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FOREWORD

The analytical structural study reported in this document
was sponsored by the Air Force Flight Dynamics Laboratory (AFFDL).
This work was performed under contract ¥33615-75-C-3104, AFFDL
Project Number 1368, Task Number 136802, Work Unit Number 13680223,
"Supercritical Wing Preliminary Design Study'.

Mr. Charles L. Ramsey (AFFDL/FBS) was the Aii: Force Project
Engineer.

This study was performed at General Dynamics Fort Worth
Division with D. F. Davis as Program Manager. Other principal
participants in the program were: E. W. Gomez, Stress Analysis;
W. C. Rister, Fatigue and TFracture; Olin E. Weiss, Structural
Design (Composites); R. W. McAnally, Structural Design (Metals);
C. J. Sawey, Manufacturing Engineering; R. L. Haller, Flutter
Analysis; and H. E. Bratton, Information Transfer.

The study was conducted April through October of 1975.
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SECTION I
INTRODUCTION AND SUMMA RY

This document reports the procedure and results of the
analytical work accomplished under contract F33615-75-C-3104,
"Supercritical Wing Preliminary Design Study".

This study involved the development of preliminary design
definitions and evaluation of optimum metallic and composite wing
box designs for a variable camber supercritical wing designated
as ATW-4. The ATW-4 wing is sized and configured for the FB-111
aircraft or various growth versions of the FB-111. Results of the
study analytically demonstrate the feasibility of significantly
reducing the cost and weight of the wing box component while main-
taining strength, fatigue and fracture characteristics consistent
with requirements of the FB-111 aircraft.

The cost and weight advantages of the advanced designs
developed during the study when compared to the baseline (633RW000)
give the following results:

633RW001 - Laminated Skin Y-Spar Wing Box

Weight Savings 15%
Cost Savings 12,3%

633RW002 - Laminated Skin Canted Spar Wing Box

Weight Savings 127
Cost Savings 10.77

(33RW003 - Composite Skin & Y-Spar Wing Box

Weight Savings 277
Cost Savings -29% to -4.4% (Depending on
Assumed 1980 Gr/Ep Cost)
Figure 1 Program Flow Diagram, outlines the approach taken
and shows the sequence of tasks accomplished to complete the ATW-4
wing box study. The main tasks completed during the program are
summarized below:
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Assembled baseline loads, ATW-4 geometry and criteria
and reduced to a usable form.

Selected materials for consideration in the study and
developed fatigue and fracture allowable stress curves
for each material.

Assembled an array of 31 metallic and composite wing
box concepts from other programs and through innovation
of new concepts. These were defined on cross-section
sketeches, sized, weighed, and costed with the most
promising selected for analytical assembly iteration.

Defined alternate concepts plus a baseline on 48 inch
span analytical assembly drawings. These were analyzed,
evaluated and two metallic and one composite concept
were selected for input into the preliminary design
iteration.

Preliminary design drawings were prepared defining the
three selected concepts plus the baseline for the entire
ATW-4 wing box from pivot to tip.

Static strength, fatigue, fracture and flutter analyses
was conducted for each of the preliminary wing box designs.

Evaluative data for each design parameter in the AFFDL
Merit Rating System was computed for each of the prelimi-
nary designs plus the baseline. The preliminary designs
were then scored and ranked.

A follow-on plan that would provide the proof-of-concept
was developed.
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SECTION ITI

BASELINE DEFINITION

The baseline article is the wing box structure from pivot to
tip for a supercritical wing configuration designated as ATW-4.
The ATW-4 configuration incorporates variable camber leading and
trailing edge devices and provides a planform area of 725.7
square feet. The planform is shown in Figure 2.

2.1 BASELINE DESCRIPTION

The wing box is defined as the primary wing structure from
the wing pivot fitting outboard to the wing tip splice. It con-
sists of seven spars, upper and lower one-piece skins, and eight
primary bulkheads. The outer section is spliced to the wing
pivot fitting between center spar stations 97.7 and 106.8. All
wing box loads are transferred to the pivot fitting through this
connection. The configuration was developed in this program by
revising the F-111F wing box to the planform and airfoil for the
ATW-4 configuration, deleting provisions for the external stores,
and conducting trade studies to optimize the number of spars.

The concept for manufacturing each element of the box assembly
for the F-111F was retained in that the skins are tapered and
etched and the spars and bulkheads are designed as integrally
stiffened machined members. The materials used in the F-111F
wing box were retained in the new baseline, such as 2024 aluminum
for skins, spars, and bulkheads, and Dé6ac for the wing pivot
fitting. The baseline structure is shown in Figures 3 and 4.

The baseline criteria includes the requirements of the FB1l1ll
aircraft, but in addition, imposes the requirements of
MIL-STD-1530 and MIL-STD-83444. External loads and fatigue
spectrum for the ATW-4 wing differ from those for the FB1lll wing.
The ATW-4 loads and fatigue spectrum are defined in FZM-12-6466
which was developed under Contract No. F33615-75-C-3018 and is
included in Appendix A of this report.
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SECTION ITITI

DESIGN

Design definition and analysis was conducted in sufficient
detail to determine the applicability of innovative and advanced
structural concepts to the main wing box of a supercritical vari-
able camber wing configuration.

3.1 DESIGN APPROACH AND
EVALUATION SYSTEM

A systematic iterative design method was applied that uti-
lizes the AFFDL merit rating syste~ to quantitatively evaluate
each design parameter of each alternate concept after each
iteration for scoring and selecting concepts for the succeeding
iteration.

3.1.1 Design Approach

4 methodical system developed on previous contracts (F33615-
72-C-2149 and F33165-74-C-3026) was used in this program which
allows a large number of ideas to be evaluated for potential
application to the final design. In this process, ideas are
developed into one inch span cross-section drawings; the cross-
sections are analyzed and ranked; highest ranking cross-sections
are further developed into forty eight inch span analy:ical
assemblies; the analytical assemblies are analyzed and ranked;
the highest ranking analytical assemblies are then drawn up as
preliminary designs of full wing boxes; and finally, these prelim-
inary designs are analyzed and ranked for final selection of the
highest potential concept. Details of each step of this methodo-
logy are discussed in the following paragraphs.

3.1.1.1 Cross-Section Concept

The use of one inch span cross-sections provide a valuable
iterative step in the overall design process leading to an optimum
design. Advantages of the cross-section methodology are as follows:
(a) the cross-section sketches provide a work sheet for integrating
element concepts into workable wing designs; (b) by considering only
one inch length a large variety of designs can be economically
weighed, costed, and evaluated; and (c) by configuring all concepts
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at a specific wing station and to the identical static load, fatigue
spectrum, and fracture criteria that occurs at that station, a
meaningful and equitable evaluation will result.

The initial design effort was sizing and defining applicable
concepts from previous programs as one inch span cross-section
analytical specimens with geometry and load taken at Load Reference
Axis (LRA) Sta. 140.0. Innovative effort produced several new
concepts which were also sized and defined as one inch span cross-
section specimens. The one inch span cross-section concepts were
weighed, costed and scored (see paragraph 3.2.1).

3.1.1.2 Analyticai Assembly Design

Advantages of the analytical assembly designs as a prelimi-
nary design tool are as follows:

o Provides on a single drawing a definition of the
configuration and the critical numerical values that
measure weight, cost, strength/stress levels, fatigue
quality, damage tolerance and overall desirability of
a design concept.

o Serves as an instrument to coordinate the technical
efforts of the various disciplines necessary to
optimize and effect a complex design concept.

o Promotes concept reiteration by showing up promising
elements of one assembly that can be comined with
promising elements from other assemblies to provide
a new assembly with the best collection of elements.

o The concept data block provides detailed evaluation
data on each configuration of each part or element,
such as a spar or skin, for better visibility as to
which element is the principal driver for cost, weight,
etc.

o Provides valid data for evaluating a number of design
concepts to specified design parameters on a completely
uniform, equitable basis.

From the one inch cross-section concepts, fourteen metallic
concepts and five composite concepts were selected for definition
on analytical assembly drawings. The analytical assembly models

)
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are 48 inch span constant section wing box assemblies designed to
the geometry and loads that occur at LRA Sta. 140.0. These
assemblies were sized to static strength, fatigue and fracture
allowable stresses. Weights and costs were computed and other
parameters evaluated. Scores and rank were computed for each con-

cept in accordance with the AFFDL merit rating system (see para-
graph 3.2,2),

3.1.1.3 Preliminary Design

After having gone through the screening of the cross-section
concepts and the analytical assembly designs, the next step is to
develop preliminary designs of the highest ranking analytical
assemblies. These drawings are much more complex and complete
than the previous drawings. The advantage of the methodology has
its greatest pay-off at this point in that the concepts reviewed
at this stage are all high potential ideas. The time required to
develop the preliminary design for ideas that have 1limited poten-
tial has been avoided by the screening process. Also, the possi-
bility that a good idea will emerge late in the program has been
minimized because of the large number of concepts evaluated in
the system,

Two of the most promising metallic concepts and one composite
concept were selected and developed into complete wing box prelimi-
nary designs capable of neeting all specified criteria, Weights,
and costs were computed and other parameters evaluated, Scores
and rank were computed for each design (see paragraph 3.2.3).

