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Although expandable structures are generally considered for space applications

primarily, because of their excellent packageability characteristics and the

nead for small volumes on the launch pad and large structural items once in
space, there are quite a number of applications of exvandable structures for
aerospace vehicles which do function within the earth's atmosphere. In each

of these instances the advantages of packareability, high structural integrity
and low welight are paramount and result in a concept which is hard teo match
with a conventional rigid structure. In space, the prime object is often low
welght without too great an emphasis on structural load. However, in most of
the aerospace applications that operate on the eartht's surface, hipgh strength
becomes of paramount importance., Developments in fabries with high strength/weight
ratios and good permeability characteristics are constantly opening new avenues
for zir inflated structures, The ability to utilize high strength materials in
filament form - whether they be synthetic fibers, glass, metal or even the

newly considered boron - makes work in this area a stepping stone toward even
further improvements with normal developmernt time, Advances in weaving tech-
nology, coating of fibers and special scuff resistant and abrasion resistant
treatments, as well as finishes for protection from ultraviolet, all tend toward
minimizing maintensnece and increasing the 1life and reliability of such strue-
turss. This paper will dezal with a few of the developments along these lines
which have taken place recently and are now in use or being considered for

current applications.
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Ballutes

One of the most active applications of lightweight, high strength fabric
material is the Ballute*, a combination balloon and parachute, which is a
form of zerodynamic decelerator which provides stability and deceleration

at a wide range of Mach numbers. The actual shape of a Ballute varies
considerably depending on the specific application. Figure 1 shows three
shapes that have been wind tunnel tested in order to determine their flight
characteristics for future appliecations. These tests have been conducted
by both the Air Force and NASA and the most promising ones are then evaluated
in flight attached to a missile specifically designed for this purpose. The
Air Force program on which this is done is known as ADDPEP (Aerodynamic

Decelsrator Development Performance Evaluation Program.)

From Figure 2 it can be seen that Ballutes are now available and have been
tested over almost all speed rangss currently associated with earth atmosphere
flights. These programs are continuing to extend the capabllity of the

Ballute for application to re-entry vehicles and for extraterrestrial flight.
As shown by the curve, "gq" loadings as high as 3400 1b/sq ft have been achieved
and this particular Ballute was about four feet in diameter ard used for dee
celeration of 2 supersonic sled. It was made of Nomex - a high temperature
nylon., Cther Ballutes, however, have been made of stainless steel and Rene' 41
filaments and have been tested to temperatures up to 1500°F and speeds to

Mach 10 in wind tummel tests.

At the other end of the scale, Ballutes have been made as ultra low speed
descent vehicles for use in the upper atmosphere where dynamic pressures as

low as .05 1b/sq ft were used. Figure 3 is a picture of one of these Ballutes

*T.M«, Goodyear Aerospace Corporation, Akron, Chio
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approximately 14 feet in diameter, which utilizes a payload of about 7 1/2
pounds. This is made of a nylon film approximately L0004 inches thick,.
As in the case of most Ballutes, this is ram air filled so that it retains

its structural integrity throughout its descent.

Perhaps the most popular Ballute is the 4 foot diameter unit shown in

Figure 4, used by the Gemini astronaut. This particular unit is ram air
f£1lled from side inlets and has been completely tested and man rated for
utilization at all escape corditions anticipated for the Gemini vehicle. In
the svent of an emergency the astronaut would utilize his ejection seat to
escape from the capsule; the Ballute would then open and stabilize and orient
the astronzut so that he would descend feet first to a sensible atmosphere
where his normal recovery chute could be deployed. The main purpose for this
Ballute is to prevent the man from going into a spin at altitude where his

rate could become injurious or even fatal.
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Sea Stilts

Expaniavle structures are also being considered for application to aerospzce
vehicles in forms other than for improvements of flight characteristics, A

good example of this would be the retractable stabilizing floats now under study
by Convalr and the Navy for application to aircraft which would land on water and
have to remain there in rough seas for extended periods of time. It has been found
that an arrangement of vertical floats, "sea stilts", will considerably reduce
the movement of the aircraft in wave action. 4s shown in Figure 5 tests have
been conducted on a full sized alreraft using ripgid hollow cylinders, proving

the feasibility of the principle. At the present time these units are being made
in a retractatle form which will permit low drag during fliecht and yet provide

the structural inteprity for supporting the aircraft while on the water.

