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FLEXIBLE WING RESEARCH AND DEVELOEMENT

By F. M. Rogallo <f§§;y

FASA Langley Research Center @i}

Langley Station, Hampton, Va. § o
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ABSTR&CT K§§;7

This paper reviews flexitle-wing research am !!opment
progects recently completed or now 1n prog ﬁéy the
National Aercnautics and Space Admlnlstr@E or by the

lnduﬂtry under contract Lo NABA or the ﬁégy iment of Defenge.
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FLEXIBLE WING RESEARCH AND DEVELOPMENT

INTRODUCTION

I assumed that your progrem committee had in mind what hag peen called
Y ight-8ail "
nearly all

When I was invited to present a& paper on the 5ubjectg§§§§§1i@ Wing'

ete .y Or more broa&]y, the flexible-wing concept Bec
of our publicized flexible-wing research and develap as pertalined
to only one of the many possible configurations, tﬂ%ﬁ?ﬁprESaion may
scmetimes be given that we are not considering obl ccnfigurations or
that they do not fall within the flexible~wing J:Esépnt. To emphasgize
that thig I8 not 8o, Figure 1 of referante 1 i3 rggeated herein, and
attention is called to the two-lobe, single cutvature econfiguration on
which so much work has now been done simply 1se Lthat configuration
was arbitrarily chosen for a beginning. mgggépariﬂg this paper 1 am
assuming that you have seen my 5t. Louig qﬂw (ref. 1) and the film
shown there (Langley film L-688) and tm\?;?511E“ film shown in my 1961
TAS Pregentation (Langley film L-593).4 The present paper will cover new
projects or additionzsl work on those ¢Q9 e previous papers.

the "Paraglider," "Parawing," "Flexikite," ”Flex-wing;”g"'

THE 50-FOOT IHF_éﬁﬁﬂwFRﬂME PARAGLIDER

o

Work has continued on tbé750—foot inflated-{rame paraglider dis-
pusged in reference 1., (Se ig. 2.) Flights have been made with the
full-size boiler-plate Me capsule at total weights of 2,000, 2,500,
and 3,000 pounds using a rticular rigging that provided nearly straight
flight and a rather lo gle of attack. Radio-control equipment is
under construction t should allow investigations of the stability,
control, uni perfo e of thigs wing over a wide 1ift rasnge in both
atraisht and turni lides and during the landing maneuver. In addi-
tion tc being the@@ﬁrgeaﬂ flexible wing yet built and having the heaviest
vayload yetl carpyied, this wing has a very limber Trame that will allow
it to Ilncreasg’i¥s span during the flare, which may Improve its landing
characteristj relative to gliders with a more rigid frame.

=

THE NASA FLIGHT RESEARCH CENTER MANNED PARAGLIDER

The NASA Flight Research Center at Idwards, California has built
and flown two additional versions of the manned paraglider previocusly
discussed in reference 1. The I-A version shown in figure 3 has been
flown numerous times by four different pilots of wvarying backerounds and
experience, and the general concensus is that the craft maneuvers and



handles quite well at & w/s of 4.25 and & I/D maxison of 3.8,
gecording to Vicier W, Horton of the Flight Research Center:

When T was at Edwards in August of this year T witnessed several
flights of the I-Bwerslon which had 100 square fest of clolk area and
a Tlying weight of 660 pounds for a w/s of 6.5 and an estimated Lf‘
maximam ol about %, wvalues of these paramesers VERy ngar-ithdse estlmbaied
for the Cemini paraglider lending systen Lo be :
landings T was privileged to witness were wory szood.

GEMINT PARAGLIDER @

The Gemini paraglider landing syvstem Zg shown in flgzﬂn 4. The
deployment sequence 13 shown st the botiom of the filgufh.° Models of
this configuratlon hawve been investigated in wind n s Lenaley
and Ames Research Centers, snd flights bf Tadlo-rungib- tad mpdels are
being made st RABA Flight Researcn Center. n:*w [:L the eazly
flightaor ‘8 lfﬂ seale model in August of t%L: . Ay menticned, many
manned flights hawve already been made at Edws Ll & pearaglider havi
approximately the wing loading and 1ift-to- urf§§§ZL ig expested for

A e oA i B Py, )
LA, 417 the

Tull=-scale wersion of the Geminl-parzgl 1der ling system. Development
of this system 1s being dome by Horth Anmer {9 MeDernell , ‘anid Goodyear
under contract from the HNASA Manned uDPJ@| G Center

THE INFLATED MICROM lD PARAGLITER

gglider ig
vestligated in the ILsngley full-
figure 5, and was investigated In
liding flight after relsas o A helleonter, Il these latfer gtudies
lt wag released from a ¢ables 3ftached suecessively to the nose, tall,
wing tip, and The hoiton E the instrament paeéz. 0 ald dreps it

