4 17.55 480 1193
2500 68.0 10,787 394 27.4 17.55 480 1193
3006 61.0 11,690 383 305 17.55 535 1070

1. NOMENCLATURE 2. ULTIMATE DESIGN PRESSURE

FOR START-OF-CRUISE FLIGHT

CONDITION

PRESSURIZED REGION

|f77/////////l/f////////////

LLLLLLLLLLLL L
47 f ‘“%#L
NOSE i \ -
GEAR WING BOX
WHEEL
WELL
} 1
PPy Lol L
FS 3000
FS 750° FS 2000 FS§ 2500

rip—
P rrya
t
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TABLE 12-66. SUMMARY OF FUSELACE SHELL, STRESS LEVELS
PANEL
LOAD INTENSITY (ULT.), LB./IN.(T} GEOMETRY(2 STRESS LEVEL (ULT.), Psi{3)
AXIAL LOAD, Ny
POINT HOOF | SHEAR
DESIGN PANEL AlR | Press. | ToTAL | 1LOAD | FLow T 1
REGION | LOCATION | LOAD | LOAD | LOAD Ng Ny INZ/N, | IN £y ip Ty £,
FS 750 UPPER 1,580 | 502 2,082 | 1,264 50 0056 | 0036 | 37200 | 351400 | 1,400 | 37900
SIDE 200{ 502 702 | 1,264 250 0.056 | 0036 | 12,500 | 35100 | 6900 | 37,000
LOWER 1,580 | 502 .1,078 | 1264 50 p.056 | 0036 | -18,300 | 35100 | 1,400 | 35,100
FS2000 | UPPER 11,600 | 480 | 12,080 | 1,393 412 0.145 | 0,080 | 83300 | 14908 | 5200 | 83700
SIDE 377 | 480 857 | 1,193 | 1,361 0,099 | 0.063 8700 | 18,900 | 21,600 | 36,000
FS 2500 | UPPER 15700 | 480 | 16180 | 1,193 629 0.184 | o.100 | 87900 | 11900 | 6,300 | 88,400
SIDE 422 | 480 g02 | 1,193 | 2025 0.108 | 0.063 8,300 | 18,000 | 32,100 | 45,800
FS3000 | UPPER 11,600 | %35 | 12,135 | 1,070 412 0.145 | 0080 | 83,700 | 13,400 | 5,200 | 84,100
SIDE 377 | 535 912 | 1,070 | 1,381 0009 | £.o083 9,200 | 17,000 | 21,600 | 25000
LOWER 411,700 { 535 | -11,165 | 1,070 415 0.177 | 0.090 | -63,700 | 11,900 | 4,600 | -63,400
1. LOAD INTENSITIES PER POINT DESIGN ENVIRONMENT 4, SIGN CONVENTION:
NEGATIVE = COMPRESSION

2. PANEL GEOMETRY:

1y = SKIN THICKNESS

3. STRESSLEVEL:

¥ = EQUIVALENT PANEL THICKNESS

f = N {TOTALt
fp = Npltg
fxy = ny,t-s

2
iy +fg fy-fg 12
= z
LY 2 + [( 2 + fxy
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the airload and internal pressure are superposed upon the discontinuity stresses
{bending and shear stresses) caused by the pressure and thermal gradients between
the shell and frame. Typical results of this analysis are shown in Figures 12-66
and 12-67. These figures display the shell hoop stresses and the stringer bending
moment caused by the pressure and thermal environment during the operating condi-
tion (mid-cruise, limit one-g condition). The hoop stresses shown in Figure 12-66

are comﬁared to the operating fatigue allowable of 25,000 psi.

As & result of the preceding analyses, the fuselage shell and frames were sized for
their eritical failure mode at each point design region. Table 12-67 shows the
fuselage shell geomebtry at the most critical circumferential locations for each
region; whereas, Table 12-68 displays the circumferential variation in the panel
geometry at one point design region, FS 2500. 8imilarly, the fréme equivalent thick-
nesses are shown in Table 12-69 and includes the component (frame and shear tie)

and total thicknesses requirements at specific eircumferential lcecations, and the

average eguivalent panel thickness for the frame at each point design region.

In conclusion, Table 12-70 summsrizes the component thicknesses, total equivalent
thickness for each point design region, and the corresponding unit weights. A maxi-
mum welght of 3.53 1b/sq.ft. is indicated for the maximum fuselage bending region

at F3 2500; whereas, the corresponding panel at the lightly loaded forebedy region
(FS 750} has a weight that is approximately LS-percent lighter, i.e., 1.54 1b/sq.ft.
Unit weights of 3.27 1b/sg.ft. and 3.43 1b/sq.ft. are indicated for FS 2000 and

FS 3000, respectively. These unit weights are used as the basis for predicting the
total weight of the fuselage. The Mass Section of this report (Section 15) describes
the methods and results obtalned from extrapbiafing these weights to total fuselage
weight.

CHCRDWISE STIFFENED WING ARRANGEMENT ~ TASK TIA

Modification of the Tagk I Baseline airplane was required prior to commencing the
Pask IT detailed engineering studies. These modifications encompassed shortening
the fuselege forebody, changing the sweep-angle on the wing tip leading edge and
relocating some of the fuel tanks. A more detailed description of these changes

are presented in Section 2,

S12-170 .




SHELL HOOP STRESS (ksi}

20
PRESSURE
————"“_- TOTAL‘
20 ___a—-z
) /
jrd

OPERATING COND. (LIMIT}
M1D-CRUISE, nz =1g

THERMAL
10 ””’g#ffff‘
.20 r—/
-30
0 1 2 3 4 0
FRAME x/L MiD BAY
Figure 12-66. Shell Hoop Stresses due to Discontinuity Forces,

Point Design Region FS 750
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STRINGER BENDING MOMENT, in. - Ib./in.

Figure 12-67.

200
160
TOTAL
BENDING
MOMENT
120 )
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MID-CRUISE, nz = 1-g. :
80 \
0
PRESSURE
40 \ THERMAL
 TOTAL
.80 , — —
0 1 2 3 4 5
FRAME x/4 MID-BAY

Stringer Bending Moments due to Discontinuity
Forces, Point Design Region F8 750
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TABLE 12-67. COMPARTSON OF FUSELAGE PANEL GEOMETRY -
DETATLED CONCEPT ANALYSTS

ZEE-STIFFENED CONCEPT

HAT-STIFFENED CONCEPT

POINT FUSELAGE PANEL DIMENSION
PANEL LOCATION [
REGION {IN.) (IN.) {IN.) {IN.) (IN.) {(IN) {IN.})
FS 750 ZEE- TOP 4.0 036 1 i 1.00 036 056
STIFFENED SIDE 4.0 036 b5 .75 1.00 036 056
_ BOTTOM 4.0 .036 b5 iy 1.0 .036 .0b6
F5 2000 HAT- TOP 6.0 .80 15 .80 1.2 070 .145
i STIFFENED SIDE 6.0 063 1.5 .75 1.25 040 099
FS 2500 HAT- TOP 6.0 .100 1.5 .80 1.26 | .090 84
B _ STIFFENED SIDE 6.0 063 1.5 .75 1.25 .0590 109
FS 3000 HAT- TOP 6.0 .080 1.5 .80 1.2 070 .145
: STIFFENED SIDE 6.0 .063 1.5 .75 1.256 .040 099
BOTTOM 6.0 0380 1.5 90 1.256 090 Ja77
f — b —— . bg N (Y o —f
‘ ! | : * 1 1/
h : ‘ h h
I r—
c — |
‘ st toe

L.
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TAELE 12-68.

DETAILED CONCEPT ANALYSIS

FUSELAGE PANEL GEOMETIRY AT FS 2500,

POINT

FUSELAGE PANEL DIMENSIONS

PANEIL CIRCUM.
DEGon | CONCEPT [LOCATION| p £ c £ h tst 7
any |oany 1ooNy |oany | ooNy | oany |
ES 2500 | HAT- 1 (top}| 60 | .1o0 | 150 | .80 | 1.25 | .00 | o.184
STIFFENED -
2 6.0 070 | 150 | .78 125 | .070 | 0.134
3 6.0 063 | 150 | .75 | 125 | .083 | 0121
4 SIDE)| 6.0 063 | 150 | .75 | 125 | .0s0 | 0.108
5 6.0 .070 | 1.50 75 1.25 .063 | 0,128
CIRCUMFERENTIAL LOCATIONS: PANEL DIMENSIONS: |
2 ! by c Lo
3 o _ Y
. " — = —_ T}
4 J f }
t | "‘
5 .
}
tor
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PABLE 12-69. FUSELAGE FRAME WEIGHTS, DETATLED CONCEPT ANALYSIS
.
POINT FRAME EQUIVALENT PANEL THICKNESS (@), IN/IN,
DESIGN CIRCUM, SPACING SHEAR _
REGION LOCATION {IN.) FRAME TIE TOTAL | AVERAGE
FS 750 ALL 20.0 007 .004 011 {.011)
FS 2000 UPPER 20.0 018 .006 .024 (.023)
SIDE 20.0 016 .006 1,022 .
FS 2500 UPPER 20,0 016 ,006 .022 (022)
SIDE 20,0 016 .006 022 .
FS 3000 UPPER 20,0 018 .006 024
SIDE 20.0 015 006 021 (.023)
LOWER 20.0 019 .007 .026
: TTOTAL} = HFRAME + T(SHEAR TIE)
FRAME GEOMETRY
TABLE 12-T0, FUSELAGE WEIGHT SUMMARY, DETAILED CONCEPT ANALYSIS
EQUIV, PANEL THICKNESS (IN.2/IN.} UNIT
POINT - , : _ WEIGHT
DESIGN PANEL FRAME PANEL TOTAL w
REGION CONCEPT T T T (LB/SQ. FT)
FS 750 ZEE-STIFF. 0.011 0,056 0.067 1.54
FS 2000 HAT-STIEE, 0.023 0.119 0.142 3.27 -
FS 2500 HAT-STIFF. 0.022 0,131 0.153 3.53
FS3000 HAT-STIFF. 0.023 0,126 0.149 3.43
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To assess the results of these modifications on structural weight, an investigation
was conducted using the Task I chordwise finite-element 2-D model and included:

e Obtaining the structural influence coefficients (SIC) with the revised fuse-
lage and wing tip. The wing and fuselage flexibilities (section properties)

were held constant for this solution.

e Modifying the net sernelastic loads for a critical Task I lead condition to

reflect the changes in the aerodynamic and inertia load components.

e (onducting g design loads run to obtein néw internal loads using the gtiff-

ness of the moditied structursel model and the revised net aeroelastic loads.

e Performing a weight-strength anelysis on the major wing structural components

at selective locetions using the revised load intensities and comparing

“these results with those of the Task I analysis.
Point Design Environment

As the basis for the structural analysis the point design environment was defined
for a.critical flight condition at several wing point design regions. The regions
selected for analysis were the forﬁard wing box region 40322 and the aft wing box
region 40536. The flight condition selected was the flutter critical Mach 0.9 sub-
sohic flight condition end included the following load factors; positive 1.0-g, &
positive 2.5-g steady-state maneuver, a positive 2.5-g transient maneuver, and a
negabive 1.0-g flight attitude.

Using this load condition, the in-plane loads were determined by performing a
NASTRAN static solution with the modified 2-D structural model. A summary of these
wing surface load intensities results are presented in Table 12-T1 along with the

results of the Task I enalysis for comparison purposes.

The poinﬁ design environment et regions 40322 and 40536 were defined using the new
surface panel load intensities resulting from the NASTRAN solution, with the same
pressure and tempersture components derived during the Tesk I analysis. A compari-
son of the Task I and Task ITA point design environment at regions 40322 and L0536
are shown in Tables 12-72 and 12-T3. ‘he critical Task I and Task IIA design

conditions are presented in the footnotes of these tables.
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TABLE 12-Ti.

COMPARTISON OF TASK I AND TASK ITIA WING LOAD
INTENSITIES, MACH 0.90 LOAD CONDITION

*LOAD INTENSITY (ULTIMATE), LBS/IN.
PANEL IDENTIFICATION TASK i

REGION NUMBER | DIRECTION | CHORDWISE [ SPANWISE [MONOCOGUE
WING- 40322 Nx. - 10 - 148 - 199
FORWARD | Ny - 1145 - 1155 - 595
Nxy 201 275 211
40236 Nx 188 122 - 925
Ny -10846 ~12181 -8102
Nxy 418 1181 858
WING- 40536 Nx 85 - 132 1483
AFT BOX Ny -~10680 -12318 -8763
Nxy 1118 2288 2521
41036 Nx - 274 - 36 -1094
Ny ~ 6570 ~ 6876 -4544
Nxy 1369 2027 1949
WING- 41316 Nx 701 298 - 932
TIP Ny ~11655 -12546 -8268
Nxy 3492 3240 2528
41348 Nx ~ 719 - 574 - 605
| Ny - 6293 - 5886 ~4731
Nxy 1535 1797 2132

*LOAD CONDITIONS:

TASK |

CONDITION 12: MACH 0.90, nz = 2.5, W = 700,000 LB, Ve = 325 KEAS
TASK IIA CONDITION 9: MACH 0.90, nz = 2.5, W = 700,000 LB, Ve - 325 KEAS

o -



TTABLE 12-T2.

TASK ITA WING POINT DZSTGN ENVIRONMENT,
MACH 0.90 TOAD COLDITIONS

SYMMETRICAL FLIGHT, STEADY MANEUVER AT MACH 0,90 Wc)

POINT DESIGN REGION

40322 40536
ULTIMATE
DESIGN UPPER LOWER UPPER LOWER
LOADS ITEM UNITS SURFACE SURFACE SURFACE SURFACE
Nx LB/IN 1207 1207 471 471
AlR LOADS Ny LB/(N 1081 1081 11207 11207
Nxy LB/IN 176 176 1409 1408
STRAIN €y ININ - - - -
£xy IN/IN - - - -
AERO PSI -1.40 0,30 -1.35 -0.49
PRESSURE FUEL PSI 6,74 -8.96 -5.63 791
NET PSI -8.14 9.26 -6.98 -8.40
v T op 50 53 52 54
TEMPERATURE AV
Ar O 132 38 29 32

NOTES: {1} A1.25 FACTOR HAS BEEN APPLIED TO "HE THERMAL STRAIN WHEN THE SIGN IS SAME AS THE AIRLOAD
SIGN, OTHERWISE NO FACTOR APPLIED.

(2} PRESSURE SIGN CONVENTION: NEGATIVE =SUCTION

{3) DESIGN CONDITIONS: REGION 40322 . COND, 10, REGION 40536 - COND. 9

TARLE 12-~73. TASK I WING POINT DESIGN ENVIRONMENT,
MACH 0.90 LOAD CONDITIONW

SYMMETRICAL FLIGHT, STEADY MANEUVER AT MACH 0,9 (Vc]

POINT DESIGN REGION

40322 40535
ULTIMATE
DESIGN UPPER LOWER UPPER LOWER
LOADS ITEM UNITS SURFACE SURFACE SURFACE SURFACE
Nx LB/IN 531 531 85 271
IAR LOADS Ny LB/IN 1115 1115 10680 9777
Nxy LB/tN 236 236 1118 778
€x INJIN - - - -
JHERMAL ey IN/IN - - - -
€xy IN/IN - - - -
AERO ] 1.40 -0.30 -1.35 0.48
PRESSURE FUEL PSI -6.74 8,96 -5.63 -7.91
NET PSI -B.14 9,25 -6:98 -8.40
. Tay OF 50 53 52 54
TEMPERATURE : _
AT 9 132 38 29 32
A 1.25 FACTOR HAS BEEN APPLIED TO THE THERMAL STHAIN WHEN THE SIGN IS SAME AS THE AIRLOADS

NOTES: (1)

SIGN, OTHERWISE NO FACTOR APPLIED.

(2) PRESSURE SIGN CONVENTION: NEGATIVE=SUCTION

(3} DESIGN CONDITIONS:. REGION 40322 AND LOWER SUBFACE AT 40536 - COND.

- REGION 40535« COND. 12

13, UPPER SURFACE AT
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Weight /Strength Analysis

To assess the results cf the airplane configuration medification on structural weight,
the major weight components of the chordwise wing arrangement were analyzed for the
modified Task ITA point design environments. For comparison purposes, the same
components were reanalyzed using the Task I load/temperature environment correspond-
ing to the single flight condition investigated for Task ITA. These components in-
cluded the upper and lower surface panels {eircular arc convex beaded concept) and
spar caps. A comparison of the Task I and Task IIA panel results at reglons 40322
and 40536 are shown in Table 12-Th and includes the panel cross-sectional dimensions
and welight data for the 20-inch spar spacing degsigns. TIn general for these two
regions, the Task ITA panel designs are heavier than the corresponding Task T de-
signs with a meximum weight increase of 23-percent noted for the Task TTIA upper
surface panel at region 40322. The exception being the Task ITA lower surface panel
at region h0322 which is approximately 3-percent lighter than the Task T design.

A comparison of the panel weight/strength analysis resulbs are presented in |
Table 12~T5 and ineludes the unit weights for the surface panels and the panel

relative weight factor, i.e., weight of the Task ITA panel divided by the weight

of the Task I panel.

For the chordwise wing arrangement the sper caps are major weight components, these
gspar caps are uniaxially loaded by the spanwise bending loads; hence, the cap weights
are directly praoporticonal to +the spanvige surface load intensities. Table 12-76 con-
tging a comparison of the spanwise load intensities (Ny) for the two point design

regions and the relative weight factor of the Task ITA spar caps.

The results of this analysis reflect the étrength—sizing of the major chordwise wing
components for a flutter criticel flight condition (Mach:9 symmetrie flight condition).
Since the resulting panel and spar cap weights do not necessarily reflect the most
critical static strength condition, the relative weight of the components were used

for comparing unit box weights.

A comparison of the Task I and Task ITA unit box weights for regions 40322 and L0536
are shown in Table 12-77. The Task I values reflect the results of the previously
conducted analysis on the chordwise wing arrangement {sized for.the most cfiﬁidal
flight condition); whereas, the Task ITA values reflect the Task T weights multi-

plied by the relative weight factors presented in Tables 12-7% and 12-76, With
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TABLE 12-Th. COMPARISON OF TASK I AND TASK IIA WING
PANEL GEOMETRY AND WEIGHT

POINT DESIGN

REGION 40322 40536

TASK A

SURFACE - UPPER LOWER UPPER LOWER UPPER LOWER UPPER LOWER
SPAR (slmcme 20 20 20 20 20 20 20 20
DIMENSIONS:
ty {INL) .015 .013 .018 012 .018 017 .020 019
ty (IN.} .015 020 019 .020 .020 .020 .024 .020
Rp. {IN.) .900 .800 1.000 1.000 .800 .800 .800 .700
8 {DEG.) " 87.000 87.000 87.000 87.000 87.000 87.000 87.000 87.000
b {IN.) .750 .750 .750 750 750 750 .750 750
MASS DATA: | |
Tt {INL} .036 .038 .044 .037 045 .043 .052 046
w  {LB./FT.2) .825 .875 1.018 .851 1.031 1.000 1.187 1.055
CRITICAL
CONDITION 13 13 10 10 12 13 9 9
PANEL CONCEPT:

CIRCULAR ARC — CONVEX
BEADED SKIN (h/c = 0.10)

=]
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TABLE 12-75.

COMPARISON OF TASK T AND TASK IIA

SURFACE PANEL WEIGHTS

TASK NO, | A
POINT RELATIVE
DESIGN PANEL WEIGHT WEIGHT
REGION SURFACE {LB/SQ, FT) FACTOR
40322 UPPER 0.825 1.018 1.23
LOWER 0.875 0.851 0.97
40536 UPPER 1.031 1.187 1.15
LOWER 1.000 1.065 1.06
TABLE 12-T6. COMPARISON OF TASK I AND TASK ITA
SPAR CAP LOADS
TASK NO. t A
POINT RELATIVE
DESIGN SPANWISE LOAD WEIGHT
REGION SURFACE INTENSITY {LB/IN.) FACTOR
40322 UPPER -1,115 -1,081 0.97
LOWER 1,115 1,081 0.97
40536 UPPER -10,680 -11,207 1.05
LOWER 10,680 11,207 1.05
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COMPARISON OF THE DETAIL WING WEIGHTS FOR THE TASK I AND

TABLE 12-TT.
TASK TTA CHORDWISE STIFFENED WING ARRANGEMENTS
POINT DESIGN
REGION 40322 40536
TASK NO. 1A I
N ! RELATIVE na RELATIVE
SPAR SPAC (IN.) 20 20 WEIGHT 20 20 WEIGHT
PANELS
UPPER 0.825 1.015 1.23 1.609 1.850 1.15
LOWER 0.942 0.914 0.97 1.335 1.415 1.06
> (1.767) | (1.929) (1.09) (2.944) | (3.265) {(1.11)
RIB WEBS
BULKHEAD 0.298 0.298 1.00 0.238 | 0.238 1.00
TRUSS 0,074 | 0,074 1.00 0.228 | 0.228 1.00
> (0.372) | (0.372) (1.00) (0.466) | (0.466) (1.00)
SPAR WEBS
BULKHEAD 0.336 | 0.336 1.00 0.270 { 0.270 1.00
TRUSS 0.301 0.301 1.00 0.490 | 0,490 1.00
3 (0.637) | (0.637) {1.00) {0.760) | (0.760) {1.00)
RIB CAPS
UPPER 0.058 0.058 1.00 0.116 | 0.116 1.00
LOWER 0.065 0,065 1.00 0.086 | 0.086 1.00
>, (0.123) | (0.123) {1.00) (0.202) } (0.203) (1.00)
SPAR CAPS
UPPER 0.241 0.234 0.97 2710 | 2.846 1.05
LOWER 0.350 0.340 0.97 3,950 4,148 1.05
> (0.591) | (0.574) (0.97) (6.660) | (6.994) {1.05)
NON-OPTIMUM
MECH, FAST, 0,180 0.180 1.00 0.200 | 0.200- 1,00
WEB INTERS. 0.120 0,120 1.00 0.120 | 0.120 1.00
>, (0.300) | (0.300) {1.00) {0.320) | (0.320) (1.00)
POINT LB
S | PESIGN | — 3790 | 3935 1.04 11.352 { 12.007 1.06
MASS FT
12-182
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respect to Table 12-77, the detail weight statements includes the surface panels,
rib webs, spar webs, rib caps, spar caps, and the non-optimum weights. Only the
weights of the Task TITA panels and spar caps were altered, the remaining components
were taken directly from the Task I analysis. In addition to the components weight,
the relative weight factors are shown. Region 40322 indicates the Task ITA config-
uration has heavier panels (approximately 9-percent), lighter spar caps (approxi-
mately 3-percent), and a unit weight that is Y-percent heavier. For region 40536,
the Task ITA panels are 11 percent heavier, spar caps are S5-percent heavier, and

the unit weight is 6 percent heavier.

" WING STRUCTURAL ARRANGEMENT - TASK IIB

The wing structural arrangement selected for evaluation in the Task II Detailed

' Engireering Study was comprised of the most prdmising structural-material concepts

surviving the Task I Analytiecal Design Studies. In review, the Task I'analysis
resulted in the selection of the least-weight arrangements from each basic type of
wing load-carrying structure (chordwise, spanwise, and monocoque). Those five
arrangements selected for the final Task I detaill evaluation with respect to weight,

cost, performance, and risk included:

¢ The two chordwise arrangements corresponding to the least~weight metallic
and composite reinforced designs., Both designs incorporated the least-
 weight metsllic panel concept (circular-arc convex-beaded design)., For
the substructure the metallic design employs all titanium alloy spar caps,
and the composite reinforced design employs a titenium alloy spar cep

reinforced with unidirectional Boron/polyimide (B/PI).

¢ The least-weight spanwise arrangement, metallic hat-stiffened skin panels

with representative substructure,

o The two monocogque arrangements, which are characterized by their respective
panel-to~-substructure attachment design, tubular insert-welded and
densified core -~ mechanically fastened. Both concepts incorporated alumi-

num brazed honeycomb-core sandwich panels.

The complete results of this detail evaluation are described in the section entitled
Concept Evaluation and Selection, Section 17. .For summary purposes,.the results of
the weight evaluation are repeated in Table 12-78 which lists the variable and fixed

weights for each arrangement. Furthermore, the variable weight is defined for the
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TABLE 12-78, WING WEIGHTS FOR STRUCTURAT, ARRANGEMENTS

STRUCTYRAL ARRANGEMENT

WING CHORDWISE SPANWISE MONOCOQUE MONOCOQUE CHORDWISE
‘;"EECLSIETN?ND _EEEE'_E{TD WELD BOND | ALUM BRAZED | ALUM BRAZED com
._v_ — — — —
MECH. FASTEN. | MECH. FASTEN, | MECH. FASTEN. WELDED SPARS ONLY
VARIABLE WEIGHT 64,658 63,482 50,978 53,794 48,082
® FWD. BOX (22,090) (25,364) (21,982) (24,057) (20,580}
® AFT BOX {29,616) (25,242) {19,692) (20,153) (17,384)
®TIP (13,552) (12,876) {9,304) - (9,584) (10,118)
FIXED WEIGHT 41,352 41,352 41,352 41,352 41,352
3 TOTAL~LB 106,010 104,834 92,330, 95,146 89,434




yan

major wing areas, i.e., forward box, aft box, and wing tip. From a review of these
varigble weights, it can be seen that 2 structural arrangement composed of the
lowest-weight designs for each area would afford the minimum-weight overall design.
Based on this premise, the structural approach selected for further evaluation in
the Task II Detail Engineering Studies was a hybrii struetural érrangement consist-
ing of a combination of the chordwise-stiffened and monocoque arrangements as shown

in Figure 12-68,
Point Design Environment

Similar to the Task I analyses, the hybrid wing structural arrangement was subjected
to point design analysis at discrete wing loecations (regions). These wing locations,
point design regions, are shown in Figure 12-3. The structural definition at each
of these regions is in agreement with the combination of structural concepts
included in the overall wing structural arrangement, with the load/température
environment based on the internal load resulting from the NASTRAN statiec solution

using & 3-D finite-element model.

These point design environments were defined for the hybrid wing structural arrange-
uent for both the strength design and strength/stiffness design phases. Examples
of these environments are contained in the following text within the discussion for

each specific design phase.
Strength Design

The strength design airframe, as characterized by the element properties contained
in the finite-element structural model, was developed for the hybrid wing structural
arrangenent using the resulis of the Task I analysis. More specifically, the section
properties resulting for the Task I strength anslysis conducted on the selected
chordwise and monocogue concepté were combined toldefine the total wing stiffness

for the finite element model.

Using this strength design model, an internal load solution was obtained using the
static meroelastic loads. These internal loads, in combination with the pressure
and temperature components defined in Task I, were used to define the specific point

design environments for the structural analysis. Table 12-T9 conbtains the wing

- point design environment for the symmetrical flight conditions at Mach 0.90 and

Mach 1.25.
12-}85
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CONDITIGN WE|GHT = 700,000 LB.; MACH @.90; h » 30,000 FT; V™ 325 keas

TABLE 12-79. WING POINT DESIGN ENVIRONMENT, STRENGTH DESIGN -
TASK TIB, MACH 0.90 (VC) AND 1.25 (VS) LOAD CONDITIONS

POINT DESIGN REGION -

ULTIMATE
DESIGN ITEM. UNITS 40226 40536 41036 40372 1316 41348
LOADS ) UPPER LO%:R UFPER LOWER UPPER LOWER UPPER LOWER UPPER LOWER UPPER LOWER
. SURFACE SUBFACE .| SURFACE SURFACE SURFACE SURFACE SURFACE SURFACE SURFACE SURFACE SURFACE SURFACE
Nx LBAIN + 179 + 750 - Lo + 53z -1,052 + 806 - 2122 + Bug -1,226 -1,004 - 817 + 59899
AIR LOADS Ny e 112,779 13,568 |-12,680 12,671 -3,522 +3,07h -1,109 +1,350 -3, 50L -B,546 5,148 +4,B67
Nxy LBIN |- 271 - 3 - 1,068 + 1,256 +1,583 41,542 + 112 + 233 +3,686 -3,062 +2,290 2,51k
€x INSIN ) o
THERMAL 0 Q [¢] o [+ o o 0 o 0
STRAIN €y INIIR .0 9 o s} 0 o] 0 0 0 1] 0 s}
: €xy INfIN .- G 0 [+ 5] 0 0 0 [+] [ 0 0 0
AERO 1] - 0.99 |- [PRATY P 1.35 |- 0421 - 2.10 | - 2.3 - LW |- 0.30) - 6.75 |- 3.76 |- 3.68 |- 0.30
PRESSURE FUEL st - 5.0 |- g.24 |- L.50 |~ L.50 0 0 - upr|- B0 o (3] 0 0
NET PS1 - £.00 |- 9,68 |- 5.85 |- Lhog|- 230|l- o036b- 63|~ 9.00]- 6.95[- 3.6 |- 32.68 - 0.3
. .-: T ’ ¥ .
TEMPERATURE AV oF ' L7 53 45 L5 L8 41 47 52 48 [0 Il 33
AT oF . + 37 + o + 30 + 36 + 27 + 15 + 37 + 1 + 27 + 15 + 20 + B
CONDITION @ WEIGHT = 590,000 LB.; MACH 1,25; = 43,000 pr_;ve-zs_-:: keas
. POINT DESIGN REGION
u;;;:gan-rs 1TEM UNITS 40238 48536 41035 40322 41316 41348
LoADs o UPPER LOWER UPPER LowER UPPER LOWER UPPTa LOWER UPPER LOWER UPFER LOWER
_ SURFACE SURFACE SURFACE SURFACE SURFACE SURFACE SURFACE SURFACE SURFACE SURFACE SURFACE |} SURFACE
Nx LBIR - &7 + 26 - 1,073 + 1,099 -1,812 +1,297 - 151 + 597 - 1,638 - 1,405 %4207 +1,379
AlR LOADS Ny LB/iN =14,650 +15,197 «14,303 +14,010 -L,220 +3,567 -1,106 +1,Loo -12,h07  |+11,188 -6,897 +6,657
Hry LB/IN - us53 + 367 - 1,95 + 1,59 -2,106 +1,909 + 130 + 215 +« 4,000 - 2,900 +2,284 -2,28},
0 c [+ [ o
THERMAL €x INfIN . ] ] o ) [ 1} o
STRAIN €y IHNIN 0 4] o] Q 0 ] Q [¢] O Q Q
Eny INIIN ) o] ) 1] o 3 +] [ Q o 1] 4]
AERO PSI - 3.03 |- 1.20 |- 1.27 |- 26 - 127 | - L - 147 | - W06 |- 4.98 |- 26 |- 5.07 |- .95
PRESSUHE FUEL Pst - 5.08 |- 9.3L |- 4,50 {- 4.50 | 0 0 - Loy |- 8.8 0 0 0 o
NET PS) - B.131 (- 10.51 (-~ SeT7 (= 4,76 | - 1,27} - AL - 6k f - B8.B3 §- %98 {- 26 |- 5.07 |~ K-
T, o '
TEMPERATURS AV o 0 0 0 Q 0 0 0 [ 0 1] 0
aT or 5 0 o ¢ o 0 &} o 0 [+ 0 o
NOTES: (1) A3.25 FACTOR HAS.BEEN APPLIED TO THE THERMAL STRAINWHEN THE SIGN IS SAME AS THE AIRLOAD

SIGN, OTHERWISE NO FACTOR APPLIED.
(2} PRESSURE SIGN CONVENTION: NEGATIVE = SUCTION

e ——

———



jo—

A strength sizing analysis was conducted on both panels and substructure to assess
the weight treﬁds end verify the airframe stiffnesses contained in structural model.
While this analysis was being conducted, the vibration and flutter analysis was
initiated using the mass and stiffness matrices associated with the strength design
airframe. The results of these analyses (flutter and strength) are combined to
develop the strength/stiffness airframe design which is discussed in the next

section. The results of the strength analysis are discussed in the following text.

Fanel Analysis -~ The panel concepts and thelr applicable point design regions are

shown in Table 12-80 for the hybrid arrangement. These panels were analyzed using
the computerized methods previously discussed in Task I and the new point design
environment based on the NASTRAN statie solution using the 3-D structural model.
The results of this strength enalysis are shown in Tables 12-81 and 12;82'for'the

chordwise and monocogue panel concepts, respectively.

With reference to the chordwise'paneis, eircular-arc convex beaded concept,

Table 12-81 indicates the foreign object damage (F.0.D.) constraint on the exposed
surface bead was active for =sach point design region with the exception of upper -
surface penel at Region 40536 (%, < 0.015). The unit weights ranged from a minimum
weight of 0.76 1b/sq.ft for the upper surface panel at Region 40322 to a meximum
weight of 1.3% 1b/sq.ft for the upper surface panel at Region L40536. '

The results of the strength enalysis conducted on the honeycomb sandwich panels are
shown in Table 12-82 for Regions 41036, 41316, and 41348, Wo thickness constraints
were active for the face sheets of these degigns which indicated a minimum—weight of

1.20 1b/sq.ft occurring at Region 41036 for both upper and lower surface panels.

. TABLE 12-80. SURFACE PANEL CONCEPTS FOR TASK IT

STRUCTURAL  '| - POINT DESIGN - '
ARRANGEMENT REGIONS PANEL CONCEPT : GEOMETRY
CHORDWISE 40322, 40236, - CIRCULAR-ARC/CONVEX _
STIFFENED 40536 BEADED SKIN - — U
MONOCOQUE 41036, 41316, HONEYCOME SANDWICH —

' 41348 ALUMINUM BRAZED
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TPABLE 12-81. PANEL GEOMETRY AND WEIGHT FOR THE CHORDWISE STIFFENED PANELS ~ TASK IIB

POINT DESIGN REGIONS

40322 40236 40536
DESIGN DATA UPPER L OWER UPPER LOWER UPPER LOWER
SPACING, in.
RIB 60.0 60.0 60.0 60.0 60.0 60.0
SPAR 227 227 21.2 21.2 21.2 21.2
DIMENSIONS
t, in. ' .013 015 015 .020 .023 .019
t,,, in. .015 .020 015 .020 .026 .020
Ry, in. .80 1.00 .80 1.00 .90 .70
6, degrees 87 87 87 87 37 87
b, in. .75 .75 75 .75 .75 .75
pitch, in. 2.35 2.75 2.35 275 255 2.156
WEIGHT DATA
t, in, .033 041 .036 .048 .058 046
W, Ib./sq.ft. 760 945 .829 1.5% 1.34 1.05
CRITICAL DESIGN COND. 12 20 16 16 12 12
DIMENSIONS:

-
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TABLE 12.82. PANEL GEOMETRY AND WEIGHT FOR THE MONOCOQUE PANELS - TASK IiIB

POINT DESIGN REGIONS
41036 41316 41348
DESIGN DATA UPPER LOWER UPPER LOWER UPPER LOWER

SPACING, in.

RIB 60.0 60.0 40.0 40.0 40.0 40.0

SPAR 21.2 21.2 40.0 40.0 30.0 30.0
DIMENSIONS '

H, in. ’ .642 .202 1.243 .485 .967 216

tq, in. .026 .023 .056 .062 037 042

1o, in. 018 .028 053 .068 027 .039

tg in. .002 .002 . .002 .002 .002 .002

S, in. 275 . 500 .298 500 .326 500
WEIGHT DATA |

t,in. .052 052 124 .133 .075 082

W, Ib/sq. ft. 1.20 1.20 2.850 3.070 1.73 1.89
CRITICAL DESIGN COND. 12 12 12 12 12 12

1y
DIMENSIONS EXTERIOR SURFACE l
f ' S=CFLL SIZE
H t,= CORE FOIL
THICKNESS

l

#

!

7

[
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The results of the vibration and flutter anlysis of the strength sized airplane

equivalent to 1.2 Vp) are shown in Figure 12-T2. From a comparison of these two

g st -
i A

Conversely, a meximum-weight of 3.07 1b/sq.ft was noted for the iower surface panel
at Region 41316, 1In addition to the panel geometry and weight data, the critical

design condition is alsc specified for each of the point design regilons.

Substructure Analysis - The results of the Task I substructure enalysis conducted

on the chordwise and monocoque arrangements were incorporated into the element defi-
nition of the strength design sktructurel model, This data represented typical sub-
structure for each arrangement and included spar caps, spar webs, rib caps, and rib

webs. For the chordwise substructure, the gpar caps and truss webs are primarily

fuel pressure and the rib caps are minimum design caps. For the monocoque sub-
structure, almost all components were hased on minimum design geometry with the
exception of the inboard region of the wing tip were the high load intensities

the only leoad dependent components with the bulkhead webs predominately designed by i
|
1
dictated greater web thicknesses and cap areas. §

‘No discrete point design weights were defined for the strength designed substructure,

but a relatively comprehensive stress analysis was conducted at the model element
level using the internal stresses from the strength design run with conservative

gross area allowables.

Strength/Stiffness Design

indicated & deficieney in flubtter speed for the Mach 0.9 flight condition. This
condition is displayed in Figuré l2—69‘where é flutter speed'of 310 KEAS was
obtained as compared to the 1.2 Vﬁ eriteria of 468 KEAS. Because of this deficiency,
a flutter optimizetion analysis (described in the analytieal method section of
section 10) was conducted which was focused on incrementing the stiffness of the

most efficient wing tip reglons. Figure 12-70 presents the five wing tip regions

used for the flutter optimization analysis overlayed on the wing tip of the

structural model.

The wing tip panel thicknesses used in the definition of the strength desipgn finite
element model are shown in Figure 12-T71 and represent the thicknesses for both upper
end lower surface panels, and the front and rear beam webs. The corresponding wing

tip thicknesses resulting from the flutter optimization process (flutter speed
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figures, it can be seen that the outermost regions (Regions 1, 2, and 3 of
Figure 12-T0) require the greatest change in thickness with Region 1 requiring the

maximum change, i.e., an approximate 400-percent increase in surface panel thickness.

