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FOREWORD

This document reports research conducted by the Boeing Aerospace Company
under ~IAVAIRDEVCE~I Contract N62269—74-C-0368. 1-Ir. M. S. Rosenfeld
Air Veh icle Technology Department, Code 30331 , was tI’e NAVAIRDEVCEN
Project Engineer. The technical activities reported were under the
direction of the undersigned of the Boeing Aerospace Company ’s Advanced
Structures R&D Group in the Research and Engineering Division . Fir. John 1.
Hoggatt , also in the same group, directed the reported material and
process activities. Messers. H. A. Bjornestad and J. W. Straayer served
as program managers during the program. The program duration was
May 1974 to September 1976.

.~2 ~~~~~John H. Laakso
Technical Leader

�17L. Arnqu,i~(tP’rogram Mat~ ger
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1 .0 INTRODUCTION

In two preceeding NAVA IR programs j~~~erences l and 2),,7materia ls and pro-
cesses studies indicated graphite reinforced polysulfone (Gr/ps) composites

have potential cost saving benefits for aircraft structure . Because of the
thermoplastic material characteristics of Gr/ Ps , laminates can be made , ~~~~~~~

stored and then post-fo rmed anytime to a des ired contour. Chemistry and
shelf-life problems , such as associated with epoxy—based composites , are
elimi nated . The simplified handling, post—forming by simple application of
heat and pressure , and recycling possibilities of GriPs offer good poten-
tial for cost saving in aircraft structure appl ications. In addition ,

Gr/Ps composites should offe r structural efficiency that is representative
of graphite/epoxy composites.

— 
— — — -— - - — -—

~~~~ ~
- - -

~~~~~~~~~~~~~~~~~~~~~~~~~~ --

y Based on the encouraging results of the preceeding programs , the Navy

funded a joint Boeing/Navy program to take the next developmental step to
build and evaluate some Gr/Ps pri mary aircraft structural components. ~~
The objectives of the program were to (1) demonstrate the potential for

cost savings attainable through the use of the thermoplastic composite con-
ce pt , and (2) identify benefits to a weapon system offered by Gr/Ps compo-
site appl ication .

~ The Boeing portion of the program , which is sumarized in this report, con-
sisted of:

Design Studies
Material and Process Studies
Structural Element and Subcomponent Testing

Prototype Component Fabrication and Delivery ,
Component Test Planning

Comparative Cost Analysis

Post—test Component Analysis. ~

I 
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The prototype Gr/Ps components were designed , for demonstration purposes
and low program cost , to replace the aluminum centerbody skins of the
XBQM—34E Supersonic Fi rebee Ta rget dr~or-~e~ne (“X ° prefix indicates pre —
production configuration)1~ui1tThy Teledyne Ryan Aeronautical . This
application area was chosen because of its real-world design complexities
and acceptability for structural airframe testing within funding limi ta-
tions . The prototype Gr/Ps components were del i vered to NAVAIRDEVCEN who
installed the parts on a surplus XBQM—34E and performed laboratory struc—

tural testing. At the concl usion of the ground testing, Boeing performed
a proof—test analysis which is sumari zed in an appendix of this report.

2
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2.0 SUMMARYp
Three prototype Gr/Ps components for the XBQM-34E centerbody section were

desi gned , fabricated and delivere d to NAVAIRDEVCEN . The components are

show n i n Figures 2-1 to 2-3 and are identifi ed as a right side skin , a

‘ 
left side skin and a door. Structural analyses certifi ed their integrity
for the BQM-34E (production configuration) design conditions based on the
results of element and subcomponent testing. Including penalties for

• retro—fi tting, the Gr/Ps components offer a 5 percent weight saveing in
the XBQM-34E application .

As part of the design development act ivities , a preliminary material spec-
ification for Gr/Ps prepreg was prepared , and a novel sheet stock technique

— for lami nate fabrication was established . Fabrication of the component
parts were accomplished using stock Gr/Ps lami nate sheets , low-cost tool—
ing, simple thermo—forming methods and conventional inspecti on methods .

Comparative cost analyses were performed on preliminary designs prepared

for a hypothetical large—scale aircraft fuselage panel using (1) conven-

tional alum inum and (2) graphite—reinforced thermoplastic design concepts.

Based on extrapolations of the processes used to fabricate the delivered ;

4 -. Gr/Ps components and additional assumptions ,- a 20 percent cost savin g was

4 ~ offered by the thermoplastic design concept in a 100-unit production run

alon g with a 16 percent weight saving.
4 .  —

- iround testing of the Gr/Ps components installed on a XBQM—34E airframe
- was performed.by NAVAIRDEVCEN .., The components sustained the limi t load

condition associated with chute recovery (the critical design condition)
wi thout damage . Post-test analysis of the measured strains indicates
that the load capabilities of the Gr/Ps components exceed thei r ultimate

4 
load requirements .

I
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Figure 2— 1. Delivered Graphite — Reinforced Polysurfone Thermoplastic (Gr,Ps)
Components for the XBQM-34E Centerbody Section
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Figure 2-2 GriPs Skin for Right Side of XBQM-34E Centerbody Section
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Figure 2-3. GriPs Panel for XBQM-34E Centerbody Loiwr Access Door
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3.0 DEMONSTRATION COMPONENT DESIGN

Figure 3-1 indicates the general location of the demonstration componen ts
on the XBQII—34 E. The components are primary load paths in the center—
body section for (1) fli ght and ground loads and (2) loads induced by fuel
pressuri zation and inertia. The component loads are distributed in a com-
plex manner due to the wi ng mounti ng skin slot and di scontinuous body lon—
gerons. Concentrated loads are introduced to the centerbody section via
( 1) recovery system lugs , (2) wing mounting bolts , (3) external drop fuel
tank attachment bolt , and (4) fo rward longerons at each side of the body .

Interior details in the centerbody section are shoun in Figures 3-2 to 3-4
(Official U.S. Navy Photographs by A. Shanks). The ori ginal skins (0.050
in. 7075—T6 alumi num) were removed by NAVA IRDEVCEN ; selected ring stiffener
and lonqeron sections were also removed in preparation for installation of

- the Gr/Ps components. The ri ng stiffener stubs shown serve to support
- interior pipe lines and distribute wing mounti ng and fuel system loads to

the skins . The skins fasten to three mach ined aluminum bulkheads , wing
mo unt longerons , recovery lug fi ttings , door j amb longerons and to the re-
maini ng stiffeners shown. The fasteners used for the Gr /Ps component

— installat ion were 3/16 in. dia. countersunk Huck blind bolts which replace
— the ori gi nal 5/32 in. dia. fasteners used on the alumi num skins. Double

row fastening was used at all edges of the Gr/Ps side skin components to

insure fuel sealing; single row fastening was used along stiffeners where
- loads are low. The removable door component was attached with the existing

- 118 countersunk fasteners.

The fi nal Gr/Ps component designs are included in Append i x A and the basic
- features are shown in Figures 3-5 and 3-6. Si ngle composite ring stiff-

- ener and stri nger segments were used to preclude general instability fail-

ure and provi de skin sti ffening for ground handling and water impact
-

- recovery loads . Because of increased structura l efficiency of the Gr/Ps

- 
sections cut away at Stations 250.06 and 266.62. In the i nterests of

fabrication simplicity, tee-section S tri nger and honeycomb sandwich ring

6 
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Figure 3.1: XBQM—34E Profiles and Selected Prototype GriPs Components
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Figure 3-2 XBQM34E With Centerbody Skins Removed
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Figure 3-3. Left Side of Centerbody Section With Skins Removed
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Figure 3-4. Right Side of Centerbody Section With Skins Removed
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design concepts were selected. Some design features of the stiffeners are :

1 . The ri ng and stri nger sti ffener s are thermally b alance d to pre-
cl ude residual distortions after fabrication.

2. The stri nger ’ s Gr/ Ps reinforcement is placed outside of the S-
glass fabric/polysul fone (SGF/Ps) to maximi ze local crippling
res i s tance .

3. The stri nger ’s SGF/Ps material is used to reduce material cost

and is oriented at 45° to accomodate shear flow.

4. A non-metallic honeycomb core material is used to preclude

galvanic corrosion problems in a salt water envi ronment.

5. Ri gi d epoxy honeycomb core sealant is used to seal against fuel
moisture . The sealant has suffi cient stiffness to protect the
core from fuel pressure .

6. A ri gid foam epoxy potting compound is used at the ring-

stri nger i ntersection to stabilize the outstanding stri nger
f lange .

7. The ri ng cap strins are made from the same laminate stock sheet
ma terial as the skin parts to save lay-up costs .

The skin and door lami nates consist of three Gr/Ps stock sheets fused to-
gether ; the inner sheet is cut to form a “doubler ” on each component . The
basic Gr /Ps stock sheet has a 7—ply lay-up of Hercules ’ 3004/A—S 3—in.
tape ( Type II material in the Prelimi nary Material Specifi cation in Appen —
dix C) wi th an orientation 0, +45, —45, 90, —45, +45, 0°.

12 
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This latiii nate lay-up was selected to provi de:

— - 1. A nearly isotopic balanced l aminate stock sheet havi ng good

beari ng strength properties.

2. A th in flexible lami nate for 2ase of preformi ng to a tight

cyli ndr i cal curva ture w ithout fiber bucklin g.

The doubler sheet reinforces the skin and door components in all areas of

fastener holes and along stiffe ner lines . The resultinq nomi nal panels are

two stock sheets thick (2 x 0.035 = 0.070 in . nomi nal) and are capable of

post-buc Lling behavior. The p l acement of dou b ler mater i al un der the bon ded
stifferiers is believed to restrict pre—or post-buckling displacements to

the unre i nforce d panel a reas so st i ffener “peeling ” should not occur. The

resulting skin thickness at the component edges is nom inally 0.105 in. so

knife edges do not exist in the countersunk 3/16 in. fastener holes.

13
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4.0 MATERIAL SELECTION AND QUALIFICATION

The thermoplastic resin selected for this program was P-1700 polysu lfone ,
a product of the Union Carbide Corporation. The selection was based on

previous experience wi th the material (References 1 to 3) and structural
and environmental requirements of the BQM— 34E Fi rebee Target Drone . Other

cooiiiercially available thermoplast ic resins systems may have also met the
requirements but were not available in graphite prepreg tape form. Boeing
ha d working experience wi th P-l700 on glass , Kevlar and graphite reinforce-
ments which offered flexibility to the design concept development .

The pri ncipa l reinforci ng fi ber used in the body component was A-S type
graphite wi th the material being supplied as 3 in. wi de preimpregnated

ta pe from Hercules , Inc. with product designation 3004/A-S. The material
was purchased and qual i fied as Type II material to the Boeing preliminary
material speci fi cati on Dl 80—1 8236—4, “Thermoplasti c Graphite Reinforced
Preimpregnated Tape. ” This specifi cation is enclosed in Appendix C. As
an alternate source , U. S. Polymerics ’ prepreg, 3023, which has T-300
graphite fiber as rei nforcement, was qualified as Type I material. The
3004 system provided slightly better properties and uni formi ty than the

3023 prepreg system and was the basis for its selection for the prototype

components. The system requi rements which both mater~als met are gi ven in

Figure 4—1 .

In the development of the component design concept, fabri c prepregs with
g lass , Kevlar and graphite reinforcements were eval uated in a 181 style
8 harness-satin weave . The Kevlar and graphite fabri cs were preimpreg-
nated wi th P— 1700 polysulfone by the Hexcel Corp . and the glass fabric was

i mpregnated by Boeing. The design concept finally selected utilizes SGF/Ps

as the fabri c prepreg form because of low cost.

14 
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5.0 FABRICATION PROCESSES

The fabrication processes used in this program for the reinforced t hermo-
plastic composite s were selected and designed to emphasize minimum pro-

duction cos ts, while at the same time demonstrate application feasibility .
Funding limi tations restricted the use of production techniques and tool-
ing. But to insure that the technology transfer could be made from the
prototype stage to production , several requi rements were imposed on the
develo pmental p rocesses :

1. All processing conditions , (time , temperature and pressure)
must be compatible wi th available production facilities.

2. Procedures must be amenable to automation , or rap id p roduct i on
techni ques.

3. All aspects of the production cycle must be considered even if

not actual ly implemented in the feasibility study and costi ng.

This include s raw material control , quality assurance , scrap—
page , repairability and inspectability in addi tion to the

processing operations.

5.1 STOC K SHEET FABRICATION

The basic approach taken to fabrication of skin parts was to start with

basic sheet stock material . The stock Sheet consisted of a 7—ply layup

hav ing an orientation of 0, 4-45, -45, 90 , —45, +45, 0° made from .005—in.
thick , 3—in , wi de unidirectional grap h ite/polysul fone (Gr/Ps) tape. This

layup p roduced a nearly “isotropic ” sheet wi th min imum total thickness.

The Gr/Ps stock sheets were prefused and stored unti l needed . The stock

sheet parts were tri niiied to contour to form the skin parts (including

doubler material ), stacked and then postformed and fused together to pro-

duce the skin panels.
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The advantages of the sheet stock approach are :

1. The sheet stock can be fabricated by vendors in large sizes on
an economical basis with automated equi pment.

2. The sheet stock has no storage life restri ctions and can be

i nventor i ed i n the same manner as me tall i c sheet stock , ava i l-
able for in~nediate usage after a brief oven-drying cycle.

3. The sheet stock can be readily inspected for resin content ,
f ib er or i entat i on , and properties. Once inspected , resin con-
tent and fiber orientation remain fi xed .

4. Lami nate consolidation is accomplished in making the sheet

stock. Therefore , thick lami nates can be made and formed with

rela tively little movement of the fi bers .

5. Rigid sheet stock can be easily and rapidly handled on a pro-

duction basis. Tacky prepreg, especiall y in larger sheets ,
require two or more persons for layup. In most cases , shee t
stock can be handled and positioned by one person.

The sheet stock was made up from 3-in, wide unidirectional tapes as shown

in Figure 5—1 . Duri ng layup a heat i ng iron was used to tack the mater ial
in place . When completed the stock sheet was bagged between two sheets of

.030-in, stainless steel . The material was then fused and consolidated in

an autoclave at 600°F and 200 psi , resultin g in a sheet of flexible flat

material similar to that shown in Figure 5—2. The sheet stock was then

stored until needed.

Standard ultrasonic inspection techniques can be used for stock sheet qua l-

ity assurance . Figure 5-3 shows a defecti ve piece cut from a Gr/Ps stock

sheet and its signature from an ultrasoni c through C—Scan (obtained in a

relate d Boeing IRAD program referred to in Section 8.3). The defect, a

debonded outer ply , is clearly discernible in the scan and is the resul t of
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Figure 5-1. GriPs Sheet Stocks Lay ings

I

Figure 5-2. Completed Gr/Ps Sheet Stock
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Figure 5-3. Gr/Ps Stock Sheet Defec t (Outer Ply Debonded) and Ultransonic Scan 
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Figure 5-4. Gr/Ps Stock Sheets and Interleaved S—Glass Fabric/Ps Plies
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a dry spot in the prepreg tape. (This type of defect occurred only once

in the program.) Water bath coupling was used in the scanni ng setup (dis-
cussed in Section 8.0) which presents no problems because of the low water

absorption characteristic of Gr/Ps (Ref. I).

5 .2 PREFORMI NG

Curved Gr/Ps parts requi red for the hardware fabrication were cut from the

stock sheet material and then hot formed to contour. Simple roll-formed

stainless steel sheet tooling (shown in Figure 5—5) was used to control

final contour. Both hand pressure and vacuum bag hold-dow n techniques were

used to shape the parts after oven heating to 375-475°F (above the polysul-

fone heat deflection temperature of 345°F at 264 psi). It is important

that over-heating does not occur wi thout confining pressure; otherwise a

lami nate “bulking ” effect will result.

5.3 SKIN FUSING

The preformed Cr/Ps skin parts were fused together to form the complete

skin subassemblies ; the fusing process parameters were 10 minutes at 450°F

and 100 Psi autoclave pressure .

The pa rts were cleaned with alcohol prior to stacking. Some of the test

specimens were made with interleaved SGF/Ps filler plies as shown in

Figure 5-4. In another application , other reinforcement materials could

easily be included wi th the Gr/Ps stock sheets. Fi gure 5-5 shows a skin

fusing tooling setup; FEP film , gl ass bleeders and uncured red silicone

rubber sealant were employed in the conventional vacuum bag setup. For

the delivered components , a reuseable high temperature silicone rubber
sheet (0.05 in. of Boeing Material Standard B1’IS—l—188) was used as the

bag material.
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Figure 5-5. Fusing of Gr/Ps Stock Sheets Into Sub Component No. 2 Skin
and Other Parts
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Figure 5-6. Thermoplastic Strin~~r Parts and Tooling Prior to Fusing
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5.4 STRINGER FABRICATION

The stri nger sections used in the test subcomponents and delivered compo-

nents were fused from preformed SGF/Ps prepreg broadgoods and unidirectional

Gr/Ps prepreg. In a production program , these mater ials would be purc hase d

from vendors in stock sheet form and postformed. Figure 5—6 shows the sim-

p l e alumi num angle tooling and composite parts used in stringer fusing.

conven tional vacuum bag setups (with FEP fi l m) were used to apply pressure

to the stri nger tooling. The autoclave fusing cycle was the same as the

skin fusing process. Alignment bol ts at the tooling angle ends provi de

ini tial part clamp i ng. The tooling ang les were mach ined to the XBQM-34E

inside skin radi us, with a bondl i ne allowance , for a good skin-to-stri nger

fit. Figure 5-7 shows a representative fused stringe r section which was

used on subcomponent No. 1. In a low—cost production situation , str i ngers
woul d be postformed and fused in metal matched die press tooling instead of

the angle and bag setup used for the prototype parts.

5.5 RING STIFFENER FABRICATION

Two basic types of ri ng sti ffeners were eval uated for the structural rings .

These were a honeycomb sandwich ri ng and an I-section ring concept. In addi-

t ion , a foam—supported hat sti ffener was briefly studied.

The honeycomb ri ng wi th graphite face sheets was attracti ve because it showed

l ow-cost potential for prototype parts. With this concept the honeycomb core

and graphi te face sheets were post formed to contour and then secondari ly
bonded wi th an epoxy adhesive . In production , a number of rings coul d be

- 
cut from one large panel very economi cally. The main disadvantage of the

honeycomb sti ffeners is that in a wet—body appl ication it is subject to fuel

entrapment and occupies valua ble fuel storage space. This concept was chosen

for the demonstration components because of cost considerations.