A full-secale model of the Inflated micrometecroid par
ghown In fioure 5. Thi model
seale tunnel , mounted as shown

attained its rormal stes lide attitude sfter & wery fow osclllations,

nflated mlcrsmeteﬁrOD%@E§T gliders, which are being built By Space-

General under CDHTT%£%§¥ HABA will be lofted to en albituds of
700,000 feet by mean éi?‘

en Aerobee rocket at Whiteésands. Micrometeoroid
impacts on the 20 é%yare feet of ingtrumented wing surface will be telem-
etered to the grogndd receiver. Tae micrometeorcids and their effect on
the wing will b died after recuvery of the parsglider subseguent Lo

its landing. @EP

BYAN PLEX-WING AND FLEEF

Reports are now available covering wind-tunnel and flight investi-
gations of model and full-scale versions of the Ryan flex-wing shown in
figure 6. (See refs. 2 and 3.) Although flown succe hqﬂu14y Tor 22 hours

{ref. 3.), the full-scale machine difd not have entirely satisfactory



Plyicg and haendling gqualities, and & KASA flight regearch
initiated that vac expectied L0 renedy these deliclencles.
ning of this progren, while & check Tlight was belng msde

DrOgTam was
AL the begin-
gf the machine
in its previgusly flewn condition, the machine was wrecked. The Byan
Alreraft Comuny is al present under Army contract ©o build several niore
machines of this general configuration, called the "Fleep," a contraetion
af the words "flying jeep."

MARTHE RECONNATSSANCE DROKE £§§y

The Byan Alrcerals Company built for the Marine Corps
vhoty reconnaissance drones like that shown in figure T. WCVOETADIS
of particular objecis on The ground were teken from thas adio=~controlled

Arones, V§$

o

INDIVIDUAL DRCF AND PRECISION D&EGO/ZEgP

@)E an individuzl drop

An artist's gongeption is sShéwn in fig
paraglider that T zaw under development st Yggey Arirona last Augast.
1% ..- B | e e e U 4 PRl - - b R .O-. e D e 3 i fH
The peyload &t that time was a dunmy, But completion of develon-
menbal work using redio-=controlled dummieﬁgiﬁ iz anticipated that these
paragliders will be dnvestigated in fligh men who will control them
o tne desired landing spot by direet pgnipulstion of the herness linss.
Prior o deployment, the wing is carri@inin a backpsck 1ike & parachute.
This work and a parallel devslopment radio-controliled preecision

cargo-tdrop parggiicer gsing essentd
Fyarr under contract o The Army

LS

N

Although the sowing manned paragliders has been demonsatrated by
NASA FPlight Bescarch CEdg

ag previousl)y discussed, by Flight Dynamies,
Ine, , of Raleigl, ﬁort@%ﬁarulina, and by others, the towing of uncon-
trolled paragllders ngﬁfbeen Timited az yel Lo rather smaell models.
Fyan Cowpshy is nmw@@pcer contract to the Army to design, build, and fly
several unmanned dango-tow gliders to ecarry 1,000 pounds of paylosad when
bowed behind a b ropler as shown in figure 9. Thesge gliders tan be
kept on the topNine during the larding, or they can be cut loose in
Tlight and lagded under radio conmbrol from an aireralt or a ground sta-
tien, Aftez§§his technique is developed it may have very wide applica-
Lions for both military and clvil uses whenever surface transportation
[s impractical.

The




PARAWING L/D VERSUS Cp

Results of an exploratory study of some effecte of parvawing geometry
on performance are shown in figure 10. The lift-to-drag ratic L/D, which
is an indication of the glide ratic or of the thrust required, is pleotted
as a function of the 1lift coefficient Cr, which is an indication of the
1ifting capability of the wing. The four wings investigated had ¢loth
surfaces attached to rigid leading ¢dges and keels. The two wings with
lowest (L/Dlpay had straight leading edges and conical surfaces as
shown in the lower part of figure 11 &nd the two wings with highest
(L/D)maye had curved leading edges and eylindrical surfaces

oW in
t%e upper part of figure 11. In additlon teo the improvement it maxipum
Li{D, the cylindrical wings exhibited flysble characteristice’/tc much
lower values of Cj than the conieal wings, indicating Uch greater

cpeed range potential. The conieal winge were supericriatdhisgh values
of Cr,. The performance and stability parameters ohtained in this
exploratory investigation are being prepared for Eué%%%ation, and =
more complete investigation is under wey. QS

/

STABILITY AND CONTHGI%
[e]

Aerodynamically a nonporous flexible (wizig is identical with a rigid
wing of the same ghape. Much of the w of aercdynamic information
and experience on rigld wings is thereﬁ%§ﬁ applicable to flexlbles wings,
including the methods for obtaining s ity and eontrel. Proper
account must be taken of the flexlbility of the wing surface and of the
frame. In some designs in order t&é%ggplify the desipgn problem & very
rigid frame has been used, but t édient increases the structural
welght and the difficulty of pa ing or stowing the wing. Other
gdvantages of a flexible fraﬁé{%;ﬁ a reduction of fragility and the
possibllity of obtaining control by flexing the wing without need for
binges. A wide variety of pe and location of stablilizing and con-
trol surfaces and other d es may be used with flexible wings asg is
done with rigid wings ;%ﬁgy ired, but many applications, as Tor example,
the NASA Plight Resear enter manned glider have proved that a single
riece of cloth can b@@@éﬁe to provide 1ift, stability, and contrel.