Since these flutter optimization results, added wing tip stiffnesses, were generated
by incrementing the stiffness metrix from the strength design model, an update in the
model section properties was requiréd to obtain a new base stiffness matrix and
verify the finding of the flutter optimization process. Thus, the element properties
of the 3-D finite element model were revised to reflect the stiffnesses dictated by
the flutter analysis with a more favorable meterial distribution from a design and
fabrication standpoint. This task was accomplished by using the basic geometric
data (number of elements and their correspording coordinates) contained in the 3-D
structural model, adjusting the section properties of these elements, and calculating
the cross-sectional properties (area, center of gravity, and moments of inertia).

This process was repeated until the cross sectional properties were equivalent to

those required by the flutter optimization analysis. The wing tip panel thicknesses -

that correspond to the eguivalent cross sections are shown in Figure 12-T3 and
reflect a more favorable materisl distribution from a design and fabricetion

standpoint,

. A comparison of the panel thicknesses required for the strengbh, stiffness, and

final designs are shown in Figure 12-T4 for a wing tip cross section at Region 2
(see Figﬁre 12~-70 for 1bcation). With reference to this figure, the final design
panel thicknesses reflect a uniform distribution of material with the most forward
panel on the upper surface indicating a L00-percent increase over the strength
deéign. Similariy, a minimum increase of approximately 200-percent is noted for
the lower surface most aftward located panel. The stiffness design reflects s non-
wmiform material distribution consistent with the methods employed in the flutter
cptimization process, i{e., incrementing the stiffness matrix of the strength

design airplane,

A comparison of the wing tip cross sectional properties for the three designs are
shown in Figure 12-T5 through 12-78. TFigure 12-T5 contains a comparison of the
centroidal distances aloﬁg the X—axié, and Figures‘12~76 and 12-77 display 2 com-
parison of the bending stiffnesses (EI) ebout the X- and Z-axes, respectively. The
final figure (Figure 12-78) presents a comparison of the wing tip torsional stiffness
(GT) for the three designs.
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Point Design Environment - Since the basis for the definition of the loads/

temperature environment is the internal loads resulting from the NASTRAN static
solution, the section properties for the 3-D structural model were revised to
refleet the finel design stiffnesses and rerun to obtain the corresponding internal
loads. A comparison of the wing surfaces load intensities for the strength and
final design airplanes are shown in Fable 12-83 for the six wing point design
regions. These results are for a symmetrical flight condition at Mach 1.25 and
correspond to the static aeroelastic loads analysis conducted using each of the
structural models. In addition, the reader should review this teble with the
specifie structural arrangement incorporated in the Task II baselinz airplane in
mind, i.e., the chordwise stiffened panel concept employed at point design regions
k0322, 50236, and 40536, and the honeycomb sandwich concept at regions 41036,
41316, and 41348,

Tn general, the chordwise panel inplane load intensities (Nx and Nxy) are greater
for the étrength design than those of the final design; wherees, the final design
airplane experiences the higher spar cap loads (Ny). For the regions which
incorforate the honeycomb sandwich surface panels, the combined loads (Nx, Ny, and
Nxy) are generally higher for the final design with the exception of slightly lower
shear values experienced by the inboard panels (k1036 and k1316).

The point design environments (airloads, thermal strains, pressures, and tempera-

"tures) for the final design airplane were identical to those reported for the

strength design except for the airloads which reflected the additiona’ NASTRAN
internal load run. An example of this environment is presented in Table 12-84 for
the symmetrical flight conditions at Mach 0.90 and Mech 1.25. A detail description

of the point design enviromments for the final design airplane is contained in

‘Section 11 of this report.

Penel Analysis - The wing penel geometry calculated for the strength sized airplane

were reviewed with respect to the results of the flutter optimization study aznd the
ensuing internal loads run. The results of this review indicated the chordwise
panel concepts (eircular-arc convex-beaded concept), which are predominately
designed by normal pressure, experienced a relatively slight decrease in inplane
loads due to the change in airframe stiffness; thus, it was felt no additional
analysis wasvwarranted and the strength-size panel geometry was incorporated into

the final design airplane,
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TABLE 12-83,

TASK IIB, MACH 1.25 LOAD CONDITION

COMPARTISON OF WING SURFACE LOAD INTENSITIES -

*LOAD INTENSITY (ULTIMATE), LBS/IN.

HYBRID HYBRID
PANEL IDENTIFICATION (STRENGTH) (FINAL)
REGION NUMBER | DIRECTION | UPPER | LOWER | UPPER | LOWER
WING- 40322 Nx -151 597 -242 434
FORWARD Ny 1106 1400 -1032 1425
Nxy 130 215 102 166
40236 Nx -67 246 -183 62
Ny -14650 15196 | -16456 16622
Nxy 453 367 491 781
WING 40536 Nx -1073 10998 -831 699
AFT BOX Ny -143(3 14014 | -16372 15508
Nxy 1495 1599 1615 1646
41036 Nx 1812 1297 -2464 1898
Ny -4220 3588 -5645 4697
Nxy 2106 1909 1915 1812
41316 Nx -1638 1405 -1931 1656
Ny -12407 11188 | -13240 11333
Nxy 4009 2990 4072 2739
WING TIP .
41348 Nx -1207 1379 | -1200 1431
Ny -6897 6657 | -9006 8090
Nxy 2284 2281 2666 2556
*LOAD CONDITIONS:
TASK 11-B CONDITION 12: MACH 1,25, nz = 2.5, W = 690,000 LB, Ve = 294 KEAS
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TABLE 12-84. WING POINT DESIGN ENVIRONMENT, FINAL DESIGN -
TASK ETB, MACH 0.90 (Vc) AND 1.25 (VS) LOAD CONDITIONS

% =3 CONDITION @ SYMMETRICAL FLIGHT, STEADY MANEUVER AT MACH .90 [Vp), n 225
g E"j POINT DESIGN REGION
& E ULTIMATE - : : a1
= DESIGN TEM UNITS 40322 21316 ] 41348 40236 40536 036 -
=3} > LoADs UPPER LOWER UPPER LOWER UPPER LOWER UPPER LOWER UPPER LOWER UPPER LOWER
E'_" SURFACE SURFACE SURFACE SURFACE SURFACE SURFACE SURFACE SURFACE SURFACE SURFACE SURFACE | SURFACE
% i;g N LB/IN - 219 + Led - 1,473 +1,237 - Bs€ ~1,028 + 15 L - 35 + 279 -1,562 +1,083
r@ AIRLOADS Ny LB/AIN -1,0k9 41,38 ~10,10€ +B.620 =£.598 5,562 =14, 31 -1k, 762 ~1k,10 +1, ¢85 -4,735 o |
= Nev LB/ 5 (166 | 3730 2,82 1 2€o08 2,6u1 272 370 1.159 1,300 2,773 1.h54
e : €x INJIN 0 0 [+ o 0 0 0 [u]
_E}j‘ THERMAL - 4] 0 9 a _
~ STRAIN €y INNIN 0 o] 0 0 0 4] 1] 0 0 .0 s} 1) e
€xy INfIN 0 0 0 0 0 0 0 0 0 o o 0
AERO sl e 1401 - 0.30f- 5] - 37| - 3.8 - 830 - 2,99 |- c.hb |- 1.35 | - 0.49)~ 2.0 | - 0.3
PRESSURE FUEL - psl - Lol |- 870 2 2 s} 0 - 5.01 - g.24 |- L.so | - L.50 > i)
NET (] - &3 | - .00 |- €.75 | - 3.76 [ - 3.€8 | - 0.30 |« .00 |- 9.65 |- 5.85 | - L.9g | - 2.10 | - 2,36
T, o T
TEMPERATURE AV F 17 52 48 41 b 33 i 53 us L5 48 1
ml—" AT op . 37 D - 7 + 15 - 2o - a - 37 - v . 30 - 35 + 27 + 15 e~
o
Fes CONDITION @ SYMMETRICAL FLIGHT, STEADY MANEUVER AT MACH 1.251V ), n =25
o
POINT DESIGN REGION
ULTIMATE -
DESIGN ITEM uNITS 4322 41316 41238 40236 A0S, 41036
LoADS | UPPER LOWER UPPER LOWER UPPER LOWER UPPER LOWER UPPER LOWER UPPER LOWER
SURFACE SURFACE SURFACE SURFACE SURFACE SURFACE SURFACE SURFACE SURFACE SURFACE SURFACE | SURFACE
Nx LB/IN - 24p + b3k - 1,931 - 1,050 -1,200 1,431 -~ 153 - - B +om —2.h6h +1,808
AR L@.Ds Ny LBAN _1,032 +1,475 -13,242 +11,333 -9,00( -3,090 -1¢,h5E +1E,622 -19,372 +15,508 ~5,645 +L, €57
Ny LB/IN 102 1€€ 4,072 2,733 2,66C 2,55¢ Lal 5L 1,615 1,646 2,33k 1612
TMERMAL €x INAIN [s] 4] ] 0 0 bs) Q o o, q 0 [
STRAIR - €y INnN o 0 0 a 0 -0 0 0 o 0 0 g
Exy __INaN a 0 v} o o 0 0 o o o 0 o y—rm
AERO Ps1 - 1.7 { - 0,06 [~ - 4,93 |- .26 | = 5,07 - 2.9¢ |- 3.03 |- 1.20 |- 1.27 | - g.26 |- 157 |+ o001
PRESSURE FLEL Psl - L.97 { - B.f9 3 a > 2 - 5.08 |- 9,31 1« 4.50 | - 4.59 g .
NET sl - 6.b4 ) o - 583 (- L.g8 |- 2.2¢ | = s5.07 | - _9F |- 8.1 |-  10.51 |- S5.07 1\ = .76 le  3.27 1o i
T, o BT : =7 3 2 T a7 a7
TEMPERATURE aY it il it 3 a7 22 BT AT a7 2T =T BT
AT °F 9 2 ° 2 N 3 s o] s} [ 2
NOTES: (1) A 1.25 FACTOR HAS BEEN APPLIED TO THE THERMAL STRAIN WREN THE SIGN IS SAME AS THE AIRLOAD
[

SIGN, OTHERWISE NO FACTOR APPLIED.
(2} PRESSURE SIGN CONVENTION: NEGATIVE = SUCTION

e
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The point design regions utilizing the honeycomb sandwich concept (regions 41036,
k1316, and 41348) experienced reletively large changes in inplane loads due to the
modification of the airframe stiffness. For regions 141316 and 41348 the inecreased
panel thickness required to meet the flubtter speed was much greater than the
corresponding change in internal loads due to the aeroelastic effect, e.g., for the
upper surface at region 41348, the thickness increased ll2-percent while the

inplane loads, as characterized by the spanwise load (Ny), increased only
30-percent, Hence the surface panels at regions 41316 and 41348 are stiffness
designed and their panel geometry and weight data are presented in Taeble 12-85. For
the honeycomb sandwich panel at vegion 41036, located inboard of the wing tip, the
fail-safe criteria required major changes in the panel proportions, i.e., 50- and
61l-percent chaﬁges in face sheet thickness over the strength design for the upper and
lower panels, respectively. Section 13 presents the anelysis and required panel

geometry for this region.

Substructure MAalysis - Typical substructure was investigated for application to the

structural arrangement of the final design eirplanes. This substructure included:
rib caps, rib webs, sper caps, and spar webs. In addition, noncoptimum factors
applicable to each concept were added. The strength‘design geometry and weights
were used for those substructure components experiencing slight or no change in

applied load.

The major weight components for the substructure are the spar caps and these results
are presented in this seetion. As with the strength design, the chordwise point
design regions (40322, 40236, and 40536) incorporate submerged metallic spar caps
with B/PI reinforcement; whereas, the monocoque regions (41036, 41316, and 41348)
use an all metal design incorporating a densified core insert with mechanical

fasteners for attachment to the surface panels.

For the composite reinforced spar caps, the maximum spanwise tension and compression
loads intensities are shown in Table 12-86. In addition, the total load on the caps
(Wy times b) are defined at each point design region: The stress analysls was con-
ducted using the same methods and.allowables as defined for the Task I composite
substructure enalysis and is showm in Table 12-87. Figure 12-59 presented the
ellowable axiel stress (tension or compression) for the B/PI reinforced caps. As

a result of the stress asnalysis, the spar cap geometry and correspondiﬁg weight are

shown in Table 12-88, The weight of the composite reinforced spar ecaps ranged from
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TABLE 12-85. PAUEL GEOMETRY AND WEIGHT DATA FOR THE FINAL DESIGN MONOCOQUE PANELS - TASK IIB

20281

POINT DESIGN REGIONS |
41316 41348
UPPER LOWER . UPPER LOWER
SPACING, in.
RIB 40.0 40.0 40.0 40.0
SPAR - 40.0 40.0 30.0 30.0
DIMENSIONS | |
i, | 1.00 500 1.00 500 L
" ’ in .062 .075 .068 .068
t" . - 062 075 .068 068
tz'in' 002 002 .002 002
S“'in_' 500 500 .500 500
WEIGHT DATA |
= 131 153 143 .139
W, 1bfs . 3.02 3.52 3.29 3.20
CRITICAL DESIGN COND. FLUTTER FLUTTER FLUTTER FLUTTER

DIMENSIONS EXTERIOR SURFACE

S=CELL SIZE

t= CORE FOIL
THICKNESS

.
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TABLE 12-86. SPAR CAP APPLIED LOADS FOR THE BASIC WING REGIONS, TASK IIB

MAXIMUM SPANWISE(T) MAXIMUM SPANwISE(T)
TENSION LOAD COMPRESSION LOAD IGN LOAD .
POINT » SPAR | DES ADS (ULT.)
DESIGN WING SPACING Ny Py Ny, Py Pr Po
REGION | SURFACE b, (in.) COND. | (ibfin} | (kipsi2 | conp. | tibfind | (kip2) | FACTORE | (kips)(4) | (kips)(4)

- 7
w0322 UFPER 227 14 a0 | 81 15 | -1,100 | -25.0 1.1 10,0 ///,z%//
| Lower 22.7 12 1,400 | 218 14 600 | -13.6 11 V//)l//% -15.0

' | Z7%
40236 UPPER 21.2 14 8,100 171.4 12 | -16,400 § -348.9 1.1 190.2 A

LOWER 21.2 12 16,600 | 352.4 14 | -7,800 | -164.4 11 'M -182.5
A

7
10536 UPPER 212 14 7500 | 158.8 12 | -16,400 | 347.1 1.1 176.3 W%
LOWER 21.2 12 15,500 | 328.8 14 | -6,600 | -140.2 1.1 V/M, -155.6

| 7
UPPER 21.2 14 2)500 | 537 12| 5600 | -119.7 12 | 623 // 5/

41036
- LOWER 21.2 12 4,700 99.6 14 | -2000| -429 1.2 W/% -49.8

£0g-21

1. CONDITION DESCRIPTION AND LOAD INTENSITIES PER SECTION 11
2. CAPLOAD {Py} = N, x& '

3. CORRECTION FACTOR TO ACCOUNT FOR SUBMERGED CAPS

4. Pr = MAXIMUM TENSILE LOAD

Pg = MAXIMUM COMPRESSIVE LOAD

VA
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nog—ct

.CT _ .
1. fv = PyLt + AT

2, ALLOWABLE STRESSES {F;:'T) PER FIGURE 12-59

3. MARGIN OF SAFETY = (Fo'! + fo'")- 1.0

TABLE 12-87. SPAR CAP STRESS ANALYSIS FOR THE BASIC WING REGIONS, TASK ITB
DESIGN LOAD AREA
POINT SPAR et % ct | MARGIN
DESIGN SPACING COND. PULT Am Ag At fy' COMPOSITE Fy’ OF
REGION SURFACE (in.) NO. | (kies) (in2} | (in2) {in.2) (‘{(si} (Ac/AT) {esi} SAFETY
40322 UPPER 22,7 15 275 | 0.24 - 0.24 | -114.6 - -131.0 0.14
LOWER 22.7 12 350 [ 040 - 0.40 87.5 - 90.0 0.03
40235 UPPER 21.2 12 -387.3 | 0.45 | 151 1.96 -197.6 77 -198.0 0.00
LOWER 21.2 12 391.2 | 0.45 2.50 295 | 1326 85 139.0 0.05
40536 UPPER 21.2 12 -385.3 | 0.45 1.50 1.95 -197.6 77 -198.0 0.00
' LOWER 21.2 12 3648 | 045 | 230 2,75 13.7 84 138.0 0.04
41036 UPPER 21.2 12 <1388 | 045 | 0.4 0.86 | -161.4 48 -162.0 0.00
: LOWER 212 12 1165 | 045 | 0.50 0.95 | 121.6 53 122.0 0.00
NOTES:

i
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TABLE 12-88. SPAR CAP GECMETRY FOR THE BASIC WING REGIONS. TASK IIB
- UNIT
' SPAR CAP DIMENSIONS AREA WEIGHT
POINT SPAR
DESIGN SPACING h b H w t 1 Am CAg w
REGION {in.) {in.) {in.) {in.) (in.} (in.} {in.} {in.2} {in.2) {Ib/sq.ft)
40322
UPPER 227 - - - 1.50 .16 - 0.24 - 0.24
LOWER 22,7 - - - 1.50 .27 - 0.40 - 0.41
40236 - _
UPPER 21.2 .38 1.00 1.20 2.50 12 L2 0.45 1.51 1.23
LOWER 21.2 .62 100 1.20 2.50 A2 J2 0.45 2.50 1.71
40536 .
UPPER 21.2 .38 - 100 1.20 2.50 12 12 0.45 150 1.22
LOWER 21.2 .58 1.00 1.20 2.50 .12 12 0.45 2.30 "1.61
41036
UPPER _ 21.2 .10 1.00 1.20 2,50 .12 .12 0.45 0.41 0.69
LOWER 212 12 1.00 120 2.50 .12 12 0.45 0.50° 0.73

e T

-

W

SAL -4V {ANN.} TITANIUM

B/PI COMPOSITE REINFORCEMENT

g
"

EQUIVALENT UNIT PANEL WEIGHT, Ib/sq.ft.
{Pp x Apg + Pe x Ag) x 144/SPAR SPACING

WHERE:

PM = TITANIUM DENSITY = 0,160 Ib/in,3

Ay = TITANIUMAREA = (H-t{lta + Wx tq
Pc = BORON/POLYIMIDE DENSITY = 0,072 Ibfin.3
Ac = BORON/POLYIMIDE AREA = 4xbxh

e
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a minimum of 0.024 1b/sa,.ft for the upper cap at region 40322 to a maximum of
1.23 1b/sq.ft for the corresponding cap at region L0236.

The spar cap geometry and weight for the honeycomb sandwich panels at regions 41316
and 41348 are shown in Table 12-89 and a sketch of this design was previously pre-
sented in Figure 12-38. Thir table displays the cross—-sectional area of each of
the spar cap components {doublers, densified core, and web attachment) as well as
the total weight. A minimum weight of 0.12 1b/sq.ft is indicated for the spar caps
at region 41316 with a maximum weight of 0.16 1b/sq.ft noted for the upper spar
caps at region 41348,

A summary table of wing spar cap results is shown in Table 12-90 for the six wing
point design regions. This table summarizes the material system, panel dimensions,

cap areas, and unit weights for each regilons.

In addition to the primary Boron/pmlyimide (B/PI) material system used in the
design of the chordwise spar caps an alternate Boron/eluminum (B/Al) design was
evaluated for back-up purposes. The rpars at region L0536 were selected for this

investigatio= due to the relatively high spanwise loading.

The results of the welght/strergth analysis conducted on the B/Al spar caps are
shown in Teble 12-91 and includes the corresponding B/PI design data for ccmparlson

purposes, Similar to the B/PI design, & minimum area titanium substrate of 0.45 1n.

was considered in the stress analysis. The B/Al allowable stresses (tension and

compression), and the modulus and density are presented in Figure 12-7T9 as a func-
tion of the Boron/Aluminum fraction of total area, With reference to the tension
allowable, no pertinent fatigue data was found concerning the fatigue life of the
combined B/AL and titanium material system. Thus, the tension cut-off stress for
the combined system was based on the fatigue allowable of the Boron/Aluminum mate-
rial obtained from data published in References 8 and 9. The B/AL tension cutoff

stress used for this investigation corresponding to a stress ratioc (R) of 0.4,

In conclusion, the B/Al design for the upper spar caps show a T-percent weight sav-
ings over the B/PI design. Convergsely, the B/A1l material is the heaviest design for
the lower surface caps indicating a welght penalty of 30-percent. Comblnlng this
data results in an overall weight penalty of approxlmately lh-percent for the alter-
nate B/Al gpar cap deSIgn.
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TABLE 12-89. SPAR CAP GEOMETRY FOR THE WING TIP REGIONS, TACK IIB
SPAR DOUBLER WEB ATTACH CORE

POINT SPACING —
DESIGN WING h tdo i Ap Ap Ag Aw h te Sp Sp T w
REGION | SURFACE {in.) {ind | Gind | {in2) | {in2) | (02} | (02} [ (ind | Gind | (in) | (ind | AA | {in2fin. | (Ibfsq.ft)
1316 UPPER 40.0 023! .020| .086 | .08 08 | .08 | .853| 002 | .12 | 50 | .043] .005 115

LOWER 40.0 024 | 020 | .088 | .08 o8 | .08 | 326|002 .12 | 50| .016] .005 115
11348 UPPER 30.0 023| 020 086 | 08 [ .08 | .08 | .8a1| 002 | .12 | B0 | 043 .007 .161

LOWER 30.0 023 | 020| o086 | .08 | .08 .08 | 341| 002 | .12 | 50| 017 | .008 .138

Ap

1o

L0221

i

I

u

]

It

s DOUBLER AREA {(Ap)

2.00 {tgo + tg)

OUTER SKIN DOUBLER

INNER SKIN DOUBLER

s WEB ATTACHMENT AREA {Ay}

(Ag+Ap x 1/2 = .10in2

BULKHEAD ATTACHMENT = .08in.2

INTERMEDIATE SPAR ATTACH = .12in.2

e DENSIFIED CORE INSERT

AA

|

{to/S = INSERT (t,/S} - PANEL (t/S)

]

]

[

4.0 hA{tyfs)

CELL SIZE

CORE HEIGHT

CORE FOIL THICK

» EOQOUIVALENT PANEL VALUES

.

w

23.04x1

UblAp + Ay + AA)

e e .



TABLE 12-90. SUMMARY OF WING SPAR CAP RESULTS, TASK IIB

SPAR CAP —
POINT SPACING CAP AREA (in.2) WEIGHT, :
DESIGN CAP b W
REGION LOCATION CAP DESIGN {in.) Ag Ay ATOTAL {Ib.Jsq.ft.}
40322 "~ UPPER ALL METAL 227 - 0.24 0.24 0.24 :
LOWER BAI-4V Ti - 22.7 - 0.40 0,40 0.47% :
CAP {
‘2 40236 . UPPER 6AI-4Y Ti CAP 21.2 1.51 0.45 1.96 1.23
LOWER WITH B/PI REINF 21.2 2,50 0.45 2.95 1.71
40536 UPPER 6Al-4V Ti CAP 21.2  1.50 0.45 1.95 1,22
LOWER WITH B/PI REINF. 21.2 2.30 0.45 275 1.61
- 41036  UPPER 6AI-4V Ti CAP 21.2 0.41 0.45 0.86 0.69
e TH B&PI —_
8 LOWER wi 21.2 0.50 0.45 0.95 0.73
S REINFORCEMENT ,
41316 UPPER ALL METAL ' 40,0 - 0.21 0.21 0.12
LOWER BAI-4V Ti CAP 40.0 - 0.18 0.18 0.12
41348 UPPER ALL METAL ' 30.0 ~ 0.21 0.21 0.16
" LOWER BAl-4V Ti CAP 30.0 - 0.18 0.18 0.14
NOTES: _
Ag = COMFOSITE AREA pc = COMPOSITE {B/PI) DENSITY; .072 Ib/in3
Ay = METAL AREA Py = METAL {6A1-4V) DENSITY;.160 Ib/in3
ATOTAL = Ac +Am b = SPAR SPACING
W = EQUIVALENT SURFACE PANEL WEIGHT,
Ibfsq.ft.; 144(A. po + A Pdb

e -




602-21

PABLE 12-91. WEIGHT COMPARISON OF THE ALTERWATE COMPOSITE REINFORCED SPAR CAP DESIGN, TASK IIB
DESIGN
LOADS AREA UNIT
POINT SPAR CT cT MARGIN | WEIGHT
DESIGN SPACING | SPAR [COND.{ Pyt | AM: | Ac | AT fy’ % Fy. OF w
REGION | SURFACE | {in) DESIGN | NO. | {kips) | {ind) | {in2) | (in4 | {ksi} | COMPOSITE | {ksi) | SAFETY | (ib./sq.ft)
40536 | UPPER 212 | B/P 12 | -385.3| 0.45 | 150 | 1.95 | -197.6 77 -t98.0| 0.00 1.22
LOWER 21,2 | REINF. | 12 | 3648)045 | 230 | 275 | 1327 84 1380| 0.04 1.61
UPPER 21.2 B/Al 12 -385.3 | 0.45 0.95 1.40 | -275.0 68 -275.0 0.00 1.13
LOWER | 212 | REINF. | 12 3649} 045 | 238 | 283 | 1200 84 129.0 | 0.00 2.09
w = EQUIVALENT SURFACE PANEL UNIT WEIGHT, Ib./sq.ft.
B/P| OR B/AL COMFOSITE .
REINFORCEMENT = (PgAc+ P AN x 144/SPAR SPACING
WHERE:
P = COMPQSITE DENSITY = .099 Ib./in.3(B/AI)
= 072 Ib./in.3{B/P1)
NN BAL -4V (ANN.) TITANIUM Py = TITANIUM DENSITY = .160 Ib./in.3
ApmAc = AREA, in2

A
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. using the internal loads resulting from the 3-D structural model redundant analysis.

[N

Wing Box Unit Weights - A compilation of the component and total wing box unit

wveights are shown in Table 12-92 for the Task II hybrid structural arrangement.

These weights refleet the results of the iterative design cycle conducted on the

strength and strength/stiffness designs. The weight penalties associated with the

remaining disciplines included in the structural analysis (fail-safe, sonic fatigue,

et~.) are reported in their respective sections and are not reflected in the detail l
weights of Table 12-92, 1

For the chordwise design regions (47322, L0236, and 40536), & minimum-weight of |
3.80 1b/sq.ft occurs at region 40322 and a maximum-welght of 6.99 1b/sq.ft is l
noted at region 40536, The remaining chordwise region at 40236 has a unit weight |
of 6.79 1b/sa.fh. i

|

With respect to the regions which incorporate the monocogue design (41036, L1316,

and 41348), region 41036 is the minimum-weight region with a unit weight of 5
] .60 1b/sq.ft followed by regions 41316 and L1348 which nave weights of T7.37 1b/ |
sq.ft end T.44 1b/sq.ft, respectively.

FUSELAGE STRUCTURAL ARRANGEMENT - TASK ITB

The Task II fuselage analysis was conducted using the most promising fuselage con-
cepts surviving the Task I Analytical Design Studies. These concepbts included both
the zee-stiffened and elosed hat-stiffened panel configuratidns. The zee-stiffened
configuration is applicable in the lighily loaded forebody region and the hat-
stiffenad concept is used for the higher loaded midboay and aftbody regions. Float-

ing zee-shaped fremes with skin shear ties were the frame concept considered. These
structural concepts are showm in Figure 12-80. TIn addition, the panel configurations

were investigated for hoth metallic and composite reinforced meterial systems.

Similar to Task I, the analysis was conducted at four fuselage point design regions

Section 9 contains a detall deseription of the model, model inout data, and the

resultant load intensities.
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TABLE 12-92. DETAIL WING WEIGHTS FOR THE TASK II HYBRID STRUCTURAL ARRANGEMENT _

POINT DESIGN : _
REGION 40322 40238 40536 41036 41316 41348
SPACING {in.)
SPAR 22.70 21.20 21.20 21.20 40.00 30.00
RIB 60.00 60.00 60.00 60.00 40,00 40.00
PANELS |
UPPER | o078 0.83 1.34 1.20 3.02 3.29
LOWER 0895 1.1 .06 | 120 3.52 3.20
» (1.71) {1.94) (239) - | -(240) (6.54) {6.49)
RIE WEBS
BULKHEAD 0.30 0.28 0.24 0.13 0.19 0.10
TRUSS 0.07 0.24 0.23 0.11 - -
2 (0.37) (0.52) {0.47) ©28 | (019 -] (0.10)
SPAR WEBS
BULKHEAD 0.34 0.36 0.28 0.10 0.19 0.30
TRUSS 0.30 0.54 0.49 0,19 - .-
3 (0.64) (0.90) (0.77) {0.29) (0.19) (0.30)
RIB CAPS
. UPPER 0.06 0.08 0.12 0.08 0.08 0.08
LOWER 0.07 0,09 0.08 0.07 0.07 0.09
2 (€.13) (0.17) {0.21 {0.15} (0:15) (0.17)
© SPAR CAPS
' UPPER - 0.24 1.23 1.22 0.69 0.12 0.16
LOWER 0.41 1.7 1.61 073 | 042 0.4
2, | (o.65) (2.94) (2.83) (1.42) (0.24) - (0.30)
NON-OPTIMUM |
MECH, FAST. 0.18 0.20 0.20 0.05 0.03 0,04
WEB INTERS, 0.12 0.12 012 - 0.05 0.03 0.04
> | (0.30) ~ {0.32) (0.32) (0.10) {0.08) {0.08)
S LT | | B \
2, |DESIGN | — 3.80 6.79 6.99 4.60 © 737 - 744
WEIGHT} FT
12-212
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Figure 12-80. Fuselage Structural Approach For Task II
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For the near-term conventionsal design, titanium alloy Ti-6A1-4V (annealed) material
was used for the fuselage structural errangement, i.e., panel and frame concepts.
In addition teo the conventional design, the potential weight savings associated
with using composite reinforced panels was investigated., For this study Graphite/
polyimide, Boron/polyimide, and Boron/aluminum material systems were investigated

for reinforcing the crown of the metsllic hat-stiffened panel concept.
Fuselage Point Design Reglons

The four,point Qesign regiong selected for analysis were FS 900, FS 1910, FgS 2525,
and FS 2900, These regions which are representative of the three general regions
of a fuselage are shown in Figure 12-81 and includes one region‘on the fuselage
forebody, two regions on the fuselage midbody (wing/fuselage interface), and an

aftbody region.

In addition to the planform view, Figure 12-81 contains cross-sections indicative
of the modeling technique employed to represent the frames in the 3-D structural
model, The panel and frame element identification for these regions ere showm in

Figure 12-82, This identification system is used throughout the panel and frame

" analyses and is identical to that used to specify the elements in the 3-D structurcl

model,
Fuselage Panel Analysis

The fuselage panel concepts were analyzed using both the conventionel and composite
reinforced material systems. This anslysis was conducted at the four point design

regions using the most critical point design environment for each region.

The results of this anaslysis are presented in the following text and inecluded:
(1) a section describing the methods of analysis, (2) the results of the metallie

panel analysis, and (3) the results of the composite reinforced panel analysis.

Fuselage Panel.MEthod - The fuselage panels were analyzed to determine the minimum

weight design for each of the structural-material concepts and are discussed in the
following paragrephs entitled: (1) panel loading, (2) stress analysis, and
(3) aliowables stress levels.,
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Panel Loading - The total inplane loads acting on the stiffened panels were defined

by the point design environment and includes:
X Nx,air * Nx,'t;hr

Xy ny,air'+ ny,thr

Ny = Ny,air

where Ny,air is equal to the hoop pressure force (NB = pr), and Nx,air’ Nx,thr’
Nky,air’ and, ny,thr are the air load and thermal load intensities as derived from
the NASTRAN redundant Structural Analysis using the 3-D structural model. The
meridional pressure force N¢ was conservatively neglected when the air load

component (Nx) was compression.

The Point Design Environment for all the flight conditions investigated are defined
in Section 11 with the loads for the most critical flight condition repeated in

Table 12-03.

Stress Analysis - The applied stresses on the panel are:

e o lx
x %
N

f' =—}§:
Xy t
NY

ﬁy "%

Where t is the extensional thickness of the panel in the X-direction and t is the

effective shear and membrane thickness.
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TABLE 12-93.

CONDITION SYMMETRIC MANEUVER ATMACH 2,70 {START-OF-CRUISE), WEIGHT = 660,000 LB., np = 2.5

FUSELAGE POINT DESIGN ENVIRONMENT — TASK IiB,
MACH 2,7 START-OF-CRUISE CONDITION

it

o FS 900 (23XXXX} FS 1910 {23XXXX)
O g : ITEM UNITS
= 3301 | 3302 { 3308 | 3304 | 3305 | 3308 | 3307 | 308 | 3309 | 4101 | 4102 | 4103 | 4104 | at05 | as0e
vd & . ‘
2 2 Ny wenn | s a7 8 5 37 2 13 a0 #72 | Be18 | 6288 | @79 | -ees | ms0 | 4em
i F . Nyy LBfiN - 7 -27 44 -45 -27 -44 -7 +3 +358 +850 +1110 +1136 +1088 +1025
\-d
Cé‘%; Ny, TH BN | 22 g +2 +25 +26 +29 +16 +1 Y +165 a1 255 488 738 23
a = Nyq. TH AN | - +4 7 + + - 9 7 a0 13 32 -40 42 a7 27
iz AERO PRESS. S - - - - - - - - - - - - _ _ _
INTERNAL PRESS, | PS) 1786 | 1785 | 1755 | 1785 | 1755 | 1785 | 1755 | 1755 | 1755 | 1755 | 1755 | 1755 | 1755 | 1785 | 17ss
NET PRESS. Psl1 17.55 1755 17.55 17.55 17.55 17.55 17.55 17.55 17.55 1255 17.56 17.5;5 12,55 17.55 17.55
5 TAVG. oF 342 339 as 334 332 233 333 333 333 295 200 305 312 320 324
0.
S AT op -105 -105 <106 105 -i06 -106 -106 -106 -106 <175 -170 -166 -162 -158 -157
o
FS 2525 (23XXXX) FS 2900 (23XXXX)
ITEM unITS
4801 4802 4803 4804 4805 4806 510 5102 5103 5104 5105 5106 5107 5108 5109
Ny LB/IN -12413 7932 -4066 ~1222 +664 +2319 -10441 -7108 -3674 ~1071 +785 +2403 +4822 +7934 +11862
Ny LBAN - +67 +67 +B 59 -120 -187 <110 -368 -864 -676 -695 687 -827 -387 ~338
Ny, TH LBAN | <320 | 457 | 30 | 645 | 785 272 | w7z | s | az | a2m | 3w 375 | 801 | 220 | 518
Ny, TH LBAN 5| e +26 w28 | +14 10 0| 4z "7 7 8 22 8 a3 8
AEHO PRESS. PSl - - - - - - - - - - - - - - -
INTERNAL PRESS. PS1 17,55 17.55 17.655 17.55 17.55 12.55 172.55 17.55 17.55 1755 17.55 17.55 17.55 1736 17.55
NET PRESS. PS1 1755 | 1755 | 1755 | 1755 | 1785 | 1755 | 1755 | 1785 | 1755 | 1755 | 1255 | 1765 | 1785 | 1wss | 1wss
Taves. °F 28 287 293 360 307 31 292 295 298 300 301 295 288 283 278
AT OF -188 <182 -180 177 <173 BFal 174 <165 <166 <149 -147 -150 -157 «167 77
L o o L BT T T T



The combined stresses were calculated using the following equations. Tor comp-
ression, the Octshedral Shear Btress Theory was used to caleulate the equivalent

stress

1/2

¢ =(s2_r¢ +£%4+30 2
eq X Y Y Xy

whereas, the combined tensile stresses were calculated using an equivalent stress

of:

Allowable Stresses -~ For the compression stress state both column buckling and
crippling were considered. For a simply supported beam, the wide columm theory for

compressive buckling

where
D2 =MNEI
in which

M = plasticity correction factor

+]

= area moment of inertia per unit width

The crippling strength of the stiffener and effective skin were determined using

the theory and method presented in Reference 10. In this reference, the crippling

stress is calculated for the stiffener (hat-section) by dividing the shape into its

component flat and curved elements., Using these elements the crinpling strength

for each element is cobtained and the average crippling strengbh of the section is

determined. |
ZF

_ cen
ch(an) T Zhn
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For the tension condition, the ultimate design gross area stress is limited to
90,000 psi for symmetrical flight and ground conditions, Section 13 contains the

fatigue analyses conducted to estebiish this design stress level,

Using the theory previously discussed, allowable curves were generated to facilitate
the fuselage structural analyses. An example of the fuselage allowable losds are
presented in Figure 12-83.

Metallic Panels - The conventional fuselage panels, Ti6Al-4V (ann.) material, were

analyzed using the internal loads shown in Table 12-93 . with the methods previously
discussed. Table 12-94 contairns the results of this analysis at eech of the four

point design regions.

The forward point design region at FS 900 is design by the operating condition,
i.e., applied l-g stresses at the mid-cruise condition compared to an operating
design allowable stress of 25,000 psi. This condition resulited in a 0.036-inch

thick zee-gtiffener and skin being the least-weight concept.