10
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3.1.2 Merit Rating System

The design parameters that were evaluated and the "welghing
value applied to each parameter in computing a weighted score was
specified by AFFDL. The merit rating system is shown in Table I.

3.1.3 Evaluation and Ranking of Concepts

An important part of the design methodology used in this pro-
gram was the evaluation and ranking of design concepts via a formal
rating system. The objective of the rating system is to minimize
personal opinion and to ensure that each area of responsibility has

an opportunity to influence the design configuration chosen for the
production effort.

The basic elements of the rating system are shown in Table I.
The approach used to implement this system is discussed in the
following paragraphs.

3.1.3.1 Structural Efficiency (40%)

Two parameters were used to evaluate the structural efficiency
of a concept; cost and weight, sixty percent of the structural
efficiency score is assigned to cost (247 of total ranking) and
forty percent is assigned to the weight (16% of total ranking).

Use of these parameters is discussed below:

Cost - Cost was computed for each concept by estimating
and summing the material cost, the tooling recurring
cost, and the fabrication costs. The cost score
recorded in the Evaluation Summaries are:

Cost of lowest cost concept
Cost of concept being scored

Cost Score X .24

Weight - Weight was computed for each concept which has
been sized to the controlling criteria of static
loads, fatigue, or fracture. The weight score
recorded in Evaluation Summaries are:

Weight of lightest concept X .16
Weight of concept being scored

Weight Score =

11
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3.1.3.2 Technology Improvement (10%)

The weighted technology improvement score is made up of the
sum of the weighted scores from Concepts, Manufacturing Technology
and Materials Technology. The weighted scores for each of the
three technology parameters is defined below:

Concept Technology - The weighted concept technology
score was computed for each concept by counting the
number of innovations embodied in each cumcept and
rationing the scores such that the highest ranking
score equals .05.

Manufacturing Technology - The weighted score for manu-
facturing technology was computed by scoring the con-
cept from 0% to 1007 on the degree to which it will
advance manufacturing technology and multiplying the
percent value by .03,

Materials Technology - The weighted score for materials

l technology was determined by identifying the number
of new materials and processes used in a concept and

J rationing the scores such that the concept using the

' greatest number of new materials and processes receives,
the highest score of .02.

| 3.1.3.3 Damage Tolerances (20%)

, The parameters assessed during this portion of the rating
system were safe crack growth and fail safe characteristics as
discussed below:

Safe Crack - Safe crack is interpreted as referring to
the maximum stress in the fatigue stress spectrum con-
sistent with stable crack growth. Each design concept
was analyzed for cracks starting at both surface flaws
and at holes (unless the concept was free of holes).
, There are four damage tolerance categories: (1) fail-
safe, hole free structure; (2) fail-safe structure with
‘ holes; (3) slow crack growth (not fail-safe) structure;
’ and (4) slow crack growth structure with holes.

The critical crack growth stress level, Fgoy, is con-
trolled by the damage tolerance category and the type

13
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of material in accordance with MIL-STD-1530. The
ratio of the critical crack growth stress to the
maximum stetic tension stress is considered a measure
of excess damage tolerance capability. The ratios
are then divided by the maximum such ratio and multi-
Plied by .08 to obtain the final weighted values.

Fail Safe - A count was made of the maximum number of
individual structural elements in a concept that
could be failed without impairing load capability.
By dividing all such counts by the number in the
concept with the highest number and multiplying this
number by .12 the weighted score is obtained.

3.1.3.4 Abilities (30%)

The parameters that were evaluated to arrive at the abilities
weighted scores are inspectability, manufacturability, repair-
ability, and durability, All concepts were ranked on a 07 to 100%
scale for each parameter by specialists in the area defined by the
parameter., The score for each concept was obtained by multiplying
these 7% numbers by .06 for the corresponding parameter.

3.2 WING BOX DESIGN

The contents of this paragraph summarizes the design work
accomplished and the evaluation Ssummary charts for this work.

3.2,1 Cross Section Iteration

Figures 5 thru 37 show the Structural concepts defined
8s cross-section sketches. Table 1II, Wing Box Metallic Cross
Section Concept Scoring and Ranking Summary and Table III Wing
Box Composite Cross Section Concept Scoring and Ranking Summary

summarizes the data used in selecting concepts for input into the
analytical assembly iteration.

3.2,1.1 Metallic Cross-Section Concepts
The nineteen metallic cross-section concepts defined and
evaluated embody several promising ideas to reduce cost, reduce

weight, improve fatigue life and lmprove damage tolerance charac-
teristics,

14
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o
o

(o}

spars.
o

(o}

(o)

(o)

(o)

o

Alternate aluminum lower skin concepts defined and studied

the following:
Monolithic skin with fastemner penetrations
Laminated lower skins with & without fastener penetrations

Planked (fail safe) laminated & non-planked (not fail safe).

Alternate spar concepts included several configurations to
increase the allowable compressive buckling stress of the upper
skin, and at the same time achieve low weight and cost for the

These concepts are as follows:

Extruded and built-up sheet metal "Yy" spars
Corrugated sheet metal spars with wide extruded caps
Conventional integrally machined spars

Inverted "A" sheet metal spars

Slanting sheet metal spar web having stabilizing inter-
costals with two upper extruded caps.

The upper wing box skin configurations included:

Machine pocketed aluminum plate
Non-pocketed aluminum plate

Aluminum honey comb sandwich panel.

The concepts showing the best total score (scoring cost at
a weighting value of .60 and weight at a weighting value of .40)
were as follows:

Laminated aluminum sheet lower skins without fastener
penetrations where these skins are planked to fall into
the 'fail safe catagory of MIL-A-83444.

Spar designs that provide a broad area of support for the
upper skin member in a manner that increases the upper
skin compressive buckling stress allowable over the base
spar concept.

Configurations of sheet metal ar extrusions in lieu of parts
integrally machined from heavy plate, Reducing the ratio
of starting material to finished material achieves a cost
savings in material and fabrication.

15
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3.2,1.2 Composite Goncepts

The twelve composite cross-section concepts defined and eval-
| uated incorporate a variety of concepts that improve producibility,

are economical to manufacture and that reduce weight.

Skin concepts defined and studied are as follows:

(o]

(o]

(o]

(o]

(o]

(o]

(o]

(o]

(o)

(o]

(o]

o

(o]

(o]

Planked, solid graphite epoxy layup

Skins with and without fastener penetrations

Graphite epoxy skins with and without buffer strips
Lower skins with integral front and rear spar
Intermediate lower spar caps embedded in the skin
Graphite epoxy sandwich skins with nomex honey comb core

Waffle pattern, Kevlar hat stiffened skins.

Alternate spar concepts considered were:

Sandwi:h intermediate spars with nomex honey comb core
Intermediate spars with embedded titanium lower caps
Sine wave spar webs

"Y" spars with and without solid nomex core in the webs
"X" spar with trussed web

A truss spar arrangement.

The concepts showing the most promise for low weight and cost
and those selected for the composite analytical assemblies were as
follows:

Corrugated sine wave intermediate spars with embedded
lower spar cap and buffered graphite epoxy skins

Trussed spar arrangement with integral graphite epoxy
skins

38
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(o]

5
F

e A e il s -

"Y' spars with and without embedded lower caps and solid
graphite epoxy skins without buffer strips

Sandwich spars with lower titanium cap embedded in the

lower skin. Both skins solid laminate graphite epoxy
with buffer strips.
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3.2.2° Analytical Assembly Iteration

Fourteen metallic wing box concepts, five composite wing
box concepts, and a baseline wing box were defined on analytical
assembly drawings. These design concepts are shown in Figure 38
thru 46 which correspond to drawing numbers 633RA000 thru
633RA008 . Weight and cost for each significant detail is shown
in the data block of each analytical assembly drawing,

Tables IV and V contain tabulated evaluation summaries
of all design parameters specified in the AFFDL merit rating
system for each analytical assembly concept studied. The costing
ground rules are defined in Section VIII.

