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SUMMARY

A damage tolerant hybrid composite fuselage section has been designed,
fabricated and tested., One of the key features of this structure is the
integral crack arresters which have been incorporated into the design to
increase its tolerance to damage, either inherent flaws or battle induced
damage, The ability of the design to withstand critical flight loads has
been demonstrated by both analysis and test, The effectiveness of the crack
arresters, which are designed to stop a propagating crack (damage) and still
allow the structure to carry limit load, was proven in a series of tests where
the initial damage was of two types, a preformed crack cut with a saw blade and
that resulting from projectiles fired into the shell. The design has been
completely analyzed using finite element techniques and shown to save both
weight and cost over its metal counterpart, Analysis and testing of composite
panels has also been done to investigate failure modes and establish design
criteria for crack arrester designs,
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1.0 INTRODUCTION

Existing composite technology, based upon conservative metal-replacement
philosophy and applied to individual secondary and small primary structures,
has demonstrated significant structural advantages and has matured sufficiently
to support a broader/total system application., Maximum composite payoff is
recognized to be attainable through reconfiguration in the initial conceptual
design, In-depth investigations to fully explore the potential cost and per-
formance advantages of composites must exploit the tailorability and improved
formability of composites, Cost reduction, weight reduction, and high toler-
ance to damage require design of the structural material system concurrently
with the internal structural arrangement, An RPV provides a low risk/moderate
cost opportunity to seek maximum utilization of composites at each level of
design and mamufacture,

The objectives of this program, therefore, are to develop a composite
fuselage design which is low in cost compared to conventional metal design,
affords increased survivability with respect to inherent flaws and hostile
action and the resulting damage, and at the same time has reduced weight,

The center fuselage section of the BQM-34E Remote Piloted Vehicle, Figure 1-1,
was selected as the demonstration vehicle for this design/development. Although
the technology presented here is directly applicable to manned aircraft, the
RPV affords a basis for comparison between an inproduction, operational, metal
counterpart and the redesigned composite version, and it provides an opportunity
for near-term flight demonstration in both the subsonic and supersonic regimes,
This same vehicle has been used as a test bed for an all graphite epoxy wing
which was designed and fabricated at the Naval Air Development Center and

which is currently flying on operational vehicles as part of the Navy's service
evaluation program. This center fuselage section provides a practical design
model since it contains access doors, wing attachment points, external fuel

tank attachment and the recovery parachute line attachment,

The center fuselage section of the BQM=-34E is 1.04m (41 inches) long, from
station 233,5 to 274.1 and .63m (25 inches) in diameter, The metal design is
aluminum sheet with reinforcing frames, a shear web which distributes para-
chute loads, a keel which reacts bending and external fuel tank loads, and a
strongback which reacts parachute loads, Figure 1-2,

The through-wing is attached to this section in the upper portion of the
cross section and an overwing structure covers the wing and closes out the
circular shape, A large access door is at the bottom and runs the entire
length of the section,

The overall procedure and work flow followed in this program is shown
in Figure 1-3., The loads and criteria used were those of the BQM-34E,
Studies were made from which material and type of construction were selected.
Preliminary design and subcomponent testing were based on material properties
determined analytically from micromechanics analysis of the selected material,
At the same time fabrication processes were established and material coupons
were fabricated and tested to characterize the material. Detailed design of
the fuselage and a cylindrical test specimen were based on material properties
from this characterization.
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igure 1l-1. BQM-34E Point Design




NADC-77140-30

Criteria Loads BQM- 34E

Requirements - Point Design

Structural Honeycomb
Trades > Sandwich
a Structure
Material . Glass/Graphite
Trades o Hybrid

Micromechanics Fabrication
Analysis Tooling & Process
Y v
R _— M ri
Initial Sizing aterial
Characterization

A

Subcomponent
Testing
Detail Design
y
Cylinder
yTest Fuselage
’ Test

Figure 1-3. Low Cost, Survivable Composite Fuselage
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2,0 DESIGN CONDITIONS

In designing the composite fuselage section, two design conditions were
considered, based on a review of the metal design, These conditions are
identified in references (1) and (2) as conditions 4PX02, recovery, and
2SD02, 5g maneuver, The first, and most important, condition is a recovery
condition in which 7.4g is developed by a 66720 N (15,000 1b.) load on the
parachute line which is attached at the top of the fuselage near the forward
end of the center section., The inertia loading of that part of the fuselage
forward of the center section produces a large bending moment, which is
applied to the center fuselage section. It is this condition that sizes the
center fuselage shell, Figure 2-1, The 5g maneuver in free flight produces
maximum wing bending combined with concentrated loads on the keel from an
external fuel tank, Figure 22, This condition induces local load in the
fuselage in the circumferential direction, and the shell must be checked
for its ability to react these loads.

It should be pointed out that the loading applied at the forward end of
the center fuselage section, station 233,5, is not applied around the complete
periphery of the fuselage. This is due to the geometric shape of the fuse-
lage structure in the equipment compartment which is forward of this center
section, Just forward of station 233.5,this structure extends just slightly
over the upper semi-circle of the center fuselage shape, with longerons at
the lower extremeties, Figure 2-3, This results in some buildup of load
opposite these longerons, but leaves the lower portion of the center fuselage
at station 233.5 unloaded. This is important since it is at this point that
maximum compressive stresses in the center fuselage occur,

3.0 STRUCTURE/MATERIAL SELECTION

At the outset it had to be recognized that three basic goals were in-
fluencing the selection of a material and type of construction for the fuse-
lage. These, in order of importance, were low cost, improved survivability,
and decreased weight,

The achievement of low cost depends on many factors such as design
costs, raw material costs, manufacturing costs and if a cost comparison is
to address total life cycle costs, considerations such as maintenance, re-
placement, repair and the like must be included, This study considers only
the first, cost of designing and building the fuselage component,

One of the principle approaches used to reduce costs in designing with
composite materials is to reduce total parts count. The existing metal fuse-
lage is a semi-monocoque design, with frames and longerons. The skin is
critical in buckling. In order to make a reduction in parts count and at the
same time maintain a high resistance to buckling, honeycomb sandwich construc-
tion was chosen for this study. Reduction in parts count would be achieved
by elimination of the intermediate frames and longerons.

11
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Figure 2-3,

Fuselage Cross-Section Forward of Station 233.5
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Candidate materials for this design were graphite-epoxy and glass-epoxy.
Fuselage designs with each material in a 09 #45° configuration were analyzed
for the critical conditions and small sandwich specimens of both were tested.
As a result of this analysis and testing the use of glass-epoxy faces for the
honeycomb sandwich was ruled out for the following reasons. First, the glass
design is heavier than the graphite. It also appeared that it would be marginal
with respect to weak direction (circumferential) strength., Its lower stiffness
makes it less effective in buckling, and also forces more load into metal com-
ponents which will not be replaced with composite material,

On the other hand, glass-epoxy is a tough and compliant material for
fracture, and it is a good material for softening strips used for crack arrest-
ment. In addition, successful experiments had been performed at this time using
glass crack arrester strips to stop cracks in graphite-epoxy panels. Therefore,
the decision was made to use a hybrid composite for the honeycomb face sheets,
cambining the strength and stiffness characteristics of the graphite with the
toughness of the glass, The basic design is a two ply inner face with 0°
graphite, *45° glass fabric, and a 3-ply outer face also with 0° graphite but
with two *45° plies of glass fabric, the second glass ply being for added
protection of the outer face against damage.

4.0 MATERIAL CHARACTERIZATION
4,1 INTRODUCTION

Material property characterization was performed on two basic hybrid
material systems, one with 507 glass, representing the inner face, and omne
with 2/3 glass, representing the outer face. Both configurations consisted
of unidirectional graphite in the 0°, or longitudinal direction, and woven
glass fabric oriented in the #45° direction. Information was desired for
tension and compression in the longitudinal and transverse directions, inter-
laminar shear and in-plane shear,

The test specimens were fabricated using NARMCO 5209 unidirectional
graphite prepreg and prepreged Hexcel F1l61 woven glass fabric. The materials
were cured at 125°C (255°F) and 350 kPa (50 psi). For the outer face con-
figuration, 12 plies were used, 8 glass and 4 graphite, and for the inner
face configuration 8 plies were used, 4 glass and 4 graphite.

4.2 SPECIMEN CONFIGURATION

The four test specimen configurations are shown in Figure 4-1, All are
basically flat laminates except for the tensile specimens which have end
tabs bonded on for gripping.

4,3 RESULTS
The results of the material characterization tests are given in Tables
4-1 to 4-10, Tension and compression results in both the longitudinal and

transverse directions are given, as well as in-plane and interlaminar shear,
and Poisson's ratio,

14
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L 1 I Dimensions in centimeters
3.81
i
-
15.24 3.81
22.86j
L [ < 2.54—
N Compression
- <254
Tension

1524 O O _

O O

<64~ U

Interlaminar Fe——0 762 —

Shear
In-Plane Shear

Figure 4-1., Test Specimen Configurations
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TABLE 4-1

HYBRID PANEL A (INNER FACE, 50% GLASS)

LONGITUDINAL TENSION TESTS

SPECIMEN ULTIMATE STRENGTH MODULUS
WPa  KSL GPa  MSI
1 705 102,3 72,4 10.5
2 659 95.6 69.6 10.1

3 642 93.1 - -
4 683 99.1 69.6 10.1

5 694 100.7 - -

6 638 92,6 - -
Average 670 97.2 70.5 10.2
Standard Deviation 27.9 4,06 1.6 .22
Variance 779.7 16.48 2,6 .05
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TABLE 4=-2

HYBRID PANEL A (INNER FACE, 507% GLASS)

TRANSVERSE TENSION TESTS

SPECIMEN ULTIMATE STRENGTH PRIMARY MODULUS SECANT MODULUS
MPa  KSI GPa  MSI gpa  MSI
1 148 21.4 - - -
2 149 21,6 4.4 2,09 8.8 1.27
3 145 21,0 14,0 2,03 9.7 1.40
4 141 20.4 12,9 1.87 9.9 1.44
5 154 22,3 - - - -
.6 156 22,6 - - - -
Average 149 21,5 13,8 2.00 9.5 1.37
Standard Deviation 5.6 .81 .78  .114 .58 .089
Variance 31.0 .66 .60 .013 .34 .008
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TABLE 4-3