The I-ring concept is a viable concept for thermoplastics and is an effi-

cient structural memeer. However , to post form a quality structural ring

to a double curvature requi res precision tooling. Concept feasibility was

22

L -—-----



~ 
—~~~- -

Figure 5—?. Fused Stringer Cross-Section
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Figure 5-8. Honeycomb Sandwich Ring Cross-Over at Stringer
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success fully demonstrated in this program wi th silicone tooling as discuss—

ed below . In a production situation , the I-ring would be the preferred
metho d of mak i ng the structural ri ngs.

The fol l owing is a discussion of how each ring concept was fabricated .

Honeycomb Sandw i ch Ri ng.- Sti ffener -— The honeycomb core consisted of
Hexcel’ s HRH-lO Nornex, 1/4-in, cell , 4-pcf density . The core material was
machined to a thickness of 1.5 in. and then post—formed in wide sheet form
under 15 psi at 500°F to contour. The face skins were post-formed under
50 psi and 450°F in a separate operation . Wi th the proper tooling and a
Kap ton separat i ng fi lm between the core and the sk i ns , i t i s feas ib le to
post—form the core and skins in one operation. Havi ng the post-formed
core and skins to contour, an epoxy adhesive film (3 M’s AF-l43, 14 m u )
was place d between the core and skins and the assembly secondarily bonded
together. The fol l owing cure cycle was used:

1 hr r~ 325°F , 30 psi (5° per mm rise and cool down)

The bonded ring sections were then cut to wi dth , tri nined and notched (see
Figure 5-8) to accomodate the stri nger crossovers .

I-Section Ring Stiffener -- The I-section sti ffener concept was studied to

establish feasibility for a future manufacturing situation. The basic

approach to making the 1-section was to fi rst post—form + 45° SGF/Ps pre-

preg over male tooling, into channel sections wi th unidirectional Cr/Ps

fl ange reinforcement included as shown in Figure 5-9. The sheet stock

approach has potential for curved ri ng stiffeners; for example , flat shee t
stock of SGF/Ps wi th 45° bias could be cut and hot—sized to channel form.
Figure 5-10 demonstrates the formability of SGF/Ps prepreg which was heated
to 500°F and stretched to a 30 percent elongation by hand . The tape was

ini tially constant width so it is apparent that “Poisson ’s ra t io ” effects

will need to be accounted for in formi ng ti ght-radi us ri ngs .
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Figure 5-9. GriPs and S-Glass Fabric/Ps Channel Section
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Figure 5-70. Hot Stretched S-Glass Fabric/Ps Pre-Preg Strip
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In a secon d f us i ng opera ti on , two channels sec ti ons would be joi ned to form
the fi na l I-section. In the interests of low—cos t, a short I—sec tion was

autoclave-fused in cast silicone rubber tooling as shown in Figure 5—li.

The silicone rubber used was Dow 630A wi th RTV-630B curi ng agent.

Another sti ffener concept that has possible use in ri ngs and stri ngers was

briefly investigated -- a foam supported hat stiffener. Figure 5- 12 shows
two hat stiffeners made from the Gr/Ps stock sheet discussed previously.
Both sections were post-formed to shape around blocks of 12 percent 1100

alumi num foam (Duocel produced by Energy Research and Generation , Inc.,

Oak land , Cal ifornia) and simultaneously fused to a Gr/Ps stock sheet simu-

la ting a skin section. One of the sections in Figure 5—12 has the foam

remo ved by chem—mil ling leavi ng an open section. A speci fi c applicati on
would de~e -mine whether the foam would remain or be removed. The foam

material is of interest because it can survi ve the fusing temperatures and

pressures associated wi th polysulfone . The foam sti ffener concept was
identi fi ed late in the program and thus was not incorporated in the compo-

nent hardware.

5.6 FINA L ASSEMBLY

The prototype skin and stiffener component parts were bonded together with
7-m il AF—l43 epoxy adhesive film. A production process would employ an

integral fusi ng assembly for low-cost but such a process for the prototype

parts was beyond this program ’s scope in terms of development and tooling

costs. The component parts , such as shown in Fi gure 5— 13 for subcomponent

No. 2, were cleaned with alcohol and bonded as speci fied in Reference 4.

Primed wi th 3M’ s EC-39l7
Air dri ed 30 m m .  at room temperature
Oven dri ed 60 m m .  at 250°F

AF-l43 autoclave cured 60 m m .  at 50 psi and 350°F (5°/mm . rise).

A reuseable silicone rubber bag (BMS 1-188 ) was used together wi th wood
blocking to prevent stri nger flange distortion and honeycomb core crushing.
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Figure 5-11. I-Section Fused From GriPs and S-Glass Fabric/ Ps Channels 
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i ~T ~Figure 5-12. Aluminum Foam — GriPs Thermoplastic Hot Stiffener Concept
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A conventional epoxy bondi ng vacuum bag setup was used . Figure 5-14 dis-
plays a bonded assembly after cleanup.
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Figure 5-13. Parts for Sub Component No. 2

Figure 5-14. Bonded Sub Component No. 2 Assembly

- 29

~~~~ ~ :—
~~~~~~~~

-- • - -  
_ _  _ _ _  _ _ _ _ _



~ Ir_ —
~—— — - n__a ~~~~~~~~~~~~~~~~~~~~~~ 

—... •‘_•vT ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ -- -

6.0 ELEME nT TEST PROGRAr-1

Selected element tests were conducted to determi ne material properties and

joint strengths; the results of the element test program are gi ven in Figure
6-1. Type II Cr/Ps material (Hercules ’ 3004/A—S), as speci fi ed in the Pre-
limi na ry Material Spec i fication , was used for the specimens . All specimens

were fabricated by the fused stock sheet method descri bed previously . The
joi nt spec i mens wer e three stoc k sheets th i ck to s imulate the component
joint areas. Other speci mens were one or two stock sheets thick , as noted .
The various specimen configurations are shown in Figures 6—2 to 6—5.

Standard interlami nar shear tests were also conducted on the Type I CR/Ps

material (U.S. Pol i mer i c ’s 3023) and averaged 10026 psi for three specimens
(10301 , 10007 and 9720) vs. the Preliminary Material Specification requi re-

ment of 10000 psi .

Several as pects of t he element test i ng are notewort hy:
1. The Gr/Ps material exhibi ted nonexpl osive failure in the bolt

beari ng and interlami nar shear testi ng.

2. The joi nt fati gue specimens failed in the alumi num net—sections

due to eccentri c loa d effec ts. The Cr/Ps mater i al was appare ntly
more fatigue resistant than a compa rable thickness of alumi num (a

similar finding occurred in high cycle NAVAIRDEVCEN tests on

alum inum- to-Gr/Ep bolted joi nts, Reference 5).

3. The bending stiffnesses (shown in Figure 6-1) calculated from the

flexure test resul ts compare cl osely wi th the sti ffness computed

for equal thickness l ami nates by classical laminate analysis

(these sti ffnesses are gi ven in Figure 9-5).

4. The bolt bearing strengths of the Gr/Ps l ami nates are good be-

cause of the nearly isotropic stock sheet layup even at the

minimum edge distance ratio (e/d) of 2.0 occurring in the Gr/Ps

components.
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Specimen Temp Failure Cycle
Category No. i°F) load (Ib) No. Notes

Jo ,nt tension in 00 direction JT -O-1 RT 5.060 1 • 3 GriPs stoc k sheets @0 0 +
-2 AT 5.020 1 2 SGF/Ps/ 181 style

• -3 200 5,270 1 interleaved plies @ 45°
-4 200 5,570 1 • Widt h = 1 . 5 in .

S 4-0.1875 in CSK huck bolts at
each end fastening to

~~ 01875 7075-T6 alu minum
end tabs

2 Joint tension in 900 directi o n JT-90- 7 RT 4,450 1 • Same as above except for
-8 AT 4 ,655 1 laminate orientation

-10 200 4,605 1
- 1 1  200 4,770 1

3 Joint tension fati g ue in 00 dire tion JT - 0-5 AT 1,500 285000 • Same configuration as above
6 RT 1,500 492000 • A 0_ i  cyclic loading

4 . Joint tensio n fatigue in g~0 direction JT-90-9 AT 3,000 55000 • Same configuration as above
-12 RT 3.000 62000 5 R = 0.1 cyclic loading

- Elastic Bending
Specimen Temp Failure modulus st iffness

Category No. (°F) stress 
2 E D(lb /in - (t b/in . 2) ( in -tb)

5. Tension TO -1  AT 57 ,100 7.5E6 — • Gr/P s stock sheet @ 0°
-2 75 ,600 7 1 EB • Width 1.0 in .
-3 ‘ 71 ,000 7.8E6 • Bonded fiberglass end tabs
-4 68,600 6.5E6 • No failures in grip area
-5 67 ,600 6.0E6
-6 67 .800 7.3E6

6. Flex ure in 00 direction F-0-1 PT 162,800 — 232.1 • 2 Gr/ Ps stock sheets ~
-2 I 101 ,800 229.1 . Width = 1 . 5 in .
-3 ~ 102,100 220.8 • Span = 4 .0 in .

• Center loaded 
—

7. Flexi j re in 90° direction F-90-4 AT 91 ,200 135.8 • 2 Gr/P s stoc k sh eets @90°
.5 89,700 122.0 .Width = 1 .5 in .
-6 94,000 120.2 • Span = 3.0 in .

• Center loaded

& Bolt bearing in 0, 45 BB-0-1 AT 70,625 eid = 2.0 — • Same laminate as joint tests
and 900 directions -2 60.000 4,9 • 0.1875 bolt shank in double

shear
BB -45- 1 66,250 5.0 • Hand tightened nut

-2 55,625 5.1 • Widt h 1 .5 in.
BB-90-1 58, 125 2.0

58, 125 5.0

Figure 6-1. Element Test Results 3
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Figure 6-2. Joint Tension Specimen

Figure 6-3. Tension Specimen
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Figure 6-4. Bolt Bearing Specimens
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Figure 6-5. Flexure Test Specimens
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7.0 SUBC0I1P0~4ENT TEST PROGRA M

Two subcomponent tests were conducted to confi rm fabrication quality and

structural adequacy in detai l areas of the side component designs. Figure

7—1 illustrates the type of tests that were performed ; detai l drawi ngs for

the test art icles are i nclude d i n Appendi x A.

Subconponent No. 1 is shown in Figure s 7—2 and 7—3 and is detailed in Draw-

ing SK21775K0. The purpose of this test was to verify the load i ntroduc-

tion details in the forward centerbody bulkhead area (sta. 233.50). A high

concentrated load exists in this area from the forward side body longeron

because of the trans i ti on from the forwa rd half c i rcle body p lus nons truc-
tural air inlet duct to the full circular centerbody section. Because of

concerns of eccentric loa di ng and local stra i n concen trati ons , the loa d
introduction area was heavily reinforced with doubler sheet stock and an

aluril num angle load distri bution detai l under the load poi nt (the angle

detail wi th single row fasteners). The companion load distribution angle

simulate d an an gle  lon geron tha t is  re ta i ne d on the str i pped—down airframe

(see Figure 3-2). The curved angle and sheet alumi num details serve to

s imulate the ai rframe ’s forward bulkhead and ri ng frame located under the

recovery lug at sta. 241.70. The skin of subcomponent No. 1 was fabricated
prom Type I Gr/Ps sheet stock material and one SGF/Ps fi ller p ly as indi-
cated in the detail drawing.

Subcomponent No. 2 was a simulation of a typical side body panel area. The

test objectives were to (a) apply a concentrate d load s i mula ti ng the for-
ward longeron load introduction and (b) apply a uniform end compressive

strain to evaluate panel buckling strength. Figure s 7-4 and 7-5 and Draw-

ing SK22175K0 in A ppendi x A defi ne the test article. Type II Cr/Ps stock
sheets wi th one SGF/Ps filler ply were used to form the skin l aminate .

Heavy curved alum i num an gles were used to simulate the a i rframe bulkhea ds.
Alumi num an gles were bolted to the panel edges to provi de out-of-plane de-
flect ion restraint.
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Figure 7- 1. Panel Subcomponent Tests
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Figure 7-2. Sub Component No. I — Outside Sun-face
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Figure 7-3. Sub Component No. 1 - Inside O~td,ls
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Figure 7-4. Sub Component No. 2 Outside Surface

- 
C 

- -:

41h.

F r

ii 
-

.
Figure 7-5. Sub Component No. 2 Inside Details
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Figure 7-6 presents a sumary of the subcomponent tests. The test

resul ts indicated that subcomponent No. 1 was over-strength wi th respect

to design requirements . The article failed by prebuckl ing strains in the
l ower right panel in Figure 7-1 wh i ch caused fracturing. The load intro-

duct ion area was undamaged and the measured strains were low at the fai l-
ure load. The measured strains at the failure were (see Fi gure 7-7 for
strain gage locations):

Strain gage SG— 1 —2422 microstrain ~~ lO~ in./in.)

-4 — 1 527

-5 -2238
-6 -3660

-7 -1880

-8 -3609
+36

-10 —67

Subcomponent Mo. 2 was first tested wi th a concentrated load of 6899 lb.
which approached the ultimate design load of the ori ginal aluminum desi gn
of 6950 lb. (Reference 6). The loa d w~s placed off center from the stri ng-
er. The resultant measured skin strains were low and no visible change to

the specimum was noted .

Subcomponent No. 2 was then subjected to a series of uniform end compres-

sion deflection loadi ngs ; the test setup is shown in Figure 7—8. An upper

panel buckled elasti cally (snap-through) at 22551 lb. as shown in Fi gure
7-9 (the photograph was taken with the load applied). No visible change
occurred after subsequent reloadings and buckling . The depth of buckle in
Figure 7-9 is on the order of 0.5 in. (7 skin thicknesses). The loading

- I was termi nated after buckling occurred in each load cycle; however , the
peak measured strai ns were about half of the Gr /Ps laminate ’ s capability
so It is believed the design concept could have carri ed considerably great-
er post-buckling loadi ng.
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PanelLoadin g Load Max Strain -

Sic No No. lb Gy e  No. ,je Buckl ing Notes

Point compre ssion load tes t
SC-i 11 44 ,682 6 -3.660 44.682 Panel fractured at buckling load

SC-2 
- 

2 6.899 9 -2,199 — Point load test — no damage

SC-2 9 21 ,540 3 -1.964 — Uniform end deflec t ion (compr ession)
22,551 3 -1 ,875 22.551 Panel buckled elastically

21 .793 3 -3.979 ‘I

22,551 3 -4,360 Post-
22,268 3 -4 416 J buckling

_________ ________ ________ ________ 

loading

SC-2 11 21 ,625 3 -1 ,748 — Repeat of above load ing — no buckling

SC-2 12 21 .877 3 -1,668 21.877 Repeat of above load ing
Po ~- Panels buckled elastic ally

L_________ ________ 

20.363 3 
~~~~~~~~~ buck ling 

________________________________

Figure 7-6. Subcomponent Test Sum,nary 
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Figure 7-7. Subcomponent No, 1 Strain Gage Locations

40 

- - •



a.

liii - liii
hul l .

- lu llI !iP!l
li ii .. 111111 1

~IIIII : ~IIIII
ii

Figure 78 Sib Component No 2 With Figure 79 Sub Component No 2 Under
No Load Uniform End Strain in Post

Buckled Condition

4].

- —5 _ _



After the loadi ng tests , subcor iponent h o. 2 was inspected by the ultrasonic
C-scan technique (under a related IRAD program) and some internal delamina-
tion was detected . The location was in a small nomi nal panel l ami nate area
ju st  adjacent to the upper side support bolt in Figure 7-9 (adjacent to the
buckled panel). This was an area of high interlaminar shear which was due
to the di scont i nuous na ture of the tes t se tup an d i s not an area of concern
i n the ac tual components. Of i nterest i s the fact that no delam i nati on or
other damage occurred in the buckled area. Figure 7-10 is the C—scan sig-
nature correspondi ng to the defect area; the dark area represents the un-

damaged nomi nal pane l lami nate and the suspected damage appears as a lig ht
area si zed about 1.5 x 1.0 in. on the subcomponent . Figure 7-11 is an

acoustic holo gram (obtained in a related IRAD program) of the same defect

area i n whi ch the damage and the edge bolt and was her can be detec ted. The
equipment used for the holographic inspection was a Holosoriics brand , model
100 Thru Transm i ss i on Acous t i c Holo graphy System.

The strai n gage locations on subcomponent lb . 2 are shown in Figure 7-12.

SG—3 and -4 were placed back-to-back in the center of the panel defect area

in which the damage and the edge bolt and washer can be detected. The equip-

ment used for the holographic inspection was a Holosonics brand , model 100

Thru Transmission Acoustic Holography System. SG-9 was located on the nomi-

nal skin lami nate just under the concentrated load application area. Figure

7— 13 is a plot of the SG-3 and -4 strain response during the fi rst buckling

load application; it is characteri stic of a prebuckling cylindri cal shell

response culmi nating in snap-through buckling with stress reversal. Based

on previous experience , the panel prebuck ling response is eva l uated as being

relati vely insensiti ve to out-of-plane (eccentricity , imperfection) effects.
Also , the load-deflect ion plots of all test loadi ngs were linear up to buck l-
-~ng. Figure 7—14 tabulates the strain gage data recorded during the first

buckl i ng load app l ication.

STAGS-B computer code (Reference 7) models were coded to simulate the sub-

component test articles. These models are shown in Figures 7—15 and 7—16.

The respec ti ve computer i nput li st i ngs def i ne the st i f fnesses calcula ted
based on the ac tual ga ge measureme nts , for the various stiffeners and skins.
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Figure 7-13. Subcomponent SC-2 Test Results

45

~~~~ ~~~~~~~
-- - —

~~~
-5 - - . -  - --5 . 

~~~~~~~ - - - - - - - — -  — - — - — - ______



U)

‘C ‘0 -. 0’ ~~ 
..-I :0 a: :0 —1 C 1 C’. N 0 IS) V) N. .0 .—4 

~~
- 4~” ~— Z

‘ ‘L c~~~~~~a r~~~ c\ r- — - ~~~~~~ - i ~~~u ~~ ‘C~~~i . — ~~-~ . -c ~-~~~ tr .- L 4- . - a::0 ir~ — c ’ .j Z) 0.