3.2.2.1 Metallic Analytical Assemblies

Of the fourteen promising retallic cross-section concepts
that were carried into the analytical assembly iteration, the two
concepts that emerged with the highest overall scores were
633RA003-801 (ranked first), 633RA001-1 (ranked second),

The 633RA003-801 analytical assembly concept is configured
with laminated lower skins having no fastener penetrations and
exposed, stepped spar caps; non-pocketed monolithic 2024-T851
aluminum plate upper skin; and intermediate spars having canted
sheet aluminum webs stabilized by '"V'" shaped intercostals that
Support dual extruded upper spar caps. The front and rear spars
are integrally machined members

The 633RA001-1 analytical assembly concept incorporates the
Same upper skin, lower skin, front spar and rear spar concepts as
633RA003-801. The difference between the two designs is in the

intermediate spars. The 633RA001 -1 design incorporates extruded
"Y" spars.

3.2.2,2 Composite Analytical Assemblies

Of the five composite analytical assembly concepts studied,
the number 1 ranking design is 633RA006-3, This design incorporates
solid graphite epoxy laminate upper and 1ower skins without buffer
strips and a "Y" intermediate Spar concept with an embedded lower
cap and 16 layers of nomex core material in the webs, Thisg design
is more cost effective than the other composite designs because it
requires less composite material than the other and permits maximum
utilization of the automatic tape laying machine for fabrication,

53

T T e oy S A LW T P e s g i B T Syl e g ™



e A
] o~ il ;L‘"
T

T
[ e
PLAN VIEW

BASELINE  ANALYTICAL AﬂY
(AT CENTER. SMAR STA

ne NI

4R REX

" C956 -8 . AiTTING
/0 PACRS -7 sam)
~CO06-17 i MTITIE

o, ‘
%m R (:.mg'f -9 saw) &H::s " ;ﬂ
L

i ‘. * r
. F :

\ - b
£ rt il E"‘“r-l_ﬂ.ln:m abeove | @
14 Faces) See perac 8 -
freont spar




h —
—— B bes s sgga < I P e e Sl
'SR B i vl e O T oy e, LS
i | :i i| | I +|j+ i o ® =~ ‘15&%’:’2‘(’(" [ Z0T4-TOBI | 150K 54 o,
b : b 1ot -9 | pnee s | o ! a
4o I ! |+ + RSy ? —
'L-": i oy = 'k i | f‘-ﬁh RONT WmR | ¢ ! fE TR,
Wi i | =19 |[FWD INTEEW. ]
I :1| ll ] :II 1 | I::E 7 B PP ¥ ST08) -8 Y s , 1282118 49
: I : il maa w | IHJ+ 1280117 x 3
i ! i nraw | ]I+ I+ -7 CENTER War | | (29X /191 1
I : I¢ : i REAR ConTER SAR| ) 89K /1.6 54
| |-I~HI+- -2/ |REAR WTELIM, § ] Le8R/a6 8
f F‘I"If -¢3 | REAR SMAR | | |2024-Tes) {?30x 0245
LS
Lol ReaLAnT I
I
1 i+l|+
i |+I,+
L Fa BOLT (C3aWe-Yl 208
| L i
1 Ih"'ﬂi 300426 190 |
I+ NIT (co9-4
| T i I o S) | doe
| | CS0-418-12] 190
| I =+|r bl m‘m‘v”_'
W #1l4 . PTG -
: +:: I W rw 1.+ : I4lly I'-l-'lll :j m%:'-:-ﬁ)
I i_.'_.uﬁ E . = @
- L . 2L Re
el T BB Q‘ i oL It e s s
L " R G
| i
-

C9%¢-8 nu. mTTem
(0 Races m -7 sxm)
L SR ™
(OnAcos » -9 sxm
san wers ¢

el e - dtw - Baved - 8
CREYV A M = i e de-
(38 Maces) (0 At ERED rg:m" ",‘.‘)’ ¢
- =€ SEALING ghoove
l-‘- ]'I- [ - — o “ Diun 8
i 185

e
ar

e COPY
e PERMI

DETAIL B

TYPICAL AT FRONT ¢
REAL SPAR, UPPER ¢
LONER ~ SLANGES

(fws sza’ 3

ST UPPER SN AND -9 LOWER SKIN SMR
LANDS To B& MACHSNED AND PockETS
To BE CHEM - ErCNED.

Z THE FAYING SLTIFACES AT MR UPPER 9
AD ACL FASTELERS SHAL M SEALAD
oeQ #5¢. oce.

1 'NSTALL CH36 A tcmion BITTINGS PR

MOTC EQuALLY SFACED BETWEEN FISTERERS

AS BHOWN AND CENTERED on THE SEAL

SACOVE, MLG &iTH \AS GAI-CeAN wae.

-_l—— o &0 - M —— - — s | NOTES:

Figure 38 Baseline Anal:

65

Ny A e TR T At e B S i et
T g e e — ' e i i



!
e Wl " =  eeme v pEr
e WOCH

T At !CIZ’D AT Fes W -,gu_. n,‘r'vmn a- ")-..
K sk Zoze. T8B! | rSexteovera) 20024 1590.01 Te35.7c58.7288
ee_win | | v gas v a0 330,79 | 1onat] 6171783
ONT SmR| ) 2ron s 1900 166.48) 1.7 ,m.u}x.

reew mal | 129518 1oad 76099 | am® 15 77133
‘owren el Lasx 7 xsed 79.7%| .M 123.16 P07 2
TER Wam | | | i2sv 95544 8118 | T.0) 25.2440079
e v uestiiexsao| 719.00| 1. w"] 12).95]399.9

W s resxasxsed 72.27 | e.00® .57 |37.1
R SME | | |20z4.vest (230 9.1x54d 129 44 |sa%’ 9034538,
\LANT ';:.“:‘u 0 1.78] Lo

Coove- 1§ toe 1.9%

CV4E- 4)| 190 LYY
SC”‘-H) 208 L 8

c3eev e -21Q| 190 -
(cm-d) 400 1908

o 104 U4

w ao-:lj 190 z.o82 é
l”-“'l 4 g
b (C906-8) o8 ’m
e (C9% - 17), N:

I\AL AEMOVED MR PASTREWER HO: o :
93v] ToTAL WY * ’t%%glgiisl 1'2;!1!.*

A CWiGED LCWER Sﬂ N THICKNESS E%g [-3
FRCY, 10 .

4.9
[CHANGED LMI! Sl SPaR

D ALL WESHTS 1N L/M 10
Iln.(ﬂ LOWER SKIN AND LOWER
AND THICKNERS CHANGES

§
14
b
-
3
*l
s
T e

COPY AVAILASLE TO DOC DOES NOY
PERMIT FULLY LEGIBLE PRODUCTIO

UPPER Sx'A ANC - LoweR SKIN SMR

ANDS TO BE MACHNED AND ROCKETS

> BE CHEM-BICWED.

2 FAY NG TLTFACES 3T (M2 UMER NN

WD &__ SA%TE ERS Sua L AR SEALED

R $7¢-0Ccé

bTALL C%9G & 2CTOn FITTINGS PRR

e EG.ALLY SFACED RETWEEN FiSTANERS

 AmCRN AnD LENTERES ey Tl SfALNY

ICCVE., MG A TR A4S G8I-06AA MaARLS

= PRELIMINAS v DESIS’ ORAWING
TN 4T WG oK

V.Aa.H NED 2 -6 ALD SRS

S A A ASSY,
'-.-‘}.... oL T T TR T :!".'f'_.__

GENMRAL U7 HAMIES | <=
g n Netaspagin o nie T **-- A COA

= e oiTe o

38 Baseline Analytical Assembly

b ey g e S AR e gep... - s S SR . e




Snlert e

PRECEDING PAGE RLANK.NOT FILMED

T e bl b

i V,
O EYCESS MATEMAL N -

EXTRUSIONS SOR - 08 6-9¢
SPARS FOR MACHINING
{TTP ALL SURKACES)

N8/ 1va rom AL wac
PARTS

EXTRUSION DETAIL
-83 §-9i
CALL 1A

0 EXCESS MATERIAL OM
EXTRUSION FOR -93 §-98

LOWER SPAR CAPS FOR MACHINING
CTYR ALL SURFACES)