The remeining three point design regions are designed for the design ultimate loads
for the start-of-cruise condition. The closed hat-stiffened concept was analyzed
keeping a constent 6.0 inch pitch, a crown width of 1.5 inches, and a height of
1.25 inches. TFixing these dimensions facilitates splicing and allows the use of a
standard shear tie with only the thickness varieble. The results of the analysis
using these constraints are shown in Table 12—9& with the penel locations being
defined iu Tigure 12-82. With reference to point design region FS 1910, the skin
thickness ts varied from 0.04- to 0.07-inch with the stringer thickness ranging
from 0.03- to 0.06-inch. The equivalent panel thickness t ranged from a minimum
of 0.069-inch on the side panel (234104) to a maximum thickness of 0.129-inch for
the upper panel.  Region F§ 2525 has skin thicknesses ranging from 0,04-inch to
0.07-inch and stringer thicknesses varying from 0.03—ipch to 0.08 inch. A maximum
t of 0.1h9—inch occurs at the uppermost panel at FS 2525 and at the lowest panel
at point design region F8 2900. For these four regions, the thicknesses ranged
from 0,0k-inch to 0.07-inch and from 0.03-inch to 0.08-inch for the skins and

stringers, respectively.
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TABLE 12-94, FUSELAGE PANEL CGEOMETRY - TASK IT
FUSELAGE PANEL DIMENSIONS
POINT :
DESIGN PANEL CIRCUMF. bg | tg c f h |t | T
REGION CONCEPT LOCATION | (in) | (in) [(in} | (in) | Gind | (in) | (in)
FS 900 ZEE- 233301- 40 | .036 | .55 | 0.75 | 1.00 |.035 | .0586
STIFFENED 233307
FS 1910 HAT- 234101 60 | .07 (15 |0.80 !1.25 |.06 |.120
STIFFENED 234102 6.0 { .06 [1.5 |0.80 {1.25 {.05 |.109
: 234103 60 |.04 |15 |080 {125 .04 |.079
234104 60 .04 (15 |0.80 [1.25 |.02 |.069
234105 60 [.06 |15 |0.80 |1.25 |.05 |.009
234106 60 [.06 |15 |080 {125 |.06 |.119
FS 2525 HAT- 234801 60 [.07 |15 |0.80 |1.25 {.08 |.149
STIFFENED 234802 60 | .06 |[15 |0.80 [1.25 |.06 |.119
234803 60 (.05 |15 |0.80 |1.25 |.05 |.099
234804 60 |.04 |15 |0.80 |1.25 [.03 |.069
234805 60 (.04 (15 |0.80 |1.25 .03 |.069
234806 60 |.04 |15 |0.80 |1.25 |.04 |.079
FS 2900 HAT- 235101 60 .07 |15 |0.80 |1.25 |[.07 |.139
STIFFENED 235102 60 |.06 |15 |0.80 |1.25 |.06 |.109
235103 60 |.06 |15 }(0.80 |1.25 |.04 |.089
235104 60 .04 |15 |0.80 [1.25 |.03 |.069
235105 60 |.04 {15 |0.80 {1.25 |[.03 |.069
235106 60 .04 |15 |o0.80 |1.25 |.03 |.069
235107 60 |[.06 |15 {0.80 |125 |.04 |.089
235108 60 |.06 |15 |6.80 |1.25 |.06 |[.109
235109 60 |.07 [1.5 |o0.80 |1.25 |.08 |.149
PANEL DIMENSIONS:
s by -
i * ! 'l
, | mema— —l +  S— rom— )
h _ h
s 4 LWL os L i
| —
co ] b
tst tst
ZEE-STIFFENED CONCEPT HAT-STIFFENED CONCEPT
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The average panel thickness (%) and unit weight (w) were caleculated at each of the
four point design regions. An example of the technique used to caleulate these
average thicknesses is shown in Table 12-05 for FS 2565. These results are sum—

marized in Table 12-96 for each of the regions.

A meximum value of approximately 2.5 1b/sq.ft is noted for regions FS 2565 and
FS 2900, with the forebody region (FS 900} have & minimum~weight of approximetely
1.3 1b/sa.ft. A value of 2.40 1b/sq.ft is noted for region FS 1910,

Composite Reinforced Panels — An initial trade-~off study was performed to assess

the merits of reinforeing the crown of the hat-stiffener with Grephite/polyimide,
Boron/polyimide, and Boron/aluminum composites. This study was conducted on the
uppermost panels (maximum compressive loaded panel) at FS 1910, FS 2525, and

F3 2000. The crown reinforcement and the metal hat were optimized for the applied
compressive loads except for the constraint of a 6.0 inch stringer pitch. Skin

failure was limited to the initial bueckling strength.

The results of this study are shown in Table 12-07 and indicate for these high
compressive loaded panels the Boron/polyimide reinforcement affords the least-weight
design at each of the three point design regions. In general, the Graphite/polyimide
and Boron/aluminum designs had almost equal weights which sre approximately

0.05 1b/sq.ft heavier than the least-weight Boron/polyimide design. The Boron/
polyimide design at FS 2525 exhibits the largest percentage weight savings over the

homogeveous metal design, approximately 16-percent.

The second step in the composite reinforced study was a more detailed investigation
of the lightest-weight reinforcement (Boron/polyimide) determined from the initial
trade-off study. Table 12-98 summarizes the results of this investigation. This
analysis was conducted at FS 2900 using Boron/polyimide reinforced stringers at each
circumferential panel locations and included both constrained and non-constrained
geometries. For the non-constrained geometry designs, only the pitch was held con-
stant at 6,0-inches, the average unit weight of the panels at FS 2900 was 2.21 1b/
sq.ft. The corresponding weight for the conctrained Boron/polyimide reinforced hat-—
stiffened panel was 2.35 1b/sq.fi. These weights when compared to the all titanium
design, wnit weight of 2.56 1b/sq.ft, indicate a weight savings of approximately
8~percent and ll-percent for the constrained and unconstrained Boron/polyimide

reinforced design., respectively.
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TARLE 12-95. AVERAGE PANEL THICKNESS FOR FS2565 ~ TASK TIB
POINT
DESIGN PANEL PANEL ] c;
REGION CONCEPT ELEMENT (in.%fin.) (in.)
FS 2565 HAT- 234801 0,149 39,64
STIFFENED 234302 0,119 20,72
234803 0,098 23,68
234804 0.069 17.86
234805 0.069 11.82
234806 C.079 11.90
AVG, VALUES T =.1098 infin.; W = 2.53 Ib./sq.ft,

[}
-

=
I

23,04 x1T

'Mm

n
-1

TABLE 12-96, FUSELAGE PANEL WEIGHTS - TASK IiB

POINT

DESIGN PANEL T w

REGION CONCEPT {in.2fin.) {ib./sq.f1)

FS 800 ZEE- 0.056 1,29
STIFFENED

FS 1910 HAT- 0.104 2,40
STIFFENED

FS 2565 HAT- 0.110 2.53
STIFFENED

FS 2900 HAT- 0.111 2,56
STIFFENED

T = AVERAGE EQUIVALENT PANEL THICKNESS

w = AVERAGE PANEL UNIT WEIGHT
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TABLE 12-97. WEIGHT COMPARISON OF COMPOSITE REINFORCED PANEL CONCEPTS
UNIT WEIGHT {w), Ib/sq.ft,
AND PERCENTAGE WEIGHT SAVINGIT)
STRINGER REINFORCEMENT MAT'L
POINT
DESIGN NONE
REGION {ALL TITANIUM} GR/PI B/Pl B/Al
FS 1910 2,97 2.80 2.73 2,77
- 5.7% 8.1% 7.2%
FS 2525 3.44 2.94 2.90 2.96
- 14.5% 15.7% 13.9%
FS 2000 3.20 2.83 2.77 2.83
- 11.6% 13.4% 11.6%
NOTE:
1. PERCENTAGE WT. SAVING OVER THE ALL METALLIC
DESIGN.,
TABLE 12-98. WEIGHT COMPARISON OF B/PI REINFORCED PANEL CONCEPTS
UNIT WEIGHT {2), Ib./sq.ft.
PANEL STRINGER DESIGN
POINT
DESIGN PANEL WIDTH | ALLTITANIUM | B/Pi REINF. B/PI REINF.
REGION | CONCEPT D {in) (CONSTRAINED) | (OPTIMUM) | (CONSTRAINED)
FS2900 | HAT- 235101 39.70 220 2,77 2,78
STIFFENED | 525102 | 28.36 251 2.13 2,45
235103 | 22.70 2.05 1.86 2.01
235104 | 17.00 1.59 1.42 1.53
235105 | 11.36 1.59 1.42 153
235106 | 11.32 1.59 1.42 1.53
235107 | 17.04 2.05 1.86 2.01
235108 | 17.00 2,51 2,19 2.36
235100 | 39.71 3.43 2.85 2.98
n
AVG. w, Ibfsaft. = 2, Cpvif D, € = 2.56 2,21 2.35
=1 =1
AVG. % WT, SAVING - 137 8,20
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TFuselage Frame Analysis

The fuselage circumferential frame elements at each vpoint d.sign region were
analyzed to define the frame weight-strengbh reletionship. The typiecal frame con-
gtruction is shown in Figure 12-84 and includes views of the frame construction
between panel stiffeners and at the stiffeners., The typical frame is of sheet
metal construction and is k.0 inches deep with a flange width of 0.75 inch. The
frames are constructed to allow a 1.25-inch opening for the stringer run-through

with skin shear ties provided between stiffeners,

The methods used for analyzing the frames are outlined in Figure 12-85. This figure
presents the approach which includes the frame section properties, applied stress
equation, and the frame allowable stresses. The applied frame loads {axial force,
transverse shear, and bending moment) were obtained from the results of the NASTRAN
redundant structure analysis solution using the 3-D structural model. An example
of these model frame loads are presented in Figures 12-86 and 12-87 for point design
region FS 2525. These model frame loads reflect the maximum frame bending moments
and corresponding axial loads for the positive and negative gust conditions, condi-

tions 23 and 24, respectively.

Since the structure model reflect lumped section properties (i.e., one model frame
represents more than one actual frame) the model loads have to be reduced to reflect
a unit frame. TFigure 12-88 presenﬁs the relationship between actual frames and
model frames with the model frame at FS 3000 having the highest ratio (ten-to-one)
of the four point design regions. The nmidbody regions (FS 1955 and FS 2565) and
the forebcdy regions (FS 1000) have ratios of four-to-one and seven-to-one, respec-—
tively. Generally the actual frames lumped into any specific model frame represent
a small enough region to conclude that each frame has approximately egqual axial and
bending stiffness and & linear delumping of model loads {model loads divided by
number of actual frames) can be conducted without significant error. Frame stress
analyses were conducted at each of the four point design regions using the method
outlined in Figure 12-85 and the applied loads determined from the 3-D structural
model., An example of this analysis is presented in Table 12-99 for point design
region FS 2565. With reference to this table, the frume element identification
number coincides with tae identification system used for the 3-D structural model.

In addition, the number of actual frames lumped into the model frame are specified.
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AXIAL LOAD

BENDING MOMENT

FIGURE 12-85a
FRAME CROSS SECTION

® SECTION PROPERTIES PER FIGURE 12-85a
A=550tin.Z C=200in;!=11.33tin4

® APPLIED STRESSES:

=MC P _ M) £
=g 0.176(t).-ho.182(t_)
WHERE:

P = FRAME AXIAL LOAD

M= FRAME BENDING MOMENT

PER NASTRAN STATIC
SOLUTION, FIGURE 12-85b

® ALLOWABLE STRESSES PER FIGURE 12-85¢
COMPRESSION - LOCAL. CRIPPLING
TENSION - FATIGUE CUT-OFF STRESS (90,000 psi)

FIGURE 12-85a

Figure 12-85. Fuselage Frame Method of Analysis

FIGURE 12-85h FRAME LOADS

= T .
i LI
: N "

- A |
F -] t\ ~is

" NP

“ iy

B | S -

[

FIGURE 12-85c ALLOWABLES

T



€ €
115.0
/P TYPICAL \“LM TYPICAL |
SIGN 49 53) GRID GRID
" CONVENTION 224901 POINT _ POINT
> NUMBER NUMBER
2.4 ;
:::E: +B.4 \,‘_
/*-P T M"l“‘
& 224902
03
A7 £
994903 224903
ALL VALUES _ " ALL VALUES
04 ARE Ib x 103 ¥ 4+135.8 ARE in.-ib x 103
224904 224904
b .49.3 ) 224905 I 224905 |
i
g 224806 | -169.6 224906 I
0 —— f""-\ —— {f-'\\
! 20y L2 0938 —— — v — — — = { 01381
— ~7 -497.3 N M’
] 1 | i
| | 1
| i |
] |
| , ' |
1 I | |
] I | |
I : | [
.y |
— ,’J‘\\ l — f/ A I
10239 1~ — 102391 .
\ Vi -'--—._.__ - \\ /J"‘-—-____.- e
N —— ! hY - ———— N,
~0139] ~0133!}
\\ II \\ /‘
- r
AXIAL LOAD BENDING MOMENT
FIGURE 12-86a FIGURE 12-86b
Figure 12-86. Model Frame Loads for FS 2565, Condition 23,
Static Gust (Positive) at Mach 0.90
e

PN



0£e~2T

TYPICAL

+P
/ 46 49 GRID

| 4
/ 224901 2\(01) NUMBER
SIGN

Vi 02
+p CONVENTION
224902 47119

POINT

ALLVALUES | |
ARE Ib x 103

224904 |
05
224905 [ |
06 I
224906 \: 1
o ’ \
_..._!’0\23%_ ———— e {0138)
- \,_r“ 4
l i
{ ]
l }
|
|
o |
! |
I |
|
-~ |
30~ o __
o= /r— —— ._/’L\
0139}

T

AXIAL LOAD
FIGURE 12-87a

‘ TYPICAL

S1GN -
CONVENTION(D2)ER 0 182,09
4115

+M\.—

¥ 224802

ALL VALUES
. E in.- 3
108 AREin.-lb x 10
-25.8
|
+389.9
I hY
- {138
N N7/
T ~
i |
= |
| i
! |
!
i |
- --1'6£La3 |
\_IF = — /J\
=~ ~{0139)

BENDING MOMENT
FIGURE 12-87b

Figure 12-87. Model Frame Loads for FS 2565, Condition 2k,
Static Gust (Negative) at Mach 0,90

- ————



XITTVOD W00 J0
ST BHV TVNIDHO

TEe-zT

FS FS : FS
251714 31343  FS FS FS FS 67.036
{991.00) 12340 1475 1824 2079 2385  (264.00)
L i |
| 5607
ES FS F! . | (22429 IGC |
7.0666 18.2626 - 5568 5334
279.0 719,00 #7.3538 A\ 21,92 8C | {21.00) GC| 5552 v.5398
(279.60) (712.00 (1077.0} ] N2 121,000 T G een OC 121,251 OF| Laate e \
5314 o . — oo |-=w—1{17.00}
(20,923} 5757  caaa
p GC -‘————i' [e{el e
5461 (22.667) ot 6045 o {21.00)
t21.50) Gc—l' -1 I (23.80) ™ | - EP—
T e TR 3 SRy S .
= H T UHTTITTTTHTTOTER e
" 1 l -1 .}. -
el - . S - -
ACTUAL FRAMES
——] _...._.7 ——] ] | —— ]| ] [— p——— -‘-}%AMES
FRAMES
LBl 1 111 IZI.;:E —_
l i i MODEL FRAMES
|
MS, MS Ms MS
1000 1955 2565 3000
Py ——————
LUMPED FRAMES 7 4 4 10
AVG. FRAME SPACING 21,21 23.23 21.25 21,00

Figure 12-88.

Lumped Model Frames




A A AT

TABLE i2-—99. FUSELAGE FRAME ANALYSIS AT POINT DESIGN REGION FS2565

MAXIMUM NEGATIVE MOMENT CONDITION

MAXIMUM POSITIVE MOMENT CONDITION

LOAD REQUIRED LOAD REQUIRED
NO, INTENSITY | THICKNESS INTENSITY | THICKNESS
ACT. My M P P M M PL P -
FRAME | FR. | BEAM|COND.[ x103 | x103 | x103 {x103 | Njy { NouyT | tin [ tou|{COND.| x10°% | x103 | x103[x103( Ny [Nout | 'y | touT
ELEMENT| n | END | NO. | [in.b} {{in-lk}| (B) |{b} [{lofin)| (b.fin) | {ind | (icd | NO. |{inelb) |{in-b}| (b} [ Ub} | (bfin) | {Ibfin}§. (ind | (in)
: \\\
A -115.0 \ 829 {MIN)
224901 4 23 {-66.7)| -16.7 | 6.40] 7.60] 3,200| -2,600] .036 [NMNFRN] 24 (50.2) | 125 | -4.60]-1.15 | 2,420 | 2,000} .069 | .030
B 8.4 & 175
: N\
A +17.5 {MIN) <18.4 (M)
224902 4 24 {-209)( 75 | 1.02| o0.26] 1,400} -1,300} .030 | 047 | 23 (45.7) | 11.4 | -2.45|-0.61 12,120 § 1,900 .020
» 77, A
B 77.4 103.7 §\
A 77.4 108.7 \
224903 | 4 24 (92,8} | -232 | 124 | 3.10] 4,650 -3520( .052 | 083 | 23 |[(1227){ 30.7 |-17.1 |-4.27 | 6,180 | 4,620 081
B 1082 135.8 k \
A -108.2 1358 & {MIN]
224904 | 4 24 {-66.9} | -16.7 | 27.8 | &.90| 4,210{ -1,680} .047 | 057 | 23 {77.2) | 19.3 | -34.1|-852 | -4950 | 1,840 L) 030
B -25.8 185 &
A 185 {MIN) Q 25.8 LHH
224905 | 4 23 {-755)| <189 {-49.3 |-12.3 | 1,080| -5,560] .030 \ 24 (47.8) | 120 | 42.2|10.6 <180 { 4,020 |.030 | .045
B -169,6 \ 1215
! NN i
A 169.6 121.5 \
224906 4 23 | {-333.4)| -83.4 |-63.4 |-159 |11,780|-17,560] .131 | 146 | 24 |(255.7}| 639 | 55.8(139 |-8,710 |13,800 |.107 N\Y
' B -497.3 389.9
N

1. NOMENCLATURE

M, = MODEL LUMPED MOMENT
M = MOMENT PER FRAME = M; (AVGl/n

P; = MODEL LUMPED AXIAL LOAD

N; = 0.182 P £0.176M

tf = NiIF

AXIAL LOAD PER FRAME = P /n

= FLANGE LOAD INTENSITY (Ib/in.)

REQUIRED FLANGE THICKNESS

F = ALLOWABLE TENSION/COMPRESSION STRESS

n = NUMBER OF ACTUAL FRAMES

2. SIGN CONVENTION:

\:—:ﬂ
~ 4

MOMENT

/ -

AXIAL LOAD

. ————



The identification system and frame lumping ratios are shown in Figures 12-82 and

12-88. Ends A and B refer to the ends of the bar element used in modeling the freme.

As a result of the redundant structural analysis the model frame loads are available
for all flight conditions. These frame loads (axial load, transverse shear, and
bending moment) are scanned to define the most c¢ritical loads for each frame circum-
ferential element at the point design regions. Tor design region FS 2525 the maxi-
mum positive and negative bending moments (ML) and the corresponding axial load (PL)
are listed for the critical flight conditions. These loads occur for the positive
and negative gust flight conditions, conditions 23 and 24, respectively. 1In addi-
tion, the average moment of each element, which is used in the analysis, is dis-
played in parenthesis on the referenced table, The unit frame loads (M and P) are
determined by dividing the model loads (Mi and PL) by the number of actual frames.
For the specified frame showm in Figure 12-85e the maximum fiber load intensities
are calculated for the inner end outer flanges using the equation specified in

out) are calculated for the

tension and compression conditions using ellowable curve similar to those specified

Figure 12-85. The required frame thicknesses (tin and %

in Figure 12-85. Having obtained these thicknesses, the maximum values noted on
Table 12-99, define the final frame thickness.

The results of the point design stress analysis are used to calculate the equivalent
panel thickness (t) and unit weight (w) of the frames which are showm in

Tables 12-100 and 12-101 for the four point design regions. These tables contain
the individual frame element properties as well as the average egquivalent panel
thickness and unit weight. The nomenclature and equations for calculating these
values are defined in the footnotes. For clarity, the results of these caleculations
are summarized in Table 12-102. A maximum unit weight of 0.51 1b/sq.ft is noted
for point design region FS 2525 with regions FS 900 and F5 2900 having approximately
equal values of 0,20 1b/sq.ft. A value of 0.46 1b/sq.ft is indleated for FS 1910.

Fuselage Results
The' results of the panel and frame analyses were combined to establish the weight
trends of the major fuselage components, These values {sum of panel and frame

weight) are used as the basis for extrapolating tb the total faselage weight as

explained in the Mass Sectlon, Section 15.
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TABLE 12-100.

REGIONS ¥F8900 AND FS1910

FRAME GECMETRY AND WEIGHT DATA FOR POINT DESIGHN

e —

FUSELAGE FRAME PROPERTIES
POINT
DESIGN FRAME t A b T G
REGION ELEMENT {in.) {in2) {in.) {in.%/in.) {in.)
FS 900 223401 .029 214 21,21 0101 30.19
223402 .030 165 21,21 .0078 31.35
223403 047 .258 21.21 0122 25,09
223404 ,039 214 21.21 .0101 18.84
223405 .030 .165 21.21 0078 12,55
223406 .045 .248 21.21 0117 12,55
223407 041 .226 21.21 0106 16.91
223408 .030 .165 21.21 .0078 16,91
2234089 032 176 21.21 0083 21.12
223410 .030 .165 21.21 0078 43,95
AVG. VALUES T = .0093 in.2fin; W = 0.21 Ih.fsq.ft.
FS 1910 224201 .088 484 23.23 ,0208 39.64
224202 065 .358 23.23 0154 29,72
224203 096 528 23,23 .0227 23.68
224204 090 .495 23.23 0213 17.86
224205 .064 .352 23.23 0152 11.82
224206 114 627 23,23 0270 11.90
AVG. VALUES T = .020in.2/in; W = 0.46 Ib./sq.ft.
FRAME DIMENSIONS: t = FRAME THICKNESS
, A = FRAME AREA;5.50 xt
I b = FRAME SPACING
.00 —
13? t; = Alb
[ | M
C; = FRAME CIRCUMFERENCE
:r7$p ) n n
hAAVE) = D, Cf; -
i=1 i=
W{AVG.) = 23.04 x t{AVG.)
12-234
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TABLE 12-101. FRAME GEOMETRY AND WEIGHT DATA FOR POINT DEBIGN
REGIONS FS2525 AND F§52900

e -

POINT FUSELAGE FRAME PROPERTIES
DESIGN FRAME t A b T c;
REGION ELEMENT {in.) (in.2) {in.) (in.2/in.) (in.)
FS 2525 224901 073 402 21.25 ,0189 39,64
224902 065 .358 21.25 .0168 20,72
224903 006 528 21,25 .0248 23.68
224904 .090 .495 21.25 .0233 17.86
224905 .092 506 21,25 .0238 11.82
224906 153 842 21,25 .0396 11.90
AVG, VALUES T = .0223in.%fin.; w = 0.51 [b./sq.ft.
FS 2900 225201 ,035 .192 21.00 0092 39,70
225202 .035 .192 2100 |  .0092 28.36
225203 033 .182 21,00 0086 22,70
225204 .030 .165 21.00 .0079 17.00
225205 .030 .165 21,00 0079 11.36
225206 .030 .165 21.00 .0079 11.32
225207 .030 .165 21,00 ,0079 17.04
225208 035 192 21.00 .0002 17,00
225209 .030 .165 21.00 0079 39.71
AVG. VALUES T = .0085 in2fin; w = 0.20 Ib./sq.ft.
FRAME DIMENSIONS: t = FRAME THICKNESS
A = FRAME AREA;5.50 x t
’——-L‘ﬁ‘ b = FRAME SPACING
4.00 T = Ab
TYP
e | C; = FRAME CIRCUMFERENCE
75 n n
TYP TAVE.) =2 Cif; E C;
i=1 =1
w{AVG.) = 2.304 xTAVG.)
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The unit weights of the metallic fuselage design are summerized in Table 12-103.
This table lists the unit weight of each component {panel and freme), and the com-
bined total weight at each point design region. The heaviest-weight repgion Is

FS 2525 which has a total unit weight of 3.04 1b/sq.ft with the panel end frame
components weighing 2.53 1b/sq.ft and 0.51 1b/sq.ft, respectively. Conversely,

FS 900 has the least unlt weight, 1.51 1b/sq.ft, which is composed of 1.29 1b/sq.ft.
for the panel and 0.22 lb/sq.ft for the frame.
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TABLE 12-102. SUMMARY OF FRAME GEOMETRY AND WEIGHT

. e ——

FUSELAGE FRAM:Z PROPERTIES

POINT FRAME

DESIGN SPACING, b AREA, A T w
REGION {in) (in.2) {in2/in.) {Ib./sq.ft.)
FS 900 21.21 0.197 .0093 21

FS 1810 23.23 0.465 .0200 46

FS 2525 21.25 0.474 0223 51

FS 2200 21.00 0.178 .0085 20

A = AVERAGE FRAME AREA, in2.

n

n
= E CiAj Ci

=1 =1
T = EQUIVALENT SURFACE PANEL AREA, in.2fin,
= Alh
w = EQUIVALENT SURFACE PANEL WEIGHT, Ib./sq. ft.

= 2304xt

TABLE 12-103. DETAIL FUSELAGE WEIGLTS FOR THE TASK II STRUCTURAL ARRANGEMENT

FUSELAGE UNIT WEIGHTS {Ib./sq.ft.)
POINT
DESIGN PANEL FRAME TOTAL
REGICN WEIGHT - WEIGHT WEIGHT
FS 900 1.29 0.22 . 1561
FS 1910 2,40 0.46 2.86
FS 2525 253 0.51 ' 3.04
FS 2800 2.56 0.20 2.76
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APPENDIX A

HONEYCOMB SANDWICH FUSELAGE ASSESSMENT

INTRODUCTION

Preliminary structural anslysis was performed to determine the applicability of a
honeyecomb sandwich shell to a near-term Mach 2.7 supersonic cruise airecraft fuse-
lage design. This investigation included sizing of the honeyecomb shell ahb discrete
regions for the design bending moments and shears, and also for the discontinuity
stresses caused by the pressure and tempersture differentiel between shell and
frame at the operational condition. The resulting weight trends of the sandwich

shell were identified and compered to the conventional skin~stringer construction.
POINT DESIGN REGIONS

For the structural-meterial investigation of the honeycomb sandwich fuselege design,
selective regions of the airplane were chosen for esnalysis and definition of the
load-temperature environment., Four point design regions were selected and are
shown in Figure A~1 superimposed on the airplane configuration. Those regions se-
lected were located at fuselege stations 750, 2000, 2500 and 3000 .ad were consid-
ered as typilcal of the critical design regions on the fuselage and, in genersal,

clasgified as follows:
e Fuselage Forebody (FS 750) - Generally characterized as fatigue-designed
structure with low load intensitier due to fuselage bending.

e Fuselage Centerbody (FS 2000 and 2500) - Wing/fuselage regions subjected
to maximum body bending and wing spanwise loads.

e TFuselage Aftbody (FS 3000) - High body bending and torsion loads with

regions subjected 10 a high acoustic environment.

PRECEDING PAGE BLANK NOT FILMED
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Figure A-1. Definition of Fuselage Point Design Regilons
POINT DESIGN ENVIRONMENT

The load-temperature environment was defined at each of the aforementioned point

design regions to provide the foundation for the structural analysis and included:

o The load intensities due to the applied fuselage shear and bending

moments.
e The normel loads acting on the shell due to internal pressure.

¢ The average component temperatures and gradients associated with the

sandwich design.

The internal loads due to the fuselage shear and bending moments were calculated
using the external loads reported in Reference A~l. These external loads are
presented in Figures A-2 and A-3, with the following maximum point design values

for FS 2000, F§ 2500 and TS 3000.

12-pho

e e il

f e NN




SHEAR | =
LB g T T T
X103 |8 W
w3 ™
g \
600 L2 e
z k) 'rAxu/\
500 :
150
f - ’(5-5" -~ \
400 - ~,
% TAKI-‘M/ d
v L TRANSONIC CLIvE
kini) "’A"-.u._.-_» b VY2 -
: 2—
// 300 \ 300
200 S — v/
/ q =
o END OF 5 g
1 CRUISE M27 = 4
DAOOP NOSE ::I 3 BODY
o]_DYN. LAND. (DOWN) LAAM 85 = x STATION
500 1000 1500 2000 2500 Jooo 3500
DYN. LAND. (UP) oYN T
100 ] NEG. MANEUVER M 1.2 — f‘?,,“bm}/:\l———ﬁ* —
1 yp : .
MAX. CANARD|OYN. LAND. * BYN LANDING (P L~ \
200k 1.3 A
2 MAX CANARD
3 M3 NEG. MANEUVER |
aml& M12 1
1w
(%]
-D,
Figure A-2, TFuselage Shear Disgram
4
e
» i
-]
-l
2
K
8
Flw
|8
2 .
200 2\
g TAK! /
200 =
-
Py
f 150 150
/al- >
- \ TRANSONIC CLiMB
/ \\ M2
100 : ‘
L~ €0 CAUISE z g
/ ma7 & 5
3. Z
DYN. L.ANLD!NG l:)i\nﬁi/. LAAM 85 ] & BODY
. | ol = STATION
500 .
' — 1500 2000 2500 3000 o0
DYN. LANDING (UP) \
,/\
-100 P
MAX. CANARD M.3
g NEG. MANEUVER M 3 2
g
2002

Fipure A-3.

Fuselage Bending Moment Diagram
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Ultimate
Bervling Ultimate
Fuselage Moment Shear
Station {in-1bs) {1p)
6 3
2000 150 x 10 300 x 10
2500 200 x 10° 450 x 105
3000 150 x 10° 300 x 10°

The corresponding internal loeds were defined using the above applied loads end
theoretical bending (MC/I) and shear (VQ/I) distribution.

Pressurized cabin loads criteria for design differentisl pressures comply with
FAR 25.365 and were taken from Reference A-2. Design pressures are based on pro-
viding a 6000 ft. cabin altitude at & flight altitude of 70,000 feet. These con-
ditions produce a nominal cabin pressure of 11.8 psia, which combined with the
ambient pressure at 70,000 ft. altitude of 0.6 psia results in a nominal differen-

tial pressure of 11.2 psi.

Meximum design differential pressure includes a tolerance which accounts for vari-
etions in static reference, a regulator valve tolerance, and relief valve toler-

ances as illustrated in Figure A-h.

An envelope of differentiesl pressure values used to determine loads on the pressur-
ized cabin is shown on Figure A-5. The limits for structural design range from
-0.4 psi to 11.7 psi, with intermediate values between sea level and 38,000 feet.
The variation is established by considering & cabin pressure equal to sea level

pressure as a limiting value,

A differential pressure varying from -0.% psi to the appropriate meximum differen-
tiel pressure for a particular altitude, consistent with the design envelope shown
on Figure A-5, is combined with the external air loads and other appropriate struc-
tural loeds due to maneuvers or gusts., TFor the operational condition (ecruise), a
nominel differentiel pressure of 11.T7 psi was used in combination with the thermel
environment for evaluating the fatigue strength. The maximum fuselage shell mem-
brane forces (ultimate) due to the internal pressurization are shown iniTable A-1.
This table conteins both the meridionsl and hoop forces Tor each of the point de-

sign regions.
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R =SHELL RADIUS, in.
A= ENCLOSED PRESSURIZED AREA, in.2
C = SHELL CIRCUMFERENCE, in.

UNIT Ny = A/C, Ib/in, per psi

TOTAL Ny = px{UNIT Nx)' b/in.
e =px R

NOSE
GEAR
WHEEL
WELL

///
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TABLE A-1. FUSELAGE SHELL MEMBRANE FORCES DUE TO INTERNAL PRESSURIZATION
uniT | DESIGN (2) | yo7ap
POyl R A c N PRESSURE | qo = | HoO"
REGION| in. in.2 in. X p X ]
{Ib/in.) {PSI} {Ib/in.) {Ib/in.}
750 | 720 | m,761 | 4m 28.6 17.55 502 1264
o000 | 68.0 | 10,787 | 394 27.4 17.55 480 1193
2500 | 68.0 | 10,787 | 394 27.4 17.55 480 1193 .
3000 | 61.0 [ 11,690 | 383 30.5 17.56 535 1070
1. NOMENGCLATURE 2. ULTIMATE DESIGN PRESSURE

FOR START-OF-CRUISE FLIGHT
CONDITION

PRESSURIZ

—t—

2Lk

ED REGION

r’-

FS 750

4

FS 2000

N
\ WING BOX

LAl L

FS 3000

FS 2500
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Temperature varistions through the sandwich shell and frames were calculated using
the mission profiles defined in Reference A-2, These data are shown in Table A-2
for the maximum hesting climb and meximum cooling descent condition for verious

core thicknesses.

A summary of the point design enviromment which includes the inplane loads, normal
pressure, and temperatures is presented in Teble A-3 for the start-of-cruise

condition.

TABLE A-2. FUSELAGE TEMPERATURES, HONEYCOMB SANDWICH JESIGN

L
] i

@ tCC!RE 2

0.5-in. CORE: 0.5 X 0.005 X 3/16 HEX, t; = 0.04-in.
1.0-in. CORE: 1.0 X 0.0015 X 3/16 HEX, t = 0.04-in.

1.5-in, CORE: 1.5 X 0.002 X 3/16 HEX, t; = 0.03-in.

MAX, HEATING CLIMB MAX. COOLING DESCENT
MAX. °F END OF CLIMB MAX. °F DURING DESCENT
LOCATION togre = 0.5 1.0 15 toore = 0.5 1.0 1.5
T 425 440 438 31 28 | 27
To 408 341 324 .21 22 33
11 370 414 407
Ti2 336 264 239
T4 86 80 80

12-2h7
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START OF CRUISE; MACH NO. 2.7; n;=2.5

TARLE A-3. FUSELAGE POINT DESIGN ENVIRONMENT, HONEYCOMB SANDWICH DESIGHN

FS 750 FS 2000 FS 2500 FS 3000

ITEM  |UNITS | yppER | SIDE | LOWER | UPPER | SIDE |LOWER | UPPER | sIPE |LOWER | upPER | SIDE | LOWER

PANEL | PANEL | PANEL | PANEL | PANEL | PANEL | PANEL |PANEL | PANEL | PANEL | PANEL | PANEL

N, LB/IN {1580 | 200 |-1580 [11630 | 1230 — {15730 |1230 - J1e3e |1230  |-11670
Nyy wean | so | 250 50 412 | 1360 - 629 |20 | - 412 |1360 415
INTERNAL { PSI 1755| 1755{ 17.56] 1755{ 1755{ - 1755 1755 -~ 1755( 17.85{ 17.55
PRESSURE
Tavel! |9F 416 | 416 416 390 300 - 390 | 390 - 30 | 390 390
at?) og 20 | 20 20 100 100 - 100 | 100 - 100 | 100 100
NOTES:

1. AVERAGE FACE SHEET TEMPERATURE AT MIDBAY
2. TEMPERATURE DIFFERENCE BETWEEN FACE SHEETS AT MIDBAY

o
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DESIGN ALLOWABLES

The tension allowables established to meet the fatigue and fail-sefe requirements
of Reference 4-2 were used for this structural investigation., These requirements
were schieved by limiting the gross-area tension stresses for both the ultimate

and operational design conditions, For fuselege bending material, the ultimate
design gross area tension stress was limited to 90,000 psi, whereas, for the opera-
tionel condition, the gross srea tension stresses were limited to 25,000 psi for
the fuselege shell and 35,000 psi for the substrueture.

The tension and shear stresses were combined using the principal stress equation

and compared to the appropriate gross area tension allowable. The principal siress

o 1/2
P _fx-!-fa +[(fx-fﬂ) + F 2
S 2 = 2 Xy

where the biexial stress state is defined by the tension stresses in the axial (fx)

equation is

and, hoop direction (fg), and the shear stress fxy'

Allowable stresses were calculated for both the bending and shear general inste-

bility failure modes. The buckling equations ard curves defined in Reference A-3
were used to predict the allowable load of the sandwich shell in bending. For the
torsional buckling alloweble, Reference A-4 was used to define the allowable shear

flow.

The interaction formule used to combine the compression and shear loads was the

conservative straight-line equation

R, + R =1

where the quantities Rb and Rt ere, respectively the bending and torsion load

ratios.
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FUSELAGE WEIGHT COMPARISONS

Weight comparisons are shown for the honeycomb sandwich fuselage design and the
conventional skin/stringer design. Both were sized using a common design criteria.

Honeycomb Sandwich Design ~ A summary of the shell geometry end panel data for this

design is shown in Table A-U with the panel data reflecting the upper shell require-
ments. Face sheet thickness ranged from a minimum of 0,020 inches at FS 750 to a
maximum of 0,092 inches at FS 2500. Identical face sheet thicknesses of 0.070 are
noted for FS 2000 and ¥S 3000. At the centerbody and aft body regions, core height and
céll size were held constant at values of 0.75 inches and 0.25 inches, respectively.
At the forebody region, FS 750, a core height of 0.500 inches end a cell size of

0.187 inches were used for the design.

A weight summary of the complete panel at each station are shown in Table A-5 and
contains the weight attributed to the core, brazing material, and the basic face

TABLE A-h. TFUSELAGE PANEL GEOMETRY, HONEYCOMB SANDWICH DESIGN 5

POINT DESIGN REGION FS 750 FS 2000 FS 2500 FS 3000
SHELL GEOMETRY
RADIUS (in.} _ 72.0 68.0 £8.0 61.0
FRAME SPACING (in.) 40,0 40.0 40.0 40,0
PANEL DATA
HEIGHT, h {in.) 0.500 0.76 0.75 . 0.75
FACE SHT, THK., t (in.} 0.020 0.070 0.092 0.070
CELL SIZE (in.) 0.187 0.250 0.250 0.250
t
?
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TABLE A-5. SUMMARY OF FUSELAGE PANEL WEIGHTS, HONEYCOMB SANDWICH DESIGN
EQUIVALENT PANEL THICKNESSES
CELL FACE SHEET BRAZE CORE TOTAL
POINT HEIGHT SIZE ) B - ” ~
DESIGN h s t tr Wg tg Pe T T
REGION {in.) {in.) (in.} in.) {ib/ft?) (in.} (b/§t3) (in.) (in.}
FS 750 0.50 0.187 0.020 0.040 0.22 0.070 8.2 0.014 0,064
F$ 2000 0.75 0.250 0.070 0.140 0.20 0.009 8.2 0.020 0.169
FS 2500 0.75 0.250 0.092 0.184 0.20 0,003 8.2 0.020 0.213
FS 3000 0.75 0.250 0.070 0.140 0.20 0.009 8.2 0.020 0.169
T(TOTAL) = tp+tg+1g
where:
tg = 2tin W, BRAZE WEIGHT, Ib/ft2
£ - B P CORE DENSITY, Ib/ft3
8 T 1 pp c ,
Pe FACE SHEET MATERIAL DENSITY, Ibfin®
T, = oo by h SANDWICH HEIGHT, in
¢ - 178 B da

FACE SHEET THK., in.