1* - •—i I.. .. I) v—I ~‘. I’ I IA~ ‘4. ~t - I I~ - I I ~ _ .41 •~I I’- S ‘J LII U~_ ¼I~ U,. I ~.. *...# .4) . St

- N ~ ~~~‘4) “) -S) “7 V) ~~ ~~ ‘~~ rD S) “~ Nj \i ~~~ 
- . . -~~ 

~~
- o

‘— U.. r - v---~~~~~~r~~v~~~~~~ ri r— n n — I— . ,—, — —~ i—i ,—, _. ,— ~~ I~¼ ‘4 • S.1 r UI
C/~ ~ ~~ I I li I I I I I i I I i I I I I I 1 1 ~i 1

0

~~~c\jr— ’c .-4 Li C Y - C . r -- N- N N - N @ P I) a . U C C . -C. ~ — a.- r-~~~~~c tr LU
‘ C’.- ‘C ~~

‘ It rI~) N. N. IN. N. N- It N- C. 0’ C It I! ’ ~~ ‘0 0’ It~ 4~ - 0. . C’. C’.. ‘C ,- ‘C 0’ N. t~~ C
.-‘ C. C\ ~~ ‘C CX C. r-. N fr- ~~ IS) ,—‘ ‘C v-~ ‘~~ ‘C -‘ — ‘ - — w= = ~) ~~~ 

. -  ‘-I ~— , ~—4 .-‘ ‘-. ,-. .-, C ~~- r - . I -~:
cr L Nj Nj (~~- N Nj I\: -~ 

Nj Nj Nj Nj Nj Nj C ’. _~ — ‘ C ’ C  N- ~)‘ 
,-~ c-I ,- ~/)~~~~ )< 1 1 1 1 1  1 1 1 1 1  1 1 1 1 1  I J ~~ I I  1 1 1 1 1  >- _

~1 0 ’ 1 L iC \~~~ ‘~~~ ‘ O ’  0’~~~’ C ’J I \ -~ ~~~~0 ’ ’ 0 f r~~~~ ~~~~~~~~~ — J

~~~C’ - .—~~- ~~~ro ’~~~~o 0’~~~’L r C ’— X r~~~~~c c  c x r - ~~~~y ~~~~

~ 

r ) (’J LL ’, i ”) C. U (l J
‘-I ‘-‘ N ~~ ~~ ‘C ‘0’C ’C ~~ ~C ~~ ‘C -C ~S) C. N. ,-I C. C. 0’ •

• ~~~ ~ ~ ~~ 
-
~~ ~~ It r-. N. . . . c-I ~~ ~~ s’. — — — - — —

c-I ‘-. — .-~ c-4~~~~~~~~~~~~~~~~~~~~~~~~~ ’-’ I,. — I-’ ~~~ c-i Z. ~~ ~X c-~ c-s . •1~
W ,.j )c I (~~~~~~~~~l (  I l i i i  1 1 1 1 1  l I t  i t  I I I  S I

L i ’4~~~~Li ~~~~~~~~ c-4~~~~~~~~~~~ N.~~~~ ~~~~D~~~’ ’ 0~~~~ It- c-1 C .”) -q-
a: c’.. -. C. ~ — C W .1’ ~C’ in .1 ~ c-’ ~ ~~ o- u’ 0’ c-i ~~~

~ 

~ J~~’.I~~~~~~ •“) >
C”. .—, ~~ N. ~~‘ ,-. Nj .L~ N. t i. -L Li a. N- Nj ~ ~ PS; Nj ‘— ‘7 .

• ‘C ‘C ~) N N. 
— N. N. N. N. N. N. N. N. N. ‘C ~ C’ - . - - . —‘

LI. ri c ,—~ , c—I r ’ v~ ,—- r i  i—P t i- ‘ r i  r-I r ’ 11 . r c-I \, ~~ ~L ‘. ,—,

i1 ••_) ) (  
~~~~~~~~~~~~~~~~~~~~~ l i i i  I I I  I l l  l I l t  1 1 1 1 1  —‘

r’. ,~~ ~~~ ~~~ 
-~~‘ ~S) Li ~~ Xi in-, Li c-s Li Li —4 J\ r~) ‘~) C. C. C’~ r. X) i’I — — —

c - I t t( 0’~~~ C\ C’ -’ .-’~~ -- i — i C c - - N - L i  L i -’ t~~~”~ tt C. ’C C\- C. 1—
- . C I”- 7’ N- .-L- 1i. N.

~\. ‘ ~~ in “- ~~ = - ‘= -~~ = ~~‘ -c ~ r’ ~~
- 

~ .— = -
~ ~ ‘

ii I ’(~~~.ji 4 I’ ’i’~~~~-L ’& -4J -C ’C l’ I\  ‘~~ T ’ J  - . . • -

c- ,- ~~~~~~~i- c-~ ,- ‘ c-’ ,~~~ r-I .- ~~~~~~~~.-~~e1 
~~~~~~~~~~~~~~.-‘- .-‘IS’ t’ N~~O’ N.

l i i i  I I I  I I~~~~ I I I  1 1 1 1 1  i i  o
C. z

It N- in a: Z CX’ Li ‘~ 1~’ ~~‘ in N. ‘C ‘C C~’ N- ‘C ~~ r’ U
it ~~ C. Li N- f. £‘ in N. C r N.. r.4 It Li •— ‘r c-I ti

- •~~~~~~~~~ ‘ ~~~~~~~~~~~~~~~~~~~~~ u B— .— T \  ‘~ ‘C, (N.t~~~ t .~~ N - C ,— ~~~~~~~~~~~~~~~~ ‘— - N .  - • . — —

~~~~~~~~ L i I t~~ ’ ’ 7~~~ ~~~~~~~~~~~~~~ 0’~~~~~~~~~~~7’ L i L i N .  - . -

-,,- v-. .-~~~,-- .-. i- I -.- ~~~~~~~~~~~ .- ~~~~~~- 4F ~~~~ ‘~~ sO c- c-- ,-
+ + + + +  + + + + +  + + + + +  + + + + - f  + + + + +

I
4N. ~ -~~ ‘C N. Li 0’ C. c-I c’.j ) 

~~ C N. a.. U’ C. r~ ~~ U ‘C N- ~~ ‘~‘

-~ -- - - ~ r- c~ 
, Nj N (‘. N “.J N N N N “~ ~~ ~~ ‘7

Z — N. -. - . ~ .. N. N. N. ~.. N. N., N. N., N. “ N. N. N. N. N. N. N. N. N. N. P..,
— -‘ ‘ - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~; - - :- C . -•
N. C. C. C) Cr C. .. Cr C. C C. I.. C. C. C. C. i- c-i ~~~ r- c—

~~~~~~~~~~~~~~~~~~~~ ~~~ 

~~ ~~~~~~~~~~~~~~~~~~~~~

-‘ ~4) U) U.~ *4) U) *1) .4) U) U.. A) ‘A) U) U) 4) .4) A) U) *4.1 551 SI. U) U) LA) *4)
c - 1 i  ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ ~~‘ ‘ -  ~~~~~~~~~~~~~~~~~~~~

46 -~~~ .ue -~~o.ssi ,ssee

_ _  _ _  -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~ 



— .- -—- ‘ ‘~ “ “  ______________ —— ‘ ‘ “ ‘.  — ‘ —- - v - ’  ‘ v ——--

— - — — —— — 
(‘.1
NJ
I-)

—I

S _ _ _ _

Li
C.

N. 
~ 0’ -~ c-I P~ ) ’7  ‘C ‘0~~) ~ s -A c-~ 1) 4i ‘C N- 0’ NJ ‘C C Li c-I — Z

IS~~CX C~~~~~ ’7 ‘L I t  C C X C  0 ’ C \ C . 0 -CX ‘C Iti v~~ . - ’ C  C ’ I t P ’  0~~~~
- t~ 4

C “) C’j sO ’CX ~~
) in -~~ C in C. ~~) ‘ 0 7’  N. C. N- NJ C. N- .C. ~~ 0.

U - c— . IL.
r • N.. C. .1) c-I CX N- C. ~i ‘C J’ ~

) ‘C 7’ L\J ‘C C. r~; N. X) ~~ C
U~. V~’ 1-i 5’. 5¼ ¼ P. ‘d ‘ I t ’ ) I• 1 d ‘4 ‘4 I i i  *4 - U I ~ d ‘4. I I I ‘ .41 U) ,& s_i’ UI

Cl) ..) > 1 i 1 1 5 1 - r i i t I I F F r r .1 1 i r r r 1 
- -

- 
- 0

c-s I~) ‘ON 0” NJ IS) 10 ‘07’ c-I NJ tr- ‘C It c-4 N J ’7  ~~ i-S C. N IS) N~ Li
C. ‘CIt It C’ ‘7 IS) N- ‘C 0’ It v-i C’., c-I ‘a It in N- ‘a lt- N. N’) C-) - 0

N. 0’ .-4 It Li C. N- ‘7 ‘0 IS) II’ C”, in N 0’ c-i - ~ c ~~q , - - - . . . . - . - - - It Li It ‘7 — Z LU
I • ~~‘ N. c-I C. I’ ) N. N -0 c-i in C. ‘70’  C. C. ~ .,-i Nj N,’ “ I

Cr U. NJ NJ P’) ‘‘ ‘7 in in. .0 ‘C N- N. Li It ‘7 0’ 0’ cU-i r.4 c-I c-4 c-i c-I ‘—‘ Z ~~1 1 1 1 1  1 1 1 1 1  1 1 1 1 1  1 1 1 5 1  1 1 1 1 1  >“- l.l—.

-a —

‘C ‘0 0’ 7’ NJ ‘~ ‘C Li .-‘ NJ in t C. c-i N Cl in CI in ‘ a N -  —

.\‘ ‘C. ‘a N- -C N- C .7 0’ C C\ C\. ‘a ‘7 CX iN. C ‘a c-t c-’ C N. ‘a ~~‘ Li a
-.C\ IN ’T v.1 C . ,-P N- ‘a’ l’,~ 

.7 ,—I PS) N U’ - -
IS~ c—I N ,- ‘C ‘C. LI’ C .’7
I • ‘C LI’ ~J’ ‘a- a.) -~ ) N. ~ ,J N. .-~ -C C. 10 0’ ~~ 0 = C. ‘-4 .-i NJ N IS) r~) 

— — — - — —

Li J\ IS “ ‘a ‘C N. N- Li Li Li 7’ 0’ c--’ .—‘ c-i c-i c-I c-,

(/) C.X 1 1 1 1 1  S i l l S  I I l l  I 1 1 1 1 1  1 1 1 1 1

‘7 ‘0 N 0’ 0’ C. C”. C’ .1” ,N 7’ 0’ c ~~‘ ‘7 C is’ 0’ -N ‘7 (1) -N. 7’ C. c-.
N’ ‘C L i C  c—s c - C C  ‘a U’ ‘7,-’N. C’s Li ,- ’ ’C C II) LL’ XJ -~ ~— l ’ a  •‘

‘1) 3’ rN.’C ‘7 IN-C N. C.Xi a.’C ‘~) c-i ~~~~ c- i L i  ~— i r ’-; Lt’ ”- ’a N  •

C”, c- - I - . -

I - .\ I  N Li .-4 -7 N. ,—~ ~1’ Li i—’ 1’ Li \ -C C “) ‘C .-‘ -0 C. ‘7 :0 II) N- —‘ —
LW  , - c -’ 1”Nj 5\j ‘ IS)’7 ‘7 ’7 ’C I C ’’C C - ’ C N - N . j  L i X i 0 ’ O . — i
.‘ ..)~~~~ h I l l  I l i i i  S i l l S  t i l l  I l l S  £

Li C ‘C in N.. 10-0 0’ CX. ~-‘ NJ ‘a-.o 0’ NJ II) N- C. t~) N- = :r c-’ ‘a c--i T — — —

N’ 0’ N in N N. ‘7 II) r-~ N ‘a .- 0’ in’ 0’ N C) ’7  CX N’ CX N’
N. 

~‘ ~~ L”. i - -C N. -1’ i) in — a. ‘C C) ‘t: is’ c-i c- -C ‘. U ’  N.

- — 7 IN. Cr 4 )  ‘A) J “J ‘4,) .LI N N- ~~ I A Li .‘.J -I-) Cr ‘7 is ~‘) -‘ ~~ ‘4.) CO
C~~ U 1~~ c- c- C’. N C’. NJ ‘I) ‘ a ’ a i i ”- LI’ U’ ‘ O ’ C  N’ N N CX Li 0’ 0’ ..1 N.

I I  l I _  1 1 1 1 1  I I I  I 1 1 1 1 1  I C ó
- C Z

0
C’. c-I c-p I S ’7  It’ in ‘C :0 C. C ‘\ ‘C Li -0’ N’ ‘7It ‘C 0’ ‘a C in
in C. ‘-i t LI’s -‘C N.. ‘C ~I)’7 in N. ‘C N. \ ‘S)’7Li 0’ ‘a- ‘C ‘C N- It X’
1) N. ~~ ‘J -C Li -C. -NJ ‘O C ‘C N- 7’ c-- c - I ~S) ’ a  B

— C’. N. L\ N. N — — — — —

~ I = 0’ N ‘C C. N. Nj C 0’ Nj ,Q = in N ‘7-7 -~~~ Li -~~ C ..—  c- N,
. -  CS) C’. F~) II) ‘7 ‘~~ LI’ LI’ ‘C ‘C N N N. It CX ‘7 0’ c- c- — c-i

+ + +  ++  + + + + +  - S - + +  4 ’ -  + 4- + 4- + + + + + +>c I,.

N- C. .-I LS IS’ ‘a .t’’CN- Li (JL C. , - j  ~
) ‘7 in -0 N.~~~ 0’ C. c—4 (~J N ’;’a

C’ f l C i - t ’ ti C c ’ N ’ I ’C’ C ’ )  C.C.~~~~~~- .— .--4 .-4 c-- .--s
— N. N. N. N., N. N. N. N. N. ‘N.. —. -‘ N. N. N. ‘. N.. N. N. N. N. ‘, N.. N. N., “

- -. C. = -. C. = C c- ,— ,—, ,—‘ c- ‘-~ — c--s . - c— — c-— ,- c--i . .
‘S c-i I- v—’ ~~~ v—i c-- i-- ,-, .— s—, I— ~ c-~l r- c- c— r r r c- c-’

~~~~~ :~~ :~ :- :-:~~~:~ ::::~: :~~::~— -, N. N. N. N. N.. 5, N- N. ‘, N. ‘, ‘. . N. ‘- S N. N. ‘. N. ‘- — N. N.

LA_i 55) U) *41 .5) 14) .4) 54.4 U) -4) .4) U) LA) ‘A_i 541 U) *4) U) 541 ‘4) U) U) *44 U) *51
L~ ~~~~~~~~ ,— c-~ v - .1, . N v - c5, ~~~~~~~~ - c -  ~~~~~~~~~~~~~ c-I .- ~~~~~~~~~~ -~~~I.c-

— 
ao,t-~ 47 •~~~ l~/$ CUOMLII~~$SO

_ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~ T_ :~~~~~ 
. 

-



- - —. 
~~~~~~~ ‘

U.

>•

~~~~c-c ’a~~~~~0’ 7 ’ N N J’ a 7  ‘I)~~’’— ’C0’ C)Y’C\ —’ O’ L i N 1 0 N J C’  Z
I t c C \’a sc ?4 ’ ’C P~~~U’N 0 ’ . - I t l t N’  10 v - ’a . -V ‘ c N 0 ’ v - ’ C  C-. 4
N - ., , .  . , ,

UI c~c c—c 14’ I)’ I’ ,’ P.4.. P.51 ~~ c” ‘4.) t_.- *4 I)’ ‘4 U) I’) U) ~ 5I IN., U~ c- F’ - P. \J Si) I LA.

• 1) C c- c-i .\.~ NJ N 7 ‘7 ~~ -~~ ~~ C ‘C )‘. ‘N. Li -7 0’ C) ~~ C. ‘- 0
4., I)’ .— I—. c—c I—” fl c- --, c c- c-I c-’ c-~ c-I v-’ •~‘ c-’ c- c- c-i c-’ fl c~, t ’ .  sS, 1¼ LII (,)

(1 _.. x l l i i i  S i l l S  1 1 1 1 1  1 1 1 1 1  5 5 1 1 1  
-

0z
<. 1’. —

l t - L i N J L I ’r’~ N I t L i , C’a c-I N ’ c - C CP.J NJ N 0 ’ I S )v-4 IS~ c-I tI’ - I t’a NJ Li W
LI’ It- ‘a i fs  ‘C. N- Li ‘a C. ‘C ‘C N’ C’,, N, ‘C LI’ 0’ ‘C in N’ in Li ‘a IS. (~ 

. 0
I t t

‘a c 0’ ‘Cf’ C ‘C C’s, It ‘7 N ‘a C. N ‘ a N  C It N N- C. C’. C’ ‘C 0 ,— — Li w
I ‘~~~~ 1 0 I ’- C  ‘ C — L i I t O ’  C .c ’ N~~~~ ~~~‘7 - f N .’C  ~ . f N . CX J -  < I
(~ 4, c-I c- c c-P cc- c-I c-I c-’ C’. CS) NJ C’. C’. NJ C’. NJ CS) c--i I) )  P4’ P4~ IS) 2 5—

~~~~~~~~ 1 1 1 5 5  1 1 1 1 1  1 1 1 1 1  1 1 1 1 +  + + + + +  > - 4 ,
L i T
a —

‘7 N .’ 7 i I )C ‘C .C 0’ c-I ’7 c-~~ 0 ’L iC . L i  0 ’ 0 ’ ’a O’ C  IS) ’C ’C ’t N ‘L
.f’ N. 0 ’’C t r  LC’~~~~~~’a N’ . 7  N ’ 0 N j - c 7  ‘~‘ I S ’a,-. ‘7 N C c y~~~ L i ii 

c— 0’ -~~~ It IS) N- CS) ~~ c-i in- .7’ IS) ‘C CO IS) ‘a ‘0~~0 ‘ a N .  CS) N- ‘C N Cf ‘C
• IS) ‘7 ‘7 in in ‘C) C N’ N- N~ Cx. Li C.)’ 0’ 0’ 0’ 0’ 0’ .0 ‘C) *7’ ,-I CS) IS) N) — — - —

CL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
c—4 c—i NJ IS ‘7 ‘7 ‘7

(/~~~~~)< 1 1 1 1 1  1 1 1 1 $  1 1 1 1 1  1 1 1 1 1  1 1 1 1 1

‘a C.’a’C. .I’s Li CSJ iI’N. N- i—I c-I IS) IS) ’a ‘~~‘a ’a 0 ’ N -  
~Li C7 ’C Ct C ‘CLi ‘7 C C’— IS’ ‘a U” NJ ‘ I )’7  in 4J N- a. ‘C U’ ‘4. C’.