@ -99¢-231 EXTRUSION DETAIL
Hll'ﬂ -N.aA% I qﬁ.
ua ¥ 3 anf s

FRONT 2 REAR SPAR

LWR
® -227? -229
T UPR. SKIN . |'
1 M H \l f =1 L 1 ]
T 1 = %
[.'Iﬂ
4
. i R ",
- e\
PLAC
\“‘-‘_ () art L SEaLg AL i
(%) rwo wn. sa (+)cenmen soun | sk T cao gy
|

e — ——— —-— lm

y
. A T )
1 wo L, X ‘1 cwiie e it
e 1] . el % 5
W PR P

\"-I-ﬁ'!l'lihlﬂ L ] LOWLN faiME AW &8 i (] S SAWE /
L 1 ™ =l RERT ?-i"‘u Ass:'sm

VIEW A 3ASSY
SCALS 122

o LWR, SKIN PaNEL ASSY

]
e e e st O T T ™ gy et e P




v
r
aae T *
\_= ’Li?’_m_-;f_ SOWER TUREACE MiNG  SHMNE. FOIF -1 -9, 008 ABYS | Lhd
oA Tawe W] RGN | rimaned |
NO. | sTack STOCK | 14ATERUG | 370CK wr.
N 312E W, f Y4 N LBE.
-0 EXCESS urtmu.‘ AN -

et s
<27 BT I ] i) 04T L83 T The AR 2.37
Bt ] 063X 500
(-1} tCt!l‘ L AED

CIINRTRED

.OK 9, M 49 186
OO 10,961 45 S.'9
.01 X1 G SN 4.3
LT X M Gxee "~y
2W0UW-TW 1.OTI 1129040 3.0

(TYR 4LL SMRFACES)

B 07 118, 1190
37 LOTix.2ma%0

#-uv0
e L

[C28)

2.
3.
s.
4.
s
s,
-3 LGeS1iaxse 1.48 2034-T® [ CO3NT.GI A4S .01
- 4 Loemgerso 1.99 0631971168 2.8¢
Yive rom s macwep ./ @I a3 Loesunoma | 350 LoemOBined [ $.30
PARTS @ -a8 loTiv2610 | 4.52 (01111241 % 48 4.7
(M) -7 O NGO 85.09 Q71%14.01 748 4.
(R 49 | 021219800 | 3 59 [2014-TH |07 1me%ne8 .30
- 99 063 1.8x%0 .48 11024 TR O6IKTLI X408 2.7
.. -4 [06339.435%0 | 2.09 .063xR1IX4E .81
;ﬁ ‘43 083,015 3.50 Be 32101 1T ) .30
49 OT1 02630 | .52 QOT1E1241048 7
47 O X4 [ 5.08 0711160134 e .01
EXTRUSION DETAIL 40 1.071X1%.6¥50] 3189 [2024° T [ 071emazne K1
Q¢ - 91 [OEMT eSS [ 3.42 20174 T8I .06V 4sse N
ak ©93  1.0€3M0.3150 | 3 g 083x9.0434, '
sC 2 -39 [.063X0.8K50 | 3 44 08 MI06A148 g
43 |07 X24150| g8 .071 11226 .3\
-86 |07 140¥50 [ § .03 0TI A8 eN e.76
-8\ OTI0S.4%50 | 5,97 Po2e T [ 07/ x™26M8 ;|  $.23

|
i —= i
LA — %
L9g FOR -21023, 413
94 FOR
S
FOR -67
o ne |
P
ihizieny
Wi DETAL -2i, -23;25,-63,-65,6-67 § FRONT SPan
FRONT & REAR SPAR #INISHED LENGT™ 3 48.00) o
L8y ﬁp ?‘]UML >/ 10 EXCESS MATERIAL ON
L/ TYR FOR ALL i = 38 . BEALING GRC
o St LN R s LR o
(TYR ALL SURFACES) s
. - o o
. -
i T m
— -714- 77 EXTRUSION DETAIL Y/ am
LIATR SCALE VA o
I TYR .'1_1
' CHAM 3% U8 [ im
AR TYR
mata) | =g 8 o
% Pacey INF g e o AT A A '\1 by ¢ SEALING emOOME - p—
YT g O . ' wiwd Hoats m#‘ r B ST
Shabve. . | OF £XTRUSION) e 88 MEE 1% R~ P
I o [ .0%0
= L& I | o
- <) ngar Lww ' ; - 3
SPAR CAP ¥ a
E Fi SEALIN ROOVE TAl
73 EXTRUSION DETAIL UEL SEALING GROOVE DETAIL
\
UWER SINS SAME AB
IN 1 ASSY
. \
rl TR T oy sty o A g Y |y “T-o..r.—ﬁ‘v " v o s = S _ > -




VS
Y

- ¥ 1 " 15 S e Ll 18 5 S o1 H M e
b, = 5 4+ b il i I 'l v * [
..'__+.| —-!.I*“ | : - I : N :fj‘ l+: E e :i-i'i-l

i L] ¢ - ] il

M i g M % : U L ' 1 hd
:.-‘:.' :1-1! H :1-: P+ ! :r: - - ' e HT!?T;

Y. " |tV . - : " ' p RS
L::IH_I-“-' :‘} .'l :*l :‘-i a :'r‘_ r‘-: i E*: g_l :i-l:ln|
ﬂ*: L"_I :: I'i.. :1‘: g |...| |+: " 1= |n-+r
.|’i i I i | 'y i\ 1| 1 Vo : ql : s :-f-":f

'Y % b H 1#4 :«-I a |"': |-+: L i LY Palie!
e i i ([ | 1 L] | 1 [ t'l"-l-l

! iy il g1 DD TR, &l 4| Y i+

e + f ¥ AATEWE A i ] | \ i g
ey [ i A | i, SRR 14 F ‘B p 1! 1 Vg L |r ne

2 S ) B I v

i | " i ] d | 1 H | byl |

! i_.l- Hl |‘_’ l*l " |.|.I 'E** 3oy -8 REF IHi._I

:"‘: H 1 f oy I " y ! i l | I" Sl

il [-hﬂ'f 4! et ! [ j+1 j#1 M Tey N

.+'.."'_"_“__ ' 1 p ! i : | : i ! : i : TS
-+ :"1' A :"'i :*I ‘“.l .+ 1'*1' [*:"‘I-
T 11
*iie! - s f i+ 1 f :"I i 1 Tiw] eiie
<N — ‘|‘| _i ] I I \ L] L) o I ] [ | 1 l‘
' I [ i+ 1*1 [ Ii'l 1*1 ( 1+ =
AT : i [ : 1 E I i i : L 1 i ma 'II-E-|-|
'I-:I'I‘: | 4 14 1+1 141 Jli 1 Lyive |
e el byl Lol : Fod 1o] !t —t,
i T S G ! % v

-

A o —a S 54 o QA adl i+ Liief A
LY, éﬁ.‘l L Ln . | e tﬁj ——'

Trn 3Pan | o~

SPAR
1 AT, ALrn, SRR ™
E ﬂﬂigmﬂ"'ﬁ.lnl
SCME L
[TV ]
w. tn““ fnul.ﬂ

§ FRONT e m:t."iﬂ. ! =
AT, SRR M O -0 T = 1.0%

R\ (T
£ T, Ny ’
- _— ' =l

LA

e . ' L, W ".:'9:.'5"“ ;,“w Y
._\\\\\“ o. g \.\\\\ EOVE "I \
\._\-\:'

0 LAl RS il

\ \‘ WM
§ (33) min \

N ORI A1) BN

QEL (am )} swim

- Y o
VIEW A -| ASSY @Lm.um PRAEL & V8
%cu.( V2 -
’l T T g e A S st g R T e o e e i s

I% REAR 5




HS’

QF MATERIALS

TANTERAL L7 1 ll:;l:l\

" mw Syma | oew
"

"“ll W..

g

|

‘-E SY

.,.4-"!' 08¥% 40 28 T LATTE

ke
e

Rl

TRy m BUTSe (66 ‘1 36.00

2 LB
.If'i e 71

R
‘u; o
T 0k

o ab-

“u. Sy

s

o g ] :j\ﬁ(u_ :

257 A1 TSR

TPAR EITRUC

PAR SPAR

056 THY E_-'El."_‘iﬂ,..

{
453 S N -
/ / _Iui T 1

Hfrow

B AT

Ry, Pkl

« Wil B §

B kb Fﬁ!utl
MY BN OB

HHl’E’."ﬂ s

MLITC 3930 o}

—

L DL L )

[SaLanT jr-mrm WAL 1 ]

AT, LG LW P9k walk

B

074 -7831  [.§23A54AEH [229.20

2024 -T981 K YTRU, Y34{ 18.21

MAKE FROV 78

2024-TRSI1_ IOTRL.I%R6NY 36.00

£ FROM 73

SPAR EXTR.. 202

4T85 mxm»ﬂ 36.00

AFT, A1, SPAR

MAKE FROM -T8

[TS[SPAR € ATRG,

7026 -Te8i1  BIRUISK66M] 36.00

REAR SOAR '

2034 -T831) XTRUY N 72,81

[

]

|

[

[
CENTES $PAR [} AR

|

i

1

]

1

LWR.SKIN PANEL
ASSY

LWR, SARCAP

SPAR DTRU.