N

- -
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sheets. The weight data for the 3003 aluminum braze alloy used for panel
fabrication was obtained from empirical date reported in Reference A-5. A core
density of 8.2 1b/ft3 was mainteined for all panel designs to preclude any locsl
failure modes {intracell buckling, face wrinkling) or an interaction of these modes
with the cylinder-buckling mode. This core density meets the core design criterion,
52,03, recommended in Reference A-3; where, &6is the ratio of core density to face
gheet density.

With reference to the panel weights displayed in Table A-5, the formulas used for
computing the equivalent thicknesses (%) and unit weights are shown in the
footnotes.

The freme weights for the honeycomb sendwich design are shown in Table A-6 and re-

flects the equivalent penel thicknesses of the frames for a spacing of 40,0 inches.

Conventional Fuselage Design - The conventional fuselage design was subjected to

point design analysis at the same regions using the identical design criterie as

used in the sandwich fuselage investigetion.

Table A-T shows the structural concept and corresponding penel dimension for shell
design at the most critical circumferential location for each point design region.
BEauivalent panel thicknesses ranged from 0.056 inches for the zee-gtiffened design !
at FS 750 to 0,184 inches for the hat-stiffened concept at FS 2500. Similarly, the _ i
frame equivalent thicknesses are shown in Table A-8 and includes the component

(frame and shear-tie) and totael thicknesses reaguired st each stetion.

Table A-G summarizes the component thicknesses, the toiel equivalent thickness for
each point design region, and the corresponding unit weights for the conventional
fuselage design., A meximum weight of 4.75 1b/sq. ft. is indicated for the upper
penel st FS 2500; whereas, the similerly located penel at FS 750 weighs 1.54 1b/
sg. ft.

Design Comparisons - Table A-10 summerizes the panel and total weight, frame and

panel, for both designs. The honeycomb design is heavier than the conventional
design at all fuselage stations investigated, with a maximm weight inereasse of
6-percent noted at FS 2500, This weight increment is attributed directly to the
panel weight as the weight of the frame for the conventlonal design are heavier

than those used in the sandwich fuselage degign. Tt is further noted from &
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TABLE A-6. FUSELAGE

——— ———

FRAME WEIGHTS, HONEYCOMB SANDWICH DESIGH

POINT FRAME FRAME EQUIVALENT

DESIGN CIRCUM. SPACING AREA PANEL THICKNESS

REGION LOCATION L, {in) A, (in2) t, {in.}

FS 750 UPPER 40,0 0,20 0.005
FIBERS

FS 2000 UPPER 40,0 0.20 0.005
FIBERS

FS 2500 UPPER 40.0 0.20 0.005
FIBERS

ES 3000 UPPER 40,0 0.20 0.005
FIBERS

comparigon of the basic panel data for each design, Tables A-~5 and A-T, that the
sum of the face sheets thicknesses for the sandwich design are equal to or less than
the corresponding equivalent thicknesses of the skin-stringer design.
pareasitic weight of the core and braze alloy overcome any strength/weight advantage
of sendwich design, e.g., at FS 2500 equal thickness designs are noted prior to
inclusion of the parasitic weight to the sandwich design; whereas, after these
items are sdded to the sendwich design en increase of epproeximately l6-percent is

noted.
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TABLE A-T. FUSELAGE PANEL GEOMETRY - CONVENIIONAL DESIGN

POINT A FUSELAGE PANEL DIMENSION
PANEL LOCATION
DESIGN CONGEPT by t C f h tgy t
REGION (IN.) (IN) {IN.} {IN.) {INL) (1IN (1N.)
FS 750 ZEE- TOP 4.0 .036 55 .75 1.00 .036 .056
STIFFENED SIDE 4.0 .036 55 75 1.00 .036 .056
BOTTOM 4.0 .036 55 75 1.00 .036 .056
FS2000 | HAT- TOP 6.0 080 | 15 .80 1.25 070 .145
STIFFENED SIDE 6.0 063 | 1.5 75 1.25 .040 .099
FS 2500 | HAT- TOP 6.0 100 | 1.5 80 1.25 .090 184
STIFFENED SIDE 6.0 063 | 1.5 75 1.25 .050 .109
FS 3000 | HAT- TOP 6.0 080 | 15 80 1.25 070 145
R STIFFENED SIDE 6.0 .063 | 15 75 1.25 .040 .099
53 BOTTOM 6.0 090 | 1.5 .00 1,25 .090 177
7
; L
f i st et bs o bs T C v f
‘ | 1 P Y { ! L7
- ~— ‘ T 1\ ) ' | * | S—— E—— | ‘}
h h
S T K sl f
1 * —_——
C —f=— 1
tst 1ot
ZEE-STIFFENED CONCEPT HAT-STIFFENED CONCEPT

S m———
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TABLE A-8. FUSELAGE FRAME WRIGHTS, CONVENTIONAL DESIGN
= 2
POINT ERAME EQUIVALENT PANEL THICKNESS (3), IN.4/IN.
DESIGN CIRCUM, SPACING SHEAR
REGION LOCATION {1N.) FRAME TIE TOTAL AVERAGE
FS 750 ALL 20,0 007 ,004 011 (.011)
FS 2000 UPPER 20,0 .018 ,006 .024 (023}
SIDE 20.0 ,016 006 .022 '
FS 2500 UPRER 20.0 016 .006 .022 (.022)
SIDE 20.0 016 006 .022 :
FS 3000 UPPER 20,0 .018 .006 .024
SIDE 20.0 015 .006 021 {.023)
LOWER 20.0 019 .007 .026
HTOTAL) = T{FRAME + T(SHEAR TIE)
FRAME GEOMETRY
__;l 5 ‘4__
3.8
SHEAR ' —¢_-
TIE
-bl 75 |<——
TABLE A-9. TFUSELAGE WEIGHT SUMMARY, CONVENTIONAL DESIGN
EQUIV, PANEL THICKNESS {IN.2/IN.) UNIT
POINT WEIGHT
DESIGN PANEL FRAME PANEL TOTAL w
BEGION CONCEPT T T T {LB/SQ. FT)
FS 750 ZEE-STIFF, 0.011 0.056 T A7 1.54
FS 2000 HAT-STIFF. 0.024 0.145 0.169 3.89
FS 2500 HAT-STIFF. 0.022 0.184 0.206 4,75
FS 3000 HAT-STIFF. 0.024 0.145 0.169 3.89

NOTE: THICKNESS AT UPPER CIRCUMFERENTIAL LOCATION SHOWN

W = 144 X P X T(Ib/ft?)

WHERE: P= u.170 Ibfin.3
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TABLE A-10. COMPARISON OF FUSELAGE SHELL WEIGHTS, CONVENTIONAL AND
HONEYCOMB SANDWICH DESIGNS
FUSELAGE SHELL WEIGHT, 1b. sq. ft.
CONVENTIONAL HONEYCONMB SANDWICH
POINT DESIGN

REGION PANEL TOTAL PANEL TOTAL
FS 750 1.29 1.54 1.47 1.59
FS 2000 3.34 3.89 3.89 4.01
FS 2500 4.24 4.75 4.91 5.02
FS 3000 3.34 3.89 3.89 4.01
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SECTION 13

FATIGUE AND FATL-SAFE ANALYSIS

INTRODUCTION

Anelyses were conducted to establish design stress levels for fatigue and fail-safe
evaluation of structural design concepts for an arrow-wing supersonic cruise air-
craft configuration. The primery structure was evaluated to meet the specific ser-
vice life of 50,000 flight hours and to support the fail-safe design load of 100 per-
cent limit load. Related design criteria as specified in the Federal Aviation Agency
FAR 25, Airworthiness Standards and the supplemental tentative Airworthiness

Standard for Supersonic Transports were used as the basis for this evaluation.

A description of design criteria, and the results of the fabigue, crack growth, and
fail-safe analyses are presented in the following text.

DESIGN CRITERIA

All commercial aircraft must be designed to meet Federal Aviation Agency FAR 25,
Airworthiness Standards: Transport Category Airplanes. For an advanced supersonic
transport, additionsal special provisions, similar to the tentative Airworthiness
Stendards for the Supersonic Transport, will be specified prior to the design of
such an aircraft. These criteria specify that the flight structure whose failure
could result in catastrophic failure of the airplane must be evaluated to meet either
the fatigue strength requirement, Section 25.571(b), or the fail-safe strength
requirement, Section 25.572(c). The wing, fuselage and empennage structure of all
commercisl aircraft are generally designed to comply with Section 25.5T71(c) and
therefore fatigue substantiation according to Section 25.571(b) is not required.
However, the structure is designed and generally fatigue tested to demonstrate to
the customers (airlines) that no major fatigue problems will occur during the service
life of the alrcraft. Therefore, in this study the various design concepts were

sized to meet both fatigue and fail-safe strength requirements.
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No requirements are currently specified for crack growth. However, crack growth
analyses were conducted to show that smgll cracks that are likely to be missed on
a given inspection will not grow to catastrophic fallure before the next inspection
period which is of the order of 8,000-12,000 flight hours.

Fatigue Design Criteria

The basgic fatigue design criteria for this program is to provide a structure that
will be good for a service life of 50,000 flight hours. Approprizte multipliing
factors are spplied to the design life for use in establishing alloweble design
stresses as discussed in Section 4. For structure subjected to spectrs loading,
the allowables are selected using a factor of 2 times the service life of

50,000 hours. For areas of the fuselage structure subjected to constant amplitude
loading the allowable stresses are selected for 200,000 flight hours {50,000 x k).
A larger factor is applied to constant amplitude loading because the scatter in

fatigue test data is larger for this type of loading.

Pail-Safe Design Criteria

Fail-safe designs are employed for the wing and fuselage structures which must be
capable of supporting the fail-safe design load of 100 percent Limit Load, as
defined in the tentative Airworthiness Standards for 88T, for the damage cases

sumnarized below.

General

¢ Any single member completely severed. For fail-safe purposes, a single
member is any redundant structural member, or that part of any member, of
several elements where the remeining part can be shown to have a high
probability of remaining intect in the event of the assumed fallure. It
must be demonstrated Lhet the damage to the assumed severed pert can be

discoverable by normal inspection methods.

¢ Ixtensive structure severed between the boundaries of effective ecrack
barriers. A mechanical splice (nct welded) or mejor structural members

(frame, fail-safe straps or stringers) which are mechanically

13-2
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fastened to the skin are considered to be effective crack barriers. Tests
must be conducted to demonstrate thet bonded or brazed reilnforcements are

effective creck barriers.

In extensively stiffened skin structure, a major structural member, attached
directly and continuousiy to the skin, fractured, together with the skin

between adjacent erack barriers.

For skin surfaces with no effective crack barriers (splices, stringers.
fail-safe straps, ete.), the structure must be cepable of supporting the
fail-safe load with a 20 inch skin crack using "B Basis" fracture toughness
allowables for appropriate temperatures, grain direction and material

thickness.

Welded and laminated skin structure must be considered monolithic for the
purpose of fail-safe design. Welded Joints cannot be considered as crack

stoppers.

All fail-safe joints and skin splices shall be designed to have sufficlent
shear leg to distribute loads from the falled section. This can be

achieved by:
{a) Designing the joint to be bearing critical.

(b) Providing sufficient margin in fastener shesr strength so that
progressive failure of the fasteners will not oceur prior to

skin and reinforcement failure.

Wing Structure - The wing structure is designed to meet 10C percent Limit Load

requirements in the presence of the damage conditions specified belcw:

Completely failed shear web of a rib, a spar or a bulkhead.

Any single member of a truss.

Failed »ib cap or any other element of the rib.

Failed spar cap.

For stiffened skin construection the following damage conditions shall appiy

(a) One to three failed stringers together with a skin crack between

adjacent intact stringers. The number of failed stringers depends

13-3
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on the niringer spacing. Skin crack sizes should be of the order
of 6-10 inches long.

(v) A spar cap or other spanwise reinforeing member, attached directly
and continuously to the skin, completely severed with a chordwise
skin cracik between adjecent stringers.

(¢) A chordwise reinforeing member, attached directly and continuously
to the skin, failed along with a 20 inch spanwise skin crack using
"B.Basis" allowables for the skin materisl. Members with flexible
attachments to the skin (through clip) need not be considered broken

with a skin creck.
e TFor sandwich-type construction {monocogque) the following shall apply:

(a) A major reinforecing element (fail-safe strap, stringer, =tc.)
attached directly and ceontinuously to a sandwich skin surface, failed,

together with skin eracks in both skins between intact adjacent barriers.

Fuselage Structurgs -~ Fall-gafe requirements for the fuselage structure are met

using normal relief valve pressure setting plus external air loads arnd fail-safe
limit design load for the following damege conditions:
e Any of the applicable General or Wing Structure condilions described above.
o Yor stiffened skin construction:

(a) A typical frame broken together with a lengitudinal skin crack
between adjacent feil-safe straps.

(b) A fail-sefe strap broken together with a longitudinal skin crack
between adjecent intact fram:s.

(e) A single stringer failed along with a circumferential skin crack
between intact siringers.

¢ A main frame completely severed.
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FATIGUE ANALYSIS
Wing Structure

Preliminary fatigue lives were calculated for spanwise bending loads acting on the
wing structure. These lives are plotted on Figure 13-1 as a function of ultimate
design gross asrea stress and fatigue quality index. The curves on this figure are
developed using the concept of linearily cumulative damage with an average flight of
two and a half hours; a once-per—-flight peak-to-pesk ground-air-ground cycle; the
climb, cruise, descent and taxi loading of Spectra "C" (see Section k4); end the
standardized constant-life diagrams for axial loading of Ti 6A1-LV sheet and plate
shown on Figures 13-2 through 13-5,

The caleculated lives shown on Figure 13-1 led to the selection of an ultimate design
gross area stress level of 90 ksi and a design fatigue quality index of K = 5.

This selection is somewhat more conservabtive than specified iﬁ Section‘h, gince the
caleulated life equals or exceeds 45,000 flights or 112,500 flight hours rather than
100,000 flight hours as specified in Section 4. Curves showing ultimate design stress
versus fatigue quality are shown on Figure 13-6 and the fatigue quality and design

allowable stresses for the various design concepts are summarized on Table 13-1.

The ultimate design stresses shown on Figure 13-6 ere applicable for general wing

structure subjected to spanwise bending and fuselage bending material.

Fuselage Structure

Figure 13-T presents the relationship between fuselage circumferential design stress
and fatigue quality for 50,000 hours of service based on an average of two and a half
hours, one pressure cycle per flight and a life reduction factor or U which is
applicable for constant amplitude loading. In Figure 13-T7, the maximum design ten-
sion stress corresponds to twice the value of the variable stress for a once-per-
fvary(OPFP GAG) for R=0 and N=100,000 cycles

to failure on S-N disgrams for Ti 6A1-4V (mill ennealed) sheet snd plate with

Ftu = 135-155 ksi.

flight peak ground-air-ground cycle,

The operational design gross-area tension stresses shown on Figure 13-7 commensurate
with a fatigue quality index (KQ) of 5 were used for the fuselage analysis, i.e.,

25 ksi for fuselage skin circumferential stresses and 35 kei for the substructure
(frame) stresses. ' ' ' o '

-
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TABLE 13-1. SUMMARY OF FATIGUE ALLOWABTES FOR WING STRUCTURE

CHORDWISE STIFFENED

® PANELS WELD BOND

® JOINT — BOND
FEATHER EDGE OUTER SHT.

7

{LOCALLY)

Y—

BOND——/

® SUBSTRUCTURE
® SPARS

SPANWISE STIFFENED

® CLEAN AREAS

MONOCOOUE

® CLEANPANEL AREA -
® LOCAL MECH JOINT

® ALLWELDED

L— .015 MIN. -

ULTIMATE DESIGN
STRESS, PSl

97,000

75,000

90,000

80,000

97,000
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90,000
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The allowable hoop stress for the skin is approximetely 28-percent lower than the
frame glloweble since the skin is subjected to biaxial stresses due to pressure and
thermel loads, whereas, the frames are primarily uniaxially loaded.

For fuselage bending material, the ultimate design gross area stress is limited to
90,000 ksi for a fatigue quality index of 5. This value is shown on Figure 13-1

and is applicable to both wing lifting surfaces and fuselage bending materiel.

Interaction Equations

For shell structure and other areas of the airframe subjected to biaxial and/or
shear loads, the Octahedral Shear Stress Theory is used to calculate the applied
stress level for fatigue analysis. In this theory, the equivalent axial stress
(S__) for a biaxial stress field in terms of the x and y stress components is as

eq
follows:

1i/2
S =(52+se-ss +382)
eq x 'y Xy xy

where sx’sy are the direct stresses in the x and y directions, respectively and Sxy is
the shear stress in the x-y plane,

Or the eguivalent stress may be stated in teéerms of the principal biaxial stresses

o 1l/2

- 2
s = (8l + 82

eq - 8,8, )

where the principal stresses (Sl and 8,) are given by:

2
5 1/2
5.+ 8 8_-8 o
) = V4 e, S A B, Sxy

For this analysis, the ultimate tensile stress calculated using the Octahedral
Stress Stress Theory (Seq) was not allowed to exceed the meximum principal stress,

max {Sl, Sa).
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Seq. s max (Sl, SE)

These equations have been visually displayed in Figure 13-8 in terms of interaction
equations. Quadrant 1 wisplays the stress state when-both prineipal stresses are
tension and the equivalent stress is constrained so ag not to exceed the mesximum
prineipal stress. For pure plane shear, mid-point of quadrant 2 and 3, the Octabedral
Shear Stress Theory predicts sn equivalent stress that is equal to 58-percent of the

stress level for en unidirectioned axial load.

CRACK GROWTH ANALYSIS

A preliminéry analysis was performed to investigate the fatigue crack growth rate
behavior of Ti 6AL~-hV, mill-annealed plate when subjected to the Spectra C loading
history (reference Section 4). The snalysis results reported indicate the effects
of design stress and enviromment on crack growth.

For crack growth prediction it must be possible to obtain an expression for the
gstress intenesity X which characterizes the severity of the local stresses and
deformations at the crack tip. For the present analysis, the configuration analyzed
was a standard through-thickness crack of length 2a in the center of a wide flat
panel, subjected to a uniform gross area tension stress 3. The stress intensity
for this configuration is given by:

K = SNTa (1)

For fatigue crack growth analysis, an effective gyclic stress can be defined
(Reference 1) to charscterize the tendency of the fatigue cycle to cause crack
growth., For a fatigue cycle with a maximum tensile stress (Smax) end a minimum-~
to-maximum stress ratio (R), the effective cyelic stress is given by (Reference 2)

_ mn
s(Zyc = {1 - MAX (R, Rc)] 8 s (2}

. where m and Ré'are'empirical constants and MAX (R,RC) takes the value of the larger
of its arguments. For Ti 6A1-LV, m = 0.75 and Rc = =1,
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The crack growth resistance of the materiel is usually deseribed by a functional
relationship between the crack growth per cycle and the effective cyeclic stress

intensity from a constant amplitude fatigue test:

da/

cm=f(Kc ) (3)

ye

The effective cyclic stress intensity Kcy can be calculated by using S‘cy from

e (c
Equation (2) in place of Sin the stress intensity expression such as Equation (1).
For a particular material, product form and thickness, grain direction, chemical

environment, cyelie frequency and temperature the function f in (3) is unique.

Table 13-2 1lists points con a plot of da/ an V8 Kcyc for mill annealed Ti GAL-4V
thin sheet in laboratory air and 3.5 percent NaCl solution for cycliec fregquencies
of approximgtely 10 Hz. For any intermedieste value of Kc:yc the corresponding value

of da/dN can be found by linear interpolation on log {da/aN) vs. log (Kcyc) .

A varisble-amplitude sequence of cycles occurs for aireraft in service. If the
interaction between different loading cycles il the sequence is neglected the incre-
ment of growth caused by the jth loading cycle is

(na)y = £ (Ko o) (1)

*

d

- where f is the constant emplitude crack growth rate function, Equation (3), exem-

plified by Table 13-2.

For many loading spectra the loading cycles do interact. The mejor effect that has
been observed is retardation of crack growbth following e high tensile loading.
Various investigations {References 3 and 4) have proposed simple retardation models
to include this effect in the crack growth caleulation.

TABLE 13-2. CRACK GROWIH RATE, Ti 6A1-LV SHEET

CRACK GROWTH RATE, da/dN
(Microinch/Cycle)
Keye ' NaCl _ _ Air
{ksi- ~/inch) " Environment Environment
30 85 325
40 K w0 54
b6 130 130
75 370 370
95 - B 3,500 - | . 3,500
115 34,000 34,000
140 600,000 600,000
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Pigure 13-9 shows a scaled sketch of the once-per-flight maximum eyclic stresses
during taxi, climb, crulse, and descent for Spectra "C" of Reference 5, for a l-g
stress of 25 ksi. Note that the peak-to-peak GAG cyecle is several times greater

in amplitude than any other cyelic loading that occurs within a flight., Therefore,
for expediency in this preliminary snalysis all cycles were neglected except the
once per flight peak-to-peak GAG cycle. An approximate analysis has shown that, of
the cycles given in Figure 13-9, the GAG cycle causes sbout 95-percent of the calcu-
lated crack growth damage. It is unknown how much additional crack growth might be
caused by the very low amplitude gust cycles which would ocewr in large nuwbers in

service,butwhichweredeletedfromFﬁgure13~9foranalysisoffhtiguecrackinitiation.

For an initial crack length of 2a = 0.25 inch the calculated crack grewth lives
based on GAG cycles only are shown iz Table 13-3. These calculated lives do not
reflect real-time, real-temperature effects on crack growth, except that the loading
spectrum contains thermelly-induced stresses which contribute to the once-per-flight

peak stress.

FATL-SAFE ANALYSIS
General

The objective of the damage tolerance analysis was to ensure that structures in the
presence of an assumed damage condition are capable of supporting the damage-

tolerance design load of 100-percent limit load.

The snalysis method used is presented in Reference 6. Figure 13-10 outlines the
method and available data used in determining the residual strengbh of damaged

‘reinforced structure. FPigure 13-11 shows the idealized reinforced panels with two-

bay and multi-bay damages. IEssentially the method provides reinforcement efficiency
for stiffened flat panels based on the given reinforcement spacing and area. A CPS
(conversationél Programming System) program was used to facilitate the computational
pfocedure; In addition, the margin of safety is alsc calcw ated by the program
based on the applied design 1imit load. A resultant positive ..argin of safety indi-
cates that the structure anelyzed is cepeble of withstanding the imposed damege.

On the other hand; & negetive margin of safety results in a éorresponding welght
penalty. This is due to the additional reinforecing straps required for the
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Figure 13-9. Test Flight Pattern Illustrating Pesk-to-Peak GAG
Cycle for 1-g Design Stress Egual to 25 ksi and
Service Flight Time of 2.5 Hours
TABLE 13-3. RESULTS OF PRELIMINARY CRACK GROWTH ANALYSIS
CBACK GROWTH
1-g STRESS LIFE, £, =.25
{Ksi) ENVIRONMENT FLIGHTS HOURS
25 Lab. Air 4560 11400
25 3.5% NaCl 3550 8875
30 Lah. Air 2380 5950
30 "~ 3.5% NaCl - 2080 - B200 -

NOTE:

INSPECTION INTERVAL 8000 - 12000 FLIGHT HOURS
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WHERE:
¥ = REINFORCEMENT EFFICIENCY PARAMETER, GIMENSION LESS;
FIGURE 13-10a
Y‘D = SHEAR CORRECTION FACTOR, DIMENSIONLESS; FIGURE 13-10b
n = CURVATURE REDUCTION FACTOR, DIMENSIONLESS;n=1 FOR
ALL CASES EXCEPT FOR LONGITUDINAL CRACKS IN SHELL
STRUCTUREWHEREn=%

k = STRESS INTENSITY FACTOR FOR CONDITIONS OF PLANE
G  STRESS USED FOR THROUGH-THE-THICKNESS CRACK
CONFIGURATION; ko= LS N EYED FIGURE 13-10¢c
Ke= pLANE STRESS FRACTURE TOUGHNESS (ASTM NOTATION)
L = TOTALCRACK LENGTH,L=2a

Figure 13-10. Method of Determining the Strength of Damaged Structures
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particular structure to achieve an acceptable margin of safety. Weight penalties
are calculated in terms of equivalent surface panel weight. A significant weight
penalty will affect the loeal stress distribution and a redesign might be

necessary.

The minimum damaged condition assumed for reinforced panels was at least a two-bay
skin crack with a broken stiffener. A multiple-bay skin crack with broken intermediate
stiffeners was conservatively assumed for those design concepts having closely spaced
stiffeners (<h inches). A multiple-bay skin crack was used for the purpose of obtain~

ing a reasonable crack length to facilitate visual inspection.

For those regions that are subjected to extremely low load intensities, the use of
fail-safe straps is not required if the structure is capsble of supporting limit
load with a 20 inch erack, as specified in the feil-safe crileria. Figure 13-12
shows the sllowable ultimate design tension stress for this damage condition.

The 1limit internsl loads used in the démage-tolerance anélysis were obtalned from
the combined wltimate internal load calculations which inecluded the effeet of air
and inertia loads, local pressure loads, and thermal loads. The ultimate stresses
for each of the design concepts can be found in the following parasgraphs. The
1imit loads were taken to be two-thirds of the wltimate loads. Only the tensile
component acting perpendicular to the crack plane and the shear load were taken
into account. For the cases considered in this study, all compressive loads were
neglected and thus resulted in a conservative estimetion on the residual strength

of demaged structure.

Fracture toughness properties of Ti 6AL-4V at room temperature was used in lieu of
established data at elevated temperature. A lower bound cut-off value of
0.015 inches on skin thickness was, used.

Fail-Safe Analysis ~ dask I

The Task I results are presented in the following sections aécording to the different
design concepts evaluated. Appropriate comments, conclusions and estimated weight
penalties, if any, are also included in the respective'seCtions. ' Three wing point-.
design regions were selected for sereening all the Task I panel concepts. These
‘regions vere point-design regilons 41348, 40536, end 40322. The locations of these
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point-design regions are as indicated in Figure 13-13. However, only those concepts
that appeared to be the most critical were studied. TFurthermore, not every possivle
dimensional variation of a design concept was analyzed. However, an adequate number
of possible variations within a particular design coneept were Selected for analysis
based on our experience with this design concept. The representativeness of con-
clusions reached is thus sssured.

In summary, the following comments can be made concerning the damage tolerance of the
various design concepts considered. All the chordwise'stiffened wing panel concepts
meet the fail-safe requirements. However, when the requirement of a broken spar cap
is considered, additional structure and its corresponding weight penalty are generally
required. For the spanwise gtiffened panels, no weight penalty is required'for the
panels or caps to meet the assumed fail-safe requirements. The composite reinforced
gpar caps all meet the fail-safe requirements without additional weight penalty. A
weight penalty is generally required for the monocoque sandwich panels {(honeycomb

and truss-core sandwich) except for design regions where low load intensities were
indicated. Finally, the metallic fuselage panel concepts considered are fail-zafe

under the assumed damege condition except at a few isolated panel locations.

Chordwise Stiffened Wing Panels - Four panel concepts were studied within the chord-

wise stiffened panel arrangement. These concepts are: (1) convex beaded, (2) con-
cave beaded, (3) trapezoidal corrugation-concave beaded, and (4) beaded trapezvidal
corrugation-concave beaded. The Structural Concept Analysis Section (Section 12)
contains the panel dimensions resulting from the strength analysis. The corre-
sponding skin streés stéte for these designs, which are used as the basis for the
fail-safe investigation, are conbained in Table 13-k. |

Due to relatively small stiffener spacing of the chordwise stiffened panels, a
damage cdndition of a three-pitch outer skin craék with two broken reinforecing
stiffeners (inner bead) was selected. This resulted in a crack size of 5 inches
to 13 inches, with the majority of the cracks having a crack length between

7 inches to 10 inches,

The outer skin was treated as a flat panel with the inner beaded skin considered

-to be the reinforcement. The effective area,.Ae, of a reinforcement was taken to

he one-third of the total area ot the innér;bead between bond lines. The reduction

factor of 1/3 is selected based on past experience with various stiffened panel concepts.
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TABTE 13-4. SUMMARY OF WING PANEL SKIN STRESSES, CHORDWISE ARRANGEMENT

POINT DESIGN ULTIMATE SKIN STRESS (1) (2) (3)

41348

. 40322 40536
PANEL SPAR UPPER LOWER UPPER LOWER UPPER LOWER
CONCEPT ?P,ﬁ;CING SURFACE SURFACE SURFACE SURFACE SURFACE | SURFACE

IN '
fx fs fx fs fx fs £y fs Ty fs i fs
(ksi) | {ksi} | (ksi) | (ksi) | (ksi} | (ksi) | (ksi} | (ksi} | (ksi}| (ksi} | (ksi} | (ksi)
CONCAVE BEADED - '
20 - 3.35 - 344 | - 432 | 22.0| 53.8 — | 446 | 24.3 | 54.3
=~ 30 - 304 | — 314 | — 36.4 | 178 444 | — | 374 | 235 | 63.8
\_J 40 - 245 | — 289 | — 282 | 15.1 | 386 — | 20.4 | 21.1 | 48.1
CONVEX BEADED
20 — 3.81 - 385 | - 439 1225 | 547 | — | 454 | 24.2 | 546
— 30 - 2.51 - 348 | - 381 | 191 | 474 | — | 405 | 249 | 55.1
A\ 40 - 21| - |28 | — | 341|155 | 387 — |362 |204 | 450
TRAPEZOIDAL
CORRUGATION- 20 - 306 | — 38| — 52.3 | 20.6 | 50.1 — | 61.0 | 25.0 { 51.7
CONCAVE BEADED| 30 - 280 | - 340 - 479 (1725 | 554 | — | 497 | 224 | 52.8
v 40 - 2.40 - 330 - 40.6 | 14.6 | 48.3 - | 47.8 | 198 | 50.7
BEADED TRAP. _
CORRUGATION- 20 - 3.20 - 340 | - 59.4 | 211 | 553 | — | 612 | 235 | 622
CONCAVE BEADED{ 30 — 2.60 - 330 | — 53.0 | 173 | 547 | — | 548 | 21.7 | 52.0
—~— 40 - 2.40 - 290 | — 50.0 | 14.6 | 55.8 — | 526 | 19.0 | 52,9
A

(1) ULTIMATE SKIN STRESSES FOR TASK | LOAD CONDITION 31 : 2.5 -g SYMMETRIC MANEUVER

AT MACH 1.256

{2) LIMIT STRESS = 2/3 ULTIMATE STRESS

(3) COMPRESSIVE STRESSES CONSERVATIVELY NEGLECTED FOR FAIL SAFE ANALYSIS

|

Y YA R - .



Values of fraction toupghness were based on the thickness of the outer skin, and
were obtained from Figure 5-T of Reference 6 or Figure 13-10c, A sample panel
fail-safe calculation is shown in Table 13-5 for the convex beaded concept at point
design region 40536. TFor visibility, the panel dimensions for this region are
shown in Taeble 13-6.

The damage-tolerance analysis resulis for the chordwise stiffened penel arranpge-
ment are summarized in Table 13-T. No weight penalty was required for any of the

chordwise pane)l concepts analyrzed.

In addition to the panel analysis, & fail-safe analysis was also conducted for the
case of a broken spar cap. The severity of a broken spar cap is recognized due to
the fact that in the chordwise arrangement the spar caps carry the wing spanwise
bending loads.

A strength analysis wee used to study a basic structural component, as shown in
Figure 13~1%, in the chordwise stiffened panel arrsngement. The top spar cap in
Bay 1 was assumed to be broken. A load redistribution study was conducted for the
ihree sper spacings of 20, 30, and 40 inches. The convex beaded panel concept was
selectsd for thies analysis as being representative of the chordwise arrangement.

The shear clips, surface panels and spar webs were then resized to carry the
resultent loads under the damapged condition. The corresponding weight increase at
various spar specings are presented in Table 13-8. The component weight penalties
at point design region 40536 are presented in graphic form in Figure 13-15.

Spanwise Stiffened Wing Panels - Two significantly different groups of design con-

cepts were spbudied for the Task I spanwise stilffened panél arrangement. The first
group consista of penels with separate reinforcements and the second group consists
of integrally stiffened panels. The first group (nou-integral stiffened) was ana-
lyzed using the method described for the chordwise stiffened panels. Tor the inte-
grally stiffened panels, a damage tolerance penalty is sometimes necessary due to
the lack.of erack stoppers and a damege condition of complete fracture between
manufacturing splices is generally assumed. A discussion on integrally stiffened

- panels is included in this section.

13-22
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TABLE 13~5. WING PANEL FATL-SAFE ANALYSIS - CONVEX BEADED CONCEPT

ITEM POINT DESIGN REGION 40536
o UPPER SURFACE LOWER SURFACE
SPAR SPACING 20 30 40 20 30 40
Lp.x IN.
DISTANCE BETWEEN 7.65 8.85 10.65 7.05 - 8,26 10.65
UNBROKEN BEADS (in.) )
CRACK LENGTH ({in.} 7.65 8.85 10.65 7.06 8.25 10,65
LIMIT STRESSES )
fye Psi - - - 15000 |- 12700 10300}
Ty P 29300 25400 22800 36500 31600 25800
EFFECTIVE AREA, {in.2) 0.028 0.048 0.067 0.0256 0.035 0.05%
(1/3 X TOTAL AREA)
- | SKIN THICKNESS t,, In. 0.035 0,036 0.040 - 0.025 0.029 0,037
FRACTURE TOUGHNESS 108 109 113 94 100 110
kg Ksi — v/in.
REINFORGEMENT 126 131 138 | 120 123 1.38
EFFICIENCY, ¥
SHEAR CORRECTION 1.00 1.00 1.00 038 - 0,37 0.37
FACTOR, ¥
MARGIN OF 0.68 0.90 1.08 0.16 0,36 0.68
SAFETY

TABLE 13-6. WING PANEL GEOMETRY - CONVEX BEADED CONCEPT

POINT DESIGN REGION 40536
DESIGN DATA —
UPPER SURFACE LOWER SURFACE
.| SPAR SPACING : ‘
Lp, in. 20 30 a0 20 30 40
L
DIMENSIONS
t, in. .025 ,035 040 024 .028 033
tyrin. 035 38 040 025 {029 037
R in, 9 1.1 14 B 1.0 14
@, degress 87 87 87 87 87 87
b, in. 75 75 75 75 75 76
pltch, in. . 255 2.95 355 2,35 2,75 355
WEIGHT DATA
1, in. .070 085 097 058 068 084
w, Ibfsqg, ft. 1.61 1,96 2,24 134 1.57 1.94
CRITICAL DESIGN COND,| 31 31 31 31 31 31
DIMENSIONS:
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PABLE 13-7. SUMMARY OF WING PANEL FAIL-SAFE ANATYSIS - CHORDWISE ARBANGEMENT

A

REIN-
DESIGN POINT WING SPAR CRACK ZAeft | FORCEMENT | MARGIN | WEIGHT
CONCEPTS DESIGN | SURFACE | SPACING LENGTH,W. | (IN.} | EFFICIENCY | OF PENALTY
REGION (IN.) 1 an) ¥ SAFETY
CONVEX BEADED |41348 UPPER 20 7.65 1.61 1.26 0.64 NONE
: : 30 8.85 2.43 1.31 0.79
40 10.65 3.10 1.35 0.96
LOWER 20 6.45 1.57 1.26 0.23 NONE
30 7.05 1.43 1.26 0.19
40 7.65 1.39 1.27 0.54
D am N 40536 UPPER 20 7.65 1.66 1.26 0.68 NONE
U 30 8.85 2.67 1.31 0.90
\ 40 10.65 3.35 1,36 1.08
LOWER 20 7.05 2.00 1.29 0.16 NONE
40322 UPPER 20 7.65 1.87 1.27 HIGH MONE
30 9.45 243 . 1.31 . HIGH
- 2 LOWER 20 7.65 1.70 1.26 HIGH NONE
CONCAVE BEADED | 41348 UPPER 20 8.25 2.03 1.28 0.62 NONE
: LOWER 20 6.45 1.45 1-26. 0.25 NONE
— 40536 UPPER 20 8.25 2.21 129 0.64 NONE
_u— LOWER 20 7.05 2.12 1.30 0.19 NONE_
_ 40322 UPPER 20 7.65 3.13 1.32 HIGH NONE
TRAPEZOIDAL 41348 UPPER 20 5.25 1.87 1.24 0.32 NONE
WiTH NO BEAD - LOWER 20 6.75 1.00 1.24 0.29 NONE
—_—— 40536 UPPER 70 6.15 1.87 1.95 0.45 NONE
\__/_ LOWER 20 6.75 1.29 1.25 0.42 NONE
40322 UPPER — 20 6.75 2.25 1.27 HIGH NONE
" TRAPEZO!DAL 41348 L OWER 20 6.45 1.05 1,24 0.34 NONE
" WITH INNER BEAD | 40536 LOWER 20 6.45 1.25 0.29 NONE

1.25

NOTE: (1)
(2)
{3)

W= DISTANCE BETWEEN THE TWO UNBROKEN REINFORCEMENTS.
Z Ae = SUM OF THE EFFECTIVE AREAS OF THE TWO INTACT REINFORCEMENTS.
t=SKIN THICKNESS OF THE OUTER SKIN.
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Figure 13~-1k. Basic Structural Component With a Damaged Spar
Cap -~ Chordwise Arrangement

The structural concepts and detailed panel dimensions are shown in Section 12.
The spanwise-stifferied panel concepts considered are: (1) Hat Section stiffened,
(2) Zee Section stiffened, (3) Zee Section Integrally Stiffened, and (%) basic
Integrally Stiffened.