In order to permit retraction and extension of the inflatable floats, and maintain

rigidity throughout the cycle, a special folding technique is employed. This is

I

scown in Fisure 6, The entive float is rolled up on 2 reel in the base of the unit
and unreeled as reeded. By providing torgue to this reel, and holding a rre-
determined rressure inside the air tight fabric chamber, the structural properties
of the float are retained, The technique is relatively simple, tut extremely

effective,
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Adirmat Applications

Airmat continues to provide 2 capability of expandable structures not possible

with conventional bodies of revolution., Here the drop threads which tie together
two surfaces of fabric can provide a shape control which is specifically applicable
to areas where flst surfaces are reguired and variable geometry, and paclkage-
ability are also important. Weaving technigues have progressed from the modified
carpet loom, on which the original Inflatopland*was built, to a pilot type of R & D
loom for more versatility and better control of wesving properties to the glant

Air Force loom now avallable for weaving even large size metal structures.

Figure 7 shows the size of this facility as compared to a couple of automobiles,

It is fully automatic and will weave to a contour as dictated by & scale model.

New applicaticns for Airmat are constently being vroposed where standard structural
technigues are inadegquate., The most current examples of this would be the

following:

F-111 Wing Seal

In the Gensral Dynamics concept where the wing chenges sweep in order to obtain
optimum performance at a wide variety of sircraft speeds, the intersection between
the opening of the fuselasge and the wing varies considerably for each wing setting.
Attempts to seal this with an Alrmat structure are considerably simpler than any
other technique found so far. It is possible to predetermine the contours desired
by weaving the Airmat with finite drop thread lengths that result in a wedge shape
body with structural integrity meintained by an internal pressure. See Figure 8.
When the wing moves from one position to another, this Airmat seal folds or extends

as reqguired to fill the gap. The fabric material is selected to withstand the

*T . M.!'s, Goodyear Aerospace Corporation, Akron, Chio

713



characteristics of these structures, they should withstand a considersble number
of wing movements, The inflntable components are serviced by bleed air from the
jet engines and are equipped with a valving system so that changes in =1titude are
automatically handled to maintain the proper pressure differential across the
struetural walls., Each of the seals are preformed at manufacture and are regdily
attached to the hard structure of the zirplane by conventional fe=stening methods,
In Figure 9, can be seen the loom wesving the cortoured Airmat for this applicetion.
This lightweight approach to filling the wing fuselage intersection should be
applicable to any future airplane which considers the use of variable sWeep wings,
It may also be utilized in STOL type aireraft where increase in wing area could be
handled with pneumatic sections instead of with multiple component complex metal

gegments,

Adreraft Modifications

The develooment of the new large Airmat weaving faeility which ic capable of
fabricating components with a predetermined contour permits considerstion of
appliéations vreviously not even thought feasible, One such use of Airmat is for
converting a land plane into a sea plane, By adding a special inflatable section
to the bottom of the fuselage of a high wing sirplane, it is possible o nrovide
the necessary flotation and shape to permit the sireraft to operate frcm water
bases. See Figurel0., When retracted, or deflated, the airplane shape returns to
its original land configuration, and the ferric material is held tightly apalinst
the fuselage by a suction pump., For an aircraft the size of a 0-130, this
Installation might weigh less than 500 pounds, The normal sirplane is relatively

unchanged, and it takes only sbout a minute to "lower" the water huil,
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This concept mirht be rovplied to extra wing »rea when needed, exterral fuel
supplies, spray tanks, and & wide nurmber of other applications., It is interesting
Lo note that this method of adding volume or structural agrea fo an airerafi is
readily performed cn alresdy existing vebicles, permiting them to sttain increased
capsbilities without performance penalties, In the retracted form, the space taken
ry these components is almost imperceptable, Welght penalties are algo survrisingly
low. BHach aprliceation, however, must be considered sepsrately and evaluated on

its own merits,

Infistable Alrersft

The original Inflatorlane, which proved the feasibility of developing a comnlete
aircraft structure out of pneumstic components, opened the door for other

milar lires, Two of these which might be of interest at the

la

applicetions along s
rresent are the inflatable glider and the inflatable communications drone, The

fuel glider would be most applicable to uses at relatively low speeds, such as with

helicopters und fixed wing aiveraft in the subsonic speed range.