HYBRID PANEL A (INNER FACE, 50% GLASS)

COMPRESSION TESTS

LONGITUDINAL TRANSVERSE
SPECIMEN ULTIMATE STRENGTH ULTIMATE STRENGTH

MPa KSI MPa KSI

1 524 76.0 221 32,1

2 - - 206 29,9

3 530 76.9 207 30.0

4 - - 234 34.0

5 543 78.7 216 31l.4

6 548 79.5 226 32,8
Average 536 77.8 218 3L.7
Standard Deviation 11.1 1.62 10.9 1.61
Variance 124,2 2,62 119.4 2,58
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TABLE 4-4

HYBRID PANEL A (INNER FACE, 507% GLASS)

INTERLAMINAR
SPEC IMEN STRENGTH
MPa  KSI
1 52 7.5
2 57 8.3
3 47 6.8
4 47 6.8
5 43 6,2
6 52 7.6
7 54 7.9
8 55 8.0
9 55 8.0
10 52 7.6
11 57 8,2
Average 52 7.5

Standard Deviation 4,5 ,67

Variance

20,3 .45

SHEAR TESTS
IN=-PLANE
PRIMARY SECANT
STRENGTH MODULUS MODULUS
MPa KSI  GPa MSI  GPa  KSI
168 24,3 7.7 ~1l411 6.2 0.90
161 23.4 8.5 1,23 7.1 1,03
157 22,7 8.2 1.19 5.0 0.73
142 20,7 9,2 1.34 5.2 0.75
143 20,7 6,6 .96 5.6 0.81
157 22,7 8.3 1,20 5,9 0.85
155 22,4 8.1 1,17 8.1 0.84
10,3 1.45 .38 .13 .76 .11
105.1 2,09 o 77 .02 «58 .01
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TABLE 4=-5

HYBRID PANEL A (INNER FACE, 507% GLASS)

POISSON'S RATIO

SPECIMEN Vi2 Va1
1 615 -
2 .543 -
3 - .09
4 616 .09
Average 591 .09
Standard Deviation 042 0.0
Variance .0018 0.0
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TABLE 4-6

HYBRID PANEL B_(OUTER FACE, 2/3 GLASS)

LONGITUDINAL TENSION TESTS

SPECIMEN ULTIMATE STRENGTH MODULUS
MPa KSI GPa _MST

1 540 78.3 46,1 6.69

2 424 61.5 - -
3 452 65.6 48,5 7,03
4 592 85.8 51.3 744
5 510 74,0 48,0 6,96
6 442 71.3 47,0 6,81
Average 502 72.8 48.2 6.99
Standard Deviation 60.5 8.75 1.97 -29
Variance .3658 76.5 3.90 .08
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TABLE 4-7

HYBRID PANEL B (OUTER FACE, 2/3 GLASS) »

TRANSVERSE TENSION TESTS

ULTIMATE PRIMARY SECANT
SPECIMEN STRENGTH MODULUS MODULUS
1Pa KST GPa  MsI GPa  mST
1
2 182 26.4 - - - -
3 182 26.4 16,1 2,34 9.7 1.41
4 173 25.1 15.4 2,23 9.5 1,38
5 172 25,0 15,0 2,18 9.5 1.38
6 172 25,0 14,6 2,11 9.9 1.43
Average 176 25,6 15.3 2,22 9.7 1.40
Standard Deviation 5.3 .75 .64 .097 .19 .025
Variance 28,2 «56 4l .009 .04 .0006
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TABLE 4-8

HYBRID PANEL B (OUTER FACE, 2/3 GLASS)

COMPRESSION TESTS

LONGITUDINAL TRANSVERSE
ULTIMATE STRENGTH ULTIMATE STRENGTH
MPa  KSI MPa  KSI
370.2 53.7 248 36,0
496 71.9 267 38.7
- - 236 34.3
481 69.8 199 28.9
494 71.7 243 35.2

418 60,6 - -
472 65.5 239 34,6
36.8 8.08 24,9 3.36
1352 65.30 622,3 12,93
23
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TABLE 4-9

HYBRID PANEL B (OUTER FACE, 2/3 GLASS)

INTERLAMINAR SHEAR TESTS »
SPECIMEN ULTIMATE STRENGTH
MPa KSI
1 59 8.6
2 56 8.1
3 57 8.3
4 57 8.3
5 56 8.1
6 55 8.0
7 56 8.1
8 54 7.9
9 54 7.9
10 : 57 8.3
11 - -
12 57 8.2
13 58 8.4 )
Average 56 8.2
Standrad Deviation 1.5 22
Variance 2,2 .05
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TABLE 4-10

HYBRID PANEL B (OUTER FACE, 2/3 GLASS)

POISSON'S RATIO

SPECIMEN 12 V21
1 .625 -
2 - -
3 .625 .134
4 - -
> - =134
Average .625 <134

25




NADC=-77149-30

5.0 FUSELAGE DESIGN AND ANALYSTIS
5.1 INTRODUCTION

Previous sections of this report have described the point design vehicle,
its critical flight conditions and the design concept and materials being
used., Complete specification of the design details, and substantiation of
the design was accomplished by the stress and stability analysis of the sec-
tion, the testing of small subcomponents representing the edge closeout
design, the fabrication and testing of a full-scale cylindrical shell of the
same basic design as the fuselage section, and finally the fabrication and
testing of the actual fuselage center section installed on the BQM~34E RPV and
subjected to the critical flight conditions, These subjects will be covered
in this and the remaining sections of this report, starting with the stress
and stability analysis in this section,

5.2 DESIGN DESCRIPTICN

The basic design for the composite fuselage is a honeycomb sandwich
structure, Figure 5-1, consisting of a 6,4mm (1/4 in,) thick aluminum honey-
comb core and two hybrid composite faces, The inner face is made up of one
ply of glass fabric next to the core, with the fibers oriented at *45° to
the longitudinal direction, and one ply of unidirectional graphite oriented
at 0°. The outer face is similar with a second layer of *45° glass fabric on
the outer surface for additional impact and damage resistance, All areas
near bulkheads, doors and other attachments have additional plies for rein-
forcement and introduction of load into the sandwich, The general approach
to this reinforcement was to make each face in the reinforced areas four
plies thick, two plies of unidirectional graphite and two plies of glass
fabric. The closeout area contained additional plies for load introduction
and for riveting, with a total of 16 plies, 8 unidirectional graphite and
8 glass fabric, at the areas where the two faces come together, Figure 5-2.

Both faces contain integral crack arrester strips which run in the 0°,
or fore/aft, direction of the fuselage. They are formed by replacing the
0° graphite epoxy with 0° glass epoxXy, so that the arrester strip is all
glass epoxy while the primary material is a hybrid of both graphite and glass
epoxy. The entire layup is shown in Figure 5-3, Table 5-1 lists the
materials used,

This composite design for the center fuselage is a replacement primarily
for the metal skins of the existing production design. However, due to the
stiffness of the sandwich comstruction, the intermediate frames and the two '
longerons on either side of the fuselage can also be eliminated. In order
to make sure that no concentrated loading is applied to the section in the
circumferential direction from the wing attachment bolts, the middle six
beolts and attachment fittings are eliminated and the composite design is
based on a four bolt wing attachment, rather than a ten bolt as exists on
the metal design. Figure 5-4 shows a compariscn of the metal and composite
designs,
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‘ Graphite/Epoxy, Unidirectional
,{ 0°, AS/3501
Glass/Epoxy, Fabric *45°

Crack Arrester Strips

Figure 5~1, Fuselage Honeycomb Sandwich Design
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e Pumeysking plys 11 thru 16

H

§
f; /*“ﬂrcloséaut reinforcement plys 8,9& 10
== Quterskin, plys 1 thru 7

281

A \

4 7 d ens i t‘y 4 A luﬁ'li um

epoxy core fill Honeycomb core
(64 cry)

Figure 5-2, Closeout Section Design
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Glass Fabric, *45°

Glass, 0°

Graphite, 0°

Glass Fabric, *45°

Aluminum Honeycomb

Glass Fabric, *45°

Graphite, 0°

Figure 5-3, Hybrid Sandwich Layup
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TABLE 5-1

HYBRID COMPOSITE SANDWICH MATERIALS

FACES

Hercules AS/35C1 Unidirectional Graphite Epoxy

CORE

Hexcel 1/8 =~ 5056 = .0007 ~ 3,1 Aluminum

ADHESIVE

Fuselage - Narmco Metlibond 329-7

CORE_FILLER

Furane Epocast 1310

ARRESTER STRIPS

3M Scotchply Glass SP-250-SF1
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COMPOSITE DESIGN

Figure 5-4, Comparison of Metal and Composite Center Fuselage Designs
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Complete details of the fuselage design are shown in Figures 5-5 to 5-8
which are the fabrication drawings for the left and right side panels, the
left side access door and the bottom fuel tank access door., These four parts
comprise the center section composite design, Aside from the parts which have
been eliminated, as previously discussed, the rest of the center section
remains metal, Figure 5-8a shows composite panel attachment to metal substructure.