Non-Integrally Stiffened Designs - For the Hat Section and Zee Section concepts

a two-pitch crack with a broken stiffener was used as the damage condition
wherever applicable. This assumption, except in one or twoc cases, resulted in
a satbisfactory crack length for visual inspection purposes. The effective

area, A , Was calceulated using the formula:

A
A = -—SL

TS

Where Aét 18 the ares of the stringer (or reinforcement), ¥ is the distance
from the inner surface of the sheet to the centroid of the reinforcement, and
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WEIGHT PENALTY, LB/SQ FT.

3.0

2.0F

1.0

e
L, Pk

TARLE 13-8. POINT DESIGN WEIGHT PENALTIES FOR A DAMAGED
SPAR CAP-CHORDWISE ARRANGEMENT
POINT WEIGHT PENALTY (L.B/SQ FT)
DESIGN SPAR SPACING, 1N.
REGION 20 20 40
40536 .93 0.75 0.63
40322 0.10 0.20 0.27
40236 1.75 1.45 1.38
| i .
CHORDWISE ARRANGEM ENT
CONVEX - BEADED PANEL
POINT DESIGN REGION 40536
B /TOTAL _
SPAR WEB
/ CLIPS / PANELS
20 30 40

F:Lgvre 13-15,

13-26

- SPAR SPACING, IN.

Component Weight Penalties for a Damaged
Spar Cap-Chordwise Arrangement
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P is the radiug of gyratlion of the reinforcement. The spar spacing vas
constent at 60 inches with variable rib spacings of 20 inches, 30 inches,

and 40 inches. A sample analysis is shown in Teble 13-9 and represents the
Het Section stiffened concept at point design region 40536. The corresponding
panel geometry for this region is shown in Teble 13-10, The skin stresses atb
all point design regions for each of the spanwise panel concepts ere displayed
in Table 13-11.

A gummary of the calculations for the spanwise penel concepts with non-integral
stiffeners is shown in Table 13-12. No weight penalty is required for these
designs.

Integrally Stiffened Designs - The damage conditiou for integrally stiffened

panels was taken as & completely broken panel between skin splices. The
fabrication limits for the spanwise integrally stiffened panels allows a
maximum width of the extrusion before machining of 22 inches. Since the spar
spacing is set at 60 inches, the logical choice for plank spacing is 20 inches

(i.e., three planks per bay) with the rib spacing a variable.

Besed on the sbove plank width and rib spacings, a damage-tolerant design can
be obtained utilizing the concept of longitudinal-spliced penels, Reference 6.
Suiteble splices and attachments are used to allow the attachments to transfer
the cut load of the broken planik to the two neighboring planks. The two
neighboring planks are required to have sufficient effective width so that
each panel will support half of the cut load in addition to its normal fail-
safe load.

A summary of the fail-safe analysis conducted on the integral stiffened span-
wige concepts is shown in Table 13-13. For this analysis, the spar spacing (W)
and plank width (Wﬁ) were 60.0 inches and 20.0 inches respectively. An effec-
tive_width (Wé) of one-third the rib spacing was_conservatively selected and
the ratioc of allowable stress (Fg) to the materiasl ultimate tensile stress
(Ftus) was obtained from Figure 4-20 of Reference 6. A positive margin of
safety is. indicated for each of the critical panel concepts with a minimum

margin of +0.24 occurring on the integral stiffened design at a rib spacing

of 30 inches. This critical design is located on the wing lower surface at

point design region 40322.

13-27




e

TABLE 13-9.

TABLE 13-10. WING PANEL GEOMETRY - HAT SECTION STIFFENED CONCEPT

POINT DESIGN REGION 40536

ITEM

UPPER SURFACE LOWER SURFACE

RIBSPACING
Lp,y.in 20 30 40 20 20 40
DISTANGE BETWEEN
UNBROKEN REIN-
FORGEMENTS, in, 639 | 84z | 100 gos | 896 | 102
CRACK LENGTH, in. 639 | 842 | 100 805 ) 496 | 102
LIMIT STRESSES
fy, sl - - - 41,600 44,600} 45,100
1o pst 36,200 | 31,800 27,200 25,500 26,800 f 26,400
- q,ibfin, 2,780 2,78% | 2782 2,782| 2782] 2,782
EFFECTIVE AREA
Ag,In2 0.374 0561 | 0780 0.667 | 0710 | 0818
{7ip2 + 1 2772
Ag, In2 0,135 0,202 | 0,281 0.241 | 0256 | 0.295
SKIN THICKNESS, In. (0,077 0,097 | 0.102 0.102 | 0104 | 0.108
FRACTURE TOUGHNESS
ke ksi- e 132 135 137 138 137 137
REINFORCEMENT :
EFFICIENCY, 7 1,309 - - 1464 | - 1,557

v - - - 0815 | — 0.826
MARGIN OF SAFETY  [1.38 - - 075 | - 0.54

 POINT DESIGN REGION 40536
DESIGN DATA UPPER SURFACE LOWER SURFACE
RIB SPACING Lp,y, in. 20 30 40 20 30 40
DIMENSIONS .
tg . 0771 wo87| 02 | 08§ 104 | L0
by =, =b,, in. 160 ) 211 | 2851 | 201 | 224 | 255
ty=tg in. 071! o8| 094 | .01 | poms | .097
by, in, 479 | w605 | 753 | .o00 | 872 | 765
by by, in. ti2| 141} 176 | 140 | 157 | 178
pitch, by + by, in. 320 422 | Go2 | 402 | 448 | B.10
WEIGHT DATA
T in, .194 221 258 275 .7 282 266
w, 1bfsq. ft. 447! s08| 584 | 633 | s05 | 612
CRITICAL DESIGN COND.| 31 3 31 3 3 3
“DIMENSIONS -
pitch -—i
tf
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TABLE 13-11. SUMMARY OF WING PANEL SKIN STRESSES, SPANWLISE ARRANGEMENT

POINT DESIGN SKIN STRESS (ULTIMATE) (1)(2)(3)
RIB 40322 40536 41348
PANEL  |gppacing|] UPPER LOWER UPPER LOWER UPPER LOWER
CONCEPT |(1y,) SURFACE SURFACE SURFACE SURFACE | SURFACE SURFACE
vy | |& | | 5 [f |6 |f |6 | 1%
(ksi) | fksi) [ (ksi) | (ksi) [ (ksi) | (ksi) | (ksi) | {ksi) | (ksi) | fsi) | (i) (ki)
HAT _ ' _
SECTION 20 —~ |11 | 466|143 | — |542 | 624|383 | — |51.2 | 611 438
—_—| 30 - 82 | es.0 {143 | — | 477 | 669|401 { — | 409 | 603 | 434
| | 40 - 66 | 840|139 | — |49 {677 | 396 | — | 347 | 608 | 44.0
ZEE_
SECTION 20 - 92 | 484 | 145 | — |451 | 684 | 41| — | 454 | 614 432
. 30 - 6.7 | 66.3 | 14.3 _ 415 68.3 | 40.2 - 36.4 60.7 429
|__ 40 - 52 | 87.2 | 14.1 — | 356 | 693 | 398| — |310] 60.8] 43.1
INTEGRAL . ,
STIFFENED| 20 - 7.4 | 662 | 142 | — | 415 | 636 | 374 | - 379 | 559 | 387
30 - 53 {818 | 142 — |353 | 636 | 364 | - 30.0 | 56.1| 39.2
[T 11 40 - 42 1815 | 113 | — | 300 | 636 | 354 | — 253 | 565 | 39.6
INTEGRAL
ZEE 20 — 94 [ 547 | 144| — |431 | 616 | 344 | — | 453 | 586 383
ﬁ T 30 - 68 | 776 | 144 | — |[406 | 625 | 342 | — | 387 | 95%7 | 39.1
"TCLT| % | - | 54 |825 | 122 — |367 |es0 |31 | — [311| 527 303

(1) ULTIMATE SKIN STRESSES FOR TASK | LOAD CONDITION 31
(2) LIMIT STRESS = 2/3 ULTIMATE STRESS

(3} COMPRESSIVE STRESSES CONSERVATIVELY NEGLECTED

FOR PANEL FAIL SAFE ANALYSIS

: 2.5.g SYMMETRIC MANEUVER AT MACH 1.25
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TARLE 13-12. SUMMARY OF WING PANEL FAIL-SAFE ANALYSES -
SPANWISE ARRANGEMENT, NON-INTEGRAL STIFFENED DESIGNS

0E-ET

CRACK
PCINT WING SPAR LENGTH S Aeft REINFORCE-| MARGIN WEIGHT
DESIGN CONCEPTS| DESIGN | SURFACE | SPAcING wo | T MENT OF SAFETY PENALTY
REGION | 1N (IN.) : EFFICIENCY
HAT SECTION 41348 UPPER 20 5.15 2.81 1.27 151 NONE
STIFFENED , -
LOWER 20 5.62 3,08 1.35 0.75 NONE
40 7.92 4,35 1.45 0.57
40536 UPPER 20 6.39 3.51 1.31 1.38 NONE
I - l LOWER 20 8.05 4.43 1.46 0.75 NONE
40 10.2 5.60 1.56 054
40322 LOWER 20 3.16 1.80 1.27 1.26 NONE
40 4,53 2.48 1.34 0.16
ZEE SECTION 41348 LOWER 20 6.52 1.75 1.31 0.57 NONE
STIFFENED 40 9,16 247 1.39 0.42
20536 UPPER 20 8.27 2.24 1.29 1.56 NONE
—-L —L —L LOWER 20 8.78 2.39 1.39 1.48 NONE
40 11.7 3.18 0.45 0.33
: . 40322 ILOWER 20 3.63 1.00 1.23 1.29 NONE
- 40 5.20 1.33 0.98 0.01
NOTES:

(1) W=DISTANCE BETWEEN TWO UNBROKEN STIFFENERS, ALSO CRACK LENGTH

{22 T Ae = EFFECTIVE AREA OF THE TWO UNBROKEN STIFFENERS

(3} t=SKIN THICKNESS

ity -
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TABIE 13--13. SUMMARY OF WING PANEIL FAIL-SAFE ANATYSES -
SPANWISE ARRANGEMENT, INTEGRAL STIIFFENED DESIGNS

ALLOWABLE | MAX.
NO. B F GRQOSS AREA | APPLIED
SPAR | PLANK | OF RIB EFF lowy| '9 | Fius | STRESS, Ksi |STRESS, MIN.
SPACING | WIDTH' | PLANKS | SPACING | WIDTH, (_—) 1 (Ksi) ULT. MARGIN
w W, n L=Ly We W/ tus LIMIT ULT. | fy OF SAFETY
{IN.) Ny | o) (IN.) (IN.) Fg Fq (Ksi) MS
60.0 20.0 3 20 667 |.222| 40 | 135 | 540 81.0| 6386 +0.27
| 30 - 10.00 |[.333 | .50 | 135 | 675 101.2| 81.8 +0.24
40 1333 {444 | 57 | 135 | 77.0 11565| 835 +0.38
NOTES:
(1) ANALYSIS REFERENCE 6.
(2) NOMENCLATURE:
‘ | Lt = LENGTH REQUIRED FOR SPLICE ATTACHMENTS
=T TO TRANSFER THE LOAD; LT=1L
— et W, = EFFECTIVE WIDTH; Wp = L/3
= = = = g = EFFECTIVE WIDTH PARAMETER, § = 2Wg/W
\L l WS = Fy/f -1
—— Wy = MATERIAL ULTIMATE TENSION STRENG
m SPLICES Fius = MATERIAL ULTIMA NSION STRENGTH
W=nW,, (3) MAXIMUM APPLIED STRESSES FOR THE INTEGRALLY

SPAR SPACING

STIFFENED DESIGNS OCCUR ON THE LOWER WIiNG
SURFACE AT POINT DESIGN REGIONS 40322 AND
40536, SEE TABLE 13-9.
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The splice and fastener system were selected based on the following considerations.
The splice was selected with a thickness equal to or at most twice the skin thick-
ness and the fastener size and spacing selected such that an effective width of
1/3 Wﬁ was obtained. Also the joint was designed to be bearing critical rather
than shear critical. Finally, the usual precautions pertaining to fatigue require-
ments of splice and attachment were ohserved. The structural integrity of the
Joint design selected should be substantiated by a fail-safe test conducted on a

multi-bay panel with one plank broken.

An analysis similar to the case of the chordwise stiffened arrangement was con-
ducted for the damage condition of a broken rib cap. However, due to the rela-
tively small section of the rib cap and its direct attachment to the Skin, this
damage condition was not critical for limit load. ConseQuently there is no weight
penalty.

Monocogue Wing Panels - The honeycomb sandwich and truss-core sandwich panel concept:

were investigated during the Task I effort. Two types of panel inserts were con-
sidered for the monocoque panel concepts; metallic and densified honeycomb inserts.
However, only densified core inserts were considered for the truss-core concepb. BSet
Section 1, Structural Design Concepts, for descriptions of these concepts and

their close-out design.

As in the cases of other design concepts studied, three point design regions

(41348, 40322, 40536) were selected for preliminary screening purposes. For honey-
comb sandwich panels, the riﬁ spacing was kept constant at 60 inches with the
exception of point design region L0322 where a 130 inch rib spacing was used. For
the truss-core sandwich panels, core orientations in both the spanwise and chordwise

direction were considered. The spanwise core orientation proved to be the most

~efficient for point design region 41348 and 40536 with a constant rib spacing of

60 inches, spar spacing being a variable. The chordwise core orientation was used

at point design region 40322 with a constant rib spacing of 130 inches.

The assumed damage condition was a two-bay crack with a broken reinforcement (i.e.,
insert or panel closeout member) and both face skins damaged. See Figure 13-16
for a graphic display of the damaged condition.
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Figure 13-16. Monocoque Panel Damage Configurstions

REINFORCEMENT DESIGN

REINFORCEMENT
AREA (AR)LIN?

EFFECTIVE
AREA {Ag), N2

SPAR INSERTS

» METALLIC DESIGN

GENERAL EQUATION!:

}

20 . t2 Ag 4t [HJ {2+ tﬂ] +4¢ Ag % 0.85 A
| 1 ' l i {1) MINIMUM DESIGN REQUIREMENTS:
11 } { SPAR THICKNESS A
SPACING 1 R

H {18} () un2)

: ) 20 040 0183

__i__ i 30 .040 0.208

b -E—-:;I—J _{ 40 ,040 D.262

1 WEB CAP NEGLECTED
« DENSIFIED CORE DESIGN ‘ .‘3"5“"5“:‘:- EQUATION:-
2,00 : R a
1 | 11} MINIMUM DESIGN REQUIREMENTS: | Fo=AR
’T"' } SPAR | THICKNESS | o

S H SPACING t R

: . {IN.} {IN.) {IN2)

"“ l 20 022 T.088

; LI { } 30 022 0,088

g 40 025 0.100

1/8 GELL, X002 FOIL
E-/_\T DENSIFIED CORE AND WEB CAP NEGLECTED,
FAIL SAFE _ \
STRAP -~ 2w ] | - GENERAL EQUATION: |
{ I Ap =4t Ag= AR
CORE NEGLECTED '
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The broken reinforcement can either be an insert or a fail-safe strap. Effectlve
ares (Ae) of the metallic inserts is assumed to be 85 percent of the total insert
area. In addition, all doublers were considered to be fully effective. For densi-
fied honeycomb inserts, the core was considered to be ineffective and only the area
of the doublers was considered for the fall-safe analysis.

FTigure 13-17 shows the type of inserts and the effective area equations used in the
fail-safe analysis of the honeycomb sandwich panels.

Since both face skins are damaged, only the in-plane membrane loads existing on the
demage area are considered redistributed to the adjacent structure. Table 13-1k

contains e summary of inplane stresses (wltimate) Jor the monocoque panel concepts.

Generally, the outer and the inner skins have similar thicknesses. One exception
is for the honeycomb sandwich panel arrangement with metallic inserts at point
design region 41348, The skin thickness for the outer skin is 0.020 inches while
the inner skin has a thickness of 0.070 inches. In tll cases, the sum of the
thicknesses of the outer and the inner skins (tl + 5
thickness (t) in calculating the ratio of T Ae/t. Critical fracture toughness
values were taken to be the lowest between that of the outer and the imner skin.

are taken to be the skin

Teble 13-15 contains the honeycomb sandwich panel geometry at point design

region 40536. In addition, the fail-safe analyses for the panels at this region
are shown in Table 13-16. IFor this analysis the required strap and spar areas have
been defined to obtain a zeroc margin of safety. The corresponding weight penalty
fbr the honeycomb sandwich concept at point design region 40536 are shown in

Table 13-17. The weight penalties associated with both the metal and densified

core inserts are presented.

© A summary of the monocoque panel fail-safe resulbs is presenteéd in Tables 13-18 and
13-19 for the honeycomb sandwich and truss-core sandwich concepts respectively.

In general, a weight penalby is required for all lower surface wing panels at the
selected point design regions.' One notablé ekceﬁtion is the honeycomb sandwich
design (Table 13-18) at point design region 40322. The design loads at this region
‘are low and the structure is capable of withstarding a 20 inch crack without fail-
ure. The corresponding area for the truss-core concept exhibits a small weight
penalty.
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TARTE 13-14. SUMMARY OF WING PANEL SKIN STRESSES, MONOCOQUE ARRANGEMENT

POINT DESIGN SKIN STRESS (ULT.) — ksit!
4032212} 4053612) 41348(2)
SPAR LOWER SURFACE LOWER SURFACE LOWER SURFACE
PANEL | spacing :
CONCEPT (IN.) | fy f f, f, £ f, f, f
HONEYCOMB 20 186 | 284 | 464 | 255 | 813 | 337 | 166 | 761 | 362
- SANDWICH -
s 30 185 | 263 | 418 | 244 | 802 | 333 | 158 | 768 | 365
(W) .
i 40 127 | 261 | 421 | 239 | 709 | 332 | 148 | 752 | 357
TRUSS-CORE 20 2398 | 378 | 446 | 262 | 803 | 344 | 200 | 771 | 392
SANDWICH ' -
30 263 | 432 | 432 | 2658 | 810 | 340 | 173 | 775 | 385
40 179 | 264 | 399 | 257 | 810 | 338 | 170 | 782 | 380

{1} LIMIT STRESS = 2/3 ULTIMATE STRESS

{2) CRITICAL DESIGN CONDITION: ‘
POINT DESIGi REGION 40322 — CONDITION (20), START-OF CRUISE.
POINT DESIGN REGION 40536 AND 41348 — CONDITION @ , 2.5-9 SYMMETRIC MANEUVER AT M1.25




TABLE 13-15. WIKG PANEL GEOMETRY - HONEYCOMB SANDWICH CONCEPT

POINT DESIGN REGION 40536

DESIGN DATA
UPPER SURFACE LOWER SURFACE
SPACING, IN.
RIB 60 | 60 60 60 60 60
SPAR 20 | 30 40 20 30 40
DIMENSIONS
H, IN. 837 | 127 | 1.48 200 .454] 781
t1, IN. 053 | .052| .s0| .076| .076| .087
t, IN. 052 | 051 .050| .061| .063| .053
tg, IN. 00z | o0z | .002| .002| .002| .002
S, IN. 258 | 185 | 67| 00| s00| 500
WEIGHT DATA |
t IN. 417 | az1 | az0| se| 42| a4s
W, LB./SQ. FT. 260 | 302 | 321 | 320 | 328 | 335
CRITICAL DESIGNCOND.{ 31 | 31 31 31 | 3 31
t2
IMENSIONS
bIM _ EXTERIOR SURFACE }
y i S = CELL SIZE
1~ CORE FOIL
} } THICKNESS

%

11
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TABIE 13-16., WING PANEL FAITL-SAFE ANALYSIS - HONEYCOMB SANDWICH CONCEPT

POINT DESIGN REGION 40536

ITEM ‘
LOWER SURFACE
SPAR SPACING, IN. 20 30 40
PANEL DIMENSIONS
to, IN. 061 .063 053
tq, IN. 076 076 087
H, IN. 290 A54 781
REINFORCEMENT AREAS (Ag)
SPAR CAP, IN? 862 785 922
STRAP, IN2 733 667 784
EFFECTIVE AREA
Ae, IN2 733 667 784
LIMIT STRESSES
COND. NO. 31 31 31
£, psi 54,200 53,500 53,300
1, psi 22,500 22,200 22,100
FRACTURE TOUGHNESS
kor Ksi-(/in. :
kg (tq) 132 132 136
ko (1) 126 128 122
CRACK LENGTH (L)}, in. 20 20 20
REINFORCEMENT EFFICIENCY
Y 2,16 2.10 2.19
¥ 0.89 0.89 0.89
MARGIN OF SAFETY 0.00 0.00 0.00
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TABLE 13-17. WING PANEL WEIGHT PENALTY - HONEYCOMB SANDWICH CONCEPT

POINT DESIGN REGION 40536 i FAIL SAFE(!
: REQUIRE- REQUIREMENTS R
SPAR MENTS:
SPACING, NO. CRACK WEIGHT(2)
b AspAR AsPAR | AsTRAP STRAPS | WIDTH | PENALTY, AW
DESIGN CONCEPTS (IN.) (1N (IN2) {INZ) n (IN.) (LB./SQ. FT.)
HONEYCOMB SANDWICH 20 .181 862 733 1 20 1.63 ——
METAL INSERTS 30 .209 785 667 2 20 1.47
| 40 262 922 784 3 20 1.73
HONEYCOMB SANDWICH 20 - .088 733 733 1 20 1.59
DENSIFIED CORE 30 .088 667 667 2 20 1.47
40 .100 784 | 784 3 20 1.75

NOTES:

QE-ET

(1) Agpap 1S 85% EFFECTIVE FOR THE METALLIC INSERT DESIGN; 100% EFFECTIVE FOR THE DENSIFIED
CORE DESIGN,

- (2) WEIGHT PENALTY EQUATION (EQUIVALENT PANEL WEIGHT):

AW = 144”[‘ASPAR, FS— AspaR, MIN) * “ASTRAP]I b
- WHERE: '

| MATERIAL DENSITY, Ib./in® | | |
AspAR.FS = SPAR CAP AREA REQUIRED FOR FAIL SAFE S
AspaRMIN = SPAR CAP AREA MINIMUM DESIGN REQUIREMENT
Agtrap = STRAP AREA REQUIRED FOR FAIL SAFE
n = NUMBER OF STRAPS REQUIRED
b = SPAR SPACING

P

]

[}

I

P ]
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TABLE 13-18. SUMMARY OF WING PANEL FATL-SAFE ANALYSES - HONEYCOMB SANDWIGH CONCEPT

(2) t = SUMOF THE FACE SHEET THICKNESSES.
(3) WEIGHT PENALTY {STRAPS AND/OR ADDED SPAR CAP AREA) TRANSLATED

INTO EQUIVALENT SURFACE PANEL WEIGHT

_ REINFORCEMENT
| POINT SPAR | CRACK (12| EFFICIENCIES |MARGIN | WEIGHT®!
DESIGN DESIGN WING |SPACING! LENGTH ZAheft ~ OF PENALTY
"CONCEPTS | REGION | SURFACE| (IN.) {IN,) {(IN.) T ¥ SAFETY | (LB/SQFT)
HONEYCOMB | 40536 LOWER 20 20 10.70 2.16 0.89 +0.00 1.63
SANDWICH, 30 20 9.60 2.10 0.89 +0.00 1.47
METALLIC 40 20 11.20 2,19 0.89 | -+0.00 1.73
INSERTS +
: 40322 LOWER 20 20 15.81 2.00 0.98 +0.31 NONE
40 20 23.27 2.00% 0.98 +0.01 NONE
41348 LOWER 20 20 12.74 2.00% 0.87 +0.00 1.24
_ 40 20 13.66 2.00* 0.87 +0.00 141
HONEYCOMB | 40536 LOWER 20 20 10,70 216 | 0.89 +0.00 159"
| SANDWICH, 30 20 9.60 2.10 0.89 +0.00 1.47
DENSIFIED 40 20 11.20 2.19 0.89 +0.00 1.75
CDRE ;
INSERTS 40322 LOWER 20 20 15.81 2.00% 0.98 40,31 NONE
_ 40 20 23.27 2.00% 0.98 +0.01 NONE
41348 LOWER 20 20 12.74 2.00% 0.87 +0.00 1.23
: 40 20 13.66 2.00% 0.87 +0.00 1.42
(1) ZAe = SUMOF THE EFFECTIVE AREAS
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TABLE 13-19. SUMMARY OF WING FANEL FAIL-SAFE ANALYSES - TRUSS-CORE SANDWICH CONCEFT

REINFORCEMENT (3}
POINT SPAR CRACK | (1)(2) EFFICIENCIES MARGIN WEIGHT
DESIGN DESIGN WING SPACING | LENGTH | ZAe/t OF PENALTY
CONCEPT REGION | SURFACE {IN.) (IN.) (IN.) v ¥ SAFETY | (LB./SO. FT.) —
TRUSS-CORE | 40322 LOWER | 20 20 1.40 1.45 0.97 40.00 0.03
SANDWICH _
DENSIFIED 30 20 2.90 1.63 0.99 +0.00 0.04
CORE - —
INSERTS - 40 20 3.30 1.67 0.99 +0.00 0.04
40536 LOWER 20 20.2 9.75 2.11 0.89 +0.00 1.36
‘T’ 30 19.8 9.50 2.09 0.82 +0.00 1.43
& 40 19.9 9,35 2.08 0.89 +0.00 1.45
f 1 - 41348 LOWER 20 20.4 15.00 2.54 0.85 . +0.00 1.24
30 20.6 15.00 2,57 0.86 +0.00 1.34 E———
40 19.6 15.00 2.54 0.86 +0.00 1.35

(1} = Ae=SUM OF THE EFFECTIVE AREAS
{2)  t=SUM OF THE FACE SHEET THICKNESSES

{3} WEIGHT PENALTY {STRAPS AND/OR ADDED SPAR CAP AREA) TRANSLATED INTO EQUIVALENT SURFAGE
PANEL WEIGHT.

g ———
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In conclusion, sizeable weight penalties are required for both concepbs in the
highly loaded regiong of the aft box and wing tip.

Composite Reinforced Spar Cap - Compogite reinforced spar ceps were gtudieu for

possible weight saving advantages. From the point of view of damsge-tolerance
design the multiple element characteristics (i.e., load redistributed to remaining
undamaged elements) of the composiite reinforced spar cap is very attractive. How-
ever, when other factors such as manufacturing considerations, the possibility of
debonding dvue to shear deformation, and eccenbricity due to a broken member are
taken into account, the choice becomes less clear-cut. Obviously, & more detailed
gbudy is necessary before making a final selection. However, a simplified strength
analysis was conducted to indicate the damesge tolerance trends for this ftype of
design.

The detail dimensions of the Boron/polyimide reinforced spar caps are shown in
Table 13-20 for the lower surface caps at point design regions 40322, L0536, and
L1348,

The ultimate load carried in each individual metel or composite element, as well as
the totael ultimate Load, was calculated at the sbove point design regions for

the spar spacing values of 20 eand 40 inches. The exception is the lower surface
sper caps for 20 inch spacing at point design region 40322, Composite reinforce-
ment was not used in this region due 4o the negligible weight saving indicated

over the homogeneous metal design. The fail-safe analysis results ere presented in
Table 13-21, In review, all composite reinforced spar caps are damage-holerant
undér the damage condition of a single broken element. The exception beiﬂg the
slightly negative margin (l-percent) indicated for the spar caps with 40 inches
spacing et point design region k0322. Mo fedesign of these caps was attempted since
the strength analysis indicated the smaller spar spacings, between 20 end 30 inches,
were also the least wéight designs. '

Fuselage Analysis - The Task I design effort consisted of two phases; first, an .

initial screenihg phase where the fuselage panel candidates were subjected to
structural analysis to select the most promising concept(as); then an -in-depth
structural analysis of this (these) concept{s)} to provide a sound basis for the
fuselege debail design studies of Task IIB.
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TABLE 13~20. SPAR CAP GEOMETRY - COMPOSITE REIN_FORCED CONCEPT
SPAR CAP DIMENSIONS
POINT SPAR
DESIGN SPACING h b H W 1 ta
REGION (N} fIN) {IN.) {1/ 8] {IN} [{'3] (NG}
40322 20t1} - - - 1.50 21 05
LOWER
SURFACE 40 A2 .80 1.00 1.60 .09 1M
40536 -20 A9 1.00 1.20 2.50 42 A3
LOWER
SURFACE 40 .87 1,16 %20 4.00 08 A3
41348 20 42 1.00 1.20 2.50 A2 A3
LOWER .
SURFACE 40 63 175 1.20 p 400 .08 13
(1) NO APPRECIABLE WEIGHT SAVINGS INDICATED, USED .
ALL METAL SPAR CAPS,
B/PI COMPOSITE REINFORCEMENT
——-I l—-‘—'iZ
T v |
I L
l 2 |
I —
U e GAL-AV {Ann.) TITANIUM
TABLE 13-21, BSUMMARY OF SPAR CAP FAIL-SAFE ANALYSES -
COMPOSITE REINFORCED CONCEPT
4)
ToTaLlN2 ALLOWABLE(3) DAMAGED cAPf
APPLIED LOAD, | . MEMBER LOAD, ALLOWABLE LOAD
KIFS KIPs Pa), KIPS
pointii| seam METAL | COMPOSITE) grogen | BROKEN | MARGINIG!
DESIGN | SPACING [ ELEMENT| ELEMENT | ‘mprar | coMPOSITE OF -
REGION |  {IN)) uLT, | Pumit]  Pm Pc ELEMENT | ELEMENT | SAFETY
40322 40 B2 34.7 17.6 8.8 344 43.4 01
20 215 | 210 35,0 70.0 280.0 2450 +17
405365 .
40 673 | 449 33.0 160,0 40,0 513.0 +14
20 271 180 35,0 59,0 236.0 212,0 +18
41348
40 633 | az2 23.0 160.0 800.0 483,0 +14

{1}  LOWER SURFACE SPAR CAPS, MAXIMUM TENSION LOADS,

(2 LIMITLOAD =2X ULTIMATE LOAD

{31  COMPOSITE ELEMENT LOAD ARE UNIT VALUES, TOTAL LOAD SUSTAINED BY THE COMPOSITE
ELEMENTS 1S FDUR TIMES THE UNIT VALUES.

{41 DAMAGED CAP ALLOWABLES:
BROKEN METAL MEMBER
Pa = 4XPg

{5} MARGIN OF SAFETY =

URIGINAL PAGE 15

¥ T
A A

MIN, Py

PLIMIT

13-

BROKEN COMPOSITE MEMBER
Pa = Py +3X Fc

Lo

S

[




Fall-safe analyses were conducted during each of the sbove pheses to provide
credence to the selection procedure used to define the most promising fuselage
penel candidete. The analyticsal method deseribed in Figure 13-10 was used with
two tyves of cracks being considered: (1) circumferential cracks, and (2) longi-
tudinel cracks. Tor these two types of cracks in the fuselage, the methods of
analysis for flet shell structure apply with the exception of a 50 percent reduc-
tion in frecture toughness {ko) imposed on the cases involving longitudinal cracks.
This reduction is based on & conservative estimation of the effects of curvature of
the fuselage panels.

For circumferential cracks, a damage condition of a two-bay crack with one broken
stringer was considered. The corresponding damage condition for the longitudinal
cracks was a two-bay crack with the intermediate frame broken, i.e., a 4O inch
crack for a fuselage frame spacing of 20 inches.

The fuselage panel concepts analyzed in support of the initial screening effort

‘were the zee-stiffened concept, open hat-stiffened concept, and the closed hat-

gtiffened concept. These concepts and thelr corresponding dimensions for the maxi-
mum tension case (top centerline panels) are shown in Table 13-22. These dimensions
were defined from the strength analysis (Section 12).

A total of four fuselage stations were examined for damage-tolerance analysis, i.e.,
FS 750, FS 2000, FS 2500, and IS 3000 as indicated on Figure 13-18. Different
locations at each station were also examined. The fuselage maximum tension stresses
are shbwn in Teble 13-23 for esach of the concepts investigated in the initial screen-
ing. Review of these stresses indicabe aress that were designed up to the allowable
ultimate design gross area stress (90,000 psi) commensurste with the life and

assumed fatigue quaelity of the fuselage.

A sample of the fuselage fail-safe analysis is shown in Table 13-24, This analysis
was conducted for each of the three candidate concepts at FS 2500. The panel
geomebry and applied stress state reflect the top centerline panel locghion.
Positive marging of safety are indicated for each design for both the longitudinal
and circumferentisl crack damage conditions. The lowest margins of safety are
assoclated with the circumferential crack condition, with the minimum value
(positive 3-percent) occurring on the closed hat concept. '
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TABLE 13-22, FUSELAGE PANEL GEOMETRY-INITIAT, SCREENING
POINT FUSELAGE PANEL DIMENSION
DESIGN PANEL s | s C f h ot T
REGION | LOCATION CONCEPT | (iND | (N | ong | ong | oand | oo | o
FS 2000 TOP ZEE STIFF 400 | a00 | 075 | 100 | 125 | os0 | .160
AND OPEN HAT 500 | 080 | 125 | 80 [ 125 | .083 | .15%
FS 3000 | crosepHAT | so00 | .8 | 150 | .80 | 125 | ez | 42
FS 2500 TOP ZEE STIFF 400 | 00 | 075 | 100 | 1.25 | 10 | .80
OPEN HAT 500 | .080 | 125 | .80 | 1.25 | .070 | .159
CLOSEDHAT | 600 | 080 | 150 | .80 | 125 | .80 | .180
] | bs - - bs
et f b G f
= | e
— [ — e — ] — —a—
et | f 1 t }
st b st g h
15 ts . 15 ; )
e - -
ZEE-STIFFENED HAT-STIFFENED (OPEN) HAT-STIFFENED (CLOSED)
CONCEPT CONCEPT CONCEPT
// //
7 £
/’ » ['_— /"/—7
{ /
( 5” /] g
| | ' i | ‘ S
FS ©Es \--._ Fs FS - i_, \FS A
4,064 19.05 T~ S0m0 63.60 1 7620
(160) (760) ~~ {2000} (2500) ‘Y_ (3000}
=

T~

.

Figure 13-18. Definition of Fuselege Point Design Régions
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TABLE 13-23. SWMMARY OF FUSELAGE PANEL STRESSES, INITIAL SCREENTNG

FUSELAGE SKIN STRESSES (ULT} - Ks# !
FUSELAGE FS 2000 AND FS 3000 FS 2500
PANEL
LOGATION CONCEPTS f, fo | ty f, 5 | fry
TOP G ZEE STIFF. 724 | 120 | -~ 826 | 120 | -
PANELS ,
(MAX. HAT STIFF, 77.3 | 150 | - 9.0 | 150 | -
TENSION) (OPEN}
HAT STIFF. 813 | 150 | - 860 | 150 | -
(CLOSED)

{1} LIMIT STRESS = 2/3 ULTIMATE STRESS
(2) LOAD CONDITION: START-OF-CRUISE

TABLE 13-2%. FUSELAGE PANEL FAIL-SAFE ANALYSIS, INITIAL SCREENING

POINT DESIGN REGION — FS 2500
ITEM ZEE STIFF OPEN HAT CLOSED HAT
CRACK TYPE LONG. | cicum. | LonG. | circum, | LONG. | CIRCUM.
LOCATION TOPE PANEL | TOP g PANEL TOP ¢ PANEL
PANEL GEOMETRY :
tg, in. 10 10 .08 08 08 08
bs, in. - 4.00 - 5.00 - 6.00
FRAME SPACING, IN, |  20.0 - | 200 - 200 -
REINF. PROP.
AREA (Ag), in? 072 A30 072 128 072 170
ZAt,, in. 144 2,60 1.80 3.20 180 { 426
LIMIT STRESSESI?) '
£, ksl 55,1 B5.1 60.0 60.0 600 | 600
Ty, ksi 8.0 8.0 10,0 100 10.0 10,0
Ty sl - - - - - -
FRACTURE TOUGH,
kg ksl —/Tn, 138 138 135 135 135 1346
1/2 R, ksi = Vin, 69 - 67.5 - 67.5 S
GRACK LENGTH
L, in. 40,0 80 40.0 10.0 400 120
REINF. EFFIGIENCY _ 7
v 1.63 1.40 1.7 148 171 1.58
ALLow, sTress(! ,
Fy hsl 17.8 68.3 18.2 63.1 182 | 616
MARGIN OF SAFETY | +1.22 | +024 | +082 | +005 | +082 | +0.03

NOTES: : .
(1) ALLOWABLE FUSELAGE STRESS {Fy) = TinkoVT
w1 I yISTIWRA s dGNAL BASR
n = 12, FOR GITUD - ’
OF POOR QUALITY]

{2) DESIGN LOAD CONDITION: START-OF-CRUISE
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A summary of the results of the fuselage fail-safe analysis conducted for the Task I
initial screening is shown in Table 13-25. Positive margins are indicated; hence,

there is no weight penalty associated with thesze designs.

The initial screening of the fuselage concepts resulted in the selection of a struc-
tural asrarcement composed of the zee-stiffened and closed hat-stiffened panel con-
cepts. With the zee-stiffened concept employed for the fuselage forebody region

and the hat-stiffened design for the midbody and aftbody regions. The selection of
this arrangement was based on the results o.' strength analysis since no weight

penalties were associated with the fail-safe or sonic fatigue analyses.

The most promising fuselage arrangement surviving the initial screening was analyzed
in greater depth during the next Task I phase (Detailed Concept Aralysis). The
strength analysis (Section 12) defined the internal forces/stresses end the required
panel dimensions. These dimensions are shown in Table 13-26 for the four polnt
design r«zions. A summary of the stress state at various circumferential locations

is shown in Table 13-27.