• ‘ • • •
CS) ,-‘ N- c-’ ‘C .-‘ ‘CC CS) N. C’. 7. ‘7 0’ in’ c-i N- IS 0’ CC IN. ‘0 ‘7 N. C ‘a

‘CO — c--i ‘s~ ~‘.J v-I) -
~~ ‘7 ‘7 Cl LI’ ‘C) ~~. ‘~ C) Y’ C. C. -C. c—i c- c-I

L C), c-c c- c- I-P c-’ c-’ , c - i c-  c- c--’- , -’ v-, c-.i ’ c- N C’, C’. C’s C’. C’. C’S. C’~, 
= =

1 1 5  ! I !  ~~
I S i l l S  i i  I I I  ; 5 i ~~~~~

N’) IS) sti cfi F’-.- 0’ 3’ c—i c—i IS’) ‘a CL”- .0 C. ‘7 c-I Li IS) C. P1) N’) •“) .0’ ~~ 
— — —

in CS) 0 . 0  IS) C N’ if’ C’s 3’ ‘C IS) C IS) if’ IS) C. N) ‘C ‘a N N’ N’ N N. N’
- ‘ - - N.

— ‘7 7 ’)’~~~ s_ 5, ‘ \ N-~~~~~~~’C C ‘~ ~~~~~~~‘ a C -  ‘C~~~ .r’ r  ~
-

I c-I c-i ‘ ‘  C’. C’~i N ‘7 ‘7 .1’ )’- A) ‘0 ~~ N. ‘N. C) ~~ ~~~~~~~~~ ‘N- 5. N- N. —
Cr U, v’~ c- ~~ c-i c- c-i c-* v-i c-u -i .~~~~~~~~ c-, c c-I c-i c- c-I c--s cc- c-u c-i c- c-I ,-p N.

1 1 1 1 1  I l  I I  1 1 1 1 1  1 1 1 1 1  1 1 1 1 1  -0
C.

0
It ‘a ‘~ 0’ sO C” c--. c- ‘7 ‘7 ‘7 0’ N. “ NJ N’ C. ‘C’ c-~ c-~ ‘~~ ‘C ~~ c-- N U
1) ,- L i DN .  Li~~N . s O ’C LI’ ‘ a ’ 7 N ” 7 ’ 1)  ~4 ’ ’ 7 ’ a N’ C  0 ’- ’a I t~~in sC)

N - ’~
-
~~~~~~

.,.’ 7 ‘ 7 L - C c-’ ” “ L l ’ N C’ ~~~C ’ 1 - )
‘~~ I’ C) C’s I~) ~~‘ ‘a ‘a iS’ ‘C -C N. ~-, ‘X Li 0’ 0’ Cr ‘-I ,‘- - N c- c-I ~ - C’. C’. N

• c-’ -c- c- c-- c- c- c-, c- c-i c - c - c - c  c - C S )  C\J C”, N N J N  NC’. CS) N (\
_._4 __ i + + + + - $ .  + + +  4+  + + + + +  + + + + +  + + # + +

0z
‘4, CL’ ‘C N - L i 3’  C c-I L’. N’;’7 LI’ ’IJ N, ’XJ C.J’ C . c- I tSL~~~) ’ 7  U )’Cr’-, L ,.J’
-~~ c-I c-i .-4 - - ‘. -N N C’s )‘. l’s ‘s NJ C’. .\ ‘ ‘  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ P1’) •

Z — N. ‘~~ N. N. s ~,. N. -s N. N. N., N. -
‘ 

N., N. N. ‘ ‘, N. ‘. N. N. s 5 r’~ E ~ b
— I-’ — 1- c-I r’ 4-- — c- r- r r ,-- c-- — ,- ~~ — I’ I’ - I’ - c-4

‘S c- ,-‘ c-- c -c - - --- 4- c- c-- v-i c - ’  r c- 4- c-I I- —, c’- ,— c--

~~~~~~~~~~~~~
— 54) U) LA) U) 55_i U) U) U_i 544 55) 544 ‘4) U) 4.41 544 544 ‘41 14.) 4.41 U) ‘4) 551 U) ‘4) .4.4

i, .4.. .4 .— #4 c— #4 c ’  c.- cc- . c- c-i c- c— #4 c- #4 c -  c- c-’ c— c- c—

48 -~~ Vt

__  - - -- --- .-
~~

- --- -- ----- - -——-‘--— --
~~--——-~~~ 

- .- --— - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



—

‘S

~:C’. ~~
Li C’’a ~~‘ N’ C’. ~~ cc u’ in ‘4’-. ~~ It IS) NJ C. IS’) LI’ N ‘0 N ‘O’a Ii LU
‘a N’) ‘00 7. CS) ‘C in C. C. C. C. in C’. ‘0 c-~ ‘C ’a  c-i c-s ~ N, IS) ‘a 4” C-C ‘ 0

‘ t L(\ N , ’ C . c - i-0’ N ’ L i C
0 c- ‘— ‘ 7  ‘07. C- IS’) ‘7 CC’ ‘0,0 ,C ’0Lt” IS ‘CC 0’ c-’ 0 XC. N) 7. N c-~ 0’ ~~ — 7 LU

- N . N ’ N - ” L i  ~~~7 .’C 7 .~~~ 7J~~~ C~~~~~— ‘C ’C ’a ‘ - ‘ , -
~~~~~ 1

v-s c-i c-’ c-, c-4 i-I . 4  c-I c-i c-i c-I .-, c I  c-i c-u c-i c-I c-I 4 NJ NJ ‘ 7 0  N., 0’ 2’ 5-
C.0C),.( S i l l S 5 5 5 5 5  I I I  I I  1 1 1 1 1  1 1 1 1 1  ‘- ‘-~—

L i T
-a -
7. C-

‘s,j -4) c-, .-4 NJ N) ‘a ~-I 7. ~) If’ ‘C 
j) N. C IS) 0’ CC’ c--s c—I S’s NJ N’ ,~~ 

N. —‘ CL
N ’C4’’)’N) “-‘ c-I ’ C C . C  LI’ I’C * C ’1) ‘ 0 ’ - N ) 3’ a  ‘ a L S’ ’ C X C  -r o,.

• ‘ ‘  - - ‘a sC Cl’ ‘7 C.S4 u-I CL C/i
Li c--i c-I 4’ ‘7 ‘0 N. 3’ 0’ C. C C. C. CO Li in N- C. CS) c- LI) 0 -

- ‘0 ‘C~ ‘0 , 0  ‘L,’ N.) C ‘C N N N’ N’ N’ ‘C) ‘C ‘C) LI) Ifs - ‘ • c-I ‘a — — — - —

c- c-’ c-i ’-I c-I c--- c-, c-, c-, c- c-I c-i c— c-” ’a ‘a II’ ‘C 7 c —  c-s
‘J’) ,~~~ )( 1 5 1 1 1  S i l l S  1 1 1 1 1  1 1 1 1 1  S t I l t

~O C’J ,~~~”- C’J C.S)C.’7V’0’ C - O 3 ’ C . c - i  . 4 1 N -~~~4 J ’ Q’ .C ’O’ . f l V q’I 
~~

‘a IS) C’. C. ‘a t N- ‘0 C. C. C. CL’ C. N C P4, c N CS) .7’ 3~’ C’s IS CS)
• • • C r C .  . C ) ,’, I \ P4) 5’.) -.

N- c-, ‘C 7 C. (5, ‘7 in N 7. 0’ 1) C)’ 0’ 0’ N- c-~ Li f4’ IL’ ‘) 15’ 7’ • I - •

• t i~~~J’ ’P’ 0’ 7 ’ 0 ’ 0 ’ C 7 ’0’ 0 ’ y ’  ,‘ -
~~~~ ‘ 7.~~)N -  ‘ .

C~~ ij ’ c- c - c - P c-P c-I - c c -I c - - ’ c I , - - ’  c-’i c-~~c--. c- 1  c c-’I c-i c  “ ~~ 7. c- c.—, c--’ N, — — — —
I !  I l l  I I I  ! i I l l  I I  l i i i  I I I  I i  I

0’ C.C) C C. C. c-l u-i c_I c-I c-1 —5 c-s C. 0’ N- s N  N’ N’ N0 ’  0’ T- “ — — —

‘7’C ‘C ‘C ‘C ‘C N N- N N. N N- N ‘ C - ’ 7  N’. C’.’ r-I ’0 ‘C ‘C ’ C ,C  7. a N
‘C ,7’ U’ ~J’ U’ Y’ C”) -‘ C’,, S L’s -‘ .  ‘¼- (.7’ ‘C’ ‘-. “~ 2 CL C C 2 N. ‘5. 5.

- • - - - - - - • - - -  ~~~~~~~
-

C. ’ C. .3 Cr CL 2 ‘1) ‘C’ ‘1, C ‘A- ‘C 1’ .-) C ’  .f ‘7 ‘7 • c-i
Cr u. ‘0 ’C. ‘C ‘C ‘C ‘C if’ Ifs If’ in LI’ it’ if’ ‘C ’O N- N N. — c 4 c I  cc- c-i C)’ 0’ N.

S I l l S  1 1 1 1 1  1 1 1 1 1  1 1 1 1 1  1 1 1 1 1  C o
C Z
— — — — - t - - — 0

0’ C N’ ~C’ 0’ W) It 7. 7. 7. U’ ‘a c- ‘4’ ~‘ ‘C ‘1’ 0 N ‘C) ‘a N)
“C’a C. ‘C IS) C) 7. N. CL’ P CL’ in N- C. 7 7. N- c--I C) CX’ C’ N. 75 c-i 7.

‘ - • ‘ 7 ’ 7  )~‘ I’-I C.~~~~~~~)* U 
8

,-i (. T c-l C’~~~~ ‘ -C ”-- T t  ‘( ~~~~~~~ .N. C c -  4 . c - , ’7 ’. I S ’  c — N - . .

~ - ‘J’ C. -r a C - 3 ’ ’ . 0 ’0’ 0’0’3’00’ O’ Q’ 7’ 0’ 1’ - - -

• c-i c- c-1 c-i ..i c-i c-’ c—i c- ~-q c-’ i—i c- c-’, c-I c-c c c-’ N’) F” ‘a ‘Cc- i  .- ‘ c—i
,4 _. + + + + +  4 + 4 4 +  + 4 + 4 +  + 4 + 4 +  + + 4 + - I ’

I’

C#)
(‘1,1

5,— 0

4.
C-, I’.-

N. N) ’a J ’i , C)N C x ) U ’ D  c-I l’) F ) ’a L g) ‘CN- LiU’ C. ‘ )‘a  4) ‘CC’].) ‘3’
Li c--I c-c c’ -c c-I ~-i ,— C’) C’s’ ‘. N z’sj (‘Ci N.J C’) C’) N N) t ‘7 ‘7 ‘7 ‘7 ‘7 ‘7

2 -‘ N. ‘s N- N. N. N. ‘~, ~, •s N., ‘s N. N. N. N. N., N. ‘, N- “s N. N. ~~
—- .“ -4 — - -~ s c - C r~~~~’ ’4 :r ’ ’ -  - N “ IS) P1’ C. .2’ Cr C ‘2 C.

N. C Cr C 2. ‘2 C. 2. C C. C C. C. C. C. C C C c’i c- c - c -c - ”  c-p c-

-
~~:~~~~ ~~ ~ ~~~~ _i

)

.5 U) 514 544 .44 U) ‘44 ‘4) 5) U) 55,4 ‘A_i LA) U) 55_i 54) U) *4_i sI_i I) 14) 54,4 U) .4) U) U)
# 4 c~- c-’ c- c’  c11 c # c  Iu i-.A # 4  c-- c-i c ’ -c c-

ooqt-t 49 • ~i u t 00 o c  to

---- - —, 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘
- - -  -- 

- _ _



- ~~~~~~~~~
c---c- -- ------ ’

~~~~~
’ - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

z
C- 4
C)

-‘ 0
(~1
0

Cl,-
—

tt’ - ,C- Ps 3’ C C. CSJ r4) tI ’ ,0 7. v-s .-I ’7 It\ -i C’sJ Cfs N QC’) p ’) N) Ifs Li W
‘7 0’ ‘7 0 ’  II) ‘ 0 7 .  N IS) 7 c 4  7. C) C 0’ ‘O c’ N v - , ’ a  0’ 0’ 7.0’  C) C - 0
N- C- ‘a N- c-i 0’ l’ s C. 7 . 1 5 ”  7. If’ 7. 11~ c’ I’) C. v-I 7 .’ 7  C. c-~ . • . Li C ~~

0 ,—i • . . -‘ ‘ ISC- 0’ ’C — “ 2  lu
I - c-’ ‘7 ‘0 1) c-i N) ‘0 C. IS) N- — J\ )‘ ‘7 0’ ‘7 C. if) (Cr ‘C 7. .2 C) c-I ‘

~~ IU, c 1 c- c-I c-i C’ NJ N, N’) 54) N’) ‘a ’ 7 ’ 7 L SC LI) ‘ON -  N’ 7. 7. 0’ 0’ c—I c c--I Z l~~‘— l ) C *  S p I l l  1 1 1 1 1  1 1 1 1 1  1 1 5 1 1  h i l l
7 . 7 .
‘C--

C. C’s) N) in -0 ‘0 7. C L’s) N ) - ’ a  N- N 0’ C’¼J NJ ‘7 0  N 0” c-i (5~ ‘V 7. —‘ CL
C’. U’ N’ CL) ‘7 c— C. = -0 c-i C C c- N- ‘70’ It’ — N)’ ‘C IS Cf C N, t (1,
C)’ N’IS’, .L) c-i 3’NC.IS)C. 7. c-I 1J ’C 54) c15U ’iJ ’7 ‘C ~J i&’ 7.’ • • U_ I/)

~~ ‘
I • ‘CC 0’ C’) IL” U’ c—i 15) 3’ ~‘) C 0’ ~) -c ~~ ‘7 CX) c—I CL) 0’, 54) N- c-I It’ C. C. — — — - — —
C ,L, c- c—I CS) C S ) N, ‘ . P 4) I S’ ) ’ a 7  ‘a,I)J’ ’C ’C) ‘C”— N - N~~7. 7 . 0’ 0 c-~~c--
JC~~~~~~~~* S t i l t  t i l t S  1 1 5 1 1  1 5 1 1 1  I l l S  t

C’,) ‘a ‘0 .1) Cl’ c—I C’s) :’) ‘a ~~ 
LI) ‘0 ‘N. N’ ~~ 7) ~~ ‘~~. ~~ ‘0 ‘C) ‘a ‘C C’J 0’ 

~0’ ‘7NJ C. ‘a ~~~CX (‘sN (S) ‘C) 7 . N ) N 0’  c - I N J’ a ’ 0 N -  .(C 54’, I(’N. IS)
]) ‘C U’ L’s’ U’ , S )U~~’N. ’7 (’sJ U ’ c i 3’ ’ 4 j7. c~~~~~~~~~ L ) N - C 0 S

P’s ‘L C 4’ C.
• ‘4) N- ‘Cr ‘ a N -  ~‘I ‘a £C ,S) ’O 0 ‘7 N- c-’ I) = ‘7 7. ‘C) -Cr C c-I v-I NJ — — — —

Li NJ C’. IS) N) N’) ‘7 ‘a ’7 I 5’  If’ Ifs ‘C ,(, N. p’s a, 0’ c-c -i c-’ c-- 
— — — —

C_!) ,,J~~~~~ S I l l S  S t i l l  1 1 1 1 1  t i l l  I 1 1 1 1 1  ‘~- Li,

0 ’ 0 ’ 0 ’ 0 ’ 3 ’  0 ’ 3 ’ 0 ’ - 0’ 0 ’  N ’ N - N . N N -  N N - 3 ’ 0 ’ 0 ’  0 ’ -3 ’0’0’’a 7.~~~~~~~
7. 7. 7. 7. 7. 7) ~, ‘C~ ,c ‘c’C’C .0.07.7. 7. 7.-It CXC 7 .0 ’  N
‘5 5. N- 5. 5. 5. N- 5. N- N C. CL (0.2 CL CL (5- 5. N’ N- N- N” s  CXJ N.

c -‘ ‘~:~~ ‘.‘ ~- r - ~ 
-
~~~~~‘--~~~- ‘ - -~~~

- - - ‘4 ’C ’ c -  “1 ‘ ) ‘~~- -“ ~~~~~~~ 
0

- . - • , • .

0’ 0 ’ 3 ’ O ’0’ c ’ c - 4 c-i c-1 c’i c- c - i 3’3 ’0 ’  0 ’ 0 ’ Q’ C)’ ’a N.
1 -0 1 1 1 1 1  1 1 1 1  I 1 1 5 1  I I  ~~~~~~~~ I l l S  ‘C) o

Z

NJ c- 54) C’s, c-’ IS) ‘a Lt’ Lr’ ’0 It C. C C’s -4.’ 7 . 0  CX’ ‘C 0’’a C. u’
LI) C c-I .7. CC’ ‘0 N. ‘C IS’) ’7 I I” N. ‘C’ N’ CS) r4)’a 7. 0” ‘7 ‘0 ‘0 N’ 7. 7.
‘4) N. 0’ C”J ’O Li Cr C’s) ‘0 7. Cr NJ i ‘O N-  0’ c-I c-I N)’a I,) u

= c-4
-a I) (0 0’ ,S) ‘C C. N) N C’sj ,0 3’ 14) 7. CS) ‘DC -4) ‘0’ ‘7 0’ ~~ 7. C. C’ c—I c

C CX. • c-i N C’s N’) IS) 5 4) ’7  ‘7 ‘a LL) LI’ ‘C ‘ON N N 7. 7. 3’ 0’ c-i c-c
,~1 _•I 4 + 4 + 4  + -$- - I -+ +  + + - I - + +  + 4 + 4 +  + 4 + 4 +

‘2
a

C”.

.1
U-.
N. C. c - I N J N )’ a  LL) ’QN-7.C)’ C.,~I (5.j fc) q’ U) ’0 N- ]) 0’ C. c-I L’ ) ’ ’ ) ’ 7  ~~~e)

0

Li in ‘C’ r~ .i’~ 4” CI 14) fl (‘I 4’s = (0 ~~‘ C. C) C. C) C C. C. ,‘l c-i c-~ c-I c--i •
2 —  N. ‘S N .  N . N .  N - ”s ’s N . ’ s  N- ‘ s N - N .  “ s N - N - N - N .  N- N - N .  ‘ s N - N ._
~z ~~~~~~~ 2~~ 2 ’~-~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~

.1_ C - ‘ 
“ 

- ‘ - 
‘4

~~~~~~~ ~~ ~~~~~~~~~~~~~~~~~~~~~ :~:~: ~~~~~~~~~ c-~~c-
— 7” N. N. 5. 5, N. 5, 5. N- N. N- N. ‘, N- N. N. N. N. 5, — N- 5. 5. 5 N.

