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THE ORIGINATORS OF THE FLEXIBLE-WING CONCEPTS
in the late 1940's created a completely flex-
ible 1ifting surface with a parachutelike
tension structure in which the wing surface
shape is maintained by the balance of foroces
between the airlcad on the surfaces and the
tension in the suspension lines, and flexibis
wings that could have several types of local-
ized stiffening [1],[2].* The early experi-
mental work was conducted largely by flying
the wings as kites.

There are many potentilal uses for Flexible
wings in astronautics, some of which were dis-
cussed in a talk fto the Institute of feronsu-
tical Sciences in 1963 [3], but the present
paper will be limited to their use for trans-
portation of pasgengers and ecargo from point
to point on earth and to emergency use of
tflexible wings in connection with more convern-
tional aircraft. It will cover the TFollowing
subjects: gliding and soaring, towing, powered
flight, air-dropped wings, rocket-launched
wings, and emergency wings.

All of these subjects are covered in part
by the technical papers listed in the Appendix,
and these references will not be individually
cited in the paper. Some additicnal sources,
mostly from recent pericdicals, will be given
as references for those who may wish to search
the literature.

From a study of the six composite figures
presented, it will be obvious that most of the
vehicles shown could have been unsed to 1llus-
trate more than one mode of launch or flight.
For example, wehicles being developed for
rocket launch were usually tested by air drop
and/or released after aerial tow.

DISCUSELON

GLIDING AND B0ARTHG — One of the earliest
anticipated uses for flexible wings was gliding
from hills or mountains to lower elevations [1].
Barry Hill Palmer and others made flexible
wings and begsn gliding down the California
hills about 1Q years ago, and this application
has recently achieved prominence although it
iz as yet only in the realm of sport [4]-[9].
Dave Kilbourne [9] demonstrates one of these
hang gliders in Figure 1. Ridge-svaring flights
ol over an hour duration have alresdy been
achieved with relatively erude Tlexible-wing
hang gliders. It is anticipated that in the
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that it will prove useful to those interested
in flexible-wing technology.

TERMINGLOGY

There has always appeared to be some
confusion in regard to the terminology used
at different times to identify various flexible-
wing econfipuraticns. Tt may be helpful,
therefore, to provide some definitions of
terminology that have evolved over the pest
decade.

PARAGLIDER — The originators of the
flexible-wing concept in the lste 1940" g
created a completely flexible 1lifting surface
with a parachutelike tension strueture in
which the wing surface shape is maintained by
the balance of forces between the airload on
the surfaces and the tension in the suspension
lines, and flexible wings that could have
several Lypes of loealized stiffening. The
early experimental work was conducted largely
by flying the wings as kites; consequently,
the Tirst flexible wings tested in NASA wind-
tunnel and flight investigations in the late
1950" s were known as flexible kites.

Early applicationz under study by HASA
for flexible kites, such as recovery of the
Saturn booster and manned spacecraft, appeared
to warrant a more suitable name for the recov-
ery system. The term "paraglider" was used,
therefore, to identify the gliding, deployable
wing being investigated in studies of recovery
of' the Baturn booster and other space and
aercnauties applications underway at about the
same time. Inasmuch sz the wing configurations
being investigated in these studies hag rigid-
tube or inflated-tube leading edges and keel
and a ewepiback planform with a flexible fabric
canopy, the term "paraglider"” was general ly
accepted as descriptive of thie type of wing.

PARAWING — Early potential applicabions
for Tlexible winge involved their use BS A
gliding descent system for various space and
aeronautical vehicles. Other applications that
involved powered or towed venicles, however,
did not use gliding flight over the major por-
tion of their operation, and the gliding con-
notstion did riot appear appropriaste; It alao
appeared desirable to use a term that deseribed
the 1ifting surface without regard to the Lipe
of use for it, and the name "parawing” was
derived to meet this need. The term “parawing"”



was originally intended to refer to a broad
class of aeroflexible lifting surfaces, with
both stiffened and unstiffened leading edges
and keels. TIn general practice, however, the
names 'parawing and paraglider” came to be
used interchangeably to describe wings with
stiffening members, and the broad-class con-
notation of parawing was not widely recognized,

ALL-FLEXTBLE PARAWING — A new term was
needed to differentiate between parawings that
had rigid or inflated stiffening members and
parawings that were completely flexible with
no structural or stiffening members. The
name "all-flexible parawing” was selected to
denote a clasgs of flexible wings that had a
flexible fabriec 1lifting surface, a pure tension
structure, and for which the shape of the
surface is determined by the balance of forces
between the airloads on the cancpy and the
tension in the suspension lines, that ia, the
original concept in its purest form.

GLIDING PARACHUTE — The advantages of
being able to steer or change heading on a
personnel parachute have long been recognized,
and techniques and modifications te standard
personnel parachutes to provide steering capa-
bility have been explored for many years, In
the 1950's and 1960's, parachutes were modified
to provide some forward velocity by venting air
from the rear portion of the canopy. Many of
these gliding parachutes could be steered with
relative ease and were cepable of providing
about half as much 1ift as drag. Later design
refinements increased ratios of 1ift to drag
to near 1.0 for gliding parachutes of roughly
hemispherical shape. The term "gliding para-
chute" can be considered to identify a class
of descent devices that produce 1ift in gliding
flight that is equal to, or less than, the drag.

FLEXTBLE WINGS — The term "flexible wings"
identifies a broad class of Tfabric or membrane
1ifting surfaces that provide more 1ift than
drag in gliding or powered flight. Included
in this definition are paragliders, parawings,
and several other gliding, fabric wings of
various planforms and shapes that have been
developed since the introduction of the flexible-
wing concept.
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