The fail-safe analysis conducted on the hat-stiffened concept at FS 2500 is shown
in Table 13-28. Positive marging are indicated except for the side panel with a
circumferential crack. A negative margin of 55-percent is noted at this location,
the weight penalty associated with this location is shown on the following summary
tsble. Table 13-29 summarizes the results of the fail-safe analysis conducted dur-
ing the Task I Detail Concept Analysis. Negative margins are indicated at each
peint design region, with the maximum valve occurring at FS 2500 (negative
55-percent ). These areas required additional structure to meet the fail-safe require-
ment, the weight penalty associated with this structure is glso shown on this table.
The wei -ht penalty associated with the highest negative margin. area (side panel

at FS 2500) is 1.43 1b/sq £%.

13-46

g e




TABLE 13-25. SUMMARY OF FUSELAGE PANEL FAIL-SAFE ANALYSEs, INITIAL SCREENING

POINT TYPE CRACK {142) | REINFORCEMENT | MARGIN | WEIGHT
DESIGN PANEL DESIGN OF LENGTH, | = Aeit EFFICIENCY OF PENALTY
CONCEPT | LOCATION | REGION | CRACK {IN} (N ¥ SAFETY | {LB/SQ, FT}
ZEE.STIFF, | TOP G FS 2000 LONG, 40.0. 1.44 1.63 +1.22 NONE
CONCEPT FANEL AND 3000 | CIRCUM, 8.0 214 1.37 40,38 NONE
MAX.
TENSION} . | FS 2500 LONG. 40.0 1.44 1.83 +1.22 NONE
.| cIRcUM, 80 2.60 1.40 +0,24 NONE
HAT-STIFF. FS 2000 LONG, 40.0 ~ 1.80 1,71 +0,82 NONE
{OPEN) AND 3000 { CIRCUM. 100 2.85 147 +0.22 NONE
CONGCEPT ‘
FS 2500 LONG. 40,0 1.80 1.7 +0.82 NONE
CIRCUM. 10.0 3,20 1.48 +0,05 NONE
HAT-STIEF. FS2000 - | LONG. 400 1.80 |- 1,71 +0.82 NONE
{CLOSED) AND 3000 | CIRCUM. 120 3.35 1,53 40,10 NONE
CONCEPT |
' FS 2500 LONG. 40.0 1,80 1.71 +0,82 NONE
CIRCUM. 12.0 4,25 1.58 +0,03 NONE

{1) Z Ae=SUM OF THE EFFECTIVE AREAS
{2) t=SKIN THICKNESS

TABLE 13-26. TFUSELAGE PANEL GEOMETRY - DETATLED CONCEPT ANALYSIS

POINT FUSELAGE PANEL DIMENSION
PANEL LOCATION :
DESIGN CONGEPT b 1 C f h ot 1
. REGION {IN.) {IN.) {IN.) (1IN} (N {IN.) {IN.)
ES 750 ZEE- TOP 4.0 036 .55 .75 1.00 036 056
- STIFFENED SIDE 4.0 036 .55 75 1.00 036 .056
- BOTTOM 4,0 .036 55 75 1,00 036 056
FS2000 | HAT- TOP 6.0 080 | 15 .80 1,256 .070 145
STIFFENED SIDE 6.0 063 | 15 75 1.25 .040 ,099
FS2500 | HAT- TOP 6.0 ,100 | 1.5 .80 1,25 .090 .184
| STIFFENED SIDE " 6.0 063 | 1.5 75 1.25 D050 .108
FS3000 | HAT- TOP 1 s.0 080 | 1.5 80 1.25 .070 145
STIFFENED SIDE 6.0 .063 | 1.5 75 1256 040 .098
BOTTOM - 6.0 090 § 15 0 1.25 .090 177
bs c s
I Ly
L _-__]‘)
ts
ZEE-STIFFENED CONCEPT HAT-STIFFENED CONCEPT
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TABLE 13-27.

SUMMARY OF FUSEILAGE PANEL STRESSES,
DETATLED CONCEPT AWALYSIS

FUSELAGE SKIN STRESSES (ULT} — Ksi{1}

FS 750 FS 2000 FS 2500 FS 3000

() 113 | (2 ) | @ [@& j@ [@& |2 [@ [3} |2

LOCATION | £ | fp ey | T | fo |ty | x | Ta [fxy | = | fo | fxy
TOP 31,8 {246 | 1.6 | 80.2 [125 [ B.2 [90.4 |124 | 7.0 | B0.2 [124 | 52
SIDE 12.4 {167 |216 |11.3 [159 [32.1 | 124 [151 |216
BOTTOM === |- |- [®e|n2]as

(1) LIMIT STRESS=2/3 ULTIMATE STRESS

(2] MAXIMUM AXIAL STRESS (f,) AND SHEAR STRESS (fxy) CORRESPOND TO
START-OF-CRUISE CONDITION

(3) MAXIMUM HOOP STRESS {fg} CORRESPONDS TO M1.20 DESCENT CONDITION

TABLE 13-28. FUSELAGE PANEL FPATL-SAFE ANALYSIS,
DETATLED COWNCEPT ANALYSIS

ITEM POINT DESIGN REGION — FS 2500
CRACK TYPE LONG!ITUDINAL CIRCUMFERENTIAL
LOCATION TOP SIDE TOP SIDE
PANEL GEOMETRY
te i, .090 .063 .090 063
b, in. 6.00 6.00 6.00 6.00
REINFORCEMENT .036 035 75 090
AREA (Ae), in%.
LIMIT STRESSES
£, o ki, - - 60.3 7.5
fg , ksi. 8.3 10.6 - -
fxyr ksi. - - 4-7 21 4
FRACTURE TOUGHNESS
ko Ksi — /i, 136 128 136 128
1/2 kg, ksi—,/in. 68 64 - -
CRACK LENGTH, in. 40.0 40.0 12,0 120
REINFORCEMENT '
EFFICIENCIES A
Yoo 1.52 1.58 1.58 1.52
¥ = - 1,00 0.34
' ALLOWABLE STRESSES.
Fg ks, 16.3 16.0 61.8 181
Fg ksi - - 30.9 9.5
MARGIN OF SAFETY .0.55

. +0,97

+0.561

+0,02
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TABLE 13-29. SUMMARY OF FUSELAGE PANEL FAIL-SAFE ANALYSES, DETATILED CONCEPT ANALYSIS

{3} WEIGHT PENALTY {AW) = 23.04 A‘—t-,- FOR 6AL-4V TITANIUM; UNITS- LB/SQ FT
At = tFS"— TSTR; UNITS — IN.

REINFORCEMENT
| POINT | CRACK (1)(2) LEFFICIENCIES | maRGIN | WEIGHT!S)
DESIGN | DESIGN PANEL | TYPEOF | LENGTH,| ZAe/t OF PENALTY
CONCEPT |REGION | LOCATION| CRACK (IN.) (IN.) L L4 SAFETY | (LB/SQFT)
ZEE-STIFF. | FS750 TOP LONG. 40,0 1.33 1.63 - -0.12 0.16
CONCEPT TOP CIRCUM. | 120 2.00 142 | 1.00 +1.10 NONE
HAT-STIFF. | F$S2000 | TOP LONG. 40.0 0.98 1.55 - +0.97 NONE
CONCEPT SIDE LONG. 40.0 1.14 1.58 - +0.53 NONE
TOP CIRCUM. | 12.0 3.38 154 | 1.00 +0.11 . NONE
SIDE CIRCUM. | 12.0 2.28 145 | 0.49 -0.09 0.16

HAT-STIFE. | FS2500 | TOP LONG. 40,0 0.80 1.52 - +0.97 NONE

CONCEPT SIDE LONG, 40.0 1.11 1.58 - +0.51 NONE
ToP CIRCUM. | 12.0 3.89 158 | 1.00 +0.02 NORE
SIDE CIRCUM. | 12.0 2.86 152 | 0.34 -0.55 1.43

HAT-STIFF. | FS3000 | TOP LONG. 40,0 0.98 1.55 - +0.99 NONE

CONCEPT | SIDE LONG. 40.0 1.08 1.57 - +0.57 NONE
BOTTOM | LONG. 40,0 0.91 1.54 — +1.23  NONE
TOP CIRCUM. | 12.0 3.38 154 | 1.00 +0.11 NONE
SIDE CIRCUM. | 12.0 2.79 151 | 0.49 -0.05 0.09
BOTTOM | CIRCUM. | 12.0 — - — + HIGH NONE

NOTES:
(1) ZAe = SUM OF EFFECTIVE AREAS
{2) -t = SKIN THICKNESS

e
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Fail-Safe Analysis -~ Task II

The Task IIB results of the fail-safe analysis on the strength/stiffness airplane
are presented in the following sections. Fall-Safe analyses were not conducted
during the Task IIA configuration change investigation and only a cursory analysis,
indicative of that stage of design, was conducted on the strength design airplane
of Task IIB.

The structural approach incorporated on the Task ITIB airplane was a hybridization of
the Task I Chordwise and Monocogque wing designs utilizing both metallic and composite
materials with the fuselage being conventional skin/stringer design. This hybrid

arrangement consists of the following concepts:

® Wing~forward and aft boxes: metallic chordwise stiffened wing panels,
convex-beaded concept, with submerged titanium and titanium/composite

reinforced spar caps.

¢ Uing tip: Monccogue wing panels, 6A1-4V titaninm honeycomb sandwich panels
with aluminum brazed core, with metallic substructure and embedded rib/spar

caps.

e TFuselage-shell: Conventional skin/stringer/frame design utilizing Ti-6AL-4V

meterial.

Poil-safe analyses were conducted on these above concepts at the six wing and four
fuselage point design regions. The wing locations are identical %o the Task I loca-
tions showm in Figure 13-13; whereas, the fuselage locations were alterved and are

presented in Figure 13-19.

The method of analysis and the evailable data used in determining the residual

strength is as outlined in Figure 13-10.

Wing Panel Analysis - Each of the surface panel and spar cap concepts associated

with the point design regions were analyzed on the final design airplane (strength/

stiffrness). 'The convex-beaded concept was employed at point design regions Lo322,

40236 and 405363 with regions 41036, 41316, and 41348 being honeycomb sandwich penels.

I addition to a summary of the results, the basip assumptions, gecmetry, stress

levels, and sample analyses are included for the point design regions.

“13-50
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The panel geometry for convex-beaded and honeycomb sandwich panels are shown in
Tgbles 13-30 and 13-31. These data reflect the results of the strength and stiff-
negss requirements imposed on the Finel Design airplane. All designs are strength
designs with the exception of the honeycamb sandwich panels at regions 41316 and
41348 which are the stiffness designs resulting from the flutter optimization

investigation.

Preliminary feil-safe analyses of these designs indicated several panels were defi-

‘cient in meeting the feil-safe eriteria. TFor these deficient regions, 40536 and

41036, the panel geometry and associated stress level were adjusted with the new
panel geometry being shown in Table 13-32. The welght penalties associated with
these geometry chenges and any added weight penalties associated with fail-safe
requirements are included in the final results. The flight conditions and stress
levels for the maximum tension condition are ghown in Table 13-33. These skin
stresses are ultimate values and, after reduction to limit values, are used as the
basis for the fail-safe analysis. With reference to this table, Conditions 12 and
14 {M1.25 Climb condition at 2.5-g and -l-g)} are the predominant tension conditions
for the lower and upper surface panels respectively. The exception being the maxi-
mum tension conditions for the upper and lower panels at point design region 40236
and the lower panel at region 40322. The eritical tension conditions for these regions

are the M 1.25 ¢iimb condition at Vb and the start-of-cruise condition respectively.

For the convex-beaded surface panels, the outer skin was treated as & flat panel
with the inner beaded skin considered to be the reinforcement. The effective area
(Ae) of the reinforcement was taken to be one-third of inner-bead with the reinforce-
ment parametar GEAe/t) equal to two~times the effective area divided by the outer

skin thickness.

A dameged condition of a three-pitech outer skin crack with two broken reinforcing
stiffeners (inner beads) was selected., This iienlted in crack lemgths betveen

T-inches to 1l0-inches for the convex-beaded panels.'

The outer skin fracture toughness value (ko), and the reinforcement efficiency (Y}

and shear correction factor (V) were determined as cutlined in Figure 13~.J.
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TABLE 13-30.

WING PANEL GEOMETRY - TASK IIB
CHORDWISE, CONVEX-BEADED PANELS

PO!NT DESIGN REGIONS

f~t— PITCH ——|

v 40322 _ 40236 40536
DESIGN DATA UPPER LOWER UPPER LOWER UPPER LOWER

SPACING, in.

RIB 60.0 60.0 60.0 60.0 60.0 60.0
- SPAR 22,7 22.7 21.2 21.2 21,2 21.2
DIMENSIONS

ty, in. 013 015 .015 .020 023 019

1, in 018 .020 .015 .020 026 .020

Rp . in. .80 1.00 .80 1.00 .90 .70

6, degrees 87 87 87 87 87 a7

b, in. .75 75 .75 .75 .75 75

pitch, in. 2.35 2.75 2.35 275 2.55 2.15
WEIGHT DATA

t, in. .033 041 .036 048 .058 .046

W, ib./sq.ft. .760 845 .829 1.11 134 1.06

- CRITICAL DESIGN COND. 12 20 16 16 12 12
DIMENSIONS:




TABLE 13-31.

WING PANEL GEOMETRY - TASK TIIB
HONEYCOMB SANDWICH PANELS

POINT DESiGN REGIONS

41036 41316 41348
DESIGN DATA UPPER LOWER UPPER LOWER UPPER LOWER
SPACING, in.

RIB 60.0 60.0 40.0 40.0 40,0 40.0

SPAR 21.2 21.2 40.0 40.0 30.0 30.0
| - DIMENSIONS
} H, in, 642 202 1.00 500 1.00 500
! tq. in. 026 023 062 075 068 .068
| tg. in.. 018 .028 .062 .075 .068 .068
| tg, in. .002 .002 .002 .002 .002 .002
S, in.. 275 500 500 500 500 500
| & WEIGHT DATA
s pL 1, in. .052 .052 131 153 .143 .139

W, Ib./s0.ft. 1.20 1.20 3.02 3.52 3.29 3.20

CRITICAL DESIGN COND. 12 12 FLUTTER | FLUTTER [ FLUTTER FLUTTER
2
[ S
| DIMENSION EXTERIOR SURFACE }
y % S=CELL SIZE
tz= CORE FOIL
; THICKNESS

t
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TABLE 13-32. REVISED WING PANEL GEOMETRY - TASK TIB
CONVEX BEADED HONEYCOMB SANDWICH
40536 41036
DESIGN DATA UPPER LOWER DESIGN DATA " UPPER LOWER
SPACING, in. SPACING, in.
RiB 60.0 60.0 RIB 60.0 60.0
SPAR 21.2 21.2 SPAR 21.2 21.2
DIMENSIONS DIMENSIONS
t, in. .025 .035 H, in 1.00 0.50
. 0N, .031 .060 g, i, .033 041
R in. .80 1.25 ty, in. .033 041
0, deg, 87 87 te, in. 002 002
b, in. 75 75 S, in. 500 500
pitch, in. 2.35 3.25
WEIGHT DATA WEIGHT DATA
t, in. .065 .110 T, in. . 073 .085
W, lb./sq.ft. 1.50 2.53 W, Ih./sq.ft. 1.68 1.96
- DESIGN COND. FAIL-SAFE FAIL-SAFE DESIGN COND. FAIL-SAFE FAIL-SAFE
t2
EXTERIOR SURFACE {
H
S = CELL SIZE 11
t, = CORE FOIL THICKNESS

e ———
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TABLE 13-33. SUMMARY OF WING PANEL SKIN STRESSES -~ TASK IIB
SPACING PANEL SKIN STRESSES (ULT.) — ksi. {1}
POINT {in.) UPPER SURFACE __ LOWER SURFACE
PANEL DESIGN
CONCEPT | REGIONS | SPAR| RiB | conD.2} | ¢, fy | Gy {CONDZL £ 1 £ ) g

| cHORDWISE | 40322 | 227 | 600 | 14 315 - | 120 20 2420 | — 8.27
EoAbEN 40236 | 212 | 600 | 16 1458 — | 955 | 16 5295 | — | 1842
40536 | 212 | 600 | 14 1898 | ~ | 2285 | 12 1000 - | 18.60
MONOCOQUE | 41036 | 212 | 600 | 14 19.90 | 3540 | 2000 | 12 16.40 | 41.40 | 23.30
oo e | 41316 | 400 | 400 | 14 794 | 5220 | 1665 | 12 9.30 | 7270 | 19.80
41348 | 30.0 | 400 | 14 544 | 2653 ] 950 | 12 1130 | 48.40 | 16.80

1. LIMIT STRESS = 2/3 ULTIMATE STRESS

2. CRITICAL TENSION FLIGHT CONDITIONS, NASTRAN CONDITION NUMBERS

- ——



The detailed fail-gsafe calculations for the convex-beaded panels are presented in
Table 13-3k and indicated positive margins for all regions. A minimum positive
margin of 3-percent is noted on the upper surface panel at region 40536. The pancl
geometry analyzed for region 40536 reflects the adjusted panel cross-sections shown
in Table 13-30. The weight penalty associated with this change is included in the
summary table of the wing panel results.

The honeycomb sandwich panels at point design regions 41036, 41316, and 41348 were
analyzed on the Final Design airplane. The panel geometry and dimensions were pre-
viously shown in Tables 13-31 and 13-32. These paneis incorporated the densified
core design for attachment to rib and spar webs. Figure 13-20 presents the minimum
design requirements for these atiachment areas.

The demaged condition was & two-bay crack with a broken reinforcement (strap or
spar/rib attechment) and both face sheets damaged. A mzximum creck length of

20 inches was assumed.

The Task I monocoque panel damage configurations shown in Figure 13-16 are appro-

priate for the Task II designs.

The effective area (Ae) of the strap or densified core attachment, see Figure 13-20,
was considered to be the area of the straps/doublers. For the densified core design

the core was consldered to be ineffective.

For the three honeycomb panel regions the face sheet thicknesses were equal and the
sum of these thicknesses (tl + t2) was taken to be the skin thickness (t)_in calcu-
lating the ratio ZAe/t. The fracture toughness values, and the parameters Y and Y
were determined from Figure 13-10,

Table 13-35 presents the fail-safe calculation for the hbneycomb sendwich panels;
The panel geometry specified on this table for region 41036 reflects the adjusted
panel cross-sections defined in Table 13-32. A minimum positive margin of safety
of l-percent is shown for the lower surface panels at point design regions 41036
and 41316, all other margins range between 5-percent to 50-percent. For this

anal&sis the required strap area has béen determined to obtain & positive margin

with a minimum strap area of 0.06 inches being defined.

13-57
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TABRLE 13—313. WVING PANEL FATI-SAFE ANALYSTS - TASK IIB
CONVEX-BEADED PANELS
POINT DESIGN REGIONS
40322 40236 40536
ITEM UPPER | LOWER | UPPER | LOWER | UPPER | LOWER
SPACING, in.

SPAR 22,7 22.7 21.2 21,2 21.2 21.2
RIB 60.0 60.0 60.0 60.0 60.0 60.0
DISTANCE BETWEEN 7.05 8,25 7.05 8.25 7.05 9.75

UNBROKEN BEADS, in.
CRACK LENGTH (L), in. 7.05 8.25 7.05 8,25 7.05 9,75
JL Jint 2,66 2,87 2.66 2.87 2.66 3,12
LIMIT STRESSES, ksi
GOND. NO. @2
£, 2,10 16.13 9,72 3530 | 12.66 6.70
fry 0.80 5,51 6.37 12.28 | 15.30 12.40
Tyl 0.38 0.34 0.66 0.35 1.21 1.85
EFFECTIVE AREA (Ae), in? 014 .019 .016 .025 .026 053
SKIN THICKNESS, in. .015 .020 .015 .020 031 .060
S Aeft, in, 1.87 1.90 2.13 2.50 1.68 1.77
FRACTURE TOUGHNESS 80 84 80 84 104 127
REINFORCEMENT EFF.
v 1.33 1.35 1.35 1.40 1,32 1.37
@ 0.91 0.93 0.79 0.93 0.61 0.47
ALLOWABLE STRESSES, ksi
Fg =¥ Y ko/ /L 36.4 36.7 | 321 38.1 31,5 26.2
Fs = 1/2F 18.2 18.4 16.1 19,1 15.% 13.1
MARGIN OF SAFETY HIGH +1.28 | +1.52 +0,08 | +0.03 +0,06
13-58
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REINFORCEMENT Ae
REINFORCEMENT DESIGN AREA (AR), in o
e DENSIFIED CORE DESIGN EQUATION: AR =2.00 {tg, +ty)
e 200 —) —tgo ]
{ REGION | SURF. | t4, tg | AR
— ﬂwﬂyﬁﬂ“,”1 * . l * o — 5 o15 | oos
022 015 |.07
| S1ive y LOWER 2 015 |.074 -y
md 41316 | UPPER | .023 .020 |.086
[ i LOWER |.024 .020 |.088
= ] PR ——— _
T Nsceixazron | w0 |umen | o om [
FAIL SAFE EQUATION:
STRAP i"— 200 — !
CORE NEGLECTED

Figure 13-20. Honeyeomb Sandwich Insert Geometry and Data -~ Task IIB
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TABLE 13-35.

WING PANEL FAIL-SAFE ANALYSIS - TASK IIB
HOWEYCOMB SANDWICH PANELS

o rp— .

13-60

POINT DESIGN REGIONS
4i036 41316 41348
ITEM UPPER | LOWER | UPPER | LOWER | UPPER | LOWER
SPACING, in.
SPAR 21.2 Z1.2 40.0 40.0 30.0 30.0
RIB 60.0 60.0 40.0 40,0 40.0 40.0
PANEL DIMENSIONS
tg, in. .033 041 .062 075 .068 .068
tq, in. .033 041 062 .075 .068 .068
REINFORCEMENT AREA
SPAR CAP, in? .094 074 .086 .088 086 .086
STRAP, in? .060 070 .060 .330 - .060
EFFECTIVE AREA |
 Ae, in® .06 07 .06 .33 0.0 0.06
S Ael(tq + tp), in. 1.82 1.71 1.00 4.4 0.0 0.88 °
LIMIT STRESSES, ksi
COND. NO. 14 12 14 12 14 12
fiy 13.3 10.93 5.29 6.20 3.63 7.50
f, 23.6 27.60 |34.80 |48.47 |17.70 | 3230
fry 13.9 1650 [11.10  |13.20 633 | 11.20
fey/fy 0.59 0.56 0.32 0.27 0.36 0.35
FRACTURE TOUGHNESS |
Koty ksi- i 106 114 128 132 130 130
CRACK GEOMETRY
DIRECTION CHORD |CHORD |CHORD. {CHORD |CHORD |CHORD
LENGTH (L), in. 20.0 20.0 20.0 20.0 20,0 20.0
Ju Vin. 4.47 4.47 4.47 4.47 4.47 4.47
REINFORCEMENT EFF, - - '
Y 1.52 1.48 1.37 174 | 1.00 1.36
P 0.81 0.83 0.93 0,95 * | 0.91 0.91
'ALLOWABLE STRESSES, ksi o
Fy = YKo/ L 29.2 31.3 365 48.8 26.5 36.0
Fg = 1/2F, 14.6 15.6 18.2 24.4 13.2 18.0
MARGIN OF SAFETY +0.05 |+0.01 [40.05 [+0.01 |+0.50 |+0.11

[ORU———
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The calculations of the welght penalties associated with the wing panel conecepts

are shown in Table 13-36. This includes both the convex-beaded and honeycomb sand-
wich designs. This table includes the minimum design requirements (strength) and

the fail-safe requirements for the spar caps, straps, and panels. All honeycomb
panels require fail-safe straps at approximately lO-inch spacing. The exception
being the lower surface panel at point design region 41348 which is capable of
support limit load with a 20 inch crack and requires no additional reinf'orcement. The
convex-beaded panel concepts require no additional reinforcement other than the

panel geometry revi-ions for the upper and lover panels at region #0536.

A summary of the wing panel fail-safe results is presented in Table 13-3T7. This
table summarizes the pertinent fail-safe data, margins of safety, and the corre-
sponding weight penalties. The largest weight penalty associated with the convex-
beaded concept is 1.47 pounds/square foot for the lower panel at region 40536.
Similarly, the maximum penalty for the honeycomb panel concept is 0.84 pounds/square
foot for the lower panel at region 41036, No added strrctural reinforcement (weight
penalty) is required on the convex-beaded concept at regions 40322 and 40236 or the

lower surface honeycomb sandwich panel at region 41348.

Wing Sper Analysis ~ The composite reinforced spar cap in the aft wing box were

analyzed to define their damage tolerauce. This included the spar caps associated

. with point design regions L0236, L0536, and L41036.

The detail dimensions of these titanium caps reinforced with unidireectional Boron/
polyimide (B/PI) are shown in Table 13-38, These sections incorporated a constant

metal substrate with the area of the B/PI reinforcement varied to meet the strength

requirements. A meximum composite thickness of approximately 0.60 inch was required

for the lower surfece spars at regions 40236 and 50536. Conversely, the minimum

thicknesses occur on outboard region at 41036,

Similar to the anelysis conducted in Task I, a simplified strength anslysis utilizing

the multiple element characteristics of these spars was conducted to define the
damage tolerance trends. Table 13-39 summarizes the results of this analysis. The
£light condition and corresponding loads for the meximum tensi.m case were defined
by scanning the finel design loads, see Section 11, Point Design Environment. As in

the wing panel analysis, Conditions 12 and 14 were the most critical flight conditions.

13-61
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TABLE 13-36. WING PANEL WEIGHT PENALTY — TASK TIB

PANEL MIN. DESIGN
DIMENSIONS REQUIREMENTS FAIL-SAFE REQUIREMENTS
POINT SPAR RIB PANEL | SPAR | PANEL | SPAR |STRAP WEIGHT
DESIGN SPACING |SPACING | THK., T JAREA, THK. | AREA, | AREA, | NO. |PENALTY
REGION| DESIGN SURFACE | b, {in.) a, (in.) (in.) {in2) {in.) (in2) (in2) |STRAPS|{lh./sq. ft.)
40322 CONVEX- UPPER 22.7 60.0 0.033 — - — - - NOME
- BEADED LOWER 22.7 60.0 0.041 - - - — - NONE
40236 |CONVEX- UPPER 21.2 60.0 C.036 - - - - - NONE
BEADED LOWER 21.2 60.0 0.048 - — — — — NONE
40536 |CONVEX- UPPER 21.2 60.0 0.058 - 0.065 - - — 0.16
BEADED LOWER 21.2 60.0 - 0.046 - 0.110 - - — 1.47
41036 [HONEYCOMB | UPPER 21.2 60.0 0.052 0.094 0.073 | 0.060 | 0.060 1 0.55
SANDWICH LOWER 21.2 60.0 0.052 0.074 0.085 | 0.070 | 0.070 1 0.84
5;' 41316 |HONEYCOMB | UPPER 40.0 40.0 0.131 0.086 - 0.060 | 0.060 3 0.10
Y SANDWICH LOWER 40.0 40.0 0.153 0,038 — 0.330 | 0.330 3 0.71
e 41348 [HONEYCOMB | UPPER 30.0 40.0 0.143 0.086 - - - 2 NONE
SANDWICH LOWER 30.0 40.0 0.139 0.086 - 0.060 | 0.060 2 0.09

DESIGN REQUIREMENTS

b = SPAR SPACING

WEIGHT PENALTY EQUATION {EQUIVALENT PANEL WEIGHT)

WHERE:
P = MATERIAL DENSITY, 0.160 Ib./in3 ASPAR, FS
tpANEL, FS = PANEL THICKNESS REQUIRED FOR  Agpar, MIN =
FAIL-SAFE
TPANEL, MiN = PANEL THICKNESS, MINIMUM ASTRAP =

AW = 144P [(fpANEL, FS ~ TPANEL, MIN) + (ASPAR, FS — ASPAR, MIN + M ASTRAP)/b]

SPAR CAP AREA, MINIMUNM DESIGN
REQUIREMENT

STRAP AREA REQUIRED FOR

FAIL-SAFE

n= NUMBER STRAPS

= SPAR CAP AREA REQUIRED FOR FAIL-SAFE

e
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TABLE 13-37. SUMMARY OF WING PANEL FATL-SAFE ANALYSIS HYBRID
ARRANGEMENT — TASK IIB
REINFORCE-
SPACING MENT
EFFICIENCY
POINT CRACK MARGIN | WEIGHT
DESIGN DESIGN WING SPAR RIB |LENGTH {|ZAe/t . OF PENALTY
CONCEPT REGION | SURFACE {in.) {in.) {in.) {in.} Y L SAFETY |[({lb./sq. ft.)
CONVEX-BEADED | 40322 UPPER 22.7 60.0 7.05 1.87 1.33 0.91 | LARGE NONE
PANELS l.LOWER 22,7 60.0 8.25 1.90 1.35 0.93 | +1.28 NONE
40236 UPPER 21.2 60.0 7.05 2.13 1.35 0.79 | +1.b2 NONE
LOWER 21.2 60.0 8.25 250 1140 0.93 | +0.08 NONE
40536 UPPER 21.2 60.0 7.05 1.68 1.32 0.61 | +0.03 0.16
LOWER 21.2 60.0 9.75 1.77 1.37 0.47 | +0.06 147
HONEYCOMB- 41036 UPPER 21.2 60.0 20.0 1.82 1.62 0.81 | +0.05 0.5b
SANDWICH LOWER 21.2 60.0 20.0 1.71 1.48 0.83 | +0.01 0.84
PANELS
41316 UPPER 40.0 40.0 20.0 1.00 1.37 0.93 | +0.05 0.10
LOWER 40.0 40.0 20.0 4.40 1.74 0.95 | +0.01 0.71
41348 UPPER 30.0 40.0 20.0 - 1.00 0.91 | +0.50 NONE
LOWER 30.0 40.0 20,0 0.88 1.36 0.921 | +0.11 0.09

- ———



TABLE 13-38.

SPAR CAP GEOMETRY -~ TABK TIB

COMPOSITE REINFORCED CONCEPT

SPAR CAP DIMENS!IONS
POINT SPAR
DESIGN SPACING h b H w t t
REGION {in.) {in.} {in.) {in.) (in.) (in.) {in.)
40236
UPPER 21.2 .38 1.00 1.20 2.50 12 12
LOWER 21.2 62 1.00 1.20 2.50 12 12
40536
UPPER 21.2 .38 1.00 1.20 2.60 12 12
LOWER 21.2 58 1.00 1.20 2.50 12 12
41036
UPPER 21.2 .10 1.00 1.20 2.50 A2 12
LOWER 21.2 12 1.00 1.20 2.50 A2 12
B/PI COMPOSITE REINFORCEMENT
snaame] | | ot t2‘

I.
1_

t

1

V72

h

\

—

|

| 6AL-4V (Ann.) TITANIUM
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TABLE 13-39  "UMMARY OF SPAR CAP FATL-SAFE ANALYSES COMPOSITE
RELINFORCED CONCEPT — TASK TIB

DAMAGED cAP(4)
TOTAL APPLIED(1}(2) MEMBER ALLOWABLE(3) | ALLOWABLE LOAD
LOAD, KIPS LOAD, KIPS (Pa). KIPS
POINT SPAR ~ METAL COMPOSITE |BROKEN | BROKEN |MARGIN(S)
DESIGN SPACING |COND ELEMENT | ELEMENT | METAL |COMPOSITE OF
REGION -~ {in.) NO. | PuLt | PLviT Py Pc ELM. ELM. SAFETY
40236
UPPER 21.2 14 190.2 126.8 35.5 55,9 2236 203.2 +3.60
LOWER 21.2 12 391.2 260.8 33.6 89.4 357.6 301.8 +0.16
40536
UPPER 21.2 14 176.3 117.5 35.5 55.5 222.0 202.0 +0,72
LOWER - 21.2 12 364.9 2433 34.5 82.6 330.4 282.3 +0.16
41036
UPPER 21.2 14 62.3 41.5 375 16.0 64.0 85.5 +0.54
LOWER 21.2 12 115.5 77.0 37.1 19.6 78.4 95.9 +0.02

1. MAXIMUM TENS{ON LOADS
2. LIMIT LOAD = 2/3 ULTIMATE LOAD

3. COMPGSITE ELEMENT LOAD ARE UNIT VALUES, TOTAL LOAD SUSTAINED BY THE COMPOSITE ELEMENTS
1S FOUR TIMES THE UNIT VALUES.

4., DAMAGED CAP ALLOWABLES:

BROKEN METAL MEMBER BROKEN COMPOSITE MEMBER
Pa = 4XPg Pa = Pp+3XPe
MIN.P5
5. MARGIN OF SAFETY = ——* — 1

Pt

At

N —— ;.




From the strength analysis, the ultimate load carrying capebility of each member
of the eross-section was defined. TFor example with reference to Table 13~-39, the
metallic substrate of the upper spar ceps st point design region 40236 has an
allowable of 35.5 kips and each of the four composite members are capable of with-

standing a load «f 55.9 kips.

A damage condition of a single broken member {composiie or metel substrate) with
the applied limit load redistributed to the remaining undamaged members was con-
sidered. The allowable loads for the damaged conditions and margins of safety are
also included on Table 13-39. In summary, all composiie reinforced caps are fail-
safe with a minimum pusitive margin of 2-percent existing on the lover spar cap at

point design region 4#1036.

Fuselage Aneiysls - The Task II fuselage fail-safe analyses were conducted to define

the damage-tolerance capablility of the strength design fuselapge and assess the

welghtt penalties associated with meeting the fail-safe requirements.

The analytical method outlined in Pigure 13-10 was used with two types of cracks
being considered: Circumferential and longitudinal cracks. Similarly to Task I, a
50-percent reduction in fracture toughness (KO) was imposed on the Task T1 znalyses
involving .ongitudinal cracks, with no reduction in KB for the circumferential crack

conditions.

The assumed fuselage damage configurations are presented in Figure 13-21. For the

- egircumferential crack condition, a damage condition of a two~piteh skin erack with

the intermediate stringer broken was considered. This damage condition results in
crack lengths from 8 inches to 12 inches. This figure also represents the damage
condition for the longitudinsl cracks, which is a two-bey crack with the inter-
mediate freme or fail-safe strap broken. As shown on this figure, the most critical
damage condition is a longitudinal skin crack under the hat-stiffener. This
condition is the most severe since manufacturihg difficulties preclude adding
straps at the fuselage frame under the het-stiffeners. Therefore for this condi-
tion crack lengths equal to two-full frame spacings, approximately 4O ipches, were

considered.

13466
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FRAME
REGION SPACING
' {IN.)
FS 900 21.50
FS 1810 22.67
FS 2525 21.25
FS 2900 21.00

Figure 13-21,

SECTION A-A
CIRCUMFERENTIAL CRACK

FAI L.STAN FLOATING

STRAPS FRAMES
(WELD-BOND)

SECTION B-B

LONGITUDINAL SKIN CRACK UNDER

HAT STIFFENERS

SECTION B-B
LONGITUDINAL SKIN CRACK BETWEEN

HAT STIFFENERS

Fuselage Panel Damage Configuration - Task IIR
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Four fuselage point design regions were analyzed in support of the detall engineering
studies. The final design fuselage incorporates the zee~stiffened panel concept at
FS 750, and the hat-stiffened concept at FS 1910, 2525, and 2900. The panel geometry
for each of these stations are shown in Table 13~40. The ecircumferential location

is identified by the equivalent NASTRAN model panel identificaetion number as shown

on Figure 13-22,

The fail-safe analysis indicated the locations where basic panel geometry changes were re~
quired. Asaresult, panels 234103 and 23410k at FS 1910 and panels 234805 and 234806 at FS 2525

were amended. The revised section properties for these panels are shown in Table 13-41,

A summary of the maximum tension stresses for selective loeations at the point
design regions is presented in Table 13-42 and includes the adjusted stresses levels
for the revised panels. The critical tension stresses are specified for the crack
condition being investigated, i.e., maximum hoop stress for longitudinal eracks and
maximm axial (meridional) stress fbr the circumferential crack condition. For
ease in reporting, selective panels at each point design region have been redefined
as top, side, and bottom panels. With reference to Figure 13-22, the toup definition
refers to the upper-most panel at each region, i.e., the panels with the NASTRAN
identification numbers (six digit number) ending with the digits 0l. Similarly,
side and bottom refers to the panels ending with the 06 and 09 digits, respectively.
Hereafter, this terminoclogy is used for the fuselage analysis.

The fuselage was subjected to & comprehensive fail-safe analysis which included all
circumferential panels at each of the point design regions. A sample of the fuse-
lage analysis is shown in Table 13-43 for the top and side loecations at point design
region 2525. This example covers both the longitudinal and circumferential erack
conditions, Positive margins are noted for each location, with a minimum margin of
l-percent noted at the side panel for the circumferential crack condition. A1l
other marging are 50-percent or higher. These caleculstions reflect reinforcement
straps for the longitudingl crack analysis and the revised side panel geomeiry pre-

viously discussed and presented in Table 13-~khl.

A sample of the weight penalty caleulations are presented in Table 13-kl for point
design region FS 2525. This table indicates the weight parameters (panel thickness
and strap area) associated with the individual panel meeting the fail-zafe require-

ments. In addition, the average equivalent panel thickness (t) and unit weight (w)

13-68

e ——




TABLE 13-40.