‘~ U) U) 544 U) U) U) U) U) U) 54,4 U) 144 144 U) U) IA_i U) 14) 51,4 U) U) U) U) U) U)

C c-i c— +~ c’~~~~~ ~~~ #- 1c- •.-, 1
~ i— c-I i~c c c -I .c- c-, IC ~~~c-s c-S c ’

oo~z-z 50 • ~ suit -ouo tout toct to 

~~~~~~~~~~~~ _ ‘ - --~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - -- -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-

NJ
I-i

-J
“4

‘ P

u-i

z
c~ 4

C)
LL
5;~ 0

U
I-’ 0

Z
- a r ’ s  —

NJ 0’ N LI) C’ ‘7 C c-4 C’s LI) IS) ‘a ’7  CI) C. N LI) N) IS) C. N ‘0 ( 0 ( 0 0’  7.
‘C .-I N N)’a ‘a II’ C. LI’I C C if’ CL’ 3) 5fs 0’ 0’ 0’ 0’ IS) c LI’ 14) ‘C c-I C 0 

0’ c- NQ’ t I’ N 0’  ‘C N ) c - I 7 . ’C  ‘7.-4 0- N Lr N )c - I0’ N’U’ L I’ ’a N) 0 ’7. ~ ‘ 2  iu
N NJ N) ‘7 ‘7 4) N. ‘- 7. 7” ( 03  c-i NJ N) ‘7 ‘7 II) N- 7. 0’ ( 0 C C  C

(2 14. c-. c-’ c—c c-I c—i c-I c-i c-I c-i c—I c-i N, C’s NJ CS) C’~J CS) C’) (‘4 C’s C’s N’) P4) P4) 2
‘—“—~~~~~~~~)< t i l l S 1 1 1 1 1  1 1 1 1 1  1 1 1 1 1  1 1 1 1 1  ,—~~~~L

7 . 7 .

I (-3
C. 51) II) N) NJ 51) L ) J N J  C’s) c 4  C’S) 7 . c —~ c 1  C) ’a~~0 CS) N) N) NJ CI) LI”7 U)
C N- Q - IS) C. N- ‘7 c— 7. II ’ C’s N) C ISC C N , ‘a N, ’7 N) 3’ 0’ ‘7CC a

U. IJ)

V c-’ C)’ N) N CS) N- C S) ’ 0  c-I~~C C in C in 0 ’’ a  0’ IS) N- c-i NJ 7. -c ‘0 ‘C U’
• C. c-i c—I NJ (5) 54) C’) ‘7 ‘7 ‘4’) ,t5 ‘C) ‘C .1) N N. 7. CX) 0’ I” .. LI’ CL’) in. If) —

(~. LI. c-c c-I c-- c- c—I c- c—I c - I  c-’ c-i I-, c-~ c-’ c—I c-i c~i c-I c— c--i c- c-I c— . i—i c-I c-.
‘J) . o c  1 1 1 1 1  1 1 1 1 1  t i l l S  $ l i S t  S t i l l

~~~~~~N ) 0’ ’7  ‘0 C’sJ~~~~~ ’ C V 7 .  0 ’ ( ’ sJ C . C .  c-_I .I (0 0’ 7.- 0’ (‘) N-  7._’),_)
C N , I S )t4’I c-i N) 0’ i n c -I N J  7 . 3 )’0N- N) ‘a L t’ J ) ’ C ’ 7  C .N . 0 l N - 5 4 )  ~5

‘N. c- 3) C U’ C. ‘C, c~ ‘0 C’s 7. ‘7 C)’ LI’ c-i IS-, IS; 3’ LI’- c-c N’ C’ C. N) ‘s c— C. •
• .\; c-; N) ‘7 ‘7 tI’s C’s ‘4.) .C~ “~ ‘5 ‘V ‘0’ 0’ (0 ‘ )  c- - ‘sJ CS) ~ ) N) N) N) — — — — —

C U c-’ c—I c-c c--c c- c-I cc- c-’i c—’ c-I c’ i—i c—i c-’ C’s C’s N’ CS) (‘Si C’s C”, NJ C’S,’ NJ (“4 — — — — —

1 1 1 1 1  1 1 1 1 1  1 1 1 1 1  1 1 5 1 1  1 1 1 1 1  —~~

‘7 ‘7 (0(0(0 Cr TN. N ’0  ‘C N’) C’s) c-4 c-I 3’ 3’ 7. -o .054) ‘70’  ‘ 7 ( 0  C. 7.- — — — —

0’ 0’ C C C C ’ a  ‘ 7 5 4)  54 U) ‘a N) C’s C 0’ 7. ‘O IL’ N- C ‘C ‘7 (5) NJ N’
3.) 3.- (0 C C. C IN- N ‘C) ‘C -3’ ‘C’ IS - C. N- ‘4’ (0 ‘7 c—~ - N-

C ~~~~C 2 2 C  ‘ C ’ L t X N ,  - - 

- -4.) ( ‘4 ‘s ‘‘, c-’ ‘4.) ‘ ‘ (0 ‘4 ‘7 -.I’I I - ‘-~ -U, ‘a ‘7 C C. C. C. ‘ a ’ 7 0’  0’ 1- c-i C’s C’S IS) N )’ 7  LI’ LI’ c-i c-I c—I c- c-i c’ N.
1 1 + 4 +  + 4 + 4 +  + + 4 + 4  + 4 + 4 +  4’ + + ++  ‘C 0

(0 Z

‘C
7. ‘a P~ 0’ ‘0 C’S’ c—i c- ‘7 ‘7 ‘7 0’ N NI C’s N C’,C c-, c-’ N) ‘C N) c-I N’ ~ U ~

~~~~~~~~~~ 
‘~~“ ~~~~~~ 

~~~~~ 0 ’’ a 7 . .I ‘C

Cr ,_ N - ’,~~~~~N )0’ ‘7 C r ’ C c”.N-  F 4) i~~’7 . 2 C ) C r I I ’~~~ N - C ’ 4) U ’ ’a  — — — — —  —

Cf 1 (0 N, N) c- ‘a’a If’ N’ 7. 0’ tO’ C c-I c-I (‘4 C’s c-i ~-I (5) J’s NJ NJ
• c-1 -i c ’c-i c- c-i c-I c-, c-I c--i c c ’ c - I c- N ,  C\J CS) C~1 N ,C S )  N J N J N J N J N J

_L~~~j + + ++ +  + + + ++  + 4 + 4 +  + + + + +  + + 1 - 4 +

‘2
a

,~~

(5.4

C.) C

Ii, ’ Z
(I. Lu
N- L I ’ \’ 0 N - 7 . 0’  (0c—I (’sJ IS) ’7 U ) ’C N 7 . U ’  C .c- I(’sJ IS) ’7 t L) ’ C N . 7 . 0’
Li c-I LA ~~~~c-4 c-’ NJ NJ C’. NJ (5) N) ‘\ NJ NJ - \ N) N) P_i’ “) 51) 51) 54) c-

~ 
N) I_i) •

2 5 N. N. N-, N- 5. N- 5, 5. N. N. 5, ‘s 5. 5, N. N. N. -N. ‘5 5. N. ‘s N. Cs~
c-i c-~~~c - c -’ .— c- c—I c- c-I c-’ c-I c..’ c-~~

c,- c--i c—i c-’ c-i c-” ,--’ c-- c--i c- c--i c-I
N- r’4 q-’ r ,-‘ c--’ c- — c - c -I c- c-I c-c -c r- c-, — c- c-I c- c c- c-I c- c-, c-

- - - ‘ - - ‘ 
- - ‘.- ‘ N -  - - . - -

�- CL. C IS IS N) 54’ IS IS) - 5 4 . IS. N’) r ’IS 5 1) 5 4  54) IS. 1 I S  IS, 54 N) IS.N) Li,, .j
— N. ‘ I ~

- — c-I c—’ c- - .‘i c- c--I c-I c-’ ,—I c” c- c-’ c’-’ ,‘ c’-’ c- c-I c- i  c 4 c-i

N- ~. N- “. ‘s N- ‘ -, N. N. ‘s N. ‘s N- ~. ‘s, 5. 5, N. 5, N. ~ ‘s
.5 U) ‘4) U) ‘44 ‘44 U) U) U) U) 54) U) u_i ‘4)51, U) s&-i U) U_i 54,4 U) IA) CA_i U) 144
C I C ’ I C I C i ”c-’ I C c 1 #’ c-I IC IC,-~~~c-— #- ~~~~IC~~~~~ ’- , -  ‘ c~~~~~~ .- ’ c-—

OOIt~ 51 ~ s ue - ouo ocut toct to

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



___- -‘-~~~~~~ —~~ -~~~~--~~

-J =8 EDGE ® 8
ROW 1 ~~~~~~~~~~~~~~~~~~~~~~~~

— —— —- -1-~~~~~~~~~~~~~~~~~~~~~~~~~~~~—

— — — — —C ‘~ -IS-~ 54”~ I-i-~~ +~~~ — — DOUBLER
REINFORCED

— — _~~~~~ —c-c-, - A R E A  

- 

— — — -~~~~~ ~~~~ c-c-c- c~~~~~~~~~~~~ —

SING 
~~~ :- : - : - : ~~ 

C : :.: :~~~~ .
_ —  -~~~ .- - ‘ - -  - - — _. — 

—~~~~~~~

LI)

I—
ROW 13_ _

L 19.5 DISPLACEMENT
R 12,50 EDGE BOUNDARY CONDITIONS
e go0
W= 19 ,635 ____  

U V W (3

1 1 0 0 0
2 1 1 0 t 0 - F I X E D
3 0 0 0 1 1 FREE
4 1 1 0 0

Figure 7- 15a. Stags—B Model of Subcomponent No, 1

52



- .~~~~~‘ c - c -~~~~~~~~~~~~ - ~~~~~~~~~ - -  --

rT ’~~~! ~~~~~~ ~~IJ~~r D ~~P,)c5)? tn.  I
I ~ I

-- t~~~~~ i~~~
_ _

~ - -  - - - - .- - - -

I I “ C 4’ f ‘

I. .
— . ‘r ~~.

i r o
• - 10 .5 °~1. 12. C

_ v5. _ _ _ _ _ _ ). - . —  - ,- - - -—-— -- - — — — -- - - — - ——-- - — — - —-—-—

j! I T

‘I

4 1 ~~~~~~~~ ~
I I (‘ 1 ’
3 ~ ! 0

_~~~~~~~~~~~~~~~ __ ~~~~~ _ - -, - _ i -~~~

- . I 
-

i i t ,

~1 1 1 1’

~! ‘ 12
— ‘ i e

1~ ~~~~~~~~~~~ 
1,3 , - ‘ - -

j! 4 1 1!
vi

_jf~ 01fl~~~. ~~ 1 ’ç Ih2P ‘. 42Mt,. 0.

I~~~ 00 ~~~~$~~~~ ” . ~~ .6 2•  ) . I 6~~~ 4 C .  0. flU . C. — C . E I 2

~,r. ~~~~~~~~~~~~~ .____  -0. 6’2 t~ -1._5t _ ,~~~~~~~~_ _ ,  - ____  ____

I0 02~~ ” . ~~~~~~ 3.65 2. ’ 0. 4726. 0.
C .  “. —3. ~~! 0. — 2. 0 ’  C.

I
~c3~ o~~ r ,  ~.l c,’3 2. • C.  3. 0. 0. —0 . C s3
— C . O ’ 8  t’. 

________ -I I I
1 0

C’
~~(I N  W!’~4 °ft O— l~’

I
,~ 66~~’2. jg ’~~ 5. a.773~ P 212” 64~
405.6 117 .1 !9I.~ 140. - -

j 33 3744. 104256. g5k7°~ . 4647 2~ .
‘~5” •~ go ’ .c _41. 3 ..6 it ’?g .e -

~~~
1’s
~~
j0 sc!. 11 i.rs’)r5 

_-___-—-

__j. 6 1 ~~ ~~~~ ~~ 2 ~~~~~~.___________ _ _ ~______ ______ --

‘ ~ 2 °  3 6  3 ?
!~~~ ~~~G 4~~~ 4 7 4 0

,,_ ~~ 0 41~ ~ 5 5 6 5 7 - -
— 5 0 5 0 5 1 0 5 1 1 6 4

6 5 6 ’  6 ’  6 8 6 0
_ 6i!L,A1-L_Sil — -  _ __  -___ _ - -_ _— _ _ -_-~~~~~~~~~~~~~~~~~~~ ,

qo.

Figure 7- 15b. STAGS-B Model of S~,,bcomponenr No. 1

53

-4

LA



~~~~~~~~~~—‘-~~~~~~~~~ 
- _ _ _ _ _

cc) 
C

8 EDGE ® 
_ _ _ _ROW 1 — — 

~~~~ 
RING ~~

— — — — —

IiiIi 1IIIiiI
ROW 13 _ __ _~~~~~~~_ _ _ _ _

DEVE LOPED VIEW (TYP)
X

DISPLACEMENT
1 18,0 EDGE B O U N D A R Y  CONDITIONS

R =12 .4 5  
____ 

u v w (3
0-82,84° 1 1 0 0 0 0 FIXED
W 18.0 2 1 1 0 1 1 = F R E E

3 0 0 0 1
4 1 1 0 0

Figure 7- 16a. Stags—B Model of Subcomponent No. 2

54



- ~~~~~~~~~~~~~~~~ “ ‘ ‘~~~~ — 
- 

‘ ‘S’ —‘

~~~ 
-
~~~~~~~~

—---- - -

p

LIk E 51’ ~ ; ,_1~~j ._-,, ck. ~~~~~ ~~ ,_i :~~~ t h~~~~~

1 • —

13 13
- ‘- -.  - 1 ——  . — ~~- .---3 - -----3-- --—,_ - ’ --~~~~——— —— — -‘-- —- — -

2 2i. ~~.

- ---- -1 -- —i- —C —-~~~~

3,8. c Z . c —  .‘.5
~~0 4. S .  S I

3
1 I. •

~ 2. — -___________________

~o £
— 3 ~ (. ~

- - - 1 -  - - — — - —‘— - — - — - —-— - -— ———— - — - — - —— —— — —‘— —-— - -_ _ _ _ _  -

4 8  
~ .C16 —

~~ ~. ~.
C 

. .2
—- — --7 - —~~ i: 1~~

1 3 ~, .3
4 b  3,3 3 .

- -2 -—--——— - --- -.- ----- -

ô ó.C G ~~~~~~ . . . t  u. .575 :. -.  ~~~~~~~~~~~~~ ..
— 1 . 6  ..

--— ‘------J — ~~~~-

~~~~~~~~~~ : .3 3 7 i .  ~~~~~~~~~~~ ~~. :. ~, E.3. :. — ; .726
• —1 .72 6  • —1 .5ô ~.

—______ ____

4 i ,ó6~ C ’ i~~C. ~~ Ib  ,~~ ,.s :1 (S

— ( . ‘6 D  -

- — - - 1
2.

4 • U N I FC t M  ~~~~~
- — - — - a -- —---•P—--———-———--. —‘-- __________________________________-

1

~6’5 93 . ~~~ ..~~- 217 . ~~ Ct i — ~~~~~~.

4 ~ —~~4 - 4 ~——---5L.. 
- ~~,i.I3.8. oZ .t ’ ,

4 ,

Figure 7-16b. STAGS-B Model of Subcomponent No, 2

- 4 8

,
~ P

-4 8

. 4 5

-C’-

-4

55

. 4 —

t p



~ - r’ - ‘ c- - c - w c -  ~~- - -,,-- “c~~~~-, -.~~~~~ -

The linear buckling analysis results from the STAGS-B models were:

STAGS-B
F~UCKLIN G A CTUAL TEST

SUB COFIPOUEI’IT SOLUTI0I-J VALUE

SC-i 
~cr = 3f 508 lb 44682 lb

SC—2 End f,,x = 0.0538 -in. 0.0515 in.

The s ub componen t No. 1 nodel resu lt s are lower than test apparentl y because
of the assumption of simple edge supports along the reaction edge . The sub-

componen t No. 1 nodel had fi xed loa ded and reaction edge rotations and the

critical end deflection agrees closely wi th the actual load—deflection re—

cults , Based on these subcomponent No. 2 results , an d the tolerance to pre—

buckling deformations demonstrated by the testi ng, the use of a large

“knock-down ” factor on theoretica l buck flnq ca lcu l a t i ons  was assuuded to be

unnecessar y in the structural analysis of the delivered components (see

Section 9.0).

From a design poi nt-of-view , the subcomponent No. 1 test resul ts allowe d a
l ighter design which was reflected in the subcomponent No. 2 details.

Based on the subcomponent No. 2 test resul ts, the f i nal component des ig ns
were lightened further wi th resoect to stri nger area and deletion of the
SGF/Ps skin filler plies. This was possible because of t he smal l  p anel
sizes present in the component desi gns; a separate STAGS—B analysis indi-
cated the fi nal stri ngers had sufficient stiffness to preclude a general

instability failure mode.
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£.O COMPONENT FABRICATION

The fabrication activities associated with the delivered components are
highlighted and sumi~iari zed in this section.