AL LN AP

A (we sPaR Cap
SPAR EYTRU,

1

1

'
SPR EYTRU [
'

]

AFL um LR IMRCY | |
1

=
|

PR EYTRU.

REAR L Wi, SPak CAP

2024-TO%11
"oPY 1691

TRy 5o ] 2948

MMRLISIAND 0 A4S

S4{SAM) 9.4

12024 -7851 M."!é '8.9i

E/ ]I(l TARE T

IS, FORM 1A (%2 NOTE §)

BUND FASTENER
U3 $0%93- G813
PN (CO20-10 &)
INUT (€950 )
[PINTZC23-8-8)
CI1950-8"

SEALANT F NS 4044 ( SEE NOTE 1)
i

__MaTL REMOVED POR FASTMRMOLE Y|

Caashi.)
haLTTS Tavid
T
[ IRV R R I _ ] At..)‘!
CHAGED  AVER 4N ¢ LOWERS
LAD T £C5 PR e TR ta
-t TRRU A ASSY S
) MGED LR o, LOWER SPAR
AP THCIESY (P 486 TU 438
IN A3 ( -R73 ASSTS
REVSAL AL WEIGHTS N M TO
JRAECT wN THiCANESS

1 USE FMI 1013 ADMESIVE FORM IA (RELIABOND 390) IN THE FOLLOWNG

0] itrvm:n ALL LOWER SURFACE SKINS { ADJACENT SMR CAPS/SARS
N THE <381, 017, -69,7 199, ¢ 21T 438Y'S
'vukun Ale SNINS, SPAR L AU, SPAR DOUBLENS, § COUMLENY
IN THE 159,173, 6 -3 ASY'

2 FiNiBH REQC ON ALL NACHINED PARTS
1 THE FAYI*G SURFACES AT THE UPPER SURFACE OF

TRE
ANC REAR SPAR. YHE UPPER SKIN. AND ALL FASTENERS
SHALL BE SEA_ED PER FPS -

NOTES:

FREBLMINARY DESIEGN DRAWING

:‘T‘w‘_d' :D'.s -ai:wv 'y [% “%S;HE

S N L APAR
EXTR.CED ¢ ®-2meD m"vuni' oane, v
b MINCV L ANALY T TAL A
T I I £ S "-Tu DR ]
aENERAL DYNAMICS | 633 RL’.\OOA

¢ teos e Divivon

Figure 39 Extruded & Etched Y-Spar Analytical Assembly

57




e Stk
PRECEDING PAGE RLANK.[OT F

e R i,

IIMEI?

el e e e

LIST OF MAT =RIALS
TORER T T -
aasy S8 0ETML, CART s | g AT
! lHl-LrTI'..- .“-,_f' i T
| — _1 .—I.“.*'..'_'ti" |
-| SE LASET— —
4% u-m ' :hhm' Tair - acnant 8 a7
573 | Fmaacrmaan’ | Copr A0 iy BEE]
BN Dt Swmaw] e 'E.'.‘l!"_,_ 811
i s, eon St em A g
%
5 TR
- 1-ste mnumr -1 L h
/ _T s bl 2 L 1
vl W O T, VRES ! ®
R PETLA T RESPECTR I
e NUSMRY m"t}n.nqgu'.r"l i
T CTARL i
TH_ADHESWE PR 1010 Pl T4 158 RETE 3 [ 71
o Ao on
- _t._c.“ -"‘1
(E010-8 [H [NTH =
1960 1) [N =]
030-0- T L EAW &
CAM0- [1] bl | -t
b aNT =0k { S O ) -
.98
A EES
LT
WL
SE | wiihs |cO
] I X & []
Al
L] L
T
-
- % rymeom al
3 S CESS MAYL ON NINING l‘u:;wxu ! o l-n-l !
Haen i T | o I
fol VACHINING ! TR o
'TYP ALL SURSACES: ! \!JL | 1
. - T :1_‘1
42 TR I+'A|L ’QD::&?LM'; !_J' ¢
] ACY 4
43299 ‘aoacey - J
tEM L 2|9 -2 9 223
W LEC LENGTH 1§ 60.00)

LI ST OF MATERIALS

H NG,
,‘_15' DE TAiL

ASSY PART NAME

803 ANALYTICAL ASSY

UPPER SMIN

FRONT SPaR
REAR SPAR

199 F 0. ALK SPAR ASSY

FWO UL SPR LEG

F W0 AU, SPAR DBLR.

FWOAVL SR LG

FWR AUY. SR DBLA;

ooLeLLR

RADIUS  8LOCK

’
2014

FuS

79 _JEDNESHT
] o €010-8-7)

INUT(C2950-8)

CTRAUL 3AAR ASSY

| _-175 CTRAUR SPAR LEG

107

[ CTR.AUX. SPAR DBLR|

C119 KTRAUK, SR LEG

=181 _[CTR ALK, $PAR DOLR]

ooUBLER

RADIUS BLOCK

’
202

ADHESIVE

FMS- i

PIN (CO20 8-7)

INUT (C2950-8)

-183 AFT AUR. SPAR ASSY

AFLAULSPAR LEG

SFT P 2SR DAL,

WNTAUL, SPRR LEG

AFT AUY, SPAR DILR,

DOVBLE R

TWADIUS BLOCK

T JADHEMVE

N(CO20-8-7)

ﬁTiC”SO-I)

RWR. SN PANCL
ASSY

FRONT LWR. SMaR CaP|

[SPAR EXTRU.

207

<)
] W CAP
201

10724

[SPAR EXTRU.

CTR AUL LR, S GO

201 | SPAR EXTRU

AFT AJLLWR SR CAP |

SPAR EATRU

14
1024

FEAR LWR. SAR CAP

MAKE F1

(SPAR E X TRU.

1014 -

SKiN
SKiN

9ME TN

ADHE SPE

Fus 1

BUND FASTENERS
V< 20333-081

PINTO0-8:6)

NUTCI950 - &)

PN (€020-0-5)

T1(CI950 1 10)

Lol e

FuS-104

T




- - s

. . -4y N

//,4\-?3—)&%@ //,—@S-m@
[/ it /@t
/‘{_.)”"':@[_;omuu- 4 "\‘-95“’“@

U

VIEW A -805ASSY
SCALE: 1

/" -4% BN
'/ 7/ ~—r ,m®
= / / -:vwn@
-

50 h T oo : 134T
4t ARE LD Jitew  Toiaease [ aar [ im [
o0 1 SPAR DR B | fo o |osmEnasss | im | 1ae XA
ATkt e L ] l ! (UM RO [ A a8 | L18 A I3
VAN SPA i CHMTRINSG | 07 [ o L01 !; KT
[N =1 y / JBariadn |amm | iy LI W07 b r“
T 10140 [Ron %I0 | 148 | wa .78 [ 48 [
LTI, L ] ] e T
AW
e o T — ] -169 DOUBLER
[EXE] T
09N (D%t | 145 | 008 XN
/ [meras 3w Tw Ty
/ 1 [ v ]
/ [(A'BEL 3 Lk "'}'ﬁ
’ - I O -5
| anie T o M | in 8. 718 11/ 49
Pt ) PO T4 AE wOTE 3 i
] | Ly
2
Y0 . R
A CROUATRRN | 3an [ 3.0 Fevrdn
BETar T 141 FRT T 90 ITA BI3E -8
|.DACN | T AT el 3 BLOC
B i Y TR 4. 2 " Msbcﬁézu 5
| WOd WIS | 301 | 1A
s wbwl el
5
)
= L] 10 DICESS MATL
wL.m L
p [® "Y1Yr For aL %sw
e i N T (1] MACHIING  SURFACES MR CAPS R,
T iges. f#n MACHINING (TTR
- m;-'?_m 5 ) AL ucEs)
1.3 -201 EXTRUSION DETAIL
scau:in
L5
_______ N E 5 E ._.,8
— A3 TW
™ plasissy ® e
(] T
e ey el B P
I‘.:i._. = .:!-_ = «3afON- {s/ %
= s o '
i i
s WA THENGTE T i KB ; 1 = 133 FOR
11 W il R FAET e, R J" | 1) 169 FOR -
oo s A 58 T I SR U, —Tlimat —- - 680 FOR