FUSELAGE PANEL GECMETRY - TASK ITIB

e,

FUSELAGE PANEL DIMENSIONS
POINT
DESIGN PANEL CIRCUMF. bs | & | ¢ f h | %Wt | £
REGION CONCEPT LOCATION | ({in) | (in) [(in) [ (in) | (in} | {in) | (in}
FS 900 ZEE- 233301 40 | .036 | .55 { 0,75 | 1.00 |.036 | .056
STIFFENED 233307
FS 1910 HAT- 234101 60 | .07 |15 |0.80 [1.25 |.06 |.129
STIFFENED 234102 60 | .06 |15 (080 {125 |.05 |.100
234103 60 .04 [15 |o080 [1.25 |.04 |.079
234104 60 | .04 {15 |0.80 j1.25 {.02 |.069
234105 60 | .06 |15 |[0.80 |1.25 |[.05 |.099
234106 60 |.06 |15 [o080 1125 |.06 |.119
FS 2525 HAT- 234801 60 | .07 |15 |o080 {1.25 |.08 |.149
STIFFENED 234802 60 |.06 |15 |0.80 {125 {.06 [.119
234803 60 |.06 {15 |0.80 |1.25 |.05 |.099
234804 60 .04 |15 |0.80 |1.25 |.03 |.069
234805 60 .04 |15 |0.80 [1.25 |.03 |.069
234806 60 [.04 |15 |o0.80 |1.25 |.04 |.079
FS 2900 HAT- 235101 60 |.07 |15 |080 |1.25 .07 |.139
STIFFENED 235102 60 {.056 |15 [0.80 [1.25 |.06 ].109
235103 60 .05 |15 |0.80 }1.25 |.04 |.089
235104 60 {.04 {15 |080 (1.25 .03 |.069
235105 60 |.04 |15 |080 |1.25 |.03 |.069
235106 60 (.04 |15 |0.80 {1.25 |.03 |.069
235107 60 |.06 |[15 |0.80 |1.25 |.04 |.089
235108 60 |.06 {15 |08 |1.25 |.06 |.109
235109 60 .07 |15 (080 |1.25 .08 |.149
PANEL DIMENSIONS:
|
I-. T bs--—-— e bs —aie C = -
- i : : L
h h
t
ts L::=I i _1_‘ S t e *
c _.._.._...]
tst tst
ZEE-STIFFENED CONCEPT HAT-STIFFENED CONCEPT
13-69

P )




FS 2900

-OL-t1

o
FS 1910 W Nax

Figure 13-22. TFuselage Panel Identification - Task ITIB
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ZEE-STIFFENED CONCEPT

TABLE 13-4, REVISED FUSELAGE PANEL CGEOMETRY -~ TASK IIB
FUSELAGE PANEL DIMENSIONS
POINT
DESIGN | PANEL bg tg c f h tet t
REGION | CONCEPT | LOCATION | (in) [ (in) | (in) | (i) | (in) | {in) | (in)
FS 900 ZEE- - NO CHANGES
STIFF.
FS 1910 HAT- 234103 60 | .05 1.5 | 0.8 | 125 | .04 | .089
STIFF. 234104 6.0 05 1.5 08 | 125 | .03 | .079
FS 2525 HAT- 234805 60 | 08 | 15 | 08 | 1.25 | .08 | .150
STIFF. 234806 6.0 .10 1.5 08 | 125 | .08 | .179
FS 2900 HAT- - NO CHANGES
STIFF. | |
. ]
f i -~ b——e - bg C--
4 1 | * Lt(
— = =11 I
| { ;

tst

HAT-STIFFENED.CONCEPT
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PABLE 13-42. SUMMARY OF FUSELAGE PANEL STRESSES — TASK IIB
FUSELAGE SKIN STRESS (ULT.} — ksi{1)
FS 900 FS 1910 FS 2525 ES 2900

TYPE OF
LOCATION | CRACK [COND | %, fg foy | COND [ fg | %y [cOND | % fo |ty |COND| %, fg | fxy
TOP clrcum. | 25 l3aas | - |[177 28 576 | — 114 | 26 521 | — 053 | 26 |392 | — 1.61

LONG. 22 | — |3za3 | - 20 |- {1721 | 323 | 20 |- 171 17| 20 | - {171 | 119
SIDE CIRCUM. | 24 [12.1 -~ {170 22 |60 | - goo | 24 |[515 | - {183 20 {308 [ — | 143

LONG. 20 | - |[383 |122 20 | — [199 | 123 20 |- |120 | 220 20 | - [208 | 143
BOTTOM | CIRCUM. | — | — - - - - - - - - - - 20 [(714 | - 418

LONG. - - - - - - - - - - - - 20 | — 171 4.18

1. LIMIT STRESS = 2/3 ULTIMATE STRESS
2. SEESECTION 11, TABLE 11-38 FOR DEFINITICN OF LOAD CONDITIONS

et e
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TABLE 13-43.

FUSELAGE PANEL FAIL-SAFE ANALYSIS-

TASK IIB, POINT- DESIGN REGION FS 2525

ITEM POINT GESIGN REGION FS2525
CRACK TYPE LONGITUDINAL CIRCUMFERENTIAL
LOCATION TOP SIPE TOP SIDE
PANEL GEOMETRY
t,, in. .070 .100 .070 100
by, in. - - 6.0 6.0
b {(frame spacing}, in. 21.25 21.25 - -
REIN FOQCEM ENT AREA {fail-safe strap) {panel stiffener)
Ae, in. .06 .08 .161 161
ZAeft, in. 1.71 1.20 4.6 3.2
LIMIT STRESSES
COND. NO. 20 20 26 24
f,, ksi. - —~ 34.7 3.44
o, ksi. 11.4 8.0 - -
Xy, ksi. 0.78 1.47 0.35 12.2
FRACTURE TOUGHNESS
ko, ksi - \/in. - - 130 138
1/2 ko, ksi - \/in. 65 69 - -
CRACK GEOMETRY
LENGTH (L), in. 42.5 42.5 12.0 12.0
V6 /in 6.52 6.52 3.46 3.46
REINFORCEMENT EFF.
Y 1.75 1.70 1.61 1.53
b . 0.99 0.97 1.00 0.40
ALLOWABLE STRESSES
Fg = Yi{'ko/\/L' 17.3 17.4 60.4 24.4
Fs = 1/2Fqg 8.64 8.73 30.2 12.3
MARGINS OF SAFETY
Axial (MS = Fgff-1) +0.52 +1.18 +0.74 +HIGH
Shear +HIGH +HIGH +HIGH +0.01

13-T3
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TABLE 13-hh. JUSRELAGE PANET, FATL-SAFE WEICHT FENALTY — TASK IIR,

POINT DESIGN REGION FS 2525

FAIL-SAFE REQUIREMENTS
STRAP PANEL
PANEL - ) CIRCUM
PANEL T A b t =t C;
REGION/CONCEPT LOCATION {in.} (in2) {in.) {in.) (in.) (in.)
FS 2525 234801 —- 0.060 21.25 0.0028 0.0028 39.64
. : {Top) :
HAT-STIFFENED _
PANEL CONCEPT 234802 - 0.060 21.25 0.0028 0.0028 29.72
1T ~_|_|_ 234803 - 0.060 21.25 0.0028 0.0028 23.68
| 234804 - 0.140 21.25 0.0066 0.0066 17.86
234805 0.090 0.060 21.25 0.0028 0.0928 11.82
234806 0.100 0.060 2125 | 0.0028 0.1028 1190
(SIDE) :
AVERAGE VALUES t=0.020in; W = 0.46Ib./sq. ft.
NOMENCLATURE:
t = EQUIVALENT SURFACE PANEL THICKNESS =T = T(PANEL) + T (STRAP)
A = AREA OF FAIL-SAFE STRAP | C; = PANEL CIRCUMFERENCE
b = FRAME SPACING _ 6 _ /6
. - AV = = s .
Alb = T(STRAP) | el e CItl/iEﬂ o
23.94 X T (AVG)

=

>
<

2}
u

e e P



are caleculated for the entire point desigr regicn, the respective values for FS 2525
are 0.020 inches and 0.46 1b/sq ft. The added penel thickness requirements reflect
the revised geometry shown in Table 13-41. Table 13-45 summarizes the results of the
Task II fuselage faill-safe analyses. This table presents & summary of the pertinent
date derived from the detall caleulations, indicates the mergin of safety and weight
penalty associated with the specific panels, and the average weight penalty for the
entire point design repgion. All regions regulred additional structure to meet the
fail-safe requirements. The highest weight penalty, 0.46 1b/sq. £t., was associated
with the mid-body region at FS 2525, The aftbody reglon at ¥S 2900 exhibited the
highest fail-safe capability i.e., lowest weight penalty, 0.10 1b/sq. ft.

In general, selective panel stiffening was required to meet the circumferential
crack criteria; whereas, all regions required circumferential fail-safe straps te
attain the longitudinal erack criteria,
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TABLE 13-45. SUMMARY OF FUSELAGE FAIL-SAFE ANALYSES — TASK TIB
REINFORCE-
WEIGHT PANELTY (AW)
POINT CRACK EFFICIENCIES MARGIN {Ib.f.:q. f‘t.)
DESIGN DESIGN: | PANEL | TYPEOF |LENGTH | = Ae/t{1)(2) v OF POINT DESIGN
CONCEPT REGION |LOCATION | CRACK (in.) in.) ¥ SAFETY PANEL REGION
ZEE-STIFF. FS 800 TOP CIRCUM 8.0 2.0 1.36 1.00 +1.25 NONE
SIDE CIRCUM 8.0 2.0 1.36 0.98 +HIGH NONE (0.25)
TOP LONG 21.5 7.2 1.97 1.00 +0.01 0.25 :
SIDE LONG 215 7.2 1.97 0.99 +0.01 0.25
HAT-STIFF. | FS1910 | TOP C'RCUM 12,0 3.5 1.55 1.00 +0.51 NONE
CONCEPT SIDE CIRCUM 12.0 4.1 157 0.58 +2.11 NONE (0.22]
TOP LONG 44,3 1.7 1.75 0.57 +0.46 0.06 )
SIDE LONG 44,3 5.0 2,20 0.80 +0.02 0.15
HAT-STIFF. FS2525 | TOP CIRCUM 12.0 4.5 1.61 1.00 +0.74 NONE
CONCEPT SIDE CIRCUM 12.0 3.2 1.53 0.40 40.01 2,34 (0.46]
TOP LONG 42,5 1.7 1.75 0.99 +0,52 0.06 ’
SIDE L ONG 425 1.2 1.70 0.97 +1.18 0.06
HAT-STIFE. | Fs2%00 | TOP CIRCUM 12,0 4.1 1.58 1.00 +1.27 NONE
CONCEPT SIDE CIRCUM 12.0 3.2 1.53 0.87 +1.11 NONE
BOTTOM | CIRCUM 12.0 4.6 1.60 0.99 40,25 NONE (0.10)
TOP LOMG 42.0 17 1.70 1.00 +0.50 0.07 :
SIDE LONG 42.0 10.0 277 0.86 +0.04 0,22
BOTTOM |LONG 42.0 1.7 1.70 0.96 +0.44 0.07
MOTES:
1. ZA, = SUM OF EFFECTIVE AREAS
2. t= SKIN THICKNESS

3. PANEL WEIGHT PENALTY

AT = ATpaNEL * AsTRAP/D
AW; = 144 pAT, = 23.04 AT;

WHERE:

Atpayg

ATPANEL

]

AT,

G

POINT DESIGN REGION WEIGHT PENALTY
Afpva. =

=G A’t‘,fzc,-
AW = 23.04 ATayg,

AsTRAp = STRAP AREA OF ith PANEL FOR FAIL-SAFE
b = FRAME SPACING

EQUIVALENT SURFACE PANEL THICKNESS OF ith PANEL
= AVERAGE SURFACE PANEL THICKNESS OF FUSELAGE CROSS-SICTION
CIRCUMFERENCE OF ith SURFACE PANEL

ADDITIONAL THICKNESS OF ith PANEL FOR FAIL-SAFE

- ———
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SECTION 14

AcoUSTICS

INTRODUCTION

Experience gained in the development of aircraft structural design has demonstrated
the importance of a coordinated design program in which sonic fatigue prevention

pleys an integral part.

The principal components of any sonic fatigue prevention program are: (1) a
definition of the aireraft's acoustic enviromment; and (2) the design of structure
which will withstand the acousticelly induced loads without fatigue cracking.

Fach of these aspects involves a combined analytical and experimental approach,

Due to the preliminery nature of this investigation, only a preliminary assessment
of the sonic fatigue capebility of the struetural configurations could be ascer-
tained for the supersonic erulse aireraft. This assessment wag conducted in the
following steps:
e The acoustic enviromment was estimated for the baseline airplane during
take-off.
e The methods of analysis and associated design charts were defined for use
in the detall analysis.
e BSelective wing and fuselage surface panels were anelyzed to assess the

relative merit of the structurel concepts.

The resulis of this assessment are reported in the following text under the
titles: sonic enviromment, methods, end analysis., For continuity, the results
of the Task I analysis {wing and fuselage) are presented in their entirety
followed by the results of the Task II analysis.

SONIC ENVIRONMENT

The acoustic environment to which the baseline airplane is subjected during
takeoff was estimated from empirical free field acoustic levels generated by an
existing turbojet engine. The engine selected for the supersonic cruise airplane
study is & Mach 2.7 duct burning turbofan engine, designated ‘the BSTF 2.T7-2.

1h4-1
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A schematic drawing of this engine is shown in Figure 1L-1 with the engine
parameters listed in Table 14-1. The acoustic enviromment generated by the
beseline turbofan engine was estimated by adjusting the empirical acoustic levels
to eccount for the differences in the geometric characteristics of the engines,

the operating parameters and the presence of structure within the geoustic field.

In support of the Propulsion-Airframe Integration Study, reported in Section 19,
the acoustic enviromment in terms of overall sound pressure levels (OASPL) and

octave band levels was defined for the same engine mounted further forward than
the baseline location. The engine location for these two designs are presented

in Figure 1k-2,

Reference Contours

The acoustic environment is based on jet near-field noise prediction methods given
by Franken and Kerwin in Reference 1. The basis for the noise contours of this
study was the acoustic levels defined by the above investigators for an existing
turbojet engine, Figure 1hk-3. Thesge data reflect a cirecular nozzle with an exhaust
area of 0.66 sqg. ft. and an exhaust velocity of 1850 ft. per sec. These referenced
contours were extrapolated and scaled to the baseline airplane dimensions,

Figure 19-1. The scaled contours were then adjusted to reflect the differences in:

® Engine geometric characteristics.
e Operating parameters.

e Presence of structure within the acoustic field.

1h-2
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Figure lk-1, Duct Burning Turbofan Engine - Mach 2.7

TABLE 1h-1.

PROPULSION SYSTEM PARAMETERS

Engine:
Number of engines:

BSTF 2,T7-2 duct burning turbofan
i

Noise suppression: FAR 36-5

Inlet/nozzle: Axisymmetric/variable convergent-divergent
Thrust/weight — {1ift off): 0.36

Lift off Speed: Mach 0.30

Scele Factor: 1.0 {Ref.) L.1h7
Net thrust, 1b. (4) 78,000 89,466
Engine weight, 1b. (B) 11,143 12,781
ACAP, £t2 33.1 38.0
DMAX, in. 90 96,4
DCOMP, in, T9.h , 85.0
DNOZ, in. 90 96.4
LENG, in. 255 267.5
LINLET, in. 180.3 203.9
Study Application Task I Task II

(A) SLS, Max, Power, uninstalled
(B) Includes reverser and suppressor

143
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Figure 14-2, Candidate Engine Location
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Figure l4-3. Near-Field Noise Contours - Reference Turbo-Jet Engine
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Engine Characteristics

The following table defines the engine nozzle ares and exhaust velocity of the
referenced engine and the turbofan engine used for the study.

NOZZLE PARAMETERS
Exhaust Area Exhaust Velocity
ENGINE (Ft.2) (Ft/Sec.)
Referenced turbojet 0.66 1850
Duet burning turbofan 21,4 2370

Using these dats, the values for the referenced contours were scaled to account for
the difference in nozzle ares and velocity. The nozzle area reletionship is directly
proportional to the area ratio; whereas, the velocity relationship is proportional

to the velocity ratio to the eighth power. The change in the noise contours

attributed to the differences in exhaust velocity was calculated as follows:

AdB = 80 Llogy %—;g— = 8.64 4B

In addition, the noisé suppressor attentuation was estimated from the predictéd
values given by General Electric for their AST engine, Reference 2. For the
BSTF 2.7-2 duet burning turbofan with 2400 f£t. per sec. exhaust velocities the
estimated noise attenustion is 14.5 dB. In summary, the incremental changes
attributed to the e.gine geometry and noise suppressor are shown in the following
table.

Changes Over
ITEM , Reference Engine Noise Contours
Nozzle area + 15,12 dB
Velocity ratio + 8.64 aB
Noise suppressor - 14,50 4B
AdB + 9.26 dB

From these results, 10 dB were added to each contour shown in Figure 1h-3.

14-5
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Addition of Noise

The noise contours for each engine overlapped the noise of the other engines.
Therefore, the noise at a given point was determined by adding the noise in pairs.
To expedite these logarithmic calculations Table 14-2 was used. An explanation of
the use and the limiting conditions are included on this table.

Structure Within the Field

To account for the presence of structure within “he acoustic field, the reflected
acoustic wave was assumed to cause a pressure ¢oubling near aircraft surfaces.

Therefore, 6 dB was added to the noise at egch peint.

Isointensity Contours

The OASPL was determined using the reference contours (Figure 1k-3) and the calcu-
lated incremental changes associated with the AST design. Isointensity contours
were defined for eﬁch of the engine locations (Figure 1k-2) after OASPL had been
defined at sufficient points. Figure 1b-l displays the isointensity contours for
the baseline engine location and Figure 1h4-5 presents the corresponding contours for

the forward mounted engine.

The peak frequency was determined by consideration of the Strouhal number,
(S, = £fD/V). Assuming e Strouhal number of 0.3, commensurate with a supersonic jet
with a 5S4 tube nozzle, and solving the equation explicitly for the freguency f,

a peak frequency of 995 Hz iz obtained. The ealoulations are as follows:

14-6
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TABLE 14-2. COMBINING SOUND PRESSURE LEVELS IN DB'S

LIMITATIQNS: USE OF THIS TABLE LIMITED TO THE TWO FOLLOW- EXPLANATION OF TABLE: THE GROUP OF NUMBERS BENEATH THE

ING CONDITIONS: BOLD NUMERAL AT THE TOP OF EACH BOX, REPRESENTS THE

A. COMBINATIONS OF SINE WAVES NO TWO OF WHICH HAVE THE DIFFERENCE IN DB, BETWEEN ANY TWO SOUND PRESSURE LEVELS,
SAME FREQUENCY. L1 &Ly (L= L)

B. ANY COMBINATION OF RANDOM NOISE SOURCES, WITH OR THE VALUES IN THE RIGHT HAND COLUMN OF EACH BOX ARE THE
WITHOUT COMBINATIONS OF SINE WAVES. NUMBER OF DB TO BE ADDED TO Lq TO OBTAIN THE RESULTANT

M

Lyt

OF Lq & Ly IN DB.

0 1 2 3 4 5 6 7

0.0 1.0 2.0 30 )18 40 }15 5.0 6.0 7.0

0.1 3.0 11 25 21 21 3.1 4.1 5.1 12 6.1 10 7.1 0.8
[ 02 29 2 # 2.2 | 3.2 F1.7 42 F1.4 5.2 W 7.2

0.3 1.3 P24 2.3' a0l 33 | 43 5.3 6.3 7.3

0.4 1.4 2.4 3.4 4.4 54 F1.1 6.4 p0.9 7.4

0.5 25 35 F16 4,5 5.5 6.5 7.5

2.3 . 1.3

061 - 2.6 p-19 3.6 4.6 5.6 6.6 7.6 p- 0.7

0.7 1.7 2.7 3.7 4.7 5,7 6.7 7.7

08 | ¢ 1.8 p-2.2 28 | . o 3.8 15 48 | ., 5.8 p-1.0 6.8 p-0.8 7.8

0.9 1.9 29 4.9 5.9 6.9 7.9

8 9 10 1 12 13 14 15

go] | [90 10.0 11.0 12.0 12.0 14.0 15.0

8.1 9.1 10.1 11.1 12.1 03 13.1 14.1 15.1

8.2 9.2 10.2 1.2 122 13.2 14.2 15.2

8.3 p0.6 5.3 0.5 10.3 0.4 11.3 12.3 13.3 14.3 0.2 15.3

8.4 9.4 i0.4 ) 11.4 03 12.4 13.4 0.2 14.4 15.4 0.1

8.5 9.5 | 10,5 11.5 125 13.5 *1554 15.5

8.6 9.6 10.6 11.6 12.6 13.6 14.6 15.6

8.7 9.7 10.7 11.7 271 %% [187 14.7 15.7

8.8 ¥ 0.5 X 18] o 11.8 12.8 13.8 14.8 0.1 15.8

8.9 9.9 109 11.9 12.9 13.9 14.9 15.9
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Figure 14-L. Overall Sound Pressure Level - Baseline Engine Iocation
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Figure 14-5. Overall Sound Pressure Level - Forward Mounted Engine




E;Lh = 0.396 £t2

Tube area

%‘-;’%6— = 0.712 ft.

Tube Diameter

and from the Strouhal number equation

.30
f= SBEPT - o5 m

The spectrum shape was then determined by comparison.of spectra from several
suppressor nozzles and is shown in Figure 1h.6. The octave band noise contours at
the center freguency were determined by subtracting the values shown in Figure 14-6
from the OASPL displayed in Figures 1h-4 and 14-5. TIn tabular form these values

are.:
FREQUENCY (Hz) AgB
63 ~15
125 -1k
250 -12
500 -10
1000 -6

Figures 1h4~T through 14-11 present the noise contours for the baseline eéngine
placement for octave band levels with 63, 125, 250, 500, and 1000 Hz center
frequencies respectively. Figure 1h4-12 through 14-16 give the corresponding

noise contours for the forward mounted engine.

METHOD OF ANALYSIS

The two most important properties of structure from the siandpoint of sonic
fatigue resistence are: (1) its resonunt frequencies; awa (2) its "auality of

detail deslgn".

Tne first of these is impertant because excitation of a structure at its resonant
frequency can induce stresses in the structure on the order of 50 times as great

as those which would result from the same load applied statically.

1k-10
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Figure 1k-7. 63 Hz. Octave Band Pressure Levels - Baseline Engine Iocation
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Figure 14-8, 125 Hz. Octave Band Pressure Levels -~ Baseline Engine Location
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Figure 14-9. 250 Hz. Octave Bend Pressure levels - Baseline Engine Location
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Figure 1h4-11. 1000 Hz. Octave Band Pressure Levels - Baseline Engine Location
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Figure 1b4-12. 63 Hz. Octave Band Pressure Levels - Forward Mounted Engine
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Figure 1hk-15. 500 Hz. Octave Band Pres
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For structure which must withstand broadband random noise, the resonant condition
gannot be aveided. Therefore adequate stiffness must be designed into the
structure to keep the acoustically induced stresses suffieciently low to avouid

fetigue cracking.

The amplitude of vibratory response which the structure can withstand for a
satisfactory period of time without fatigue crecking is highly sensitive to the
"quality of detail design', the second property mentioned above. This is a
consequence of the fact that it is not the average or "nominal" value but the

"maximum" velue of the vibratory stresses which limits the fatigue life of a

~structure. Therefore, it is important to give careful aittention to the details of

design in order to avoid high concentrations of stresses in localized areas.

Because of the dependency of fatipgue resistance on the quality of detail design, it
is not possible to prediet the fatipgue 1life of a pénel by analysis alone. There~
fore design charts were used which are based on the analysis of the response of
structure te broadband randem excitation for which fatigue allowables are chosen
to be consistent with fatigue test deta for typical eircraft structure. These
charts were determined by the analytical and empirical approaches of References 3
and L,

For the analysls, design charts were used for three different types of panels;
they were: ' ‘
o Orthtropie panels which have unequal stiffness properties along the two
prineipal axes, e.g., convex-beaded and hat—stiffened wing panel concepts.
e Monocogque peaenels which exhibit aﬁpreciable stiffness in both axes and
plate theory is applicable, e.g.. honeycomb sandwich panels.
. Unstiffened skin panels for analysis of the skin vibrating as a plate

between stiffeners.

The series of design charts used to analyze the orthotropic panel concepts were
obtained from Reference 3 and are shown in Figure 14-17. This figure outlines the
design charts used for determining the allowable spectrum level and natural fre-
quency of the panel, Figure 1k-17a and 14-1Tb, respectively. In addition for com-
pleteness, the applied sound spectrum level is shown in Figure 1h-1Tc.

1h-22
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SPECTRUM LEVEL
WING POINT DESIGN REGIONS

‘e PANEL ALLOWABLE SOUND SPECTRUM LEVEL (PER FIGURE 14-17a)
ALLOWABLE dB/Hz = FUNCTION (1,A,L.Z)

‘e PANEL NATURAL FREQUENCY (PER FIGURE 14-17h)
NATURAL FREQ {Hz) = FUNCTION (L,A,L}

e ENVIRONMENT SOUND SPECTRUM LEVEL (PER FIGURE 14-17c)
e SONIC FATIGUE MARGIN {ALLOWABLE SOUND SPECTRUM LEVEL — ENVIRONMENT SOUND SPECTRUM LEVEL]}

Figure 1L4-17. Orthotropic Panel Sonic Fatigue Design Chart
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The monocogue concepts, honeycomb sandwich wing panels were analyzed for both

face sheet and edge failure modes, Design charts based on the empirical equations
presented in Reference 4 were used iu the analysis of these concepts. A sample
design chart for determining the face sheet allowable sound spectrum level is shown
in Figure 14-18. The corresponding honeycomb sandwich design chart for the edge
capability is presented in Figure 83 of Reference 4, 'The fundamental frequency was
calculated using the method presented in the above reference and is shown in
Figure 1h-19,

The skin panel charts of Figure 14-20 outline the method used to determine the
capability of the skin between stiffeners. The natural frequency end allowable sound
spectrum level are found from Figures 14-20a and 14-20b, respectively. The applied
sound spectrum level is included as Figure 1h-20c. '

Sonic fatigue analyses require that the applied acoustic enviromment be defined in
terms of sound spectrum levels (db/Hz). The sound spectrmm levels are a measure of
the acoustic energy conbained in & one Hertz bandwidth centered at & specified fre~
quency. The sound spectrum levels were defined for the wing and fuselape point
design regions for frequencies of 63, 125, 250, 500, and 1000 Hz. Figures 1h-21
and 14-22 present the wing and fuselage sound spectrum levels, respectively. A
smooth curve was constructed through the sound spectrum levels at these frequencies

to approximate the spectral distribution of the acoustic environment.

The above sound spectrum levels were determined for the baseline alrplane by reducing
the octave band noise level conbours presented in Figures 14-T through 1k-11 to one
Hertz bands. This was accomplished by subtracting the following values from the

contour levels given in these figures.

Frequency (Hz) AdE
63 16.5
125 19,5
250 22.5
500 25.5
1000 28.5

As & reletive merit of each structural concept z sonic fatigue margin was calculated.
This margin, allowable panel sound spectrum level minus the applled sound spectrum

level, allows the reasder to numerically assess the capabllity of each concept.

1h-2h
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SONIC FATIGUE ANALYSIS - TASK I

In conjunction with the Task I analyticzl studies, the most promising wing and
fuselage structural candidates survivipg the initial screening were subjected to
sonic fatigue evaluation. The wing candidates evaluated were the least weight
concept representative of each of the three general types of load carrying
structure, i.e., chordwise, spanwise, and monocoque. Similarily, the fuselage
arrangement analyzed represented the combination of structural concept which

afforded the minimum weight fuselage design.

Wing Analysis

Bonic fatigue analyses are conducted on each of the wing concepts at the six point
design regions. The upper and lower surface panels were analyzed at each point design
region., Figure 1l4-23 presents these point desipgn regions overlayed on the structu-

ral model planform.

The general types of wing structure and the most promising surface panel concept
for each type were:

¢ Chordwise - Circular arc convex-beaded concept.

e Spanwise -~ Hat-stiffened concept.

e Monocogue ~ Honeycomb sandwich concept.

The panel cross-sectional properties for the convex-beaded concept (chbrdwise
arrangement) are shown in Tables 14-3 and 14—k, These data reflect the results

of the strength anelysis conducted to define the minimum weight design and the
associated spar spacing. For the minimum weight chordwise design, convex-beaded
concept, a spar spacing of approximately 20 inches resulted in the least weight
design. The sonie faﬁigue capability of the surface panels for this configuration

were evaluated at the six point design reglons.,

The surface panel geometry for the least welght spanwise arrangement, hat-
stiffened conecept, is shown in Tables 14~5 and 14-6. The minimum weight rib

spacing for this concept is approximately 30 inches.

Similarly, the panel geometry for the honeycomb sandwich concept, least weight
monocoque concept, is shown in Tables 14-T and 14-8. The minimum weight panel

dimensions are 20 inches by 60 inches, spar and rib spacing respectively.

1#-30
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TABLE 1h-3. WING PANEL GEQMETRY, TASK I CHORDWISE ARRANGEMENT ~ CONVEX BEADED CONCEPT

JU——

POINT DESIGN
REGION 40322 40536 41348
SURFACE LOWER UPPER LOWER UPPER LOWER
SPAR {m) 1.02 76 | 1.02 76 | 1.0 76 |1.02 76 | 1.02 76 | 1.02
SPACING |
(in) 40 30 | 40 30 | 40 30 | 40 30 | 40 30 | 40

DIMENSIONS:
t (in) 031 .0201.025 .0351. .028 | .033 .033}.038 020 | .023
1 (in) 026 020} .G25 036 029 | .037 037 {.041 .030 | .038
Ry tin) 14 14| 1.8 11114 10 | 1.4 11| 1.4 0.8 | 0.9
8 {ded) 87 87 | 87 87 | 87 87 | 87 87 | 87 87 | 87
b {in) 75 75 | 75 75 | .75 75 | .75 75| .75 75 | .75
MASS DATA:
T {in) .070 .049 |.061 .085 |.097 | .068 (.084 .084 |.095 058 |.070
w (1b/f2) 1.619 120/1.413 1,965 2,241 1.570{1.943|1.632{1.925(2.19 328/1.616
CRITICAL | ‘ | )
CONDITION 20 31| 3 3| 31 31| 3 31 | 31 31 | 31

. PANEL CONCEPT:

. et e -_\—-

] o | o . CIRCULAR ARC—CONVEX

h Ty g L BEADED SKIN {h/c=0.10)
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TABLE 1h-4, WING PANEL GEOMETRY, TASK I CHORDWISE ARRANGEMENT — CONVEX BEADED CONCEPT

POINT DESIGN

R EGION 40236 41036 41316
SURFACE UPPER LOWER UPPER LOWER UPPER LOWER
SR () 76 | 1.02 76 | 1.02 76 | 1.02 76 | 1.02 76 | 1.02 76 | 1.02
~ {in) 30 | 40 30 | 40 30 | 40 30 | 40 30 | 2 30 | 40
DIMENSIONS: ]
1 (in) 0241 .030 .028/.034 .028 |.033 021|.023 030].038 033 | .037
ty  {in) .024| .028 .030|.033 .0371{.040 029 | .030 072 | .067 046 | .050
Ry (i) 1.0 | 1.3 12| 15 11 | 13 0.8 | 1.0 11| 14 10 | 12
8 {deg) 87 | 87 87 | 87 87 | 87 87 | 87 87 | 87 87 | 87
b {in) 75 | .75 75 { 75 75 | 75 75 | 75 75| 75 75 | 75
MASS DATA:
3 (in) .088! .071 .070| .082 .077 | .087 058 | .062 115|122 .0921.103
w (1b/ft2) 1.325/1.629 .606/1.887 .766/2.007 .336/1.435 650/2.811 2.129|2.365
R DION 31 | 31 31| 31 31| 31 31 | 31 31| 31 31 | 31

i
=

PANEL CONCEPT:

CIRCULAR ARC—CONVEX
BEADED SKIN (h/c=0.10)

- ————



TABLE 14-5, WING PANEL GEOMETRY, TASK I SPANWISE ARRANGEMENT-FLAT STIFFENED CONCEPT

S o
= =
[
g’ %3 POINT DESIGN REGION 4032z 40536 41348
§§ g : SURFACE UPPER LOWER UPPER LOWER UPPER LOWER
L T RIB (m) 051 1.02 0.51 1.02 051 1.02 051 1.02 051 1.02 051 1.02
g .\;EJ SPACING tin) 20 40 | =0 a0 20 40 20 40 20 40 20 40
é‘; DIMENSIONS:
g a tg {em) 0.0560 ‘1110 0.0520 0.0530 0.2260 0.2590 0.2770 0.2670 0.1480 0.2010 0.1600 : 0.1610
{in.} 0.0260 T G440 0.0200 0.0210 0.0£90 0.1020 0.1090 0.1050 0.0580 0.6792 0.0630 0.06490
by=by=b,  lem} 2.2800 41700 | 2.0100 28800 | 4.4500 63700 | 5.1100 6.4700 | 3.4100 5.6100 | 3.5700 | 5.0200
. tind 0.8960 1.6420 | 0.7910 11330 | 1.7570 25000 | 2.0120 25490 | 13840 22080 | 1.4050 1.9790
=t tem) 0.0610 0.1030 | 0.0480 0.0480 | 0.2090 0.2390 | 0.2550 0.2460 { 0.1360 0.1860 | 0.1470 | 0.1420
fin.} 0.0240 0.0400 0.0190 0.0190 0.0820 0.0940 0.1000 0.0970 | 0.0540 0.0730 0.0580 0.0590
bf . (em) 0.6830 T.2500 0.6020 0.8640 1.3400 1.91060 1.5200 1.9400 | 1.0200 1.680G0 1.0700 1.5100
tin) 0.2630 0.4930 | 0.2370 0.3400 | 0.5270 0.7530 | 0.6000 0.7650 { 0.4030 0.6630 | 0.4210 | 0.5940
o by~ by fem) 1.5900 29200 | 1.4700 2.0100 | 3.1200 44500 | 3.5600 45300 ] 2.3900 39300 | 2.5000 | 35200
4,’ tin} 0.6270 11500 | 0.5540 07930 | 1.2300 17570 | 1.4010 1.7840 | 0.9410 1.5470 | 0.9830 | 1.3860
w
= MASS DATA:
T {cm) 0.1669 0.2804 | 0.1302 0.1335 | 05716 0.6544 | 0.6981 0.4743 { 0.3735 05074 | 04025 | 04072
o ind 0.0657 0.1104 | 0.0512 00526 | 0.2250 0.2577 | 0.2748 0.2657 | 0.1470 01998 { 0.1584 0.1603
w {k¢m2) | 7.3900 12.4200 | 5.7700 5.5100 | 25.3200 28.9900 | 30.9000 295900 |16.5400 22.4700 {17.8200 18.0400
‘ (b/62) | 15140 25430 | 1.1810 12110 | 5.1850 59370 | 6.3300 6.1220 | 3.3880 46020 | 36510 3.6940
l CRITICAL CONDITION 33 n 1] 2 1] N 3 a 3 31 31 3
| b b
' _ ]_‘_f_ ty
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: TABLE 1L4-6. WING PANEL GEOMETRY, TASK I SPANWISE ARRANGEMENT -~ FLAT STIFFENED CONCEPT

% ;Cd) POINT DESIGN REGIONS 48235 41036 41316
=
Vo ) SURFACE UPPER LOWER UPPER LOWER UPPER LOWER
O E
0O RIB () 051 162 | 059 1.02 051 051 102 | o5t 1.02 0.51 102
w g SPACING fi} . 20 a0 20 an 20 20 40 20 40 20 40
- e
&£ DIMENSIONS: ] : '
o Dy {em) 10,2030 0.2650 | 0.2260 0.2300 | 0.1600 0.1850 0.1800 | 0.2490 0.2730 | 0.2760 | 0.2730
g g fin.) 0.0820 01040 | n.0s%0 00910 | 0,0630 0.0730 0.0710 | 0.0980 0.1080 { 0.1090 0.1080
Fu | b=h,=b, - fem) 4.2400 G.4400 | 4.4600 6.0000 | 3.5700 39100 63100 | 4.2400 65400 ] s5.0800 | £.5400
E 5 {in.} 16680 25360 | 17570 23640 { 1.4050 1.5400 20900 | 1.8670 25750 | 2.0020 | 2.5750
Ty =t {em) 0.1830 0.2440 | 0.2090 0.2150 | 0.1470 0.1700 0.1650 | D.2300 0.2520 | 0.2550 0.2520
tin.} 0.0760 00960 | 0.0870 0.0840 | 0.0580 0.0670 0.0650 | 0.0900 0.0830 | 0.7000 | 0.0990
by {em) 1,2700 19300 | 1.3300 1.8000 | 1.0700 11700 15000 | 1.4200 1.9600 { 1.5200 1.9600
© o {ind 05000 0.7610 | 05270 07000 | 0.4210 0.4620 06270 | 05610 0.7730 | 0.6000 0.7730
by - by tem 2.9700 45100 | 3.1200 4.2000 | 25000 2.7400 37200 | 33200 45800 | 3.5800 45800
find 1.1680 17750 | 1.2300 1.6550 | 0.9830 1.0780 14630 | 13070 1.8030 | 1.4010 1,9030
—3
" MASS DATA:
= - .
& n fem) 05277 07388 | 05715 05808 | 0.4025 0.4659 0.4539 | 0.6273 06883 | 0.6981 0.5883
e fin.) 0.2078 0.2941 | 0.2250 02287 | 01584 0.1834 0787 | 0.2470 027112 | o278 | 0.2712
w (ko/m2) [23.3700 320800 | 25.3200 257200 | 17.8200 20,6300 20.1100 | 27,7800 30,5100 | 30,8000 | 20,5100
Ub/fe2) | 47900 6.7800 | 5.1800 52700 | 3.6500 42300 41200 | 5.6900 6.2500 | 6.:3300 | 6.2500
CRITICAL CONDITION 3 3 3 31 3 31 3 N 3 31 1]
b,-b
}.i_‘_ t
b, t,
__ibll:._ Tx 1 } t
; r — < .
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TABLE 14%-7. WING PANEL GEOMETRY, TASK T MONOCOQUE ARRANGEMENT — HONEYCOMB SANDWICH CONCEPT
POINT DESIGN REGION 40322 40536 41348
'SURFACE UPPER LOWER UPPER LOWER UPPER LOWER
SPAR {m) 0.76 | 1.02- 076 | 1.02 076 | 1.02 0.76 0.76 676 | 1.02
SPACING {in.} 30 a0 30 a0 20 40 30 30 30 a0
BIB" {m} 3.30 | 330 3.30 | 3.30 152 | 152 1.52 152 152 | 152
SPACING  lin.) 130 | 130 130 | 130 60 60 60 60 60 60
ASPECT RATID 023 | 031 0.23 [ 0.31 050 | 0.67 0,50 0.50 050 | 0.67
DIMENSIONS:
H {cm) 2.530| 3.713 2652 5.184 3233 3762} 1.153 2.647 0.917] 1.156
{in.) 0.995] 1.462 1.084 | 2.041 1.273F 1481 0.454 1.042 0.361] 0.455
1 (cm) 0.046 | .0.058 0.038| 0.038 0.132] 0.127 0,193 0.091 0.178] 0.137
{in.} 0.018§ 0.023 0.015{ 0.015 0.052| 0.050 0.076 0.036 0.070{ 0.054
ty {cm} 0.038 | 0.038 0.051} 0.05% 0.130] 0.127 0.160 0.097 0.051} 0.009
fin.) 0.015 | 0.015 0,020 | 0.020 0.051] 0.080 0.063 0,038 0.020| 0.039
te {em) 0.005 | 0.005 0.005 | 0.005 0.005{ 0.005 0.005 0.005 0.005| 0.005
{in.} 0.002 | 0.002 0.002 | 0.002 0,002} 0.002 0.002 0.002 0.0021 0.002
[ {em) 0.716{ 0.795 1.270 | 1.270 0.470{ 0.424 1.270 0.5655 1.270{ 1.270
tin.} 0282 0.313 0.500 | 0.500 0.185{ 0.167 0.500 0.258 0500} 0.500
MASS DATA!
T (cm) 0.119] 0.142 0.109 | 0.130 0.333] 0.353 0.361 0.226 0.234] 0.241
{in.} 0.047 | 0.056 0.043 | 0.051 0.131} 0.139 0.142 0.089 0.002!| 0.095
w " kg - m-2) 5.263 | 6.289 4863 | 5737 | 14.740{ 15.682 16.000 10.009 10.370 | 10.658
b - ft-2) 1.078 | 1.288 0.896 | 1.175 | 3.019] 3.212 3.277 2,050 2.124| 2,183
w, (kg - m-2) 1.538 | 2.051 0.008| 1850F 3.095| 4.458 0.283 1.694 0.244 | 0.327
{Ib - ft-2) 0.315 ; 0.420 0.186 | 0.379 06340 0813 0.058 0.347 0.050 | 0.067
P {kg- m3) 62.824 |56.641 135,433 | 35.433 104.25 |127.12 35.433 68,863 35.433 | 35.433
b - ft-3) 3.922 | 3536 1y 2,212 | 2.212 5.508| 7.936 2.212 4.299 2.212| 2212
CRITICAL CONDITION 20 20 20 20 31 31 31 31 31 3