8.1 FABRICATION PROCEDURES

Fi gure 8—1 is the sequence of fabri cation steps that were followed with
respect to processes. Materials that were used are specified on the de-
tail drawing SK—031275K0 in Appendix A. Unless specifically noted, tne
materials and processes used for the components are the same as used for
subcomponent lb .  2 and are discussed in the Fabrication Processes Section
(Section 5.0).

The tool used for post-forming and fusing skin lami nates is shown in
Figure 8—2. Roll—formed stainless steel (304 alloy , 0.125 in. gage) was
used to preclude corrosion problems. The tool surface was covered with
a Kapton film sprayed with Frekote release agent which separated the - -
lami nates from the tool. Threaded clevis rods connected the ends of the
tool to allow precise radius adjustment. After the skins were fused, the
tool was employed for ri ng forming and final component assent ly bonding.

Figure 8-3 shows a typical vacuum bag setup used for ski n lami nate fusing.
The reuseable silicone rubber bag sheet is peeled back to reveal the glass
bleeder pl ies , silicone rubber edge sealant , and a skin lami nate. Figure
8-4 is the Interior side of a ski n after fusing; the matte appearance is
due to impri nt from the glass bleeder fabric.

The stringer fusing was accomplished using the tooling and laminate pre-
forms shown in Figure 8-8. Figure 8-9 is a compl eted stringer prior to
final tri,mTsing.

The components were trirned to fina l dimensions after adhesive bonding of

the skin-stiffener assemblies. Trinini ng was done with conventional hand—
hel d saber saws and mylar templates . The skin lami nates were remarkably
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Figure 8-2. Post-Forming and Fusing Tool for Componen t Skins
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Figure 8-4. Left Skin After Fusing   

- - -~~-—- -

Figure 8-5. FYmples From Wrinkled Kapton Parting Film in Left Skin Surface
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tough and no specia l procedures or fine tooth blades were required . There

was no evidenc e of edge delaminatio n. Areas such as the fuel fill port

were cut successfull y despite difficul ty in overcoming chatter of the

hand-held saw. Edge dressing to final dimensions was accomplished rapidly

by hand with sanding blocks .

8.2 SKIN RE~IORKING

One problem was encountered in fusing the skin for the left side component.

Figure 8-5 shows the skin laminate which has a barely discernible dimple

with the form of whi te hair-like lines . This defect was due to a wrinkle

in the Kapton tool release film which left an imp ression in the laminate .

Figure 8—6 is a close—up photograph of a dimpled area. The skin part was

successfully reworked by performing the fusing process over again. Figure

8—7 shows the reworked skin with the defects completely removed ; this
reworkin g experience was an interesting demonstrati on of the possible

benefits of using thermoplastic (recyclable) composites . Had this been an

epoxy com ponent , the entire part would be rejected due to the defect.

8.3 NON-DESTRUCTIVE INSPECTION

Ul transonic ins pection of the left component was performed in a related

Boeing IRAD program; the laboratory set-up shown in Figure 8—10 was used

for C-scann ing. Figure 8-11 is a C—scan signature of a stringer area in

which the skin doubler and stringer details are clearly visi ble. Excess

resin beads are also visible. No defects were detected by the C-scan

inspection and by tapping inspection of the left side component. The two

other components were inspected visually and by tapping were judged to be

free of defects.

8.4 INSTALLATION ON FIREBEE FUSELAGE

The following procedure steps were fol lowed by NAVAIRDEVCEN to install the

Gr/Ps components on the test XBQM—34E center body section :

61



-- — -
~~—

--—
-

-

-

C” 
- 

C’ -

F Figure 8-6. Close-Up of Skin Dimples in Left Skin

- _, — ~~~~~~~~~~~~~~~~~~~~~~ —~~~~~~~~~
--- - 

.— ------—.-C’-- ---‘-—-
~ 
-
~ 

-‘—
~~

--—-C’--.—-—--C’-----——-——..
~~~ -.----—’ -. -—~~~~ — C” -.---‘—— --—~‘ —‘-—~~~~~

Figure 8—Z Left Skin After Re-Fusing With Dimples Completely Removed
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Figure 8-8. Component Stringer Parts and Tooling Prior to Fusing
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Figure 8-9. Fused Stringer Prior to Trimming
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Figure 8-10. Left Skin in Ultrasonic Inspection Tank

Figure 8-11. Ultrasonic Scan of Stringer Area on Left Skin
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1. Remove alum i num s ki n par ts and cut ex i s ti ng stringers and ring
frames per Drawing SK 30675JL (see Appendix A).

2. Clean-up all metal faying surfaces per Structural Repair Manual

(SRM) , NAVAIR Ol- 100TBB-3.

3. Prepare drilling template for components.

4. Drill components (carbide drills , unders ize holes for 3/16 Huck
b lind bolts).

5. Fit components and - earn fastener holes (carbi de tools).

6. Counters ink holes (carbide tools).

7. Fabricate metal airframe fittings per Drawings SK 30675JL and

SK 031275K).

8. Clean parts per SRM.

9. Install components per SRM.

10. Connect stra in gage leads .

Installat ion of the components was accomplished using methods and ‘tools

routinely used for metal and glass-reinfo rced plastic fabrication. The

installed components are shown in Figures 8-12 and 8—13.

The only major problem that was encountered was in fit-up of the side Gr/Ps
components to the existing bulkheads; the new skins had inside radi i that
were smaller than the nomi nal desi gn val ue. Proper fit-up was achieved by

cutting the rin g—stiffener fl anges just above each central stringer. This

allowed the skins to flex sufficiently during fina l fi t—up to the bulk-
heads. The error in the component curvature is attributed to improper
stiffener bonding and/or to relaxation of the skins during the lengthy

65 - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~



~~~~ --~~--~ C’w—---- --- --— - -----~ ------ - .----- -—

interval between stiffener bonding and installatio n . Because the ring

5tiffeners were cut in an area of low load , the final fi t-up was achieved

w i thout affect i ng struc tural performance .
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Figure 8- 12: XB QM-34E With Installed Gr, P5 ~enterbody Components
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Figure 8-13: Installed Grips Left Skin Component
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9.0 COIIPONENT STRUCTURAL ANALYSES

This section presents the structural analysis results for the del i vered

components.

9.1 DESIGII CONDITIONS

The design conditions for the production BQI1—34E centerbody section are
shown in Figure 9—1 (References 6, 8 and 9). The critical load condition
relative to skin sizing is 4PX02 (Teledyne Ryan ’s desi gnation for ma i n
recovery chute deployment) which is illustrated in 9-2. This load condi-
tion produces point loading at the forward main chute riser lug and moments

and shears at the ends of the centerbody section .

The fuselage skin temperature is assur~ied to be room temperature for the

structural analyses . The maximum pre-ducted skin surface radiation equil-
ibrium temperature is 186°F during on—the-deck dash at Mach 1.2; this
elevated temperature has negligible effect on the room temperature prop-

erties of Gr/Ps (Ref. 1 and 2). The critical 4PX02 condition occurs at

the end of a subsonic pull -up fuel jettison maneuver in which structural
cooling takes place.

9.2 FINITE ELEMENT LOADS ANALYSIS

The centerbody section internal loads were determi ned wi th a finite element
model using Boein g ’s SAMECS fin ite el ement analysis code. The modeling was

necessary because of compl ex load paths resulting from (1) the half—to—full
c i r c u l a r  body transition at sta. 233.5 and (2) the slot in the skin for the
win g carry-through. The model features are shown in Figure 9-3. The base-
l ine alumi num skin was modeled ; this was satisfactory for loads analysis

because of the closeness of membrane sti ffness with the composite design.
The maximum skin load conditions for the 4PX02 condition are given in
Figure 94 and were used in the panel buckling analyses .
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1. Main recovery chute deployment load
Ryan 4PX02 condition

2. Fuel pressure
C ” ,

Pressurization system 5.5 PSIG limit

Ground launch induced
pressure head @ ring sta . 258.34 5.5 PSIG limit

Total 11.0 PSIG limit
(17.0 PSIG ult)

3. Wing mount bolt loads due to fIi~ it maneuver

Bolt location Load
1 (Fwd) —331.2 lb ult

• 2 —277.0

3 106.7
4 2163.5

— 5 3204.7

4. External fuel tank load at explosive bolt attachment sta 258.34
for 5G limit pull—up flight condition

1.000 lb bolt pre-load + 2,293 lb limit down bolt load

Figure 9-1. Design Load Conditions
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9.3 PANEL BUCKLING ANALYSE S

The composite centerbody section coriponent designs are governed by local
panel buckling (the subcomponent No. 2 test and STAGS-B code analysis
indicated general instabilit y will not be a governing condition). The

analysis of margins—of—safety for panel buckling was accomplished using

the lam inate stiffness properties gi ven in Fi gure 9—5 , which are based
on actual minimum laminate thickness , and simply supported orthotropic
panel buckling analyses. Laminate properti es at room temperature were

computed by the classical l ami nate analysis method (Ref. 10). The com-
puted theoretical panel bucklin g loads are shown in Figure 9—6 along wi th
the analysis references. Three panel buckling analyses were made:

1. Upper skin panel
2. Lower skin panel

3. Lower skin panel wi th a full-panel doubler stock sheet

For the effective panel dimensions , the clear span dimens ions between

doubler edges were assumed for each panel . This appeared to be a reason-
able assumption considering the high degree of skin clamping existing at
the bulkhead and ring stub joints. The clamping effect, and also the
tolerance to pre-buck ling deformation displayed in subcomponent No. 2 test,

allowed the assumption of a fairly high buc kling correlation factor

(“knock-down ”) of 0.80.

In order to have a positive margin-of-safety, the side component designs
were reinforced in the lower forward side panel with a special square
“doubler ” patch placed at the center of the panel . The patch was the same

Gr/Ps stock sheet material as the doubler sheets. The resultant critical

buckling load for this partially padded panel was assumed to be the average
of the cases 2a and 2b in Figure 9-6.
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The classica l buckling interaction relation for combined axial and shear
load ing was adopted. The circumferential loads (N

i
) were neglected in the

interaction analyses because of their low values . The resulting margin-

of—safety calculations were as follows :

Upper Skin Panel

t4 x cr  = 1460.5 (0.8) = 1168.4 lb/in.

Nxycr = 1006.9 (0.3) = 805.5

Rc = 1073/ 1168.4
R5 = 104/805.5

R = R
~ 

= R5
2 = 0.935 < 1.0

MS = l.OR - 1.0 = 0.07

Lower Forward Skin Panel :

Nxcr = (1384.15 + 33l6.l)(0.5)(0.8) = 1~38O.
Uxycr = (876.9 + 2379.2) (0.5)(O.8) = 1302.4

Rc = 873/1180
R5 = 830/ 1302.4

R = + R 5
2 = 0.87 < 1.0

IS = 1.0/ R - 1.0 = 0.15

9.4 FINITE DIFFERENCE SHELL MODEL

A STAGS-B model of the composite centerbody section was developed to study

the effect of combined fuel pressure and drop tank loads .
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The model details (developed view) and coding are shown in Figure 9—7. The
drop tank load (refer to condition 4 in Figure 9-1) was applied as an out-

war d rad i al loa d at Row 10 and Column 1 of the model. The resulting ulti-
mate keel beam stresses were:

= +29240 lb/in 2 in the outer flan ge
a = —11040 lb/in in the skin attachment flange

Base d on the allowa b le stres ses for the existing keel beam (Ref. 6), the
margins—of-safe ty were large in this area. Also , the nominal skin l ami n-

ate strains due to the internal fuel pressure loading (condition 2 in
Figure 9-1) were very low -- 462.5ic combined membrane plus bending. In

the ring area , the ring peel (normal) stress due to pressurization was
8.98 lb/in

2 which is very low .

9.5 JOINT STRENGTH ANALYSIS

Based on the element test results , the avera ge tens i on strength of the
skin-to—bulkhead joint is 3360 lb/in.; assuming 80% of the average valu e

gives an allowable joint tension strength of 2670 lb/in. From the finite
element model resul ts, maximum ul timate skin joint load is 1449 lb/in.

compression just below the forward side body longeron load introducti on

area; a joint design factor of 1.5 gives an ult i mate design load of 2180
l b/in. Assuming the joint compression strength is the same the tension

strength (which is conserv’tive) and neglecting the presence of shear
gives a margin of safety of:

t-IS = 2670/2180 - 1 = 0.23

In the area of the forward side body longeron load introduction , the con-
centrated load at bulkhead sta. 233.50 is 6950 lb. compression as given —

in Ref. 6 assuming a joint design factor of 2.0 gives an ultimate design
load of 1 3900 lb. This load is transmitted (1) to the remaining aluminum
strin ger section between sta. 233.50 and 241.78 and (2) to the Gr/Ps skin

H

-

~

- -—-



-i F O R W A R D  STA8 EDGE © 1BULKHEAD 
~ 233.5

ROW I

~~~;

__

~~~~~~

____ 
--

~~~~~~~ — — a — — — — — — — — — 241 78

El El[
~
] — — — — — — — — — — —

—- ----- -- -— -— — — — — — —
~~~~~~~~~~~ ~~~~~

—   — — — ~~~~~~ .~! — — WING
MOUNT

ROW1C —  LONGERON

— — — — _1 — — a —

El El

ROW 1€ — — — — 2 274.59
7’—AFT BULKHEAD

x _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _

DISPLACEMENT
EDGE BOUNDARY CONDITIONS

_ _  
u v w a

1 0 0 0 0 0 -F IXED
2 1 0 0 0 1 = F R E E
3 1 0 0 0
4 1 0 1 0

Figure 9-7a. Stags—B Model of Centerbody Section Door and Side Panels
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l aminate . SubcolJlponent No. 1 was loaded to 44682 lb. without failure in

the joint area but tills subcomponent had heavy reinforcement in the load

introduction area. Subcornponent No. 2 did not have the extra metallic

jo i nt re i nforcement and was teste d w ith a concen trate d loa d to 6899 lb.
without failure which was essentially a test to ultimate load. Based on
these subconponent tes ts , the concentrated load capability of the composite

components is conservatively estimated to be 20000 lb. The resulting

margin—of-safe ty calculation for the concentrated loading is:

MS 20000/13900 - 1 = 0.44

9.6 tIARGIN—OF-SAFETY SUMI1ARY

A summary of the calculated margins-of-safe ty for the delivered components

is given in Figure 9—8. The most critical area is buckling of the upper

skin panel between sta. 241 .78 and 250.06 which has a margin-of-safety of

+0.07 relative to the ultimate design load condition 4PX02. The door

component is not shown in the summary because large ma rgins-of-safety

ex ist in all areas due to low internal loads.

9.7 WEIGHT ANALYSIS

A weight analysis summary is presented in Figure 9—9. The final actual

weight savings was only 5~-~ due to conservatism in the door component

design , a heavy ring st i ffener conce pt , and use of heavy doublers required
by fastener constraints. For compar i son purposes , the weight summary
includes a hypothetical design configuration which lacks doublers and

ring honeycomb sealant; the associated weight saving is 37%. In a new
design , without the XBQM—34E retrofit constraints encountered in this

program, a weight savings of 15 to 20% could be reasonably expected .
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Margin
Area of safety Basis

1 . Upper skin panel buckling 0.07 
~~ 

Panel buckling analysis
Station 241.78 to 250.06

2. Lower skin panel buckling 0.15
Station 233.510 241.78

3. General skin instabi lity Large Subcomponent No. 2 test

4. Panel strain due to fuel pressure 4.66 )
5. Ring peeling from skin due to radial stress Large Stage-B model resu lts for fuel pressure and

) dro p tank loads

6. Skin-to-bulkhead joi nt at 233.5 0.23 Joint element tests and finite element
model results

7. Forward longeron load introduction details 0.44 Subcomponent No. 1 and 2 tests

8. Wing mounting bolt load introduction details Large Jo int element tests and fini te element
model resu lts

9. Keel beam outstanding flanges in tension 1.63 Stags-B model results for fuel pressure and drop

~ 
tank loads and Ryan structural analysis report

I TRA 16642- 13B
10. Keel beam flanges in compression 3.2

Figure 9-8. Margins-of-Safety Summary
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No Doubler s Or
Ite m As-Bu i lt Potting Included

New Gr /Ps components
Left skin 5.49 lb 3.72
Right skin 5.63 4.10
Door 2.57 2.02

Total 1369 984

Removed aluminum parts -14.40 -14.40
Ballast correction o o
Net weight change -0.1 1 -4.56
Wei~ it saving 5% 32%

Note : Fastener weights not included
As-built Cr /Ps component weights are actuals

Figure 9-9: GriPs Component Weight Comparisons
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10.0 COMPONENT TEST PROGRAM

Two test conditions were presented in a separate test plan (Ref. 13) which
Identified requirements for the ground testing of the delivered con~onents
on a surpl us XBQFi-34E by NAVAIRDEVCEN . The conditions were:

1. Main recovery chute deployment limi t load test
2. 5g maneuver limi t load test

These two conditions were sel ected for initial certification of the desi gn
concept and is discussed in this section . The other test conditions would
be required in case of eventual flight test (Ref. 13).

An entire XBQM-34E fuselage was tested in a sel f-contained test fixture
fabri cated from 12 in. wide flange beams . Loading was accomplished at
sel ected fuselage frame stations by means of continuous aluminum bands
supported on 3/4” thick elastomer compression pads . Where obstacles such

as the vertical stabilizer prevented use of continuous bands , al uminu
straps were bonded to the fuselage with RTV—88 silicone rubber. Sepa.ate
wiffle tree arrangements were used to test each of the two load conditions
and were attached to the fuselage frame loading points. In both tes ts ,
loads were introduced into the structure through a single load point by
means of a manually operated hydraulic jack . Figures 10- 1 and 10-2 are

photographs of the test set-up.

Figure 10—3 defines the procedure that was followed by NAVAIROEVCEN .