5.3 MATERIAL PROPERTIES

Two sets of composite material properties were required for designing
this structure; one set, called outer face properties, used for the 3 ply
outer face of the sandwich, and the other set, called inner face properties,
used for the 2 ply inner face, the 4 ply inner and outer faces in those areas
where additional material was added for reinforcement and the 16 ply solid
laminate sections. The properties are given in Table 5-2, The basis of
these properties is as follows. Allowable strengths were determined by
reducing the average valves from the characterization tests by 30%, This
allows for scatter in the data and provides a measure of conservatism, The
modulus data from the tests were analytically modified to account for the
fact that the material characterization specimens were made from ,190 mm
(.0075 in,) graphite fibers while the actual fuselage was to be made from
«152 mm (,006 in,) fiber., This caused the longitudinal modulus to be reduced
about 10% from the test values and the transverse and shear modulii to
increase slightly,

5.4 NASTRAN MODEL

Figure 5-9 shows the modeling of the skin portion of this center section.
In addition, the bulkheads at stations 233,5 and 274,1, the shear fitting
between stations 233.5 and 241.8, the partial bulkhead at station 241,8, the
strongback, the overwing fairing formers, and the roof structure were also
modelled, These are shown in Figures 5-10 to 5~15, 1In all this modeling)
advantage is taken of the left/right symmetry of the fuselage,

For the plate elements which make up the composite fuselage skin elements,
general triangular plate elements (CTRIAL) were used for the sandwich elements,
and CTRIR2 for the solid laminates, The first is useful for sandwich construc-
tion since it allows the specification of separate properties for membrane,
bending and shear behavicr. As previously mentioned, two sandwich configura-
tions were used, the basic sandwich consisting of a 3 ply outer face and
2 ply inner face, and a reinforced section where both faces are 4 plies,

Table 5-3 shows the properties for each configuration.

All the existing metal parts were modelled by taking dimensions from
mamifacturer's drawings for the BQM-34E vehicle. A complete set of the
NASTRAN bulk data for the model is given in Appendix 1,

Ounly the center portion of the wing, from the bolt line to the centerline,
was included in this model since only that part affected the fuselage struc-
tural behavior, That model is shown in Figure 5-16, The production BQM-34E
utilizes 10 bolts, 5 per side, to attach the wing to the fuselage. In this
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DWG. NO. 667A107 "RIGHT SKIN PANEL" WILL BE FOUND IN THE
BACK OF THIS REPORT
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DWG. NO. 667A107 "LEFT SKIN PANEL'" WILL BE FOUND IN THE
BACK OF THIS REPORT
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DWG. NO. 667A107 "FUEL TANK ACCESS DOOR" WILL BE FOUND
IN THE BACK OF THIS REPORT
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DWG. NO. 667A107 "ACCESS DOOR - BQM 34E CENTER FUSELAGE SECTION -
HYBRID COMPOSITE DESIGN" WILL BE FOUND IN THE BACK OF THIS REPORT
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DWG. NO. 667A109 "ATTACHMENTS'" WILL BE FOUND IN THE BACK
OF THIS REPORT
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TABLE 5-2

MATERIAL PROPERTIES USED FOR DESIGN

Innexr Face Quter
English SI
9.2 x 10° psi 43.4 GPa
2.2 x 10° pei 15.2 Gpa
1.3 x 10° psi 8.3 GPa
.59 .62
.09 .13
68.0 KSI 352 MPa
15.1 KSI 123 MPa
54,5 KSI 316 MPa
22,2 KSI 167 Mpa
15.7 KSI 108 MPa
5.2 KSI 39 MPa
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Face

English

6.3 x 10° psi

2,2 x 10° psi

1.2 x 10° psi

.62

.13

51.0
17.0
45,8
24,2
15,7

3.7

KSI

KSI

KSI

KSI
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Indicates Element Edge

N

Indicates Element Edge + Bar Element

Figure 5-9. Fuselage Center Section Skin Model
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Indicates Element Edge

==m=—=-====== Tndicates Element Edge + Bar Element

_______ Indicates Bar Element
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Figure 5-11. Bulkhead 241,8 Model
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Figure 5-15,

100

130

Indicates Element Edge

Indicates Element Edge + Bar Element
Overwing Fairing Formers Model
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PROPERTY

Thickness

G11
Gi2
G22

G33

Moment of Inertia

Gi1
Gi2
G22

G33

2

Z2

Thickness
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TABLE 53

HYBRID COMPOSITE PLATE ELEMENT PROPERTIES

BASTGC SECTION KEYXNFORCED SECTION

SOLID ILAMINATE

MEMBRANE PROPERTIES

1.10 (.042) 1.63 (.064)

51.0 ( 7.4) 63.4 ( 9.2)
6.2 ( .90) 5.7 ( .83)
14,5 ( 2.1) 15,2 ( 2.2)
7.6 ( 1.1) 7.6 ( 1.1)

BENDING PROPERTIES

303.8 (.00073) 520.3  (.00125)
59.3 ( 8.6) 68.2 ( 9.9)
6.2 ( .90) 6.1 ( .89)
15.2  ( 2.2) 15.8 ( 2.3)
7.6 ( 1.1) 7.6 ( 1.1)

2,64 (.104) 3.58 (,141)

4,24 (-,167) =3.58 (-.141)

TRANSVERSE SHEAR PROPERTIES

6.35 (.25) 6.35 (.25)
.67  (.097) .67 (.097)
.22 (.0325) .22 (.0325)

Dimensions are given in mm, and (in.).
Moduli are given in GPa and (106 psi).
Moment of inertia is given in mm® and (in.4).
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3.25 (.125)

68.2 ( 9.9)

6.1 ( .89)
15,8 ( 2.3)

7.6 ( 1.1)

Only one set
of properties
required for
homogeneous

plate elements
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TABLE 5-3 (Cont'd)

Gjj is defined by:

01 G11 Gi2 Gi13
02 p = |G12 G22 G23
of

12 G13 G23 G33
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design of the composite fuselage the middle three on each side were removed
and the design was based on a 4 point wing attachment. These bolts were
modelled as scalar elements,

NASTRAN runs were made for the two critical loading conditions previously
discussed, The main concern in these runs was the stresses developed in the
composite material structure, The stresses in the metal parts were examined
and no area of concern was found, Figures 5-17 to 5-19 give the stresses in

the composite structure for the recovery condition, Table 5-4 gives a

summary of the maximum stresses. In both cases the maximum stresses are
compression in the forward part of the fuselage section at the point of
discontinuity of the forward fuselage.

5.5 BUCKLING DESIGN

5.5.1 Methodology

The buckling analysis of this design was complicated by the fact that
it is a sandwich structure, the faces are of unequal thickness, they are
both orthotropic, the elastic properties of the two faces are different, and
the sandwich section is not constant, that is, some areas have the additional
plies in the faces for reinforcement. No one analytical method was found
which pertained directly to this case, and so several techniques were investi-
gated, These techniques are those given in references 4 to 9.

A comparison of all these methods was made for both a complete cylindrical
shell and for cylindrical panels, The method of reference 4 was applied in
two different ways, one with a sandwich whose faces were the thicker outer
face and one where the sandwich faces were the inner face thickness and
properties, The former method and the methods of references 5 and 6 all
gave close to the same results, while the latter and the methods of references
7 to 9 all gave close to the same results, The first set of results, however,
was approximately 70% higher, and so, in order to minimize risk, it was
decided not to use these methods, The second set of methods were examined
in more detail and the following were selected for analyzing the buckling
of the fuselage panels, and the cylindrical shell test component which will
be discussed in a later section of this report,

Cylinder:
Axial Buckling Load, Nx -
Nx
Nx = No T 8 (1)
o
where
NX NX
5 = £ N from Figure 10 of reference 8,
0 q
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GRID D 152

Figure 5-18, Inner Face Stresses - Recovery Condition
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5 152

Outer Face

Inner Face

Figure 5-19, Access Door Stresses = Recovery Condition
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TABLE 5-4

SUMMARY OF MAXTMUM STRESSES

RECOVERY
Outer Face
(3 Ply)
MPa PSI
AXTAL:
Tension %* *

Compression 162.8 23621

CIRCUMFERENTIAL:
Tension 2,1 301
Compression 29,0 4205
SHEAR 24,8 3594

* NOTE - All axial stresses in outer
in compression

53

Inner F
(2 P1
MPa

87.1

217.7

65.4

31.0

51.3

face 3 ply

ace

)
PSI

12635

31589

9486

4493

7439

elements were




NADC=77149-30

_ 2¥E

Ll ez
Vi V17

_ i i/2 1/2)\ /2

o {?LT Ll + (Zi% +Z/;L) ]//QELET) ’> (reference 4)
'l

D =G b
q Xz h =% (t7 + ty)

@ is a face shear correction factor taken from reference 4, and ¥ is a
correlation factor defined by Figure 1l of reference 8, D 1is a transverse
shear stiffness parameter for the sandwich. The other qua%tities are defined
as follows:

- shear modulus of core longitudinal-transverse plane

h - sandwich depth measured center to center of faces

tl, t2 - sandwich face thicknesses

r - radius of cylinder

Gy = in-plane shear modulus of sandwich face

Eqg, - longitudinal modulus of sandwich face

Erp = circumferential modulus of sandwich face

Vit VoL - Poisson's ratio of sandwich face

E in the equation for No was determined as follows:

(VEL ET) outer face + (”EL ET) inner face

2

E =

The determination of an equivalent isotropic modulus by the square root
technique used here was recommended in reference 10 and is also reflected -
in the equation for ¢ from reference 4,

Shear Buckling Load, ny -

3/4 2
N = 34 ¥E) 77 D1 (2)

Xy
L2

where

21.2

w1l

Z =
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D, = (VEL ET)o o (VEL ET)i £y r”
1 (T-771r V) (¢ Prlo S0 * (p Frli &)

L = length of cylinder
Y = .586 (reference 8)
Subscript "o" refers to outer face
Subscript "i" refers to inner face
Equation (2) above may be used for rigid core where ffDI/LZD A~ 0

and ¥ 2 > 170, Otherwise, Figure 14 of reference 8 should be uséd to
determine kxy’ and

N = Sy TTD (3)

Cylindrical Panel:

Axial Buckling Load, Nx -
Nx
N, = KN | 5 @ (4)

Except for the K factor this is identical to equation (1) for a cylinder,
Comparative calculations of cylinders and panels using the methods of
reference 6 indicate that for a panel with simply-supported edges the buckling
load is the same as for a cylinder and, therefore, for this case § = 1,

For the case of clamped edges, section 5 of reference 9 was used to
determine the ratio of clamped buckling load to simply-supported buckling
load, The procedure for this is as follows:

a, Determine Kmo from Figure 5-22 (reference 9)

b, Calculate KF

I G R o T R G YR e A T

2

12 bt ot (EL ET) . (,[EL ET) :
(5)
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¢, Determine Km from Figures 5-8 to 5-21 (reference 9),

d. Calculate K

= v +
K=K K

This procedure is used to obtain a K for clamped edges and a K for
simply supported edges. There the factor @ tc be used in equation (4) for
clamped edges is