NOTE: {1} ASPECT RATIO = LP,K"‘P.Y
{2} BRAZE MATERIAL NOT INCLUDED
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TABLE 14-8. WING PANEL GEOMEIRY, TASK T MONOCOQUE ARRANGEMENT - HONEYCOMB SANDWICH CONCEPT

00d @0

ALTTVOD W

ST @DVg

LE-NT

POINT DESIGN REGION 40236 41036 41316
SURFACE UPPER UPPER LOWER UPPER LOWER IR
SPAR {m} 076 | 1.02 1.02 0.76 | 1.02 0.76 | 102 076 | 1.02 0.76 | 1.02
b SPACING lin.) 30 40 40 30 40 30 40 30 40 30 40
=i
E; RIB {m) 152 | 1.52 1.52 152 | 152 152 | 152 1.52 | 152 152 | 152
L SPACING  (in} 60 60 60 60 60 60 60 60 80 60 60
g ASPECT RATIO 0.50 | 0.67 0.67 0.50 | 0.57 050 | 067 0.50 | 0.67 050 | 0.67
BYMENSIONS:
H . (cm) 2.883] 3.818 2.360 2525f 3.254 0.8481 L% 2.545| 2.409 0.522] 0.808
il 1.135 | 1.503 0.926 0.994| 1.281 0.334 | 0.431 1.002{ 1.342 0.245| 0.318
L {em} 0.122| 0.130 0.147 0.084| 0.091 0.127 | 0.114 0.137 } 0.145 0.173| 0.173
(in.} 0.048{ 0.051 0.058 0.033| 0.036 0.050 | 0.045 0.054{ 0.057 0.068| 0.068
1y {em) 0.127{ 0.130 0.157 0.094| 0.094 8.081| 0.097 0.137 | 0.135 0.163] 0.163
{in.) 0.050 | 0.051 0.062 0.037| 0.037 0.032§ 0.038 0.054 | 0.053 0.064{ 0.084
1, tem) 0.005 | 0.005 0.005 0.005| 0.005 0.005 | 0.005 0.005| 0.005 0.005| 0.005 —
{in.} 0.002{ 0.002 0.002 0.002] 0.002 0.002} 0.002 0.002 | 0.002 0.002] 0.002
s {cm) 0.744 | 0729 1.270 0767 0752} 1.270] 1.270 0.831} 0,726 1.270] 1.270
{in.) 0.293 | 0.287 0.500 0.302| 0.296 | 0.500 | 0.500 0.327] 0.286 0.500
MASS DATA:
T {cm} 0.284 | 0.310 0.323 0.208| 0.226 | 0.2131 0.218 0,302 0.323 0.335| 0.338
{in.} 0.112 | 0.922 0.127 0.082| 0.089 | 0.084 | 0.086 0.119 | 0.127 0.132} 0.133
w " (kg-m-2) 12.631 }13.715 14.305 9228} 9989 | 9.477 | 9.623 13.412 | 14.252 14,891 | 15.009
(1b-fr2) 2587 | 2.809 2.930 1.800 | 2046} 1.941] 1.971 2747 | 2.919 3.050| 3.074
W {kg-m-2} 1592 | 2.192 0.723 1.3771 1.836 02251 0,312 1.230( 1.938 0.103| 0.166 _
(Ib - £t-2) 0.326 | 0449 0.148 0.282) 0376} 0.046 | 0.064 0.252 | 0.397 0,021 0.032 i
Pe {kg - m-3) 60,390 | 61.655 35.433 58.724 | 59.867 | 35.433 [35.433 54.174 | 61,958 3,433 1 35,433 | 35.433
{ib- {3} 3.770 | 3.849 2.212 3.666 | . 3.737 2212 2212 3.382 | 3.968 2212} 2212
CRITICAL CONDITION 31 31 31 31 31 31 31 31 31 31 31

NOTE: (1} ASPECT RATIO=Lp x/lpy
{2) BRAZE MATERIAL NOT INCLUDED

o
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The exeeption being the lightly loaded point design region 40322 where a spar/rib
spacing of 20 inches and 130 inches resulted in the least weight design.

Chordwise Arrangement - The convex-beaded concept was analyzed using the methods

and resulting design charts described in the methods seetion. A summery of the
sonic fatigue results is presented in Table 14-9. With reference to this table,
the moment of inertia (I), area (A), and extreme fiber distance (Z) were calculated
for these orthotropic panels and used in conjunction with the length to determine
the allowable spectrum level, Figure 14-17A. In additicn, the applicable frequency
chart (Figure 1L4-17B) was used to define the resonant freguency of each panel.

The corresponding environmental spectrum levels for these resonant frequencies

were determined from Figure 14-17C or 14-21.

A summary of the sonic fatigue margins, difference between the allowable and
envirommental spectrum levels, are included in Table 14=9. A minimum margin of

+9.4 dB/Hz is noted for the upper surface panel at point desipgn region 41036.

Spanwise Arrangement - The least weight spanwise concept (hat-stiffened) was

enalyzed similar to the method used for the chordwise arrangement. The panel
properties (A, I, and 2) were calculated using the panel geometry defined in
Tables 14-5 and 1L-6 for the 30 inch rib spacing and 60 inch spar spacing design,

A summary of the spanwise wing panel analyses is presented in Table 14-10. The
alloweble spectrum level, panel natural frequency, and the applied environmental
spectrum level were determined using the same design charts as described for the
chordvise anelysis. In conclusion, positive sonic fatigue mergins exist on the
spanvise concept at all point design regions with a minimum mergin of +28.1 dB/Hz

occuring on the'lpwer surface panel at point design 41348,

Moncecoque Arrangement - The honeycomb sandwich panels were analyzed using the

methods and resulting design charts deseribed in the methods section. Using these
charts the allowable spectrum levels were determined for the panel edge and facing

sheets.

Tgble 14-11 summarizes the results of the Task I honeycomb panel analysis,
Included on this table.are the pertinent'panel:properties,‘natural frequéncy,
allowable spectrum levels, and the applied environmental spectrum level., In
additiéh the sonic fatigue margins are listed and indicated the strength reqpire-

ments are also adequate for sonic fatigue purposes.

14-38
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TABLE 14-9. SUMMARY OF WING PANEL SONIC FATTGUE ANALYSES - TASK I CHORDWISE ARRANGEMENT -~ CONVEX BEADED CONCEPT

SPACING PANEL PROPERTIES!! SPECTRUM LEVELB!4) sonicl®
POINT {in.) NATURAL!Z (dB/Hz) FATIGUE
DESIGN WING z A I FREQ. (f} MARGIN
REGION | SURFACE | a b | tin) | (inZfin) {in.4fin.) {Hz) ALLOW. ENVIR. {dB/Hz)
40322 UPPER 20 | 60 { 0.644 0.036 0.0018 1715 115.5 0.5 +25.0
: LoweR . | 20 | 60 | 0.681 0.041 0.0019 167.7 115.9 20.6 +25.3
40236 UPPER 20 | 60 | 0514 0.045 0.0015 142.0 117.0 101.5 +15.5
LOWER | 20 | 60 | o0.662 0.056 0.0027 170.1 119.0 101.2 +17.8
40536 UPPER 20 | 60 | 0.687 0.070 0.0033 166.8 120.4 101.6 +18.8
' Lower | 20 | 60 | 0.583 0.058 0.0024 156.8 119.4 101.8 +17.6
41036 UPPER | 20 | 60 | o0.604 0.063 0.0025 154.5 1116 102.2 +9.4
LOWER | 20 | 60 | o0.550 0.057 0.0018 136.3 118.0 102.4 +15.6
41316 UPPER 20 | 60 | 0.764 0.112 0.0043 151.4 1223 105.2 #17.1
LOWER | 20 | 60 | 0.653 0.087 00031 | 1455 121.0 105.3 +15.7
41348 uprER | 20 | 60 | 0.691 0.071 0.0033 166.3 120.5 106.1 +14.4
LOWER | 20 | 60 | 0.530 0,059 0.0019 139.6 118.9 106.4 +12.5
NOTES: 1. PANEL PROPERTIES
Z = DISTANCE FROM NEUTRAL AXIS TO EXTREME FIBER, in.
A = CROSS-SECTION AREA PER UNIT WIDTH, in.2fin.
I = MOMENT OF INERTIA PER UNIT WIDTH, in.%/in.
2. NATURAL FREQUENCY PER FIGURE 14-17B
3. ALLOWABLE SOUND LEVEL PER FIGURE 14-17A
4. APPLIED SOUND LEVEL (ENVIRONMENT) PER FIGURE 14-21
5. SONIC FATIGUE MARGIN = [ALLOWABLE dB/Hz — ENVIRONMENT dB/Hz}
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TABLE 1L-10, SUMMARY OF WING PANEL SONIC FATIGUE ANALYSES - TASK I SPANWISE ARRANGEMENT - HAT STIFFENED CONCEFT

SPACING PANEL PROPERTIES!"! | specTRUM LEVELB4 | sonict®)
POINT {in.) NATURAL? (aB/Hz) EATIGUE
DESIGN WING : z A I FREQ. (f) MARGIN
REGION | SURFACE | a | b (in.) tinZfind { (in%in) (Hz) ALLOW. ENVIR. {dB/Hz)
40322 UPPER 60 | 30 | 0.892 0.088 0.0216 | 1697 127.4 90.6 +36.8
LOWER | 60| 30 { 0676 0.051 0.0072 4203 121.5 91.0 +30.5
40236 UPPER 60 | 30 | 1.485 0.224 01410 272.2 1375 1005 +37.0
LOWER | 60 | 30 | 1.440 0.221 0.1360 269.6 137.3 1005 +36.8
40536 UPPER 60 | 20 | 1492 0.234 0.1550 279.2 127.9 100.8 +37.1
LOWER | 60 [ 30 | 1.590 0.258 0.1930 296.8 139.0 100.7 +38.3
41036 UPPER | 60 | 30 | 1.273 0.175 0.0852° 239.2 134.8 101.6 +33.2
LOWER | 60 | 30 | 1.281 0.177 0.0871 240.5 134.9 101.6 +33.3
41316 UPPER 60 | 30 | 1.550 0.248 0.1770 280.5 138.6 104.3 +34.3
tower | 0o | 30 | 1.638 0.271 0.2150 305.7 139.6 104.2 +35.4
41348 UPPER 60 | 30 | 1.224 0.167 0.0779 234.0 134.3 105.6 +28.7
LOWER | 60 | 30 | 1.207 0.158 0,0692 227.2 1337 105.6 +28.1
NOTES: 1. PANEL PROPERTIES
Z = DISTANCE FROM NEUTRAL AXIS TO EXTREME FIBER, in.
A = CROSS-SECTION AREA PER UNIT WIDTH, in.2fin,
| = MOMENT OF INERTIA PER UNIT WIDTH, in.%in.
2. NATURAL FREQUENCY PER FIGURE 14-17B
3. ALLOWABLE SOUND LEVEL PER FIGURE 14-17A
4. APPLIED SOUND LEVEL {ENVIRONMENT) PER FIGURE 14-21
5, SONIC FATIGUE MARGIN = {ALLOWABLE dB/Hz — ENVIRONMENT dB/Hz)
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TABLE 1k-11. SUMMARY OF WING PANEL SONIC FATIGUE ANATYSIS - TASK I MONOCOQUE ARRANGEMENT - HONEYCOMB SANDWICH CONCEPT

| specTRUM LEVEL'SHA) | minimum!®)
SPACING PANEL PROPERTIES(! {dB/Hz} SONIC
POINT NATURAL 2 FATIGUE
DESIGN | WING a b 4y ty 1, h | FREQUENCY | FACE | EDGE MARGIN
REGION | SURFACE (in.) {in.} [ ({in.) {in.) {in.) (in.) £, {Hz) ALLOW. | ALLOW. | ENVIR. {dB/Hz2)
40322 UPPER 20 130 0.015| 0.015| 0.066 | 0.597 165.7 1314 131.7 90.6 +40.8
LOWER 20 130 0.017 | 0.020 } 0.0781 0.796 230.6 132.2 132.2 90.2 +42.0
40236 | UPPER 20 | 60 | 0.047| 0042 0.142| 0675 304.6 1307 | 1405 | 1002 39,5
tower | 20 | s0 | 0.0z} 0.027) 0.119 | 0.208 154.6 1394 | 1416 | 1013 +38.1
40536 | UPPER 20 | e0 | 0.053| 0052 0158 | 0732 325.6 1404 | 1413 | 1006 +39.8
tower | 20 | 60 | 0076 0.061] 0103 | 0153 96.3 1389 | 1425 | 1026 +36.3
41036 LPPER 20 60 0,033 | 0.033 | 0.116 | 0.627 278.6 137.1 137.9 T101.8 +35.7
LOWER 20 (510 0.047 | 0.036 | 0.083 | 0.175 93.8 136.0 139,2 103.2 +32.8
41316 | UPPER 20 | e0 | 0.052] 0.053 | 0.158 | 0.617 2835 1401 | 1421 | 1043 +35.8
Lower | 20 | 60 | o0.070| 0.062 | 0.066 | 0.060 54.9 1368 | 1408 | 107.0 +29.8
41348 UPPER 20 60 0.035 { 0,038 { 0.128 | 0.646 282.9 137.8 139.1 105.3 +32.5
LOWER | 20 | 60 | 0.047 | 0.044 | 0.068 | 0.130 75.8 1360 | 1378 | 1080 +28.0
NOTES: 1. PANEL PROPERTIES
t, = INTERIOR FACE SHEET THICKNESS, in.
t, = EXTERIOR FACE SHEET THICKNESS, in.
t, = EDGE THICKNESS, in.
h = PANEL HEIGHT, in.
2. NATURAL FREQUENCY PER FIGURE 14-19
3. ALLOWABLE SOUND LEVELS PER FIGURE 14-18
4. APPLIED SOUND LEVEL (ENVIRONMENT) PER FIGURE 14-21
5. SONIC FATIGUE MARGIN: {ALLOWABLE dB/Hz — ENVIRONMENT dB/Hz)
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TFuselapge Analysis

Sonie fatigue analyses were conducted on the most promisilng combination of fuselage
concepts during the Task T detailed concept analysis. No sonic fetigue analyses

were conducted during the initial screening phase of Task I.

The analysis was conducted on the least weight concept for each of the four point
design regions. The locations of the point design regions are presented in
Figures 1b-2k, the associated structural concepts for these regions are:

¢ TS 750 - Zee stiffened concept

e ¥8 2000, 2500, and 3000 = hat stiffened concept

The corresponding panel dimensions and equivalent thicknesses for these concepts
are displeyed in Table 1Lh-12. A study was conducted to compare the capability of
the entire panel between points of attachment and the skin between stiffeners to
resist sonic fatigue. The results of this study, which was conducted at FS 3000,
are summarized in Table 14-13 and include the spectrum levels and natural
frequencies of both components,. With reference to this table, *the skin afforded

a higher resistance to sonie fatigue than the panels (i.e., skin allowable spectrum
levels were approximately 2- to 3-percent higher than the penel values) and as a
result the panel allowable spectrum levels were used in all further analysis.

Periodically checks were conducted to insure this relationship held for all regions,

A summary of the.results'of the fuselage sonie fatipgue enalyses is shown in

Table 1h-1k., These calcul-tion were determined using the same methods and design
charts used for the wing orthotropic penel analyses. The panel properties, natural
frequencies, and the allowable and applied spectrum levels ere displayed on this
table. All fuselage regions have a positive sonic fatipgue margin with the minimum
margin (+16 dB/Hz) occuring on the side panel at FS53000.

In conclusion, positive sonic fatigue margins exist on the Tesk I fuselage structure
at all point design regions and no additional stiffness or associated welight penalty

was regquired to meet the sonic fatigue reguirements.

c1k-b2
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Figure 1h4-24, Definition of Tuselage Point Design Regions - Task T

TABLE 14-12. TFUSELAGE PANEL GEOMETRY ~ TASK I DETATLED CONCEPI‘ ANALYSIS

- ——

OINT FUSELAGE PANEL DIMENSION

Fol PANEL LOCATION — ! =

DESIGN CONCEP bg s c f h 15t i
REGION T ang Lo boong | oang ) oong | ong | ang
FS750 | ZEE- TOP 4.0 036 | 55 75 1.00 | .036 | .056
.STIFFENED SIDE 40 036 | .55 75 100 | .03 | .os6
BOTTOM 4.0 036 | .55 75 | 100 | 0% | .56
FS2000 | HAT- TOP 6.0 080 | 15 80 125 | 070 | .145
STIFFENED SIDE 6.0 063 | 15 75 125 | .00 | .098
FS2500 | HAT- TOP 6.0 0% | 1.5 | .80 125 | .000 | .174
STIFFENED SIDE 6.0 083 | 15 75 125 | 050 | .109
FS3000 | HAT- ToP 5.0 080 | 1.5 .80 1.25 | .070 | .145
STIFFENED SIDE 6.0 062 | 15 75 126 | .00 | .099
BOTTOM 6.0 000 | 15 90 125 | weo | 77
f i hg——w bs = C-- —f

1 t ! ) J _}—_7 ) . i iy
h I h
s L 4 LL oL
. ] } —_—
¢ —f=my - ]
ZEE-STIFFENED CONCEPT HAT-STIFFENED CONCEPT
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TARLE 1%-13. COMPARISON OF FUSELAGE COMPONENT SONIC FATIGUE ALLOWABLES - TASK I
SKIN VALUES(2) PANEL VALUES(®)
POINT SPECTRUM SPECTRUM
DESIGIS cIRCUMFERENTIAL(Y) FREQUENCY, LEVEL FREQUENCY, LEVEL
REGION LOCATION £, (Hz) (dB/HzZ) f, {Hz) {dB/Hz)
FS 3000 1 825.9 137.1 362.7 133.6
2 706.7 134.9 364.7 132.7
3 636.0 1333 357.1 130.8
4 636.0 133.3 367.4 132.2
5 706.7 124.9 350.8 131.0
6 825,9 137.1 362.7 1336
7 972.2 139.2 367.4 135.6

NOTES: 1. CIRCUMFERENTIAL LOCATION

2. VALUES OF THE SKIN BETWEEN STIFFENERS

3. VALUES OF THE PANEL, INCLUDES STIFFNESS
OF SKIN AND STRINGER.

- -
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TABLE 14-1h.

SUMMARY OF FUSELAGE SONIC FATIGUE ANALYSES, DETAILED CONCEPT ANALYSIS - TASK I

i ]

Z = DISTANCE FROM NEUTRAL AXIS TO EXTREME FIBER, in.

A = CROSS-SECTION AREA PER UNIT WIDTH, in.%/in.

I = MOMENT OF INERTIA PER UNIT WIDTH, in.4/in.

2. NATURAL FREQUENCY PER FIGURE 14-17B

3. ALLOWABLE SOUND LEVEL PER FIGURE 14-17A
4. APPLIED SOUND LEVEL (ENVIRONMENT) PER FIGURE 14-21

5. SONIC FATIGUE MARGIN = {ALLOWABLE dB/Hz — ENVIRONMENT dB/Hz)

b SPACING, | PANEL PROPERTIES!") specTRUM LEVELB)) | gopict®)
POINT *| " % (in.) NATURAL'?! (dB/Hz) FATIGUE
DESIGN .|\ -~PANEL z A I FREQUENCY MARGIN
REGIQN |- CONCEPT LOCATION a | b ind | (in2fin) | {in%in.) f, (Hz) ALLOW., ENVIR. {dB/Hz)
- LI
FS750 | ZEE- TOP 20 | 40 | 0.848 | 0056 | 0.0063 270.0 121.5 835 +38.0
= STIFFENED | SIDE 20 | 40 | 0848 | 0056 | 0.0063 270.0 121.5 83.5 +38.0
BOTTOM | 20 | 40 | c.848 | 0056 | 0.0063 270.0 121.5 83.5 +38.0
FS2000 | HAT- TOP 20 | 60 | 0893 | 0142 | 0.0318 362.7 133.6 91.2 +42.4
STIFFENED | SIDE 20 | 60 | 1.039 | 0098 | 00195 342.0 120.2 91.1 +38.1
FS2500 | HAT- TOP 20 | 60 | 0gs0| 0181 | 00330 374.4 135.4 92.0 +36.4
STIFFENED | SIDE 20 [ 60 | 1.003| 0108 | 0.0231 357.1 130.8 99.2 +31.6
FS3000 | HAT- TOP 20 | 60 | 0993 | 0144 | 0.0318 362.7 133.6 116.0 +17.6
| STIFFENED | SIDE 20| 60 | 0973 | 0117 | 00265 367.4 132.2 116.0 +16.2
pottoM | 20| 60 | 0977 | 0174 | 0.0395 367.4 135.6 116.0 +19.6
NOTES: 1. PANEL PROPERTIES
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SONIC FATIGUE ANALYSIS -~ TASK 1I

For the Task IT Detail Engineering Studies, the final wing and fuselage structural
arrangement was subjected to a detail sonic satigue analysis. Similar to the
Task T effort, this analysis was restricted to evaluating the surface panels capa-
bility only.

Wing Analysis

Analyses were conducted on the upper and lower surface panels at the six wing
point design regions. The wing point design locations previvusly displayed in
Figure 14-23 are also appropriate for ‘the Task IT effort.

The Final Désign airplane incorporates both the chordwise convex-beaded and the

monocoque honeycomb sandwich surface panel designs., With reference to Figure 14-23,

the convex-beaded concept is utilized at point design regions 40322, 40236, and
40536 and the honeycomb sandwich concept at regions 41036, 41316, and L1348,

Chordwise Arrangement — The surface panel geometry for the convex-beaded concept

_is presented in Table 14-15 and reflects the results of the strength analysis.

These data include the minimum weight panel proportions (rib/spar spacing), cross-
sectional dimensions, panel weight data, and the critical design condition used

for the strength analysis.

The convex-beaded panels were analyzed using the previously described methods and

the design charts outlined in Figure 1k-17. Table 14-16 contains a summary of the
analysis results, whicH include the panel pro?erties and the applied and allowable
sonic spectrum levels. A minimum sonic fatigue margin of +12.0 dB/Hz is indicated
for the lower surface panel at point design region %0536. Conversely, the maximum

margin occurs on the lower panel at region 40322, +2L.2 dB/Hz.

Monocoque Arrangement - The honeycomb sandwich panels were aralyzed at regions

41036, %1316, and 41348, The panel geometry associated with these regions are
presented in Table 14-17. The geometry associated with regions 41316 and 41348
reflect the stiffness required to meet the flutter eriteria; whereas, regi. - 036

iz strength designed.

. The design charts presented in Figure 14-18 and 14-9 were used to define the panel

face sheet allowable and natural frequency respectively. The panel edge allowable
was defined from the design chart in Figure 83 of Reference 4. The agpplied

1L4-46
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TABLE 14%-15. WING PANEL GEOMETRY - TASK IIB, CONVEX BEADED PANELS
POINT DESIGN REGIONS
40322 40236 40536
DESIGN DATA UPPER LOWER UPPER LOWER UPPER LOWER

SPACING, in.

RIB 60.0 60.0 60.0 60.0 60.0 60.0

SPAR 22.7 227 21.2 21.2 21.2 21,2
‘DIMENSIONS

1, in. .013 .015 015 .020 .023 .019

t,, in. .015 .020 .015 .020 .026 .020

RL. in. .80 1.00 .80 1.00 .90 .70

0, degrees 387 87 a7 87 87 87

b, in. 75 .75 .75 .75 75 .75

pitch, in. 2.35 2,75 2.35 2,75 255 2.15
WEIGHT DATA

t, in. .033 .041 .036 .048 .058 .046

W, Ib.fsa.ft, .760 .945 .829 1.11 1.34 1.05
CRITICAL DESIGN COND. 12 20 16 16 12 12

DIMENSIONS:
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TABLE 14%-16. SUMMARY OF WING CONVEX-BEADED PANEL ANALYSES — TASK IIB

84T

SPACING PANEL PROPERTIES!T! spEcTRUM LEVELBH4 | sonict®)
POINT (in.) NATURAL®Z {dB/Hz) FATIGUE
DESIGN WING z A [ FREQ. (f} MARGIN
REGION | SURFACE| a b {in.} (in.2fin.) {in.%fin.) {Hz) ALLOW. ENVIR. (dBfHz)
40322 UPPER | 227 | 60.0 | 0594 0.033 0,00133 120.4 1100 91.0 +19.0 T
LOWER |227]60.0 | 0.751 0.041 0.00226 140.8 115.0 90.8 +24.2
40236 urPER | 21.2 | 60.0 | o578 0.036 0.00147 138.9 114.0 101.6 +12.4
LOWER |21.2|60.0 | 0710 0.048 0.00275 164.5 118.0 101.2 +16.8
40536 UPPER | 21.2 | 60.0 | 0.660 0,058 0.00281 151.3 120,0 101.8 +18.2
LOWER |21.2{60.0 | 0.516 0.046 0.00153 125.4 114.0 102.0 +12.0
NOTES: 1. PANEL PROPERTIES _
= DISTANGE FROM NEUTRAL AXiS TO EXTREME FIBER, in.
A = CROSS-SECTION AREA PER UNIT WIDTH, in.2fin.
| = MOMENT OF INERTIA PER UNIT WIDTH, in4/in.
2. NATURAL FREQUENCY PER FIGURE 14-17B : —
3. ALLOWABLE SOUND LEVEL PER FIGURE 14-17A
4. APPLIED SOUND LEVEL (ENVIRONMENT) PER FIGURE 14-21
5. SONIC FATIGUE MARGIN = (ALLOWABLE dB/Hz — ENVIRONMENT dB/Hz)
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TABLE 14-17.

WING PANEL GEOMETRY - TASK IIB, HONEYCOMB SANDWICH PANELS

POINT DESIGN REGIONS

41036 41316 41348
DESIGN DATA UPPER LOWER UPPER LOWER UPPER LOWER

SPACING, in. | |

RIB 60.0 60.0 40.0 40,0 40.0 40.0

SPAR 21.2 21.2 40.0 40.0 30.0 30.0
DIMENSIONS

H, in. 642 202 1.00 500 1.00 500

tq. in, 026 023 062 075 068 068

to. in, 018 028 062 075 068 068

t, in. .002 .002 002 002 .002 .002

s, in. 275 500 500 500 500 500
WEIGHT DATA

tin. 052 052 131 153 143 139,

W, Ib./sq.ft. 1.20 1.20 3.02 3.52 3.29 3.20
CRITICAL DESIGN COND. 12 12 FLUTTER | FLUTTER | FLUTTER | FLUTTER

t2
DIMENSIONS EXTERIOR SURFACE !
} S = CELL SIZE
H tz= CORE FOIL
| THICKNESS

by
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noise levels are shown in Figure 14-21. A summary of the results is displayed in

Table 1h-18 with positive sonic fatigue margins indicated for all regions.

A minimum margin of +30 dB/Hz occurs on the lower surface at point design region
41036. No adjustment in panel proportions was required to meet the acoustic

criteria; hence, no weight penalties were required.

Fuselage Analysis

Sonic fatigue analyses were conducted on the fuselage concepts of the finel design
airplane at the four fuselage point design regions, Fipgure 1h-25 displays the

locations of the fuselage point design regions.

The structural concepts for each fuselage region were identical to those specified
for the Task I fuselage and are repeated here for completeness; they are: zee-
stiffened concept at F3 900 and the hat-stiffened concept at regions FS 1910,

FS 2525, and ¥S 2900.

The panel geometry associated with the above concepts is presented in Table 14-19
which includes the geometry for all circumferential locations, from the uppermost
panel (top) to the lowest panel (bottom). The panel identification system corre-
sponds to that used for the NASTRAN model element identificatlion and is shown in
Figure 14-26. For ease in reporting, only the upper, side and bottom panels are
presented. With respeet to Figure 1L-26, these panels are identified by the last
two digits of the NASTRAN element number: 01, 06, and 09 respectively.

A summery of the results of the fuselage analysis is presented in Table 14-20,
This analysis was conducted using the design charts displayed in Figure 1h-1T with
the pertinent section properties in the above Teble. The resulting natural fre-
quencies and allowable spectrum levels obtained from these charts were compared
to the environmental levels determined from Figure 1L4-22. With reference to
Table 14-20, positive sonic fatigue margins are indicated with a minimum margin

of +9.8 dB/Hz occuring on the side panel at ¥5 2900.

1h-50
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TABLE 14-18, SUMMARY OF WING HONEYCOMB SANDWICH PANEL ANALYSES - TASK IIB

SPECTRUM LEVEL (314
{dB/Hz) minivum(®) ——

SPACING PANEL PROPERTIES!Y) SONIC

POINT NATURALP® | FacE EATIGUE
DESIGN | WING a b 1y t t, h | FREQUENCY | SHT. | EDGE MARGIN
REGION | SURFACE | (ind | Gnd | Gnd | Gnd | Gnd | tind) £, (H2) ALLOW. | ALLOW.| ENVIR. {dB/Hz)
41036 | UPPER | 212 | 600 | 0.026 | 0.018 | 0.091 | 0.598 234 1379 | 1393 | 1016 +36.3
LOWER | 21.2 | €0.0 | 0.023{ 0.028 | 0.088 | 0.151 66 1362 | 1448 | 1060 +30.2

41316 | upPER { 40.0 | 400 | o0.062 [ 0.062 | 0.167 | 0.876 175 1466 | 1460 | 1050 +41.6
LOWER | 40.0 | 40.0 | 0.075 | 0.075 | 0.194 | 0.350 79 1460 | 151.9 | 1068 +39,2

41348 | UPPER | 30.0 | 400 | 0.068 | 0.068 | 0.179 | 0.864 264 1467 | 1463 | 1054 +41.3
LOWER | 30.0 | 40.0 | 0.068 | 0.068 | 0.179 | 0.364 122 1450 | 150.0 | 106.6 +38.4

64T

NOTES: 1. PANEL PROPERTIES
- t; = INTERIOR FACE SHEET THICKNESS, in.
t, = EXTERIOR FACE SHEET THICKNESS, in.
t, = EDGE THICKNESS, in.
CORE HEIGHT, in.

]

‘h
2. NATURAL FREQUENCY PER FIGURE 14-19
3. ALLOWABLE SOUND LEVELS PER FIGURE 14-18
4. APPLIED SOUND LEVEL (ENVIRONMENT) PER FIGURE 14-21
5. ‘SONIC FATIGUE MARGIN: {ALLOWABLE dBfHz)} — ENVIRONMENT dB/Hz)

n
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Figure 14-25, Definition of Fuselage Point Design Regions - Task TIB
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TABRLE lh-19. FUSELAGE PANEL GECMETRY - TASK IiR
FUSELAGE PANEL DIMENSIONS
POINT
DESIGN PANEL CIRCUMF. by tg c f h o | st T
REGION CONCEPT LOCATION | {in) | (in} [(in) [ {in} [ {in} | {in} | {in.)
FS 900 ZEE- 233301- 40 | .036 | .55 [ 0.75 | 1.00 |.036 | .056
STIFFENED 233307
FS 1910 HAT- 234101 60 | .07 |15 {0.80 1125 |.06 |.1209
STIFFENED 234102 60 (.06 |15 |080 |1.25 .05 |.100
234103 60 | .04 |15 |0.80 |1.25 |.04 |.079
234104 60 |.04 |15 |o080 }1.25 |.03 |.069
234105 60 | .06 {15 |080 |125 |.05 |.099
234106 60 |.06 |15 }080 |1.256 |.06 |.119
FS 2525 HAT- 234801 60 | .07 |15 080 |[1.25 |.08 |.149
STIFFENED 234802 60 |.06 (15 |080 {1.25 |.06 {.119
234803 60 |.05 115 [0.80 [1.25 {.06 |.099
234804 60 |.04 [15 |o0.80 |[1.25 |.03 |.069
234805 60 (.04 [1.5 |[0.80 (125 [.03 |[.069
234806 60 |.04 |15 |0.80 |1.25 .04 |.079
FS 2900 HAT- 235101 60 |.07 [15 |o080 |125 |.07 |.139
STIFFENED 235102 60 {.056 |15 |0.80 [1.25 |.06 |.109
. 235103 60 (.05 |15 (080 |1.25 |.04 |.089
235104 60 .04 {15 [0.80 |1.25 (.03 |.069
235105 60 .04 (1.5 (080 (125 (.03 |.069
235106 60 |.04 [1.5 |o080 [1.25 {.03 1{.G69
235107 60 {.056 (15 !080 |1.25 |.04 |.089
235108 60 |.05 |15 |o0.80 |1.25 |.06 |.109
235109 60 | .07 |15 |0.80 |1.25 |.08 |.149
PANEL DIMENSIONS:
_ b - |
. —
1 1 /
h h
L i T I
¢ ey ;
' tst st

ZEE-STIFFENED CONCEPT

HAT-STIFFENED CONCEPT
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Figure 14-26. Fuselage Panel Identification - Task IIB
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I = MOMENT OF INERTIA PER UNIT WIDTH, in.%fin.
2. NATURAL FREQUENCY PER FIGURE 14-17B

DISTANCE FROM NEUTRAL AXIS TO EXTREME FIBER, in.
.CROSS-SECTION AREA PER UNIT WIDTH, in.2/in.

3. ALLOWABLE SOUND LEVEL PER FIGURE 14-17A
4. APPLIED SOUND LEVEL {ENVIRONMENT) PER FIGURE 14-21
5. SONIC FATIGUE MARGIN = {ALLOWABLE dB/Hz —ENVIRONMENT dB/Hz)

TABLE 14-20. SUMMARY OF FUSELAGE PANELS SONIC FATIGUE ANALYSES - TASK ITB
SPACING, | PANEL PROPERTIES! spECTRUM LEVEL®NA | sonic!D)
POINT (in.) NATURALZ {dB/Hz) FATIGUE
DESIGN | PANEL z A 1 FREQUENCY MARGIN
REGION | CONCEPT | LOCATION a | b tind | tin.2find | tin%in) f, (Hz) ALLOW. | ENVIR. {dB/HzZ)
FSE00 | ZEE- TOP 209 | 40 | 0.8a8| 0.056 | 0.0063 245.0 121.0 84.0 +37.0
STIFFENED | SIDE 209 | 40 | 0848 | o0.086 | 0.0063 245.0 121.0 84.0 +37.0
goTToMm | 209 | 40 | 0848] 0056 | 0.0083 245.0 121.0 4.0 +37.0
FS 1910 | HAT- TOP 227 | 6.0 | 0992 | 0120 | 0.0281 255,0 131.0 92,0 +30.0
STIFFENED | SIDE 227 | 6.0 | 0966 | 0119 | 0.0270 255,0 1305 92.0 +38,5
ES 2525 | HAT- TOP 21.2| 60 | 0946 | 0.149 | 0.0351 350.0 134.0 99.4 +34.6
STIFFENED | SIDE 212 | 6.0 | 0948 | 0073 | 00182 330.0 128.0 99.6 +28.4
FS2900 | HAT- TOP 210 | 60 | n9ss | 0139 | 0.0317 240.0 132.0 116.2 +15.8
STIFFENED | SIDE 210} 6.0 | 1.000 | 0069 | 0.0142 300.0 126.0 116.2 +9.8
BOTTOM | 21.0 | 6.0 | 0.946 | 0148 | 0.0351 350.0 134.0 116.1 +17.9
NOTES: 1. PANEL PROPERTIES
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