DETAIL FOR -159,-73,% 183

- " ™

ia-ai

Oerints Lenerh 1S ri b




/—(@ AFT.ALL SMA OBLR.
. i

{- wewE AL, 3Pe8 LES i ] @'""’- AL S e

g " CTR AN, WAl DA WL, A AR DBLEL
- COI0-8.7 P T

.
SIM0 8 e (m0) cTR Aun. seun amay —@m.umnur § pmey
TEAL

an CETICTRL L L

) : ® ® @ @ ® @
) == Ch im © © 0 0 0 ol
I ﬁ'f'?i.-'f::'ﬁ' v
TrRICAL

’ 4

———

_m_—__._
INTERMEDIATE SPAR ATTACHMENTS FOR
-BO1 ASSY

7
{8 e, i, om,
' GPAR CW

= LOWER SKINS Same
AS IN -1 ASSY

"~ LOWER Suins 8 N A e

A - WO iN |

“LOWER Suing Same AS v i assy e '
AS IN -1 ASYY

A\

vVEWA -S5Oy ASSY \ 4 .
Pr v Ilqz @snr.. Inon PAMEL ASSY




FalL L @
TG o

SO W A

E
B IR | Ral 8fCis

T i ot i "i"‘[!-l.l. |
"JIT.'U-!ﬂ'__!_“ SO TR
'“gnﬁi-iig! T e W !
TR (X7
TR ]
T

JOENCESS MATL ON
EXTRUSIONS FOR -1,
N4 <119 SPAR CAPS

FOR MACHINING
(‘Prl ALL SURRACES)

Y rvm rom AL
MACHINED SURFACES

DETALS OF LOWER SURFACE WING SAINS FOR -803 ASSY

2 [ MSSVONSA (778 2074 TH LOSISS. 70 44 1.00
B IR C T O 06 3137, 10 1 o} 11,50
@207 [ 3331000 w.80 0632%8.901 4 11.99
2209 | [osoreoomy  2%.5e [osoxen. sox 48 26,40
-2 [V [osomszm e (090163, 10X 48 1.0 o DET,
-2e | 1 losonersovsd 086 12026-T8| [OSONEN.32X48 21.68 45 EXTRUSION AlL

TYPUAL -185,07, 19

s ,m*%’j II
IMACES - - —

:so (P AES)

331 1 2PLACER)

DETAIL -N5,117, §-119
{FINISHED LENGTH 1S 40,00}

M3 BCTMSION DETAIL
TYPCAL -3 RIA M

..1 =0 TR

.

-@muw | _ I san e J

5-'1"-.'&"-.‘:’" s
cHEL

Vi o, Y '(*/9‘""

—~ Fo Y
5 M4 : T ""@':!mtl -n, 41} @ ¢ .H-‘EI.IL- L" 17y suN

92 FRONT (W ) GO {15 [ T S ' byl son® Shet L L \_( i
3 SUR CAP \ \ ~ 3PRR CAP [ ) \‘ . y .“WO 3 =Y.
RO\ N som O\ A4 p@sum@ o &) st
\ \ N By s N \ \ -@ SIN® . —

v\ S W\ @nm@ \ ‘ @ i .
\ \\@ wn S @,m@. N ¢12g) N
\\@ s o mnd VIENA % 4SSy \ ) wu® ) e

\ & 4 - SCALE 1 . e en &

3 NG

10!




o REAR s

L—-99 REAR LWR.
SPAR CAP

rWE'Cf'ﬂﬁT'ﬂﬁLQ

J—aﬂ

,‘“ 'Il.‘

I T

LT,

i

Dq.\l:u.'

]
M g0

PRCWT <L i -
laria ared
L LR H\J.

| =Pal sz |
CORL

FRO A EFLE |

N 0308 e

RATLLER Y

1441

AMALTTOCAL ABET]

]

=7
-

JELLT]

LBPLR !ulﬂlt _l 1

SEE 4 A3ST

N AREY

-14T

HM

<148 POl R ||

E —“*'*..ra—

-13%

WP, SN LS, |

B T TR

(LT3

B350 IL0AN

L=

187580

N

L 7508 V.91 40

0.0

o]

XL

) &%

1e-TIMI_ ET T

F LY

Fsee 4 assy

MCTAAE I

muh"
I~
e

Fis 1313 TAREE NOTE 3

CE:]

l"ﬂ-\.ll !INA.V NEeSIIAGN DRAWING

b R ——
| denERaL DYHAC e
I T e Aprospae8 Divi . on

Figure 39 Extruded & Etched Y-Spar Analytical Assembly (Continued)

Tt oo T 2 e e b e N

3 -

59




R et T
S B o

PRECEDII@ PAGE ﬁ,{fMQNOT FILMED

CENTER SR WES COMELGATION

] 7~ 3POTWILD (7 PLACES)(OE NCITE |
™ TYPICAL AT IO LOCATIONK AT
ER AND LOWER SURF

{—-1mn

11 MR
L/Q WALNG GROOVE
;e
MOLD LNE P ; 080
wED QORI'ETO%.':. ot - -17 X L f f-OlO
NI~ | ==
! 4|

Y] .220
i ____.:'___41::".:.'::-.J_4,__f s hmadt 111
[ ]

i I ¥
1 . 0TV FUEL SEALING GROOVE DETAIL
m = T FOR -9 ¢~
‘- 1 —— TR snd ™"
__I oy T
TR

secron B-B

SPOTWELD PATTERN SHOWN IS TYMICAL AT THE
FWO. AUX. AND AFT. AUX. SPARS

AL MR8 JOENCESS MATERIAL ON

EXTRUSIONS FOR -3 AND
-IT SPARS FOR MACHINING
{TYP. ALL SURFACES)

TYP. FOR ALl
MACHINED PARTS
DIMENSION | FWD, SPAR|AFT SPAR.
(NINCHES) | 9) [ i
~ iv v .25 EXCESS MATERIAL ON
H s Wi EXTRUSION
€, oS B[
.« .60 .20
ﬂ 8 2 3
) 3 i
w, 2.5 55
- w16 LA] 2

“37 EXTRU. DETAIL OF -31AND-39 SPAR CAPS
FULL SVZE

T Tt S TP Y = 0 e e poy . T Rt g
ey

HEGHT OF (ORRUGATED WEBS®
.25, k=il
2T kel
<29, h=0.6
®REFER TO END VIEW -1 ASSY
DETAIL OF -25,-27,-29 CORRUGATED WE

DIMENSION CENT. SPAR[AFT. AUX. SPAR
(N INCHES) (-35) (=31
n 2.9
t, 088 088
e RIS .16
te 1M N, .18
ty : .260 280
Iy . 38 5
< | 068 068
X . NI 126
[% 0 198 B ]
ty i ] 1 260 .20
t, .8 -3 . 981
w, 2.8 2. 2.6
3 X3 9.6 2.6
4.9 4.9 vy
3.2 52 5.2
- FX ] 2.0 e
" 3.6 .6 5.6
w .4 w4 .9
(3] .4 .2
(ar] 1o 2.0 12.0

.10 EXCESS MATERIAL ON
EXTRUSION FOR -33,-35 AND
-37 SPARS FOR MACHINING

-95 EXTRU. DETAL



= TABLE 1 |
—30m- DETAIL OF LOWER SURFACE WING SKIN [
| ] OASH | RAW STOCK |RAW STOLN MATERIAL | FINISHED FIMIS
NO.| S51ZE NT, STOCN SIZE | WT. iM. i
| -3 L O6dX S 6X 30 18 20BN -T@ |ORIX B YIXK VO |l
T -8 089K 18X SO 2.29 068X ).00X vOr 4.8
-4 L83 X0 OX S0 2.0 LT YIET P |
~ue [om xiovxso | 378 fonsio2amve | ym
§ g -9 0T Xig CXSO +.30 r 1071 vt 00X YD ‘ii |
L & -53 QN XiBexS0 | 4. 00 ig}: ~r1‘.l‘l 211’1:,1;,.!‘;? Ilu ———
| -55 foe3x3exso | 1.3) - % 359% h
100 0Tl STOCK SIZE REF, -37  losaxaerso | 172 0633813148 ] i
e Sl | 4 side 1R i
T inenin | 38% lieevive [SHENe | 1S i :
b wias® A T i T |
oireexso | 15 o xesexve | 148 el
0N xnaaso | yeg 71 10.08x Y8 L o+ i
071 X118 x50 4,11 2024701 _|.071 811.508 v@ It ] - 50 REF.,
063256530 | 170 |2024-T8i |osA¥8.vIave | I. " E‘.’:"_':
i Bhis |12 Biiig | o8 3 1]
CORRUGATED WEBRS orxiareso | 3.3 on x:ﬂ;::: 1% e “ﬁﬂfmﬂ
P YT o8 borvire [S3 3138178 t.ﬂ 2
T
2400 4o
i
*
.} i
[ by
+ rn-:
" AUX SRR == fﬁ.h i
31 K =
20
o0 DEXCESS MATERAL ON A Leomm
'2e EXTRUSIONS FOR -8 ¢-I7
1160 SPARS FOR MACHINING / I -50 TR
3¢ (TYP. ALL SURFACES)-
413 SPAR
oy Ny ve FOR AL / -420 TYP
“Sol MAZHINED PMRTS R R —
1 ! 1 —
i . | e
“ ™
2 EXTRUSION DETAIL 000
2.9 -9¢-|7 200 YR TR
e SEAUNG GROOVE
-9 EXTRU. DETAL OF 1921 AND23 PR CAPS 1 v
{-23 ROTATED 180
¢ sne FULL SIZE ‘%
F_Tm CHAM 45°X IS
! 00 TYR.
080
R TYP i
5 40 EXCESS MATERAL
25 By i ON EXTRUSIONS FOR N
S TYE | e e =¥ TYP FOR ALL  -19,-2), AND-23 SPAR
— o— | o — MACHINED PARTS (APS FOR MRCHINING
\_ -:..-"'_ ---|-'—’l.'r-“—-| |
B
L Wy €020-8-6 PIN
— W W (96 PLACES)