¢ =

clamped

Ksimply supported

Shear Buckling Load, ny -

N =N_ + (

Xy Xy NXY) (6)

cyl

The shearing buckling load of the cylindrical panel is the sum of the
cylinder shear buckling load and the shear buckling load of a flat panel,
reference 10, Therefore, (N_ ) is calculaged from equation (2)., Nxy
is calculaged from section 6*4f ¥eference 9, as follows:

a, Determine Km and Kmo from Figures 6-7 to 6-14 (reference 9),

b. Calculate KF from equation (5)

ce K = F_ +K
b Zm

o T =xI »

Xy b 1

where b is the length of the short edge., Linear interaction was assumed

between shear and axial load buckling,

In addition to the general instability modes discussed above, the sand-

wich design must be able to resist local buckling in the form of intercell
buckling and face wrinkling,

Intercell Buckling -

O = .764 (B, E, te |3/2 %)
LT i

This is based on reference (11), and

Of = face buckling stress

it

d cell diameter
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Face Wrinkling -

For thin cores the following equations, taken from reference 12,
account for initial waviness of the sandwich faces:

/2

- b’[.sgo E E t Y% 4+ 386 c,, tc/tf] (8)

Ocr L C ¢

J‘is the waviness correction factor and is defined as

1
J= 1 +cB

where

77 Gxz
A CT

) 1/4

>
I

1,670 t. (E tc/EL te

B = 6.3x 107

and
tc = core thickness
te = face thickness
Ec = core modulus in thickness direction
Ocr = face wrinkling stress
Analysis

The configuration and design of the composite fuselage has been
described previously. This design was analyzed for buckling using the
methodology just presented, The key geometric parameters for this analysis
are as follows:

Outer face thickness - ,66 mm (,026")
Inner face thickness -« ,41 mm (,016")
Core thickness = 64 mm (1/4'")

h

6.88 mm (.27")

r = 31,75 cm (12,5"%)
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Fanel length, L = 104.1 c¢m (41")
Panel width -« 33,0 cm (13"

Material properties are given in Table 5-2, The core properties are a:
follows:

G, = 310 GPa (45000 psi)

XZ
Gy, = 152 GPa (22000 psi)
E, = 531 GPa (77000 psi)

From these values

( VEE. ) =25.7 Gee (3.7 x 10° psi)

31.0 GPa (4.5 x 10° psi)

,.\
-
o]
=
=1
|
~
i

16,96 MN/m (96200 #/in,)

,.\

el
]

=
]

~

(=]

ot
(o]

[

( JELET )i £, = 12,61 MN/m (72000 #/in,)
D, = 362,8 Mm (3211 in, 1b,)
D = 2,31 MN/m (13185#/in,)

and the critical buckling loads are

Noo= 350 kN/m (2000 #/in.)
simply~supported edges
ny = 271 kN/m (1550 #/in.)
N = 665 kN/m (3800 #/in,)
X
clamped edges
ny = 394 kN/m (2250 #/in,)

For conservatism, the simply supported results were used, The local
buckling mode stresses are

O 1085 MPa (157.4 KSI) inner face intercell buckling

O = 1849 MPa (268,2 KSI) outer face intercell buckling
and

Ger = 471 MPa (68.3 KSI) inner face wrinkling

Ocr = 355,1 MPa (51.5 KSI) outer face wrinkliang

58



NADC=-77149-30

The corresponding load on the sandwich to cause these wrinkling stresses
in the faces are

N 406 kN/m (2320 #/in,) inner face

X

N 441 kN/m (2520 #/in,) outer face

X

These results are shown in summary form in Table 5-5,

5.6 STRENGTH AND MARGINS OF SAFETY

The overall strength of the composite fuselage panels is based on the
results of the NASTRAN finite element analysis, the buckling analysis and the
material properties. NASTRAN stresses and material allowable stresses were
converted into equivalent axial and shear loads per unit length, Ny and Ny,,
by apportioning the load to the two faces according to the ratio of their
stiffnesses, The outer face takes 53% of the in-plane compression and 607%
of the in-plane shear, while the inner face takes the remainder., The stress
to load conversions, therefore, are as follows:

SI English
Nx . = 1.25 kaof Nx o = 049 <7xof
Nx, . = .87 O'x]._f Nx e = .034 O—xif
Nxy . = 1.10 O’xyof Nxy ¢ = .043 nyof
Nxy, ¢ = 1.03 Oxyif Nxy, o = + 040 CTxyif
N - kN/m N - #/in,
O - MPa g - psi

Stresses at critical points from the NASTRAN analysis were converted
into loads and plotted as on applied load envelope, Figure 5-2Q The buckling
capability is shown as a straight line interaction between axial load and
shear., In addition, the loads which would produce face wrinkling and compres-
sion and shear failure in the faces are shown. The resulting strength envelope
is one which is dominated by buckling and facing shear strength capabilities,
although the minimum margin region is in the area of the intersection of the
buckling and inner face compression strengths. The margin of safety in this
region is .4.

Figure 5-21, which shows a similar comparison of loads and strength for
the reinforced sections where both faces are 4 plies thick, is included for
reference without the detail calculations, The margins of safety for this
are greater than for those represented by Figure 5-20, and so the thinner
sandwich sections are more critical,
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SUMMARY OF SANDWICH PANEL BUCKLING CAPABILITY

Ny N

Xy
KN/M __#/in, KN/M #/in,
Simple Supports 350 2000 271 1550
Clamped 665 3800 394 2250
Face Wrinkling 406 2320
Intercell Buckling High
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Capability of Composite Sandwich
Inner Face - 2 ply, .41 mm, (.016")
Outer Face - 3 ply, .66 mm, (.026")

Face Wrinkling

Outer Face Compressive Strength

2000
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Figure 5-20, Strength of Composite Fuselage Panels,
Basic Section
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_Capability of Composite Sandwich
E Both Faces - 4 ply, .81 mm, (.032")
E ~
< 3=
Z
o~ -
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Figure 5-21,

Strength of Composite Fuselage Panels -
Reinforced Section
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6.0 ELEMENT TESTS

One of the areas of concern early in the design phase was the strength
of the closeout section of the fuselage panels, The closeout is formed by
tapering the core and bringing the two faces together, with added plies for
reinforcement, In order to evaluate this design,a set of specimens was
tested under compressive loading, The configuration of these specimens is
shown in Figure 6-1, The goal was to show that the closeout was at least as
strong as the main panel area.

Four specimens were tested in the setup shown in Figure 6-3, A lateral
support was used to simulate the support conditions in the cylindrical shell
configuration. Results of these tests are given in Table 6=1, The failure
loads are greater than the design loads, but more important than load
magnitudes is the fact that none of the specimens failed in the closeout area,
This gave assurance that the closeout design was adequate and would not cause
premature failures in that area., A photograph of the failed specimens is
given in Figure 6-3,

7.0 SUBCOMPONENT DESIGN AND TEST

7.1 DESIGN

In order to substantiate the basic fuselage panel design and its method
of attachment to the existing metal bulkheads, a cylinder was designed and
fabricated for testing, This shell had the same honeycomb sandwich design
as the fuselage panels, and was the same radius and length, It was, however,
a complete cylinder rather than a cylindrical panel, Figure 7-1, The complete
cylinder is easier to test and, in many respects, easier to make than the
panel, hence, its selection as a subcomponent test article. Figure 7-2 gives
the design details of this cylinder.,

The cylinder is 63,5 cm (25 in.) OD and 104,1 (41 in.) long. It was
made in two halves and joined by two longitudinal splices. The splices are
honeycomb sandwich plates bonded between the two faces of the main shell
sandwich,

7.2 TEST CONDITIONS AND FIXTURES

Two sets of tests were performed on the cylinder to demonstrate the
overall structural adequacy of the design to withstand critical flight loads.
The first was a compression test to limit load, since the fuselage design
is critical in compression, The second set of tests was a series of tension
tests performed to demonstrate the ability of the crack arrester strips to
stop a crack, and therefore, render the composite design fail-safe,

The test fixture configuration for testing the cylinder in compression
and tension is schematically illustrated in Figure 7-3, Compressive and
tensile loading was introduced into the cylinder through a pair of concentric
aluminum end rings, the inner ring being both bonded (EA 9309) and bolted to
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Closeout Specimen Configuration

Figure 6-1,
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| Figure 6-2, Closeout Specimen Test
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IABLE 6-1

RESULTS OF CLOSE-OUT SECTION TESTS

FATLURE LOAD

13678 N(3075%#)
13388 N(3010#)
12343 N(2775#)

11609 N(2610#)

66

Inner Face Crimpiog-Near Tab
Excessive Lateral Deflection
Gross Sectiocn Shear

Gross Section Shezsy



NADC-77149-30

suamyoads IN0asOT) patred

*g~9 2an3¥4

67




NADC-77149-30

Cylinder Subcomponent

Figure 7-1,
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DWG. '"BQM-34E CYLINDER TEST SPECIMEN" WILL BE FOUND IN THE BACK
OF THIS REPORT
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the reinforced solid laminate areas at both ends of the cylinder. The inner

and outer end rings were bolted together and in turn bolted to three 2.54 cm (1 in,)

thick circular aluminum plates which fit inside the concentric rings, The

three circular aluminum plates and an additional 5,08 cm (2 in,) thick steel circular

plate were bolted together to form a single unit in order to react the sub-
stantial bending moment induced by the centrally applied load. In compression,
the load was applied directly through the top steel plate. In tension, load
was introduced into the cylinder through a 7.62 cm (3 in.) diameter fitting
which is threaded into the center hole in the steel circular plate. The

steel pl. “e is repositioned internal to the three aluminum plates for tensile

loading.

7.3 INSTRUMENTATION

Instrumentation for the tests consisted of strain gages and deflection
gages, Figure 7-4 and Table 7-1 show the locations of the strain gages, There
were 6 biaxial gages and 32 uniaxial gages giving a total of 34 strain readings.
Eight of the gages were on the inner face and the remainder on the outside face.