Figures 10—4 and 10-5 identify the test load locations and their respecti ve
magnitudes . The resultant airframe moment distribution is gi ven in Figure

10—6 in addition to loads developed in Teledyne Ryan tests duri ng the

BQtI— 34E development program (Ref. 14). The recovery test condition closely
simulated the corresponding actual main chute deployment static test con-

dition (Teledyne Ryan test 5 in Figure 10—6) and the corresponding 4PX02
design load condition that was treated in the structura l analysis (dis-

cussed in the preceeding section).
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Strain data was recorded during the NAVAIROEVCEN testing using strain

gages (located as illustrated in Figure 8-1 of Appendix B). The gages

were installed on the delivered components by Boeing at the center of
selected panel s where pro-buckling strains can occur and at the edges of

panels where strain concentrations may develop. Also , gages were placed
on the stiffeners to monitor bending deformations. Post-test analysis of
the recorded strain data is reported in Appendix B.
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Pro~~dure :

A. Apply 25% limit load
• Checkout instrumentation and test set-up

B. Apply 50% limit load 10 times
• Extrapolate strain data to limit load and com pare

first and last cycle data

C. Apply limit load
• Record strain data
• Evai uate strains during loading using for &stra in

pro~~dure

D. Apply limit load 5 times
• Record data

Figure 10-3: Test Loading Procedure
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FUSELAGE RECOVERY 5G MANEUVER
STATION CONDITION CONDITION

118.50 -575 LB. 0
134.30 -500 0
166.30 -1500 -650
182.50 -825 -650
209.00 ~1228 .497
224.80 -489 -203
245.00 (LUG) +11500 0
2S8.34 (TANK) 0 -2950
274.10 -1487 0
285.20 -1096 0
WING 0 +8810
301.90 -1400 -798
315.20 .1500 -362
325.00 -600 -600
350.00 -300 -2100

Figure 10-5: Applied Limit Test LoaCs
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1 1.0 COMPARATIVE COST STUDIES

To assess the cost benefi ts associated wi th thermoplastic composite tech-
nology , a comparative des ig n/cost study was conducte d on a typ ical fuse-
la ge panel of a large utility type aircraft. Preliminary designs were

prepared in (1) conventional aluminum and (2) Cr/Ps construction with
details similar to the XBQM-34E prototype compos ite components . The costs
for these des ig ns were estimate d and compared as discussed in this section .

11 .1 COST STUDY DESIGN MODELS

The model s assumed for the cost study are illustrated in Figure 11-1 . The
bas i c di f ferences between the alum i num and Cr/Ps desi gns are , besides
materials , number and types of stri ngers required and ring sti ffener con-
figurations . Both des igns have a compress i ve load capability of approxi-

matel y 3400 lb/in. Because of the higher efficiency of the Cr/Ps stock

sheet sk in concept , the strin ger spacing for this design is increased which
reduces stringer part count. The Cr/Ps design has Cr/Ps ring sti ffeners

and also has two aluminum ring frames to provide conventional connections

for other interior airframe hardware .

Prel iminary design drawings are given in Appendix A for the respecti ve

designs (Dwgs. SCRR21475 for alum inum and SCRR22075 for GriPs). Two corn—

posi te ring concept alternati ves are shown: a honeycomb concept and an

I-section concept like the one discussed in the Fabrication Processes

Section (Section 5.5). The i-section ring was selected for the following

cost studies and is judged to be a practical concept from a durability

point-of-view . The composite stri ngers and skin are essentially the same

as the delivered Cr/Ps components . The aluminum design details are typical

of large commercial aircraft. Based on the design drawings , the weights

of the designs are compared in Figure 11-1.
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Desi~ i model:
Representative unpressuriied body panel structure for large
transport aira aft

RING FRAME ST RINGER

_ _ 
RH~1~” 

138.6 IN.

No. Al No. composite No.
Desi~~ frames nngs stringers Wt lb

Al 5 0 7 100

G/PS 2 3 5 83.8

Figure 11-1: Manufacturing Cost Comparison Case Study
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11 .2 Cr/ Ps DESIGN COST ELEMENTS

A fabrication sequence for the Cr/ Ps fuselage panel design was defined
based on the extrapolation of the XB Qt•1-34E component fabrication processes
and some new but potentiall y practical ideas. These fabrication process
steps are snown in Figures 11-2 to 11- 4. Additional manufacturing develop-
ment (not a great deal) is needed to establish the feasibility of the ring
joggling and the reusable silicone rubber pressure pad method of fusing the
final panel assembly together (versus the epoxy bonding method used for the

• delivered components).

Figure 11-5 presents the estimated production costs for one Cr/Ps pane l
unit. Associated tooling costs are shown in Figure 11— 6. These cost are

engineering estimates based on the labor records accumulated during fabri-
cation of the X BQM-34E components.

11.3 BASELINE ALUMINUII DESIGN COST ELEMENTS

The production costs associated with the aluminum fuselage panel design
were estimated by experi enced cost estimators , using standard procedures,
and are i temized in Figure 11-7. The production costs shown are for one
unit.

11.4 PRODUCTION RUN COST ANALYSIS

A production run cost analysis was made for the metal and composite fuse-
lage panel designs based on the assumptions listed in Figure 11—8. Tool-
ing fabrication costs for the composite design were close to standard
factored costs for the aluminum design 3004 vs. 3547 basic tooling fabri-
cation hours) so the respective costs were assumed to be the same (3547
BTF hours). Standard factors were assumed for the factored labor i tems
indicated in the Figure 11-8. 
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BASIC FACTORY
OPERATION LABOR HOURS

1. CUT COMPOSITE STIFFENER PIECES 1.5
2. PREFORM STIFFENER SHAPES 4
3. LOAD STR INGERPARTS IN MOLDS 4
4. LOAD RING AND SHEAR TIE PARTS IN MOLDS 4
5. FUSE STIFFENERS 4
6. TRIM STRINGERS 1.5
7. JOGGLE AND TRIM RINGS 6
8. GANG TR IM SKIN STOCK SHEETS 8
9. POSITION AND SPOT-FUSE SKIN AND STRINGERS 4

10. BAG SKIN/STRINGER ASSEMBLY 6
11 . FUSE SKIN /STRINGER ASSEMBLY 8
12. POSITION RINGS AND SHEAR TiES ON ASSEMBLY AND BAG 20
13. FUSE COMPOSITE ASSEM BLY 4
14. TRIM COMPOSITE ASSEMBLY 3
15. DRILL EDGE JOINT HOLES 15
16. FAB. ALUMINUM RINGS 4
17. FAB STRINGER ALUMINUM END FITTINGS 154
18. INSTALL ALUMINUM PARTS TO COMP LETE ASSEMBLY 22
19. CLEAN ASSEMBLY 6

TOTAL NO. 1 BFL 279

Figure 11-5: GriPs Fuselage Panel First Unit, Production Costs
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BASIC FACTORY
ITEM LMIOR HOURS

1. Stiff sew , Preform ToolIng 100

2. MultI-Cavity Molds fo r Fusing Ring and
$lwsi Ti. Parts 400

3. Molds for Stringers 130

4. SkIn Part Cutting Tsmplat.s 40

S. Trimming and Positioning Templates for
StIff eners 100

S. Ring Joggllng Dies 130

• 7. ’ Cutter Sat-Ups 24

S. Skin Lay-Up Plate Tool 40

S. Intermediate Bag Fabrication 200

10. Assembly Fusing Tool ing 1400

11. Assembly Fusing Bag

12. Router and Drill Templates for Final As,smbly 100

TOTAL 3004

FIgure 11-6. GriPs Fuselage Panel Tooling Fabrication Costs

I’

97
e b

I ~~ ~~~~~~~~~~~
-_ -_•  

~~~~~
-

~~~
-_- - •—— -.  -~~~~~~—-— .-———-—--— -— •

~~—- - •— •
~~~~~~~~~~~

- -
~~~

---- -——-~



- - -• -~ -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ r~~~~r~~~~~--~~---

4~~~ I

41.

BASIC FACTORY
OPERATION LABOR HOURS

1. Shear . Stretch Form end Rout Skins S -

2. Yoder Roll , Buffalo Roll and Trim Ring s 10

3. Yoder Roll and Trim Stringers 6

4. RoIl Form and Saw Shear Ties 12

5. Break For m and Saw Clips S

6. Trim Straps 2

7. Blank and Form Gussets 12

8. Machine Joint Fitti ng Forgings 216

TOTAL DETAIL FAB. 272

9. Assembl y and Clean 156 - •

TOTAL NO. 1 BFL 428

Figure 11-7. Aluminum Fuselage Panel First Unit Production Costs
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•B5% learning curve for production laborp 
e Tooling costs are based on standard factors for the aluminum design

and are assumed to be the same for the composite design

I e All com pos ite materials are fumithed by vendors in stock
sheet laminate for m

e Material allowances are included in the assumed material costs

I . 0/C and tooling material allowances are included in the assumed
labor rate for fabrication and tooling

• Factored labor items:

Fabrication pickups
Fabrication rework
Tooling & production planning

• Distributed direct
Production control and record s ~PCR)
Tool design
Tool tryout and rework
Tool maintenance

Figure 11.8: Cost Analysis Assumptions

a .

C .
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Two key assumptions were made in the cost analysis:

1. Gr/Ps stock sheet was purchased at $25.00/lb.

2. Labor rate for production and tooling was $50.00 per burdened
basic factory labor (BFL) hour.

The resul ts of the produc ti on run cos t anal ys i s are p resen ted i n F i gures
11-9 and 11-10 . The firs t unit total costs of each desi gn are essentially
equal (a coincidence ) because the GriPs design has lower fabrication hours

but high er mat erial cos t than the alu mi num des ig n. As the learning curve
(85~) becomes infl uential with increasing production units , the Gr /Ps
design offers costs savings of varying amounts (26% at 100 units). How-

ever , the Gr/ Ps design has higher costs after about 700 units because of
the (1) basic difference in material price and (2) diminishing labor cost

fraction (due to the learning curve assumption).

1-Jhile the assumptions used in this cost analysis are subject to debate ,
the results of the study indicate :

1. Gr/ Ps components have a potential for offering cost saving, as

wel l as wei ght saving, depending on the design application and

process development status.

2. The amount of cost savin g will depend on the actual l abor

rates , material purchase price , fa b rication hours and design
confi gura tion.

In the future (that all composite cost studies refer to), an i ncrease in
the labor rate will increase the cost savings and delay the cost cross-

over point shown in this study , providing the material price is achieved .

It is of importance to future app lication studies that there w ill be a

cost cross-over point as long as a s igni f icant  difference ex is ts  in the

100
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basic material price of graphite reinforcements and aluminum . A parallel

si tuation exi sts in the automotive industry wherein automobile bodies pro-

duced in hi gh volume -are made from low cost steel and not glass-rei nforced

plastic.
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• 12.0 DESIGN CONCEPT EVALUATION CONCLUSIONS

The graphi te re inforced thermoplast ic design concept , so far as developed
in this program, has shown to have promise for li ght , low-cost prima ry
aircraft fuselage structure. The sheet stock concept for Gr/Ps skin lami-
nates is interesti ng from the standpoints of a convenient vendor material
form, design versatility , low-cost production thermoforming, inspect-
ability , and reparability . The stringer sections that were developed are
also attracti ve, because of their simplicity , for production hardware. The
honeycomb sandwich ring stiffener concept used on the prototype components,
however, is not suitable for general applications because of vulnerabili ty
to damage; wi th addi tional development , the other thermoplasti c ring con-
cepts that were briefly studied would be preferred candidates.

From a weapon system performance point-of-view , the Gr/ Ps design concept
offers potential benefi ts similar to epoxy—based composites: weight
savings , fatigue resistance and corrosion resistance. Of interest with
respect to durability is the toughness exhibited by the Gr/Ps specimens
and components fabricated in this program. An area of concern is the sus-
ceptibility of polysulfone to attack by certain solvents (Ref. 1); this
problem could be sol ved by fusing a cladding of solvent resistant resin on
all expose d surfaces (in an IRAD program, Boeing successfully fused a
Gr/Ps lami nate with polyphenylene sulfide cladding).

Additional development of fabrication processes is required before the
cost saving potential of thermoplastics predicted in the comparative cost
studies can be realized. Final assembly of skins and stiffeners by inte-
gral fus ing (such as by the s i licone rubber pressure pad approach shown in
Figure 11-4) woul d result In a signifi cant cost advantage for the thermo—
plastic composites. Tooling devel opment Is needed to assume uniform pres-
sure hardware quality. In addition , the ri ng concept and cladding develop-

• ment suggested above is necessary for design practicality .
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The devel opment acti vi ties in this program were restricted to cylindrical
fuselage sections because of funding limi tations. Obviously, the potential
meri ts of thermoplastic composites need to be demonstrated in parts having

• double curvature wh ich is typ ical of aircraft contours. In order to
achieve post-formabilit y , modifications to the stock sheet configurations
developed in this program will be required.
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APPENDIX A

Design Drawing Assembly

SK-O31275OKO Skin Installation - Centerbod y Section

SK30675J1 Details -- Frame Section -- Centerbody (XBQt1-34E )

SK2 1775K0 Forward Longeron Load Distribution Panel --
Subcomponent No. 1

SK22175K0 Subcomponent No. 2

SSRR21475 Typical Aluminum Alloy Body Structure (Unpressuri zed)

SCRR22075 Typical Graphite Rei nforced Polysulfone Body Structure
(Unpressurized)
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APPENDIX B

POST TEST ANALYSIS

The GriPs Firebee center body section was successfully tested by NAVA IRDEVCEN

to the (1) recovery and (2) 5g maneuver design limi t conditions. Testing

of the Gr/Ps section was accomplished in accordance wi th the procedures
described in Section 10.0 (Component Test Program) of this report.
Installation of the Gr/Ps components on the center body section of a
XBQM-34E airframe is discussed in Section 3.0 (Demonstration Component
Design ). During testing, strain data was continuously recorded from
strain gages located on the Gr/Ps components as shown in Figure B-l .

Both limit load test conditions were preceeded by application of ten 50%
limi t load cycles . No significant deviation in strain response was
observed in the prel iminary load cycling. The testing was then continued
with application of five limit load cycles.

Figure B-2 summarizes the maximum corrected strain response recorded for
the final cycle of two limit load test conditions. In general , no
significant change was observed in the hardware and recorded strain data
during the limi t load cycles. Figures B-3 and B-4 are plots of selected
strain gage data that illustrate that the reinforced skin panels did not
buckle during testing.

In the 5g maneuver load tests, strains measured by gages 3, 4 and 5 on
the upper skin panel changed significantly in the second load cycle to
values that held essential ly constant to the fifth load cycle.
Figure B-3 is a plot of the strain response shift that occurred at

strain gage 4. Since no similar changes occurred in the more severe
recovery condition tests, the strain response change was probably due to
slip in the wing mount bolts or loading fixtures . In the second to
fifth limit load ings , the strain data indicates that the skin panel
responded with normal pre-buckling deformation having low resultant
composite stra ins.

B-I
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- The structural analysis performed on the Gr/Ps components identified

- 
panel buc kling as the most critical failure mode (see Figure 9-8, Marg ins-

— of-Safety Summary). Based on the component testing in which very

low prebu ckling strains developed , it is concluded that the Sr/Ps components

would safely sustain the ultimate design load conditions.
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GAGE NO. DATA RECOVERY CONDIT I ON 5G MANEUVER

CHANNEL CONDITION

0 64 -7l 6p€ -290

1 65 -118 -160

2 66 +267 +61
3 67 -498 -203

4 68 +383 -642

5 69 +429 -111

6 70 -682 -346

7 71 -1068 -432

8 72 -718 -420

9 73 -478 -204
10 74 -667 -298
1 1 75 -257 -52

12 76 -244 -326
13 77 -884 .340

14 78 -630 -170

15 79 +531 +216

Figure 3-2: f.laximum Recorded Strains (C’orrectedl In 5th Limit Load Cycle
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Figure B-3: Strain Data From Recovery Load Test Condition
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Figure 8-4 - Strain Data From 5g Maneuver Load Test Condition
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MATERIAL SPECIFICATION

TITLE : UNIDIRECTIONAL GRAPHITE PREIMPREGNATED TAPE;

THERMOPLASTIC MATRIX

1 ,0 INTRODUCTION

1 1  Scope

This specifkation establishes the requirements for thermoplastic resin impregnated

- 
multi—filament collimated graphite tape of intermediate strength graphite reinforce-

ment . The impregnated tape materials covered by this specification are intended

for use in the manufacture of structural aircraft and missile components w th

serv ice temperatures up to +250°F,

1 ,2 Classification

The material specified herein shall be classified in the following types:

T ype I - Prepreg made from intermediate strength fiber tow

material having o~iomina l fiber modulus of 30 x 106 psi.

Type II - Prepreg made from intermediate strength fiber yarn material

having a nomina l fiber modulus of 34 x i06 psi.

2.0 APPLICABLE DOCUMENTS

Except where specificall y indicated, the issue of the following referentes in

effect on the date of inv itat ion for bid shall form a part of this specification

to the extent specified herein .

a) MIL—STD-105 Sampling Procedures and Tables for Inspection

by Attributes .

b) ASTM D792 Specific Gravit y and Density of Plastics by

Disp lacement , Test for

C—3
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c) ASTM D790 Flexural Properties of Plastics , Methods of Testing.

d) ASTM D303 9 Tensile Properties of Oriented Fiber Composites,

Test for

e) ASTM D2344 Apparent Horizontal Shear Strength of Reinforced

Plastics by Short —Beam Method, Test for,
f) MIL-P-46120A Plastic Molding & Extrusion Material , Polysulfone

3 0  R E Q U I R E M E N T S

3 ,1 Reinforcements

3 .1 .1 Qualit y

The reinforcements used for each prepreg type shall meet the requirements

specified in Table I and the supp lier shall so certif y, The reinforcements shall

be suitable for the production of qua lity finished parts and therefore shall not

contain evidence of fuzzing, fiber deterioration, discontinuity, or foreign matter .

3,1 .2 Finish

Fiber finish shall be comp lat ible with the polysu lfone matrix ,

3,2 Matrix

The matrix material shall be a polysu lfone resin per MIL-P—46 120A Class I

(Ref 2.00 . The resin shall contain no fillers or modifiers , and

sha ll be free of foreign containments .

3.3 Prepreg Material

3,3.1 Physica l Properties

The prepreg shall conform to the requirements specified in Table II when tested

in accordance with the designated method .

C—4
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3.3.2 Workmanship

a) The reinforcement shall be completel y wetted with the resin

matrix, both on the surface and throughout the fiber bundle ,

b) The prepreg shall be free of foreign contaminants, wrinkles, twists,

and visual fiber damage.

