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ABSTRACT

The concept of a hypersonic research airplane 1s one which has
been studied for several years. The project reported on in this
paper involved the testing of a hypersonic beaded skin panel to
failure. The primary interest was focused upon the buckling char-
acteristics of the panel under pure compression with boundary con-
ditions similar to those found in a wing mounted condition. Three
primary phases of analysis are included in this report. These phases
1nclude: Experimental itesting of the panel to failure:; Finite element
structural aﬁa]ys1s of the beaded panel with the computer program
Mastran; A summary of the semiclassical buckling equations for the
beaded panel under purely compressive Toads. A comparison of each

of the anaﬁys1s methods 1s also included.
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NOMENCLATURE

Half pitch dimension, inches (cm)

Cross sectional avea of section defined by half pitch
dimension, a, (see fig. 28) at the center cross sectien
of the panel, 1nches? (cm?)

Width of the flat, inches (cm)

Bead depth, inches (cm)

Bending or twisting rigidity, LBf-in {N-m)

Modulus of elasticity, tension, psi (N/mz)

Modutus of elasticity, compression, psi (ﬂ/mz)

Cthicalzax1a1 compressive stress for bead 1nstability,
psi (N/m")

Critical bending stress fTor bead instability, psy (N/mz)

Critical axial burkling load for flat instability,
LBF (i)

Moment of ineriia per unit length, XY plane
Moment of inertia per unit length, EY plane
Panel length, 1nches (cm)

Critical axial buckling Toad, LBf (¥)

Critical ax1al buckiing load for general instability, LBf

(N)

Critical axial buckling load for diagonal instability, LB
(N)

Bead radius, inches {cm)
Restricted degrees of freedom, rotation

Developed length, inches {cm)



NOMENCLATURE {continued)

S$1:55 Distance, 1nches {cm)
t Bead thickness, inches {cm)
te Flat thickness, inches {cm)
WY, Z Coordinate axes
XY 2 Restricced dedgrees of fresdom, translation
o Magnitude of eccentricity
5 Distance or dimension
£ Strain, pinches/inch {(ucm/cm)
Y Shear, strain pinches/inch {ucm/cm)
e Angle, dearees or radians
v Poisson's ratio
SUBSCRIPTS

Cr Critical
XX Axis
Xz AXis
2z Axis
g Refers to £ direction
Zg Diagonal axis
gY Diagonal plane

Abbreviations
DT Displacement transducey
HRA Hypersonic Research Airplane
HWTS Hypersonic Wing Test Structure
SG Strain gage



SUMMARY

The concept of a hypersonic research airplane 1s.one which has
been studied for several years. Early studies included research 1nto
new structural concepts with emphasis placed upon developing the best
cost/weight efficiency, performance and reliability obtainable.

As a part of NASA's continuing research into hypersonics, Dryden
Flight Research Center has been laboratory testing an 85 square foot
(7.9m2) hypersonic wing test section of a proposed hypersonic research
airplane. In tests performed to date on the wing test section, the
structure has exceeded all expectations of strength and durability

The project reported on 1n th1s paper has carried the hypersonic
wing test structure project one step further by testing a single
beaded panel to failure. The primary interest was focused upon the
buckling characteristics of the panel under pure compression with
boundary conditions similar to those found in a wing mounted condition.
Three primary phases of analysis are included in the report. These
phases include: Experimental testing of the beaded panel to faillure;
finite element structural analysis of the beaded panel with the com-
puter program Nastran; a summary of the semiclassical buckling equations
for the beaded panel under purely compressive loads. Comparisons be-

tween each of the analysis methods is also included.



INTRODUCTION
The Hypersonic Research Airplane

The concept of a hypersonic research atirplane {HRA) 1s one which
has been studied for several years (ref. 1-10). Early studies inciuded
not only basic conceptual design, but also research into new structural
concepts. This research has provided a portion of the technological
base necessary for future hypersonic developments.

Much of the research done has been devoted to theoretical analysis
of various structural concepts which meet the requirements of a hyper-
sonic airplane. Emphasis has been placed upon developing the best
cost/weight efficiency, performance and reliability obtainable. Weight
efficiency in high performance aircraft 1s a critical factor explain-
ing the need for a weight efficient structure,

One HRA concept studied by NASA is shown in figure 1. This pro-
posed vehicle would cruise at Mach 8 for five minutes. It is a single
place design with a wing span of 38 feet (11.58m), a length of 101 feet
(30.78m) and an estimated weight of 75,600 pounds (3.36x105N). The
wings and tail are hot radiating structures fabricated from super

alloys.
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Figure 1. Hypersonic research airplane configuration concept.
Note+ Dimensions are in feet and (meters).



The Hypersonic Wing Test Structure

As part of NASA's continuing research into hyperson1cs{ Drydeq
. Flight Research Center has been laboratory testing an 85 square foot
(7.9m2) hypersonic wing test section, shown in figure 2, of the pro-
posed HRA vehicle. The objectives of this program are to verify ana-
lytical predictions, construction techniques, assembly techniques and
in general to improve flight Toads measurement technology.

The hypersonic wing test structure (HWTS), shown 1n figure 3, 1s
made from René 41 (with the exception of the Tower leading edge heat
shield panels which are TD Ni Cr) and 1s capable of operating with
surface temperatures in excess of 1800° F (1250°K). The HWTS employs
corrugated spar and rib webs and beaded skin panels. Aerodynamic
smoothness 1s accomplished by attaching heat shields over the beaded
panels.

The HWTS carries loads somewhat differently than do conventional
aircraft. Bending loads normally carried by spars in conventional
wing structures are instead carried by the beaded skin panels in the
HWTS. Shear and torgue are carried 1n much the same manner as 1n con-

ventional wings.
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Pigure 2. Hypersonic wing test section of the proposed hypersonic research airplane.

































































































































































































































































































































































