Four deflection gages spaced 90° apart were used to measure axial deflec=
tion in both the compression and tension tests, For the compression test four
more gages were used, also spaced 90° apart, to measure lateral deformation of
the cylinder at its mid-length, These are shown in Figure 7-3.

Strains were recorded on the portable B & W recorder. Deflections were
measured using LVDT's,

7.4 HYBRID COMPOSITE TESTING

The cylinder tests were performed in the 1334 KN (300,000 pound) capacity
test machine, Figure 7-6 shows the composite sandwich cylinder in the testing
machine, The first two tests performed were compression tests to 50% and 100%
of limit load, 186.8 Kn (42000 1b,) and 373.6 Kn (84000 1b.) respectively.

The cylinder withstood these loads successfully, and no unusual behavior was
observed. This was the basic demonstration of the ability of the design to
take critical flight loads.

A second, and more comprehensive, series of tests was then performed to
evaluate the crack arrestment design,  First, proof tests were run at 50%, 75%,
and 100% of design ultimate load as a demonstration of basic tensile strength,
Then five additional tests were run with induced damage, as depicted in the
tensile test setup as shown in Figure 7-7, For test 2, a 2,54 cm (1 in,) sawcut
crack was formed midway between two adjacent crack arrester strips, Load was
applied until the crack propagated. (See Figure 7-8.) This occurred at 120%
of design limit load (DLL). Propagation in this hybrid material was not at
all sudden, The crack started to propagate at a particular load and continued
to propagate gradually as the load was increased, until it reached the arrester
strip., The propagation loads given here represent the load when the crack
reached the arrester strip. Test 3 was a repeat of test 2 with identical
results,
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GAGE NO,

1
2
3
4
5,6
7,8
9
10
11
12
13,14
15,16
17
18
19
20
21
22,23
24,25
26
27
28
29
30
31
32
33
34

11

Inner

Outer

"

NADC=-77149-30

TABLE 7-1

STRAIN GAGE LOCATIONS

AXTAL LOCATION
Upper End

"
"
"
"
n
"
Lower End
"

"

Upper End

8" from Upper End
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CIRC LOCATION
315°
315°
135°
135°
45°
225°
315°
315°
135°
135°
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Radial Gages (&)

(Used for Com-
pression test

D J_ B only)

O
\ :

Axial Gages (&)

O T + - {0 — Mid Length

Figure 7-5., Deflection Gage Locations
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Cylinder Subcomponent Compression Test Setup

 7-6,

Figure
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Cylinder Subcomponent Tension Test Setup

Figure 7-7,
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Tests 4 and 5 were different in two respects, First, the damage was
induced ballistically, and secondly, the structure was under a preload when
the damage was induced. In test 4,a .95 cm (3/8 in,) projectile was fired
into the cylinder, The damage which was produced had a maximum overall
dimension of 2,2 cm (7/8 in,). The preload was 50% DLL, At the time of
impact the damage did not propagate, but,upon subsequent application of load,
propagation occurred at 114% DLL, Figure 7-9, In test 5,a 2,54 cm (1 in.)
projectile was fired with 757 DLL preload, Again, the damage did not propa=
gate at time of impact and in this case no subsequent load was applied,
Figure 7-10.

The last test was with a 1,59 cm (5/8 in,) sawcut crack., Propagation
in this case was at 129% DLL, Figure 7-11, It should be pointed out that
at this time,with 129% DLL on the cylinder, six of the twenty-two sections
between crack arrester strips were cracked over their 7,62 cm (3 in,) width,
so that even with considerable damage the structure still withstood a high
level of loading,

Figure 7-12 shows the cylinder after the testing had been completed, The
complete set of crack arrestment tests is summarized in Figure 7-13.

In Figure 7-14,both the stress corresponding to the beginning of propaga-
tion and the stress, when the crack reached the arrester strips, are shown and
compared to a curve drawn from the equations using the hybrid composite frac=-
ture data discussed in reference 13, The data agrees reasonably well with
the analysis, although it covers only a narrow range of crack sizes,

8.0 FUSELAGE TESTING
8,1 INSTRUMENTATION

The three hybrid fuselage components were instrumented with a total of
eleven axial strain gages and seven strain rosettes according to the layout
diagram shown in Figures 8-1, 8-2 and 8-3, Gages internal and extermal to
the fuselage center section are specified, Gage locations were selected to
monitor regions of predicted high stress and areas which are buckling critical,
Gage placements also checked load transfer in the closeout sections and load
symmetry between the left and right fuselage center section panels,

8.2 TEST METHODS AND EQUIPMENT

The entire BQM-34E fuselage was tested in a self-contained test fixture
erected from 30 cm (12 in,) wide - flange beams, Loading was accomplished
at fuselage frame stations by means of contimuous aluminum bonds supported
on 2 cm (3/4 in,) thick elastomer compression pads, Figure 8-4a, Where
obstacles such as the vertical stabilizer prevented use of continuous bands,
aluminum straps were bonded to the fuselage with RTV-88 silicone rubber,
Figure 8-4b., Separate wiffle tree arrangements, used to test each of the two
load conditions, were attached to the fuselage frame loading points, Additional
wiffles were used to load the wing in the 5g maneuver test, In both tests,
loads were introduced into the structure through a single load point by means
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Crack Propagation from .95 cm Projectile Damage

Figure 7-9.
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Figure 7-10, Crack Propagation from 2,54 cm Projectile Damage

80




yoe1) Inomeg wo §G°T pajededoad T~/ 2and1g

(=4
(2}
!
[sA]
<
=
™~
r~
1
2
g




e
i

149-30

P

NADC-7




NADC~77149-30

§9S9], jusWIS|AIY oex) Jo Axeumng °¢f-/ 2an3T4

SY3ILIWILNID NI SNOISN3NIA

T 10 9 H1IM QINIVISNS 11A %671 ©
AVO01 NI I9NVH) ON o
110%6T1-NOILVOVIO¥d NIVYE) o

NOILYOVdO¥d 19YWYA ON e ww |
14 %SZ ¥IANITAD QIQvO1l

NYHL ADDVYE) SAINLS ﬂﬂ.ﬁ -
o

OINI 1NI1)I(0¥d vSZ @ L
S#1S3l1 m

14 %0T1=NOILYOVdOdd XIVY) o— |,

CH1S311
14 %0ZL1=NOILYOVdO¥d YOVY) ®—

CHI1SIL

9#1S11 f.\

14 % P11 -NOILYOVdOdd I9VWVQ e

110 %05 ¥3IANITA) GIAVO1
OINI 1111)3ro¥d ce'®

v#1S31

83

avo1°11n-avo1 400¥de
L#1S31




NADC~77149-30

4109Yy], 03 uostaeduon
uotje8edoad Noe1) ISPUTTLD PTIQAH °4HT~/ oan81g

UJOLERD DA R D)

"Ni
ol 1 L
I 1 I
ww |
0001 ool ol l
i T T 0 — 0
-1001
401
-1002 w" -
~ o
3
N oy
-l00¢
dI1¥1S WILSIAAY LV NOVI) L
NOILYIYdOdd 10 9NINNIOIgE o
-00¥
-1 09

$SIYLS

84




NADC-77149-30

SUOT3IB20] 98eH ujealg sueg 28ejesng IYSTY -"I-g 2AN3ITI

gaie 9102 /

|
_
]
|
|
]
_
\ §2've —
]
|
|
]
|
|
|

jeua9dlxy -- MN.MN.HN.mﬁ.h.ﬁam.—”.m.ﬁ..—.ﬁ.m.N..m.uﬂa.m sa8es
Teud3ul -- 82°L2 97 v T 02 8191 YT ‘C1 018 9y T s93ed

-—-—--————-—-—--———-J

85



NADC~-77149-30

SuUOT3ed0T 98®H UTells Toued o8eyosng 3797 °z<g 9anSId

eI 9100 //////

-———m———mm—m——— -

JpuId3U] ~ Qf 33eD

jeuialxy - ¢ 23e)

86



NADC~77149-30

N\

_---—-“
- \,

’

suoT3e00] 288H UTRIIS 100Q 85900y °g~-g 2an3Td

®31B 910D 1////////

S emeESemesme—_—n

2c'ig— O

("l """'Il'\

/

/

N D NA CEEV GEND M) N GHD GHD GEDR APNP G G GNn Suv G GED GED GHP I GEN GED GBS S NS = -l-'-"'t

ieuidlju]l - gg¢ 98en
Teuiadixy - ¢ 93eo

87




NADC-77149-30

.16 cm Al band

2 cm elastimer pad

Typical
Fuselage
Frame

//////" Al, channel

j‘E L_r’ i L—-E/ .64 cm steel angle

Pull Point

Figure 8-4a. Aluminum Band Loading Station

-16 cm Al Strap

.3 cm RTV-88
Silicone Rubber

I = 4 =

Pull Point

Figure 8-4b., Aluminum Strap Loading Station
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of a manually operated hydraulic jack. Figures 8-5 and 8-6 are photographs
of the test setup.

8.3 TEST LOAD CONDITIONS AND LOADING SEQUENCE

Two critical flight load conditions were ground tested to demonstrate the
overall structural adequacy of the hybrid fuselage design. The two ground
tests included a main recovery chute deployment load test and a simulated 5g
maneuver loads test, discussed in '"Design Conditions',

The loading sequence for both ground tests were identical and the
procedure is listed below,

a, Apply 30% Limit Load
0 Checkout Instrumentation and Test Set-Up
b, Apply 50% Limit Load 10 Times

o Extrapolate Strain Data to Limit Load and Compare for First
and Last Cycle Data with Analytical Data,

c. Apply Limit Load
o Record Strain Data
o Evaluate Strain

d. Apply Limit Load 5 Times
o Record Data

Actual fuselage station applied loads are listed in Tables 8-1 and 8~2, for
the recovery loads test and the 5g maneuver loads test,respectively, Loading
stations are illustrated in Figure 8-7, Fuselage station shear diagrams for
both load conditions are shown in Figures 8-8 and 8-9. Moment diagrams are
also included in Figures 8-10 and 8-11., Limit loads developed on the fuselage
center section for both conditions are shown in Figures 8-12 and 8-13.