BN
S
@ PACKAGING AND DEPLOYMENT

(0]

Several ods of packaglng and deploying paragliders with rigid-
tube framesg ve been developed and demonstrated by the NASA. A long
slender p ge was attained by merely hinging the tubes at the apex for
ar earlyﬁ§§¥estigation involving gliders rocket launched Tfrom Wallops
Island., In the Saturn bocster recovery investigetion the length of the
package was reduced to half by adding another set of hinges in the middle
of each tube. And in the investigation of a space-capsule recovery sys-
tem an even shorter package was effected by use of telescoping tubes of
many scgments.



The packagability of inflated-frame paragliders is obvious. Sev-
éral methods 6f deploying such gliders are available. Scane have been
demonstrated and others are under investigation by NASA and others.

The packaging and deployment capability of spring-edge paragliders
is utilized by the recently marketed "Friendship-7 Paraglider Toy," and
this system should find more sericus application.

MATERTALS £§§?

Although nylon, dacron, Mylar, and other fabrics and (pjastics are
adequate for construction of flexible wings for moderate temperature
applications, a substantial effort is needed to develqgi%%tter materials
designed egpecially for this use to have the grestes ssible strength-
to-welght ratics and dependability under all Operati§§§COﬂditiOH5 tie
which they might be subjected, even after years @@ﬁ%@e and exposure to

the elements. kﬁiy

In some applications, for example, the rzéfvery of space capsules
and boosters, paraglider membrane material \@1 e of operating at high
temperature is needed. Even with presentIyi%?ailable materials a para-
glider suitable for coming all the way fr rbit to earth is possible,

but may not yet be practical, An impr@gif nt in materiels could make

Eopraceticsl,

CONCLUD EES

&

In this paper I have don§i§§7more than mention the parawing research
and development projects that/are actually under way or recently com-
pleted by the NASA or by dustry under contract to NASA and the
Department of Defense. Timg and/or security restrictions do not allow
mention of the many otk k%@plications that have come to cur attention,
some of which are now r sericus consideration.

After more than%%% years of study and experiment with flexible
wings I have cone he conculsion that many things that can be

done with rigid 8 or parachutes can be done better with flexible
wings. Flexibl ngs are a new, important, and fascinating field of
aerpspace ras h, It's blg enough for all of us. Come on in.

=



REFERENCES

1. Rogallo, Francis M.: Paraglider Recovery Systems. For Prasents-
tion at. TAS Meebing on Man's Progress in theé Conguest of Space.
St. Louis., Mo., Apwril 20, May 1«5, 1962.

2. Johnson, Joseph L.; Jr.: Low-=0peed Wind-Tunnel Investigaticn to
Determine the Flight Charscteristice of a Model of & Farawing
Utility Vehicle. NASA TH D-1259, 1962,

3. Flexible-Wing Manned Test Vehiele. Frepared by Ryan nautical
Company, 2an Disgo, Celif. U.z. Army, Tratcportati Research
Command, Fort Eustis, Va., TCREC Tech. Rep. 62-25) August 1962.

2



WHY A MEMBRANE WING ?

. VERY LIGHT WING WEIGHT PER UNIT AREA
MAKES POSSIBLE WERY LOW WING LOADING

2. ABILITY TO BE ROLLED UP OR FOLDED LIKE
& PARACHUTE

3. RADIATION FROM BOTH SURFACES REDUCES
AERODYNAMIC HEATING AND FLEXIBILITY
REDUCES THERMAL STRESS

4. VERY THIN WINGS REDUCE WAVE DRAG
HiGH SPEED

aT

-y

Figure

o N -

i

REENTRY
SPACE SHIP LANDING
SOLAR SAILING

HIGH ALTITUDE CRUISE (POSSIBLY
DISSOCIATED OXYGEN PROPULSION)

PERSONMNEL AND/OR CARGO GLIDING
PARACHUTE AS SUBSTITUTE FOR
CONVENTIONAL PARACHUTE

WINGS FOR STOL (COULD BE ROADABLE)

LANDING AID FOR CONVENTIONAL

AIRPLANE (LIFT AD‘ME OVER DRAG)

-

COUBLE

l.- Plexible-wing @:@@L as presented to Langley Comuittee on

General AexQoyymamicsy December 19, 1958.
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, built and flown at NASA Flight

Research Center, Edwards, California.

Figure 3.- Paraglider research vehicle T-A
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‘Figure 8.- Artist's conception of individual drop paraglider being developed
by Ryan for the Army.
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and eylindricael surfaces,

Conical

with

parawings

and desg charagterisy

Lift

Figure 10, -



Xawing meodels under investigation in a Langley T- by

10<foet wind tunnel.