_. ~ TR v
TRU. DETAIL OF -33,-35 AND-37 PAR CAPS
FULL SIZE

N - oy g e T .w——;--;-g‘wm_v ot




- e,

12 EQ

e u—

:

~M5 30353 -0812

BUIND FASTENER MS 30353-0813
(30 PLACES) TYR BLIND FASTEMER
DL AU, SPAR. {104 PLACES)
CENTER SR

“AFL AUX. SPAR.

I\LWR, SKIN PANEL ASSY

TR . e el . W A e . i e g e,
“ ) i e

v

[UIST OF MATERIALS _

¥ 4
Sl H ”
ARy [0 RN NME )

, .y

g s
T lwFFER it !
S A i

3 SEA,

o1 (I FWO. AUX, LR

ALY
-8 }__uEPuLL»E___._
3 [ opfP EXTRYSION |
-28 Fwi .A,ux.;;vggi‘b
ALl

1 TLENrER R

- age |
Eﬁfﬁa&

nonté‘ VE |

agsy

] L LA
CAP FxTRUSAN |
L13A A W |

St R
20333-09i13 |
W Te30-g-§] |
INgTIC3340- 4 u
L

GOPY AVAILAB
PERMIT FULLY

(96 PLACES) TYR




LAALE

_L"'ih'-uul Iw%]mm

_ iRt W ey

s
__JE..__..._ - 1

S
Ilﬁ. 't-‘iu‘(l.;.r;._.‘

o PR T e
Frad! g —f—L—i"I!.'.I’uu.’ i,

I“II. Il M

un"F‘l.ﬂ _np
IJ..-—I— ErTRysidn

CoRT [ rorac

|." g‘w‘ :hfﬂlﬁ'wﬂ FImiarD Wt

WCGNT !

A | —

S e e
R e g -

~E5T

EET)

Jﬁﬁi} [FX

-1

Il

FEAY

Fil o

i
LA
|

T

if4

Hha T

Tkl |

AVAILABLE T0 DDC DOES NOT
T FULLY LEGIBLE PRODUCTION

M

d

;.

T T g o e e - .
o Trm——" ?Wm -

Wy

L USE FMS-1013 ADHESIVE FORM TA (RELIABOND 306)IN
FOLLOWING AREAS:
1) BETWEEN ALL LOWER SURFACE SIINS mw
/ SPARS IN nl 41 ASSY

CAPS,
(z)mn ALL INTERM. SPAR WEBS "wur um
SR CAPS IN THE -11, 13, § <19 A%

2 W FRees REQ'D ON ALL MACHNED PARTS,

1. THE PRYHNG  SLURIAC u'r'ncwvn
THE FRONT ANOD

O RLAR St r- Sy
D AL FASTENCR smm. [ 3 suuo n’"r‘y

NOTES:

CORRUGATED NTEPM, SPARS

AY -
M [ZFA¥ED 7 THICANESS Fa0Wr. 520 9404

-4 _WING  LAMIRATED LWR, SIIN,

MACHINED UPR SKitl § LOSURE

PIRS
WITH mmo LA

(Mwnwu;, ANALYTICAL ASSY.

=Y TSYY-U-N

=" [633-RA002A-

Figure 40 Corrugated Spar Analytical Assembly

s o g sty - S— . -




PRECEDING PAGE ﬁUM(-NOT

= P W‘}I e - ""‘""'
FILMED l; G
L e e S0 B Ot T it

_DETAIL LOWER SR CAP
™™ &%
S

418 3

aR 4

p4nd T

TS MATERAL
USION FOR MACHINING

e - V,n_
.if'. :;:“I o
_ rh Ave
TARLET - el
™HTA TRBE R sUBMACT S6uSICH SORE awD ] :Jl*li
| hals T DM | e STOCL | SUATERIAL | FrusWED STELE | Fiur ' |‘| !
Si=aiE B s = A
. e .1 L1 v i
L4 POV 7 . 1 110 e — ehell
3 T 6 Lo BTE [Boge i eap [ 3 ] +h!
| + [+l
ol | 3 Leeeimese - 1-|1 1 fa. s
A\ | csmieeeniens.
| b
+l{+|l |
| hep
*|'4 |
e I it
! LA 3
--.r ] +hiel
k. ] 1 ]
_ gyl +ll¢, |
> [T 7 1R ::':'ll - SORCF
S 5 e
b L I*T Ty
: agf!_ B MOAL tras®
LS +:I.‘| | CHAST EmE)
l ;JL;-LI__._ _L
BN ET e =
.Iﬂ:l 12—l g0 TYP B
)
FRONT SPAR
v g
W'Dmd#‘
e j —
2 10 LICESS MATERWL Ou_] . N§90353-0817
EXTRUGON FOR MACHIING € SEALING GROOVE i BLIND FSTNR
50 | a}‘ (114 PLACES)
(0] = e
' 5
20
25r .
CHAM, #57s T M oy TN A
{ 25 RIF Trp
PEOUT SPuR
FROMT SR 1EETYE
Latisoy. ﬁi;;ngf_ LWTTF r-
TIRTYP -
40 BICESS MATERL ON r ARTYR
OTRUSIOM FOR MUCHNRG sone T
- - € SEALING GROOVE 4 | "i ' T f:;
e soree * .
T ogterye N T “_*m.\‘ —
Treanm.an AOHES, SRR CAP \aalwor i {f-’.'“
REELLG R N :
F X R 1Y ull“k‘_",a“ .
|
o
SEXTRUSION OETAILS \& s
LSy P
I L Y

b -
ity N it




1/\_
\‘ﬂ._._

A A, \
P W AT W . T V'A T w
e 15 o Ve e, IGE ‘
b 0 [ I,| | | | | | 1 =+
o 2 b L | -
(gl I (M I
I | I 1 | [ | | #h+
! ! Ly ! I I
| i ! i, ! 1l ek
: |I|II l+|' I|I+I II 4
| ! ) ] fie ! +
! IIE"I I|'|*I1 310 5o TYE ||t:l li 1
: Ll l|1*| CFASTENERS ) hjey! 4 3
" ira.se IIL'l (b el shn ! memse lisgs
| csTirFEneRs. Il LA ot W'yl esmirones: ly+ts
| |l ¥ ey >
o iyt i !||+|| b
| Kt e Kot ke
- lll | i 1| 1 H worm | 1Y
‘ |I|*:J |;r*|l Tl -+I+ .
' f | (1 el (Be
' il }*u'l t'n! 104 34
-
| 5[‘“ (hd | Frr | ]
I i) | wTre. = —nr
{ Vlr_._fﬂﬁff Ilhll IIFII |:'.||: —|-++
AL Iyl |I || 1] +J]+
| AT 'qlril L iFF11| “"4'* *
| il ot iy 4 i b
il ot edr—d (AN e
Hou s Lt Lt — Lt — _-"::I-i-di A
—J goryR N -/A e —3 warrve — some-
A ME
SCALE {2 AR
AFTAUL SPAR
1 ] I 1
- SPAR | FWOLALL SPAR L CENTER SPAR [ AFTAUL SPAR SPAR
NI YOITI DT
. R -
o wfu{:i'
. AFT_AUL IPAR con MII0IET-08I7 - ¥ S CAOONW
NS?OJJ’J;O%/I m ﬁaﬂrppz‘ljxr:ﬁ i 'L‘ I
BLIND FSTN . .
- 101
/ epLacts) \ 5 e mtm@3_ 1.0
/—@mﬁz m:ml @or. ! N lgy S— . P (O et
e ' s = 1 =5 R PR SPaR ;
s O80T YEF (39PLACES) ATTrE
o 07 STRSIZ . : :
215 RIFTYP a0 s7K THAISAL ! Tm Bl O’ -
£020-8-6 PIN
25TYR o Sl T €2950-8 NUT
. ! T (96 PLACES) - s JOTYR
P 1o - CO20-K0-SPIN 120TYP TYPICAL ¥
e 49 STH SIZE J('D/ S (2950-10 NUT  .09RTYP ¢irym U SA NG CAoou,
e : t
IRTIP 711 ~ REFTYP § 12 PLACES) epiA. - 100 RLF.
090 STK 512t i TYPICAL ' : 60T
orre D63STH SI2 REF TYP
REFTYP ‘@8%' -
i R wap
LR -{i; LY --2 )0 3 !
1T - 4 *ﬁ-l'-l e
e i (mjide g

i o '-'“lL‘!'
™ e u_u,'f?-
' T ———. e

L i MT‘”"T”'TW,,. g 7 E " S — = )