8.4 TFUSELAGE TESTING, RECOVERY LOADS

The hybrid fuselage was initially set up for the main recovery chute
deployment load test, The loading sequence followed during this test was
previously described,

Testing of the recovery load condition ran smoothly through steps (a) and
(b) of the test procedure, the gages behaving linearly to the applied loads,
Step (c) in the test procedure to limit load was next applied to the fuselage.
At 807% DLL the onset of nonlinear strain behavior was observed in most of the
forward gages, the most significant nonlinear strain response being observed
by gages 4, 5, 6, 7, 10 (refer to Figures 8-1 and 8-2), A second cycle to
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Recovery Load Test Setup

Figure 8-5,
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TABLE 8-1

APPLIED LOADS - RECOVERY CONDITION

FUSELAGE STATION APPLIED 1OAD

N LBS -
118.50 -2558 =575
134.30 2224 =500
166,30 <6672 ~1500
182,50 3670 “825
209.00 5462 1228
224,80 -2175 =489
245,00 51155 11500
274.10 6615 1487
285,20 ~4875 1006
301.90 62283 =1400
315,20 6672 1500
325,00 2669 =600
350,00 ~1334 ~300
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TABLE §-2

APPLIED LOADS - 5G MANEUVER CONDITION

FUSELAGE STATION

166,30
182,50
209,00
224,80
258,34
Wing Loading
301.90
315.20
325,00

350.00

93

APPLIED LOAD

N LBS
-2891 -650
-2891 «-650
-2211 =497
- 903 -203
-13122 -2950
39189 8810
-3550 -798
-1610 ~362
-2669 -600
-9341 -2100
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Figure 8-9, Fuselage Shear Diagram - Simulated 5g Maneuver Loads
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Vertical Bending Moment, 1000 Nm
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Vertical Bending Moment, 1000 Nm
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Fuselage
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Figure 8-12, Simulated Recovery Loads
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Figure 8-13, Simulated 5g Maneuver Loads
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limit load was applied with the same nonlinear strain behavior initiating at
80% DLL, Typical strain data showing the nonlinear behavior is shown in
Figures 8-14 and 8-15.

After applying 50% DLL of the third DLL cycle, it was decided to termi-
nate the testing and examine the fuselage for possible damage. Inspection
revealed that cracks of approximately 7.62 cm (3 in,) in length had propagated
on both left and right fuselage panels, from the 90° corner where the solid
laminate area extends above the forward wing attachment bolt hole, see
Figures 8-16 and 8-17, The cracks which run parallel to the Gr/Ep longitudinal
fibers are shown in detailed photographs by Figures 8=18 and 8-19,

8.5 FUSELAGE FAILURE ANALYSIS AND REPAIRS

After an examination of the crack and a review of the substructure draw=
ings, the cause of the failure was readily determined, The parachute load
which goes into the partial bulkhead at station 241 must be transferred into
the fuselage skin, or outer shell., In the metal design, this is done by frame
at station 241, However, in the composite version, this frame was removed
along with the other intermediate frames, and this forced the load to take a
path through the composite material in the circumferential direction for a short
distance. Since no fibers run in this direction in the composite fuselage
design, the induced stresses were excessive and cracking resulted,

The course of action to prevent this would most likely have been to
leave part of the frame at station 241 in the fuselage., Alternately, 90°
fibers could have been added at that point to increase the load carrying
capability, The failure which did occur, however, is a local problem and in
no way detracts from the basic composite design, A repair was designed which
would provide an adequate load path for the parachute loads to be transferred
into the composite honeycomb shell,

The damaged areas on the left and right fuselage panels were repaired
with fiberglass patches which were both bonded and bolted to the hybrid
laminate,

The fiberglass patches were fabricated from SP 250 prepreg and consisted
of 16 plys with (O? +45? 0323 orientations, the 0° fibers running in the cir-
cumferential direction., The patches were laid up on the small center fuselage
section access door which substituted as a curing tool., Using the access door
as a tool insured the patch would have the exact fitting inside diameter,
After cure, the patches were cut to fit the damaged area; the patch configura-
tions are illustrated in Figure 8-20, Existing rivet holes in the damaged
area of the fuselage were located and the patches were drilled with 4,76 cm
(3/16 in,) diameter bolt holes.

EA930¢ room temperature curing adhesive was applied to the finished
patches and, in turn, the patches were bolted to the fuselage panels. Care
was taken to hold the bond line thickness constant, by positioning .1 mm
(.005 in,) diameter fiberglass thread between the patch and the fuselage
panels, The 4,76 mm (3/16 in,) diameter bolts were finger-tightened to
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.:]r"’/” crack

Figure 8-16. Crack in Right Fuselage Panel
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Figure 8-17. Crack in Left Fuselage Panel
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Figure 8=18. Photograph of Crack in Left Fuselage Panel
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Photograph of Crack in Right Fuselage Panel
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Figure 8-20, Fuselage Repair Configuration
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prevent squeezing out the adhesive from between the patch and the fuselage.,
After the adhesive cured, the bolts were wrench-tightened. The repaired
areas are shown in photographs in Figures 8-21 and 8-22,

Figures 8-23 and 8-24 show the patch locations on the damaged areas of
the right and left hybrid fuselage panels, respectively., Each patch was
instrumented with an axial gage aligned circumferentially.,

8.6 RECOVERY LOADS TEST II (AFTER REPAIR)

The hybrid composite fuselage was successfully tested under the recovery
loads condition after the damaged areas had been repaired with the fiberglass
patches, Test procedures already outlined in the Test Load Conditions and
Loading Sequence section were again repeated for this test,

The only unusual occurrence in this test was a sharp noise which was
heard at 90% DLL during the first cycle to 100% DLL, A discontinuity was
observed in the strain data recorded from the single axial gage located
on the right panel fiberglass patch, Inspection revealed no visible damage
around the repair area, a partial bond failure between the patch and the
fuselage may explain the strain discontiniity, Cycles 2 through 6 resulted
in linear strain data, without any other noises being heard.

8.7 5G MANEUVER LOADS TEST

After the hybrid composite fuselage was successfully tested under the
recovery load conditions, the test assembly was rearranged for the second test
condition, the 5g maneuver loads test, The hybrid composite fuselage
successfully withstood the 5g maneuver test to 100% DLL, Strains
were relatively low for this loading condition as compared with the more
critical recovery loads test, Maximum strains did not exceed 1000 A m/m
at 100% DLL. No umisual noises or nonlinear strain recordings were noted
during this test,

8.8 DAMAGE PROOF TEST

At the completion of the original test program, it was decided to in-
duce damage into the right fuselage panel in the areas of highest recorded
stress and re-test to 1007 DLL, Two holes, approximately 2.5 em (1 in,) in
diameter were punched through the right panel with a sharp 2.5 cm (1 in,)
diameter steel bar to simulate ballistic damage. Photos of the holes and
their location are shown in Figure 8-25,

It was decided to test the fuselage under the 5g maneuver loads condi-
tion for convenience since the fuselage was currently assembled for that
test., The fuselage was loaded to 100% DLL with no cracks initiating from
the damaged areas, Some noises were heard during the test, although their
origin could not be visibly detected.

After the initial test, additional testing was done with more damage
being inflicted into the panel after each test, Cutouts of approximately
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Figure 8-21, 1Installed Patch on Left Fuselage Panel
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Installed Patch on Right Fuselage Panel
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‘/,fpatch
/ gage

Figure 8-23. Location of Repair on Right Fuselage Panel

patch
gage \

Figure 8-24. Location of Repair on Left Fuselage Panel
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Induced Damage in Right Fuselage Panel
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7.62 cm (3 in,) maximum diameter cut with a saber saw were contained at 100%
DLL. Again,note that strains in the hybrid composite laminate were low,

{under 10004 m/m) for the 5g maneuver load condition. Crack propagation may
have occurred under the more critical recovery loads condition., It was decided
not to switch the test assembly back to the recovery condition at this point,
but to conclude the testing.

Previous testing of composite structures incorporating crack arrestment
fiberglass softening strips, namely the cylinder subcomponent described in this
report, demonstrated the ability of these crack arrestment features, to stop
propagating cracks.

CONCLUSTIONS

The design which was developed and demonstrated in this program resulted in
a 267 reduction of the weight of the metal parts which were replaced. The cost
cf the design was estimated to be 207 less, in a production situation, than the
metal design. The crack arrester strips which were incorporated into the fuselage
section represent the first application of this concept to a primary structure
design, These strips met and exceeded expectations with regard to their ability
to arrest and locally contain propagating damage, both statically and ballistically
induced damage. Thus, the program demonstrated and verified their feasibility,
capability and practical usability as a concept for damage tolerant design. 1In
addition, the crack arrestment testing which was performed in this program demon-
strated the superior fracture tolerance characteristics of the hybrid composite
material and indicated that its slow crack propagation behavior might be useful
as a failure warning device for a structure.