Table I: REINFORCEMENT PROPE RTIES

REQUIREMENT
FILAMENT PROPERTY TYPE I TYPE II I -

Modulus of Elasticity, 106 psi 30 — 34 30 - 36

Tensile Strength, psi (minimum) 400,000 350,000

Filaments per Strand, (nominal) 10,000 3,000

Ffl ament Diameter , Microns 7.9 6.4
(nominal)

Yield, Yds. per Lb., (minimum) 480 2,600

Strand Twist per Foot, (maximum ) .2 .2

C—s 
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Tab le II: PHYSICA L PROPE RTIES — P R E I M P R E G N A T E D  MATERIAL

REQUIREMENT 
TEPROPERTY TYPE I TYPE II METHOD

Resin Content, % by wt . 30 - 36 30 - 36 4.o. 1
I

Vo latiles, % b y w t ., max . 3.0 3.0 4.6.1

Tack 0 0 4 ,6,2

Width, inches* 3 ~,10 3 t . 10 —

Strands (Tows ) per 3° width $ IL~ ~~ 56 -

* Unless Otherwise Stated on Purchase Order

c) Resin shall not flake or drop from the prepreg under

routine handling .

d) Individual tows or strands shall be parallel to the tape center-

line within t 4 degrees along their entire length,

e) Open space between fibers or tows shall not exceed .010 inches

w ide , nor more than 10 inches long, cumulative tota l for each

10 square feet of prepreg for the Type I, Open space between

strands shall not exceed .010 inches and strands shall be evenly

spaced for the Type II.

f) Length and width of the material shall be specified on the

purchase order .

g) Locat ion of sp l ices , etc . shall be clearl y indicated on the

se parator paper .

3 .3, 3 Storage Life

The materials shall be capable of meeting all requirements of this specification

for 1 year storage at + 77°E
C— 6
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- r 3 .4 Laminate Properties

Laminates, when fabricated per Section 6,3 from the preimpregnated materials,

sha ll meet the phys ical requirements of Table III and the mechanical propert ies

of Table IV.

3.5 Qualification

The graphite prepreg furnished to this specification shall be a product which has

been tested and successfull y passed all qua lification tests s pecified herein . All

material purchased to th is specification shall have been qualified for listing on

this specification ’s qualified producs list (QPL) at the time set for opening of bids ,

Table ill: PHYSICAL PROPERTIES OF LAMINATE

REQUIREMENT EPROPE RTY TYPE I TYPE II METHOD

Specific Gravity, g/cc 1,53 (Mm ) 1.53 (Mm ) 2.Ob

Fiber Volume Content, % 56 - 62 56 — 62 4 .6.3
Void Content, % 3, (Max) 3, (Max) 4 .6.3

Th ickness per Ply, inches .007 - .008 .005 — .006 4.6.4

C—7
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Table IV: MECHANICAL PROPERTIES OF LAMINATE

REQUIREMENT 
EPROPE RTY 

TYPE I TYPE II  
- 

METHOD

Flexura l Strength, psi

÷70°F 175,000 175,000 4 .6.5

+250°F 130,000 130,000 4 .6.5

Flexural Modulus, io6 ps~

÷70°F 13 13 4 .6,5
÷250°F 12 12 4 .6 5  -

Tensi le Strength, psi
- 

- 

+70°F 180,000 180,000 4.6,6

Tens fle Modulus, io6 
~~

÷70°F 16 16 4 .6. 6

lnter lamina l Shear Strength , psi

9-70°F 10,000 * 10,000 * 4 ,6.7
÷250°F 6,000 * 6,000 * 4 6 , 7

Min mum Average of 5 Specimens , Normali zed, Except as Noted , to
60% Fiber Volume . Elevated Tem perature Tests Require 0.1 Hr. Soak
at Temperature. All Spedmens Nomh,aIiy 0. 10” Thick for Flexura l and
ILS property determinations and 0. 04”thick for tension property determinations .

* Values Not Normalized.

L 
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4.0 QUALITY ASSURANCE PROVISIONS

4 ., 1 Responsibility for Inspection

The vendor shall supply all samples and shall be responsible for performing
all requ ired tests , Results of all tests shall be reported to the purchas er as

requi red by 6,2. Purchaser reserves the ri ght to perform such confirma tor y

test ing as deemed necessary to assure that material conforms to the require —

ments of this specification .

4.2 Classi Ficat ion of Tests

4.2, 1 Qualification Testin g

Qualification testi ng shall include all examinations and tests required by this
specification .

4,2.2 Quality Conformance

Quality conformance tests shall inc lude the tests specified in Table V.

4.3 Suppl ier Quality Control

The Quality Conformance Tests indicated in Table IV shall be performed by
the supplier * on each production lot of preimpregnated material.

Supp l iers shall furnish actua l test data showing conforma nce to this specificat ion
and shall identify such data with the applicable specifica fl on revision letter in
effect . The supp l ier shall include a copy of prepreg test data for each batch of
prepreg offered. All of the identif y ing information of 5.! shall be included in
the prepreg test data .

The supplier shall maintain for a per od of one year records of the certifie d
properties of each lot of raw material used in production of prepreg purchased
to th is specification.

* Supp l iers shall either have the facilities required to test in accordance with this
speci fi cation or shall utilize the serv ces of an outside laboratory, sub ject to- - approva l of the purchaser s Quality Assurance orga niLati on .

C—9
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Tab le V : CLASSIFICATION OF TESTS )

Quolifi- Quality )

catio n Conformance Test
Tests Requirement Test T —S t Method

PREPREG TESTS 
-

Nongraphite Content 3.3. 1 X X 4 .6. 1
Vo lati les 3.3. 1 X X 4.6.1
Tack 3.3. 1 X X 4 .6.2
Visua l Examination 3.3.2 X X 3.3.2
Storage Life 3.3.3 X 3.3.3

LAMINATE PHYSICAL TESTS

Specific Grav ty 3.4 X X 2.b
Fiber Volume 3. 4 X X 4 .6.3
Void Content 3,4 X X 4 .6.3 )
Thickness per ply 3.4 X X 4 .6.4

LAMINATE MECHANiCA L T ES T S )

Tensi le Strength & Modulus 3.4 X 4 .6.6
Flex ure Strength & Modulus 3.4 X X 4 .6.5
Interlaminar Shear Strength 3.4 X X 4.6 .7

I

F - 
-
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The properties sha ll include as a minimum the reinforcement properties of Table I,
and con firmation that the matrix resin conforms to the requirements of

MIL—P—46 l20A Class I , (2.01) .

Certified raw material properties shall be made available to purchaser Quality
Control on request .

4 ,4 Purchase Quality Control

a) Purchase Quality Control shall review supplier test data and per-

form any additional inspection or testing necessary to assure that the

production material meets all the requirements of this specification.

b) Purchase Quality Control shall perform the following tests as a

minimum on each production lot of material:

(1) V suol Examination per 3.3,2.

(2) Prepreg phys ical tests per Table II. -

(3) Any additional inspections or testing deemed necessary

to assure that the preimpregnated material meets all the

requirements of this specification.

4 .5 Sampling

Sampling Schedu le: Prepreg propert y measurements shal l be in acco rdance with
Sing le Sampl ing for Normal Inspection , General Ins pection Level II , w ith an
Acceptable Qual ity Level (AQL) of 1.5 specified in MIL-STD-105, (ref . 2a)

as shown in Table II. Test specimens shall be taken at random throughout the

lot , exce pt that there shall be no sp l ices in test material . Mechanical proper-
t ies on laminates , per Tables Ill and IV , shall be determined once per lot, The
frequency of samp l ing for laminate properties shall be not less than 4 determina-
t ions for each test, unless otherw ise specified.

c— il 
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Table V : SAMPLING SCHEDU LE S

Number of Spools Number of Spools From Which
Per Lot Samples Are to Be Taken Accept Reject

1 1 0 1

2 - 8  2 0 1
9 - 1 5  3 0 1

16 - 2 5  5 0 1

26 - 50 8 0 1

51 - 90 13 0 1

91 - 150 20 1 2

151 — 280 32 1 2

281 — 500 50 2 3

4.6 Material Test Methods

4 .6. 1 Resin Content and Volatile Content

(a) Cut three samples two inches square, from different areas of the
prepreg, combine, and weigh to the nearest milligram (W 1)

(b) Dry the samples for 30 minutes at +250 — 275°F and re-wei gh to
the nearest milligram (W 2 )

(c) Place all three samples in a beaker containing 100 ml of methy lene

chloride and allow to stand approximate ly 5 minutes with sli ght agitation,

(d) Decant the solvent and repeat Step (c) two more times, each time

taking extreme care not to loose any fibers in the decanting process .

~~~) 
Dry the fibers for 60 minutes at 250°F - 275°F.

(f) Weigh Fibers to the nearest milflgvam (W3)

c-li 
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(g) Calculate :

• W 1 — W 2
-. % Volatile Content = x 100

Where : W 1 
= Original Sample Weight

W2 
= Dried Samp le Weight

I

W - W
Resin Content % = 

2 3 x 100
W2

Where : W2 Samp le Weight Prior to Extraction

- 
W3 

= Weight of Extracted and Dried Fibers.

4.6,2 Tack
4 -

~ Prepreg shall be considered to have zero tack when folded upon itself and

4 the plies do not adhere together when finger pressure is applied.
4 - 4

If the plies adhere, the material shall be rejected .

4.6.3 Fiber Volume and Void Content
4

(a) At least 10 determinations shall be made for qualification testing
and at least 4 determinations for acceptance testing.

(b) Cut 1 -inch square samples from as many separate panels made for

4 Laminate Mechanical Properties (Table IV) as possible (or taken from

-‘ tested specimens), and weigh each sample to the nearest milligram, (Wc
)

(c) Place each sample in a beaker containing 100 ml of methylene chloride, cover,
and allow to stand 24 hours at room temperature.

: : 
(d) Decant the solvent from the fibers . Thoroughly wash the fibers with

fresh methy lene chloride taking care during the washing and decanting
4 —

operations not to loose any fibers.

C— 13
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0 0
(e) Dry the fibers for 1 hour at 250 F — 275 F, then allow to stand at

~-72°F ~. 5°F and 50 ~ 10% re lative humidity for 2 hours minimum .

(F) Wei gh the fibers to the nearest milligram, Wf.

(g) Calculate fiber volume (V f ):

W f% Fiber Volume = V1 
= —

~
j.— x ~~~~— x 100
f c

Where Wf Wei ght of Fiber

W = Original Wei ght of Composite Samp le

Pf = Density of Fiber (From Supplier)

= Density of Composite per 2.0 b

(h) Calculate Void Content (V ):

W
r Pc

% Void Content V 100 - ( V~ 

~~~ 
w

Where W = W - W
r c I

p = Density of Resin (From Supplier)

4.6.4 Ply Thickness

Thickness per ply shall be determined by measurement of the panels prepared

for tensi le and flexura l test or standard control panel using a ball—tippe d

micrometer . The reported ply thickness shall be the average of at least 10

determinations on each panel measured

Laminate Thickness
Ply Thickness = No, of Pl ys in Laminate

C— 14
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4 .6.5 Flexura l Strength and Modulus

Flexural strength and modulus shall be determined in accordance with

Reference 2 .Oc , Method 1, Procedure A using a span—to —depth ratio of 32:1
and a loading fixture having 1/4 inch diameter points.

4 .6.6 Tensi le Strength and Modulus

Tensile strength and modulus shal l be determined in accordance with
Reference 2.Od .

4.6.7 Interlaminar Shear Strength

Interlaminar shear streng th determinations shall be conducted in accordance

with Reference 2.Oe at a span—to-depth ratio of 4:1.

5 ,0 PREPARATION FOR DE LIVE RY

5. 1 Moterial Identification

Place the following information on a label on each prepreg container.

a) Vendor Material Designation and/or Identification Number
b) Lot Number

c) Boeing Material Specification 
_____

. Type 
_____

d) Boeing Purchase Order No. 
_____

e) Quant ity 
_____ 

Width 
_____

I) Manufacturer

g) Date of Impregnation 
______

h) Resin Content 
______

i) Vo latile Content

I) Inspected by 
__________________

k) Exp iration Date 
_______ 

( 12 months from impregnation date)
I) Graphite Lot No. 

_______

m) Resin Lot No. 
_______

C—15
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5.2 Packaging

5.2 . 1 Packaging Spoo l

Unless otherwise spe c ified, tape mater ial shall be wound on spoo l s not less

than 7 .55 inches in diameter and interleaved with nonadherent paper . Winding

shal l be uniform and sha ll provide for proper unree ling, Tape ends shall be

secured -

5,2,2 Package Sealing

Unless otherwise specif ied, each spool of material shall be sealed in an individual

bag of suitable nonadherent materia l to prevent contamination and penetration of

moisture .

5.3 Exterior Packag ing

5,3,) Packing

The protected spoois of material shall be packed in an exterior shipping container

identified with a package number and capable of protecting the materia ls adequate-

ly during transit , and meeting the minimum requirements of carrie r rules and

regulations applicable to the mode of transportation.

5.3.2 Marking of Exterior Package

Eac h exterior shi pp ing container shal l be legibly marked with the following infor-

mat ion in such a manner that the markings shall not smear or be obliterated during

norma l handling or use.

TAPE ; GRAPHITE , THERMOPLASTIC RESIN IMPREGNATE D TOW (YARN)

PURCHASE ORDE R NUMBER 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

MANUFACTURE R’S MATERIAL DESIGNATION 
_ _ _ _ _ _ _ _ _ _ _ _ _ _

LOT AND PACKAGE NUMBERS 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

QUANTITY 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

EXPIRATION DATE 
_ _ _ _ _ _ _ _ _ _ _ _ _ _

C—16
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6.0 NOTES

6.1 Intended Use

The material described herein is intended for use in making structural composites for

use temperature to +250°F where a high ratio of stiffness-to-wei ght or strength—to-we ight

is required . The various types described reflect the range of commercially available

graphite fiber.

6.2 Qualification

(a) Direct all requests for qualification ~o a representative of the Materiel Department

of The Boeing Company who will specify data and samp les desired for qualification

purposes .

(b) Test data supplied in duplicate must give individual test values obtained (and not

use the word “conforms ”) showing the material meets all the requirements of this

specification for type submitted . The test facility (supp lier or test laboratory )

used in determination of the data shall be identified .

(c) The qualification sample shall consist of one representative production samp le of

the part icular type under which the supplier elects fo qualify.

(d) Qualification requires successfu l comp letion of all requirements of this
spec ification .

(e) After review of supplier data and Boeing tests by the applicable Engineering Staff-
Materia ls and Processes Unit, the supp lier will be advised as to whether or not the
material has been qual ified.

(f) Vendor shall establish the control factors of processing which were used to produce

material meeting all requirements of this specification . These shall constitute

the approved procedures and shall be used for manufacturing production material.
If necessary to make any change in contro l factors of processing which could affect
quality or properties of the material , vendor shall submit for reapproval a stateme nt
of the revised procedures and, when requested, sample material. No product
material incorporating the revised procedures shall be shipped prior to receipt of

approval.
C—1 7
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6.3 Laminating Procedure

Laminates for Qualification and Quality Assurance tests shall be fabricated as follows:

a) Lay up the required number of ptie s* of prepreg into a unidirectional laminate

and vacuum bag as shown in Fi gure 1 .

FIGURE 1 BAGGING SYSTEM

_ _ _ _ _ _ _

6

(1) Graphite/Polysulfone Laminate

(2) Parting film , 5 m il Kapton (6. 51,) coated with Frekote 33 (o.Sc)

on part side, Note: 1 1/2 times around part prevents side wash of fibers.

(3) Bose Plate

(4) Bag Sealant, high temp., (6.5e).

(5) Pressure plate, shown as used in press. (Place inside bag and cover

w ith 181 glass cloth for autoclave use.)

(6) Bleeder cloth , press position (6.51)

(7) Bag fi lm, 2 mil Kapton (ó .5a )

(8) Clamp ing frame -used to hold down edge of bag

b) Cure, using an autoclave or press , according to the following schedule and

maintain greater than 20” Hg vacuum throughout entire cure .

(1) Heat at convenient rate to 650°F

(2) App ly 200 psi
(3) Hold for 10-30 mins . depending on part heat-up rate (i .e.,autoclave

__________ 

generally 10 mins. hold time and preheated press about 30 mins.)

* Number of prepreg p lies wil l  vary depending on the type of prepreg (Type I or II)

and the laminate thic.. ‘ess (0.040” or 0.10”).
C—i 8
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(4) Cool under pressure to 200°F at a rate of 3°F/mm (maximum) .

6.4 Lot
—

A lot is defined as all the material produced in a sing le production run, made from the

~ ,- 
same batches of raw materials, under the same fixed conditions, and offered for delivery

at one time .

4 ,

6.5 Materials

a) Bog film, 2 mil thick, Kapton film, type H, E.l. duPont deNemours & Co.
1 b) Parting film, 5 mil thick , Kapton film, type H, E.I. duPont deNemours & Co.

c) Mold Release, Frekote #33, Frekote, Inc., Boca Raton, Fla. 33432

d) Methylene Chloride, reagent grade.

e) Bag sealant, high temp (650°F), suggest freshly milled and extruded silicone

rubber stock ( uncatalysed) S .W .S. 7220, 20 duro .
- 1) Bleeder cloth, any suitable gldss fabric.

a

‘I,
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ERRATA

Reference: NADC Contract N62269—74-C-0368 - Development of a Low-Cost
Graphite Reinforced Composite Primary Structural Component

Several errors were inadvertently incorporated in the subject report and
should be noted.

Page 6 — Next to last sentence of last paragrapI~ should read “Becauseof increased structural efficiency of the Gr/Ps composite,
ring sti ffener segments are not needed to replace the metal
ring sections cut away at stations 250.06 and 266.62.”

Page 13 - 2nd line , “isotopic” should read “isotropic.”

Page 22 - 2nd line from bottom, “memeer” should read “member.”

Page 42 — 3rd line , 2nd paragraph , delete “the equipment used for the
holographic it’spection was a Holosonics brand , M3del 100
Through Transmission Acoustic ’Holography System.”

Page 68 - Last line , Figure 94 should read Figure 9-4.
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