Dn ", W oo .
e B TT LR T T -m. AT e WIOLE | L, | FERRNED WY LORT 4 TaTA g [Tk ]
aay BT | e I"“!.,'""' Buraa | aday TROVL.] ran. TRSEC ) coat W[ [ 'if‘: T mcn Eﬁ
L WL T, Ay F1] LESS F 3781 N
A ‘“ ey [ T i — "—P!L T LhANGED OWEW ki r-r.m!ss
l'tur_. a.-_vn ¥ a I'ROM 408 TO .02 1N 1,3 +£- 800
2 e e | AS57S
Sl YLMBLR CUANGED LIWER SNIN “HCKNESS
i 1 T 2 499 TO 480 IN 3 AESY
= 1 Ty CNANGED USPER SN THICINGSS
e = 499 TO 574 'N -3 ASSY
L. ClanceD Lowee gugcg-
" A 3 ROM . 486 TO .4 AnY
‘J, phid 1 e dirriiaidin e o)
FROM 499 TO .440 1N -§0) 438Y
?ri'l"h | dreatansd s 'ﬁ- ; - REVISED ALL WEIGHTS N L/M TO
Tl B din T Jecia s Tiahayi TN . REFLECY CHANGES IN UPRER ¢
atard | frg 2 0 ’thn eLr, T : LOWER Suin mcwns L %
‘-ﬂn.'& . — TR g BT . :}..5 1oy ] 5, ¢ - 801 ASSY
Jati 3t TR T T LT, L X
L= i [ 3
FrT a4 Tty
E’ PR TR 7] (S TH: [ TLT L ¥ — T
Tal, [

LT LTI T TR

e

L P S0 I
: L
2= :H_ L& Ff 1::
[ [N Xl
LML L -
g P R 5 kel Do ,i e |57 Pounild]
' pexm -:1|:QI|-.|I'|'I-M ‘E hﬂh’ﬂ.
L) ' i | LT @
ML TAELE L [rrar 1'“_5 b
] b SEY RS D
borssman @
oo 20 #E 9 @
pafpis b )
.nu!ﬁk _ -m

s GOPY AVAILABLE TO COC BGES NOT
PERMIT FULLY LEGIBLE PRODUGTION

L

A USE F™MS-10:3 ADNESIWVE FORM 1A (RELIABOND 395) LTHE m.uum.
FIBETWEEL ALL R SURFACE SKINS ALD ADACENT SPAR CAl .nu i
GHEWEEN 4L, EDGE MEMBERS, CORE AND SiuNS & THE .nf-lnsaY

ALLEDGE MEMBERS, SLUG S, CORE our' @ SKUN ¢ (NUER ST
W TUE - 7A86Y

e
2 \VFINISH REQ'D. O ALl MACMNEL PARTS

L THE FAY(NG  SURFACE ATTHE UPPER SukracE OF THE FRONT
ALD BEAR 6PAR  THE (DDER ST, D ALL FASTELERS SwALL BE
EUFD PER rPs.icoM

PRELIMINARY OSSISN JIRAMWING

ST ARG LAM LV ATED Lad SKN, CARDWICH
ALLEL LTERMED 1"E @PaRS. &M Da(n MEL
VPRSI ALUMIN AL ACTICAL ABSY

Y T o . el Ty CR

..NIQAL OVNAR“C. LNRADDIA

Convar Asrisg na Div. ron A g
inftlile” Tore ' o

C e
ey

Figure 41 Sandwich Spar & Upper Skin Analytical Assembly
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Figure 41 Sandwich Spar & Upper Skin Analytical Assembly (Continued)
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3.2.3 Preliminary Design Concepts

The baseline concept, two advanced metallic concepts, and
one advanced composite design wes defined as complete wing designs
from pivot to tip on preliminary design drawings. The main fea-
tures of these 4 designs are described briefly below.

3.2.3.1 Baseline Configuration

The baseline concept, 633RW000 illustrated by Figure 47
embodies the same fabrication, material and joining concepts as
the FB-111 wing box. However, the supercritical airfoil geometry
and is larger, 725.7 sq. ft. versus 550.0 sq. ft. for the FB-111
wing. The closure and intermediate spars are machined from 2024-
T851 Al plate. The upper and lower skins are machine pocketed,
then chemically milled from 2024-T851 plate. The pivot fitting
is a weldment of Dé6ac steel machined forgings and machined plate.
The lower skin is joined to the spars and pivot fitting with
Taper-Loc fasteners. The upper plate is joined to the spars and
bulkheads by means straight shank, close tolerance fasteners.

3.2.3.2 Laminated Lower Skin "Y'-Spar Configuration

e —

The 633RW001-1 wing box concept is illustrated by Figure 48.
This wing box concept incorporate an adhesive bonded laminated
2024-T81 lower skin without fastener penetrations, extruded alumi-
| num "Y'" intermediate spars, exposed lower spar caps, and a con-
stant tapered non-pocketed not-etched upper skin. The upper skin
is attached with blind rivets in lieu of close tolerance bolts
and Davis Pressnuts. The front and rear spars are machined from
2024-T851 plate. The pivot for the -1 assembly is a closed tor-
que box to the pivot pin spool that encloses the pivot pin. The
' lower skin is continued inboard of the pivot to form one of three
load pathes of a fail-safe 1lower pivot 1lug.

3.2.3.3 Laminated Skin Slanted Spar Configuration

The 633RW002-1 and -3 concepts are identical except in the
area of the pivot. The 633RW002-1 pivot concept is the same as
the 633RW001-1 pivot concept. The 633RW002 wing box outboard of
the pivot is illustrated by Figure 49. This design has a lami-
nated adhesive bonded 2024-T81 aluminum lower skin with embedded
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lower spar caps. The intermediate spars are configured of a
slanted sheet aluminum web stabilized by '"V'" shaped sheet alumi-
num intercostals. Each spar has two extruded aluminum upper caps.
The front and rear spars are machined of 2024-T851 aluminum plate.

The upper skin is a non-pocketed non-etched constant tapered
2024-T851 aluminum plate.

The 633RW002-3 pivot concept is similar to the -1 pivot con-
concept except -1 is open in the area of the pivot lugs and tirans-
fers wing shear loads to the pivot spool by means of two vertical
shear lugs. The lower pivot lug incorporates the same fail safe
feature as the 633RW001-1 lower lug design.

3.2.3.4 Composite Wing Configuration

The 633RW003-1 and -3 designs are graphite epoxy wing box

! concepts. The -1 and -3 designs differ only in the pivot area.

The lower skin is a solid layup design without buffer strips. The

intermediate spars are of a "Y'" shaped configuration with lower

cap embedded in the lower skin. The lower cap design is a unique

configuration that incorporates a prefabricated, embedded longi-

tudinal member that provid~s transverse or chordwise bending con-

‘ tinuity, longitudinal axial load continuity plus & shear load
path in the lower skin at its intersection with the vertical web

‘ of the intermediate spars. The intermediate spars have a core of
nomex laminate with graphite epoxy outer plys. The front and

| rear spars and the upper skin are solid graphite epoxy laminate

' with no buffer strips. The upper skin is attached with blind
rivets. The -1 pivot concept is open in the pivot area with
double shear fittings between the inboard pivot bulkhead and the
spool that encapsulates the pivot pin. The -3 pivot concept is a
closed torque box design. Both -1 and -3 designs are configured
with the upper and lower skins foming a major load carrying

| layer of the pivot lugs. The metal in the pivot lug members is
titenium. The 633RW003-1 and -3 designs are shown in Figure 50.
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