The objectives of this program have been met and the results have been
disseminated in references 13 to 16. The success experienced here with crack
arrester designs has provided some impetus for work which is now being pursued
in industry in conjunction with composite structures studies.
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CARD

caU~T o 1 LR J 2 .o 3 L “' L g S L] 6 ne 7 e 8 *e 9 .o ‘.0
354~ CTRIA2 155 1 36 66 72 ’ ' T
352~ CTRIAZ 156 22 40 37 56

353~ CIRIAZ 157 67 6 36 56

35h- CYRIA2 1538 -7 16 81 15

355~ CTRIAZ 158 7 58 15 81

356~ CTRIAZ ~ 150 7 15 58 110

357~ CTRIAZ 161 7 57 i0 58

353- CTRIAZ 162 7 10 57 4

359~ CTRIAZ 163 7 75 4 57

3ed- CTRIAZ 166 = 11 140 157 167

361~ CIRIAZ 165 11 167 - 166 140

362~ CTRIAZ 174 67 L6 37 47

363~ CTRIAZ 175 67 7 46 47 90.
364~ CIRIAZ 17 67 37 38 L7 90.
365~ CIRIAZ 177 67 8 7 48 S0.
366~ CTRIA2 178 67 38 39 48 9C.
367~ CTRIA : 185 185 39 21 22

368~ CTRIAZ 186 186 21 Th 22

369~ ' CIRIA2 167 187 = 74 70 22 -
370~ CTRIA ¢ 188 187 70 T4 105

374~ CTRIAZ 189 187 103 100 70

372~ CIRIAZ2 190 187 100 105 139

373~ CTRIA2 191 187 139 130 100

374~ CTRIA ¢ 192 137 130 139 169

375~ CTRIAZ2 193 193 163 159 130 - T )
376~ CTRIAZ 194 5 75 & 76

377~ CIRIAZ2 195 5 5 76 4

378~ CIRIAZ 196 5 76 S 24

379~ CTRIAZ 197 5 77 76 24

366~ CTRIAZ 198 5 6 77 24

381~ CTRIA Z 199 S 77 ) 46 o }
382~ CTRIA2 200 S 46 78 7

383~ CTRIA ¢ 281 5 78 &6 7

384~ ‘ CTRIA ¢ 282 5 7 79 78 o
385~ CTRIAZ 203 5 79 7 8

386~ CTRIAZ 234 -] 8 80 79

387- ~  CIRIA2 205 6 154 141 152

388~ CIRIAZz 226 6 142 152 161

389~ - CTRIAZ 207 6 152 142 153

398~ 777 CTRIAZ2 208 - T U S £+ S ¥ Y-S
391~ CTRIA2 209 6 153 154 143

392~ . CTRIAZ 219 6 16k 156 143

393~ 77T CTRIAZ 21t - 220 156 77 L4 T 455 T

33946~ CTRIAZ 212 220 145 155 Lub

395~- CTRIAZ 213 220 155 145 156

396- 77777 CTRIAZ 214 T 220 7 146 ~ 156 165 T
397~ i CIRIAZ 215 220 140 156 - 146

398~ CIRIA2 216 220 146 147 140

399- "7 CTRIA2 217 7 220 T 167 T ASY T U160 T

400~ CTRIA ¢ 218 220 157 147 178
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COUNT
8Gle
ag2-
403~
DY T
%05-
36~
“i7-
805~
*52-
410-
wige
412-
13-
Wil-
wiS-
18-
bi7-
b18-
$19-
b2e-
w2i-
y22-
€23~
424~
825-
“26-
w27~
428-
429-
438~
431-
»32-
$33-
434-
$35-
436
$37-
538~
©39-
465~
W1~
862
L63-
-
M5~
445=
by?-
a8~
849-
550~

. 1
CTIRIAZ
CTRIAZ
CTRIAZ
CYIRIAZ
CTRIA2
CTRIAZ
CTRIA ¢
CT2IA2
CIRIA2
CIxIAZ
CTRIA2
CTRIA2
CIRIA2
FORCE
FCICE
FORTE
FCRCE
FCRCE
FORCE
FoR%E
FCRTE
FURTE
FLRTE
FORCE
FORCE
FCRCE
FCRCE
FORCE
FCRCE
FCRCE
FORC
GRAV
GRID
GRID
GRID
GRIOD
GRIC
GRID
GRID
GRID
GRIO
GRID
GRID
GRID
GRID
GRID
GRID
GRIO
GRIO
GRID

213
220
2218
222

2
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228
220
220
220
220
220
22¢C

-
~N
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3

NADC-77149-30

oe b ) LR ] 5 -
173 - 158 '
73 68
68 73
73 74
74 70
inb <8
98 104
196 105
105 108
1338 128
128 138
138 138
133 130
0 1000,
0 10530
0 i300.
0 1340¢.
0 1032.
o 1000
] 1000.
] 1000,
] 138G .
] 1383.
0 1000 .
0 10002,
Q 13G0. -
g i000.
0 i000.
0 10406,
0 1303,
g 1000 .
386.4 0.0
12.5 183.0
12.5 148.5
12.5 119.8
12.5 98.0
12.5 9C.3
12.5 61.0
12.5 22.0
12.5 «0
10.75 122.5
8.73 10t.5
9.386 30.9
10.87 5645
7.28 3445
6.0 3
L.12 9%.18
8 o0
«0 7 3.25
- 645
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=794
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~«235
-e488
-2-32
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COUNT
$51-
452~
#53-
454-
$55-
456~
357~
e58-
$53-
850~
“61-
462~
463-
46h4-
k65~
“56-
“67-
wal-
869~
470~
“7i-
872~
$73-
76~
$75~
476~
W77-
878~
473~
b80-
b8t~
va2-
te3-
885~
ve5-
“86-
w87~
b 88-
»89-
“96-
§91-
892-
¥33-
%496~
495~
495~
V37~
428~
292
500~

GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRiD
GRIJ
GRID
GRIJ
GRID
GRIOD
CRiID
GRID
GRID
GRID
GRID
GRID
GRID
GRIO
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRIOD
GRIO
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
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oo 5
3.25
-0
3.25
-0
n.o
7543
75.5
«81
81
180.0
16845
119.0
?8'0
S0.0
-0
40.0
22.8
On
56.3
38.0
.u
.81
108.5
9%.0
40.0
31.0
11.0
1G8.5
]

-0

-0
94.0
75.5
«31
51.5
101.5
90.0
R
«81
180.0
148.5
119.0
S8.0
390.0
o0
51.5
33.7
22
0.0
-0
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16.5
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16.5
1645
16.5
16.5
16.5
16.5
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17.5
16.5
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GrID
GRID
6RO
GRID
GRIC
GRID
GRIOQ
GRID
GRiID
GRID
GRIO
GRIO
GRID
GRID
GRIG
GRID
GRI3
GRID
GRID
GRIO
GRID
GRID
GRIG
GRIJ
GRID
GRIJ
GRID
GRID
GRIS

GRIDJ
GRID
GRIO
GRIO
GRIO
GRID
GRID
GRIQ
GRID
GRID

160
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.e & L) S
-9, 0 0
~4e55 4.4l
if. %2 -2
12.5 38.37
id.5 90.3
12.5 61.8
12.5 40.0
12.5 22.0
12.5 -0
0 o0
~4.5 -81
-G.3 «81
«C «81
12.5 180.0
12.5 148.5
12.5 119.0
12.5 98.0
12.5 8G.0
-i0.36 .0
12.5 51.5
12.5 35.71
12.5 22.
12.5 2.0
~7.625 .3
-5.0 .8
-9. 0 «3J
-%.55 4.15
10.15 -0
~%4.5 81
-5.0 - 81
-0 «81
12.5 i80.0
12.5 14845
12.5 112.90
12.5 38.0
12.5 S0.0
-13.96 0
12.5 515
12.5 37.25
12.5 22,
i2.5 g.0
~7.62%5 o0
~7.625 .0
=55 »0
«0 -0
-0 81
4,5 «81
~G. 5 o 81
-!'.55 3‘95
9.35 «8
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e e 5

1645
i7.5
17.5
-8.5
~845
~345
~Be5
~8.5
-845
-B.5
Ch, 84
2454
24a84h
24,84
24484
24.84%
24.84
2L.84
24. 84
2hedl
24484
24.84
24.84%
2ha B4
24,86
33.1
2he Bl
24.8%
33.1
33.1
33.1
33.1
33.%
33.1
33.1
33.1
33.1
31.1
1.1
J1.%
Jie1
33.1
38.1
38.1
38.1
38.1
38.1
38.1
Ji.1
1.1
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CARD

COUNT
551~
552~
553~
55k~
555~
556~
557~
558~
55¢-~
560~
561~
562~
563~
56k~
365-
566~
567~
568~
569~
570-
571~
572~
573~
S74-
575~
576~
577~
578~
579~
580~
581~
582~
383~
58k~
585-
586~-
537~
588~

589~

598-
591~
392~
593~
594~
595~
596~
597-
598~
599~
5008~

GRID

GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRIC
GRID
GRID
GRID
GR1D
GRID
GRID
GRIOD
GRID
GRIOD
GRID
GRID
GRID
GRID
GRIO
GRID
GRIO
GRIQ
GRID
GRID
GRID
GRID
GRID
GRID
LOAD
MAT L
*2

MATL

MATY
t1s
NAT1
+5
MATL
¢ILS
NATL
RAT1
MATL
15
NATL
+8%

TS ORTEOTBULK TDATA

NADC-77149-30

L 2 e 3 oo ‘0 on 5
148 1 12.5 51.5
1481 1 12.5 180.0
1462 1 12.5 14%.0
143 i 12.5 124%.0
16% 1 12.5 100.3
145 1 12.5 84.0
145 2 -10.36 0
1%7 1 12.5 4C.0
148 2 ~4.5 <81
1493 2 ~3.0 «81
15¢ 2 o0 281
151 1 12.5 180.6C
152 1 12.5 144.0
152 1 12.5 12640
154 1 12.5 1G0.G
155 1 12.5 8440
156 2 -18.96 <0
157 i 12.5 40.0
158 1 12.5 19.5
159 1 12.5 -0
160 1 19.3 180. 0
161 1 9.5 166.0
162 i 9.0 125.5
163 1 8.0 100.8
164 1 7.54 77.5
165 1 7.52 80.30
166 1 ig.82 56.3
167 1 7.5 37.0
i68 1 1C. 4 23.0
169 1 9.58 -0
178 1 5.0 -0
178 1 12.5 19.5
179 1 12.5 -0
3 1.2 1.0 i
1 1.0327 3.9¢5 33
7543 65.%3 “w2.¢3
2 1.03¢7 3.9%*6 «33
7743 6Lhat3 45.¢3
3 1.03¢7 33

Thaetd 63.¢3 43.¢3
L) el 3.25%4
368. 360. 280.
5 29.+6 12.5¢6 .3
75.¢3 2Tet3 53e¢3
10 16.0¢6 6.2¢6
12 2546 5.166¢6
16 1.03+¢7 3.9¢6 «33
78.0¢3 69.t3 4T7.¢3
16 1.05¢7 «33
61.43 38e4¢3 38.%3

A-13

. e 6 .
H1i.1
51.9
51.9
51.9
51.9
51.9
51.9
51.9
4i1.1
Li.4
41.1
42.1
41,956
“1.803
414334
41.256
4141
4i.1
hlet
Gl.1
41.959
41.3878
41.75
41.3
41.256
41.256
41.1
4l.1
41.1

Chl.d

4.1
51.9
51.9
1.0
2.56~6

2.6-4
2.6-4

Tola=b

e 14245-3 "

264

2658-4
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TECHO

7

3

LR ] 10

12
13
116
16

MTLS

115

184




Cagp
COUNY
651~
602~
683~
604~
58S~
6CHb-
587~
638~
563~-
610~
511~
612~
513=
blu~
615~
5156~
617~
618~
616~
528~
621~
622~
623~
624~
625~
626~
527~
623~
529~
633~
531~
532~
533~
636~
635-
636~
637~
538~
639~
64C~
bbi-
652~
6553~
bbb~
645~
bub~-
o477~
548~
549~
650~

¢75
PBAR
+82
¢33
PEBAR
¢ 87

. +88

PBAR
+89
#9360

- PBAR

+3t
+92
PBAR
+94
+95
PBAR
+31
+311
PBAR
+32
+321
PBAR
+33

LR ] 2
117 ’
Jebts
200

« 834

«834
13
g.0
.8‘3“
19
c.0
2834
20
0.8
«833
31
6.0
eb16

(Y]
k16
33
2.0

LR ] 3 - e “
1.01¢7 3.835%¢6
2.3¢4 2elt4
J.0¢4 Ttk
BeH26 e90¢6
S.3¢6 «89¢6
3.2¢6 83¢6
Tobt 6 «90¢5
2438406
o7 2
97 2
127 2
22
3 «063
0.0 -.S
3 « 0276
0.0 ~e 35
3 «08
0.0 -e77
'S4

3 323
o.u
ebl?

16 « 0675
0.0
-8 30

117 2125
0.0
« 834

117 «25
0.0
o834

1i7 «25
8.0
« 834

117 188
3.0
«8333

1 «16
0.0 0.0

k16

1 .03

3.0 0.0
«bi6

1 o156

0.0 0.0

NADC=-77149-30

L) 5

«33

1.281¢6 6.0

-0
]
o0

1
i
1
2
0
3
G
)

S 8 4 e 0

+33

« 0156

elbl -

4.33-3

0.275

567 ~14

0.175 .

" 1e63~3

0,238

A-14

.o 6
2452~ -

2.2¢6
24306
2.2¢6
2.1%6
1.74307
59

83

119
«00525
«0018

«C114
8.8

«88066

4.56=5

Y

«083

«083

<001

1o0%~2

3.31-2

4.36-3

. 7

S0.¢3
50.23
S0.+3
50.23
0.8

2

2

2
8+33~5
Lol T-4

4.27-5
o Tl
be26-%
1.82-4

«342

« 0385

«085

e £3 ¢

S5.38~4

24674

2e73-3

. 8

1.1¢6
45443
1.1#6
45.¢3
1.146
45.43
1.1+6
45.¢3
1.6%6
-1.0

~1.0

~1.0

.o 9

1a7-4
15.+3
fe7-4
15.%3

15.+3
107'“
15.+¢3

SORTED "BULK 0 A T A ECH O — T e

-e 18
1383

SHEAR
MTL7
MTL3
MTLOQ

MTL 13

BARS
3AR10

172
173

174
175

182
183

187
188

189 .
190

191
192

136
135

131
13112

132
1321

133
1331
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CARD .
. 1 e -2 oo 3 oo L L) 5 se 6 se 7 LX) 8 L) 9 ae 10
+331 « 208 o624 ) ' ’ ) )
PBAR 34 1 «28 6.828-2 2.30-2 9.30-4& 13%
>34 0.0 0.6 -o 4425 to7 ~a425 ~e7 1364
+341 2 %15 «%l16 S )
PBAR 35 1 468 4256 «20 1.56-3 135
+35 C.D S.0 ~e66 1.17 ~«66 -1.17 13514
+351 T <hib eh1ib B ' )
PBAR 36 i o 4B « 267 «19 1.53-3 136
¢ 36 0.0 0.9 ~a65 1.088 ~¢ 65 -1.388 1361
+351 o416 «b1b ) ) T
PEAR 37 1 o4l «152 5.32-2 1.33-3 137
+ 37 0.0 0.8 ~o 745 «395 « 515 « 435 1.255 ~+335 1371
+3714 oL16 «a16 T -
PBAR 38 1 1.053 1ak47 23 2.34-2 138
+33 0.9 8.0 1.725 ~s235 -1. ~1.885 “1e 1.415 1381
¢354 « 216 «518 o
PBAR 9 2 «336 «119 «117 2.53-3 139
+39 8.0 0.0 ~e 547 1.378 1.0276 ~e272 1332
+331 «556 «278
PBAR L] 2 b7 «095 «078 3.02=-3 140
e60 6.0 3.0 -+ 3856 1.22% 1.114 =:276 1421
+501 " <468 «365
PBAR L1 2 «189 6.7T6-3 018 Te00-4 161
LY 0.0 0.0 0.0 0605 ~olt5 ~e295 16114
1l « 436 «396 a
PBAR 42 2 ~487 133 «137 4.20-3 162
+42 c.0 0.0 -~ 273 . 1.167 1.377 ~o483 o5 -+2985 1621
+421 «311 «523
PBAR 43 2 «279 7.30-3 029 2.80-3 143
43 G.0 0.0 0.0 «52 . o 45 ~e38 L) -s38 1931
*631 «296 «538 -
PBAR 44 2 «202 «073 «078 1.60~3 164
*lle 3.0 0.C 322 1.13 1.178 ~«37 1461
$hthl «33 e b bkl . .
PBAR 45 2 « 310 «088 « 076 1.01~3 145
*45 9.0 3.0 ~ek56 1.326 1.196 - 324 1651
+451 «483 «350 ST
PBAR 45 2 «540 2078 «123 8.50-3 146
¢ 65 0.0 8.0 -« 191 1.017 1.389 ~e483 1461
+851 «256 579 :
PBAR 5¢ 1 « 258 «0132 «0535 Telb-4 150
+5¢8 0.0 [P ] g. 0 le8%6 «786 o416 . 15014
+501 «364 ¢ 453 oo T
PEBAR 51 1 o072 Laob=Nh °9-3 2024 151
+58 0.0 0.0 0.0 «362 25 ~e078 1511
+511 37 «%63 T T o
PBAR 52 1 «081 6.45-4 . 2.185-3 2.30~4 152
+52 2.0 8.9 C. 0 «343 «275 ~o147 1521
+521 #3720 4463 e S
PBAR 53 1 «22 «003 <0317 8.22+4 153
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+53
+531
PBAR
+56
+541
PBAR
+55
+551
PBAR
+56
+551
PSAR
*57
+571
P24
+52
+581
PBAR
+53
¢531
PEBAR
+63
¢601
PBAR
+61
+b11
PBAR
¢62
+621
PBAR
+63
¢631
PBAR
+6k
548
PBAR
+12
+#13
PEAR
*+172
PLAR
+173
PBAR
+A23%
PJAR
¢ 22105
PBAR
+AR1G6
PBAR
+AR 107
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« 372

«37

202

0.0
«202
60
8.0
37
61
0.0
« 371
62
0.9
l“sg

t.0
«406
6h
G.0
«345
70
0.0
hTl
72
95

125
94
5
135
«37
106
o 71
167
78

1

3
Ce.0
5

3.0
«389

9.0
e 16

3.0
chEY

0.0
«63

8.0
e531

8.0
«6531

8.0
«4562

0.0
o b 68

0.0
«346

G.0
«430

NADC-77149-30

oo 4
’ n.n

«159
0.0

«17
c.0

T o131
c.0

362
1.505

«33
«852

799
2.221

ek36
1.91

«311
1.37

«176
.75

0212
« 775

269
«758

«324
~.778

2
~e05°
5
-e12%
«130

«072
~.57
«089
-.71
«5938
-.78

o0 5

1.123.

003
«836

«0138
.815

2.65-3
0.72

13
g.0

- 085
0.0 .

«359
0.0

266

n.n

- 993
0.3

0252
~.168

<0285
-+198

«03%
~e226

A-16

.o &

«0199
«57

«218
«57

3.56-3
o bl

«857
-e 445

«0209
~e 273

259
- 328

+118
-« 56

« 0632
~aeG7

<0103
-S54

«0587
‘050“

«015¢4
~e 432
« 422

6.67~2

3.02‘“
~e266

3.60-4
~e285

3.67-4
-+05

9.56‘“
«99

5.38-3
5

«013
1.21

1.22-3
1.22

8.72-4
« 865

he63-4
~.168

1.04-3
i -«198

2.19-3
~e226

«0012
8.0

672
1.0
«169
1.0
2.29-3
9.57-5
1.18-¢

1.29~4

. 8

=e455
~a273
~e326
~e56

~e4B7
=18

~e15%4
~e132

<422

9.

L ] 9

-+99

-1.21%

-1.21

-+ 865

«562

«532

oSt

1.75

LN ] 1“
1531

15&
1541

155
1551

156
1561

157
1571

158
1581

159
1531
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1601

161
1611
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1621
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1631
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1641

112
113

1172
1173
B8AR3Y
BAR10S
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75i-
752~
753~
75%~
755~
756~
757~
758~
759~
765~
761~
Te2-~
763~
764~
765~
7T66-
76T~
768~
763~
770~
771~
772-
773~
T76=-
775~
776~
777~
778~
773~
782~

781~

782~
783~
784~
785-
786~
737~
788~
789~
730~
791~
7382~
793-
734~
735~
786~
737~
738~
799~
888~

- 1 *e 2 v
PBAR 108
+AR1G8  S2
PBAR 115
#2115 -.%35
+R1158 .17
PEAR 121
+2AR121 - 146
POAR 122

+LAR122 ~.1486
PLLR 126
+B84AR125 0.0
PBAR 139
$BARL39 ~.b4b

" +a2139 1.0
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