Ir the cese of the fuel glider this can be used either as a delivery unit of fuel,
food, water, cargo or nossibly even people. Since the cargo compartment is

rressorized in order to maintsin the shape and integrity of the vehicle, it can

L

be used Tor low altitude as well as high altitude work with equal ease,

1

The most imrediste apolication would be with the helicopter as a means for range

extensior. for this vehicle. See Fipure 11, By towing an inflated fuel plider
witr 2 good L/D ratio and a sizeable payload, the helicopter could substentially
fnerease its own range. AL the end of the flipht, or when the fuel supply is
evnsusted in the glider, it could be collapsed and carried back inside the

helicopter,
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Both the delivery unit and the range extension system have inherent qualities of
peckageability, resistence to damage and lightweirht which are impossible to

achieve with conventiornal construction, By carrying a small auxiliaery air supply,
whien could be either ram air driven, electrically powered by the tow aircraft or

vy its own integral power supply, it should be possible to replace any air lost by

wall arms fire without effecting the aercdynamic or structural properties of the
£ I

47

venicle. As a matter of fact, once a source of air pressure is on board the fusl
glider, it is nossible to utilize this 85 s means for pumping the fuel, since the
tanks are all collapsible and the retension of pressure in the fuselage will auto-

maticaliy force the fuel out if it is released,

As an infintable drone, it Is possible to employ an aircraft of this type as a

high #ltitude relay link for range extension of communication systems, The main

it

advantage for this drone is adavptabiliiy to field operaticns, practical indestruct-

-

ability and ease of transportation, Preliminary analyses show that missions of

e

24 mours above 40,000 feet altitude are achievable, and that these can be increassd
as power plant selseotion imnraoves, These aireraft heve axcellent vaylozd to grose
welght ratios, can operate from small unimproved fields, and are relatively low in
Inltial cost, Maiptenance on the aircraft structure itself is almost eliminated,

since 1t is djfficult to damepge, Fipure 12 is one configuration of such = vehicle

=]
=

+

utilizing the smzll Allison turboprop engine, and fabric structure that can be

readily manufactured on the new loom.
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Rotoeraft

One of the first applications ever considered for Alrmat was the rotor blade,
becsuse the centrifugal force maintains the tensicn and therefore, cone angle,
and the interral pressure is merely requirnd for shape retentlion, However, si;
most current helicopters are root driven and controlled, recuiring more rigidit
than easily obtained in the fabric blade, the work progressed slowly. The hene
of light weight and packageability still exist, however, and now that compound
vehicles, giant flying cranes, and recovery gystems are in demand, the Alrmat re

interest has renewed.

When considering a compound helicopter, where =a wing is vsed to unload the rotor
during high speed flight, even before one considers the rotor, it btecomes resdil]
evident that an inflatable, retractable wing would be ideal, As shown in Figure
13, this wing could remain folded up into a small ped during hovering, when the

rotor must be at its maximum efficiency, and ther as the speed Incresses, 1t can

9 1

be urrolled to take over much of the 1ift fumction. This capabvil

(=0

ty is availrsble

today, and with normsl development can become cperaticnal,

Another compound helicopter might te one in which the rotor remains stored in a
retracted hub during high speed flight and is only derloyed from & spinning hvu
for the landing and take-off position of the flight. Figure 14 illiustrates su...
an sircraft., Here the interference of the wing during hovering would not be too
important, because an extremely large radius could be emnloyed *to permit operatis
at & low disc loading, Naturally, during the high speed portion of the flight,
which constitutes its major operating time, the alrcraft would be performing in

its most efficient mode.
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Adnalytical studiss of flying crane potertial were also meie and tlese shoved
tip powered units of large rotor dismeter are very uromising for frbric hisde
construction. 4s shown in Figure 15, the larger the rotor the smallsr +he engine
problem, Reasonably high tip speeds can be meintained at low rpm and rence vibretory
rrotlems from cyciic zction are minimized, Blnde weights Jook very good, especlelly

with the tip mounted engines which assigt 4in refaining a low coning »ncle,

[}

Preliminary work has already been started along the lines of develeping a ULlade
which is completely cellapsible sc that it can be rolled up into the hub vhen
not in use, The first unit, abeut 21 ft in diameter, is shown in Figure 16
mounted on a test truck, In this particular figure the hlsdes are being pre-
rotated prior to movement of the truck down the runwey, at which {ime the bleodes
go into autorotation, the rem of which is set by the truck speed, In these
particular tests it was found that these flexible blades work very well in the

auterotative mode using only a root setting and & small tip tab to defirne tre

blade piteh angle,

As shown in Figure 17, the blades when not in motion are completely flexible and

a

have no rigidity whatscever, In these first units the insile of the blade wes
filled with soft plastic foam, In future blades the Airma*t materisi will be
employed and it will be prossible to pressurize the blades to give a reasonable
amount of stiffness when it ic desired and by evacuating them to comnletely remove
the stiffness when they must be stored, The vehicle sbown in Figure 17 was merely
used to check the blades in autorctstion to see 1if they would ectuelly

values indicated by the truck tests, This &°0 1b vehicle "lifted ofrY ot about

40 mi/hr and was very stable in operaticn,
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Flaons are now veling mede to wind tunnel test arn Airmat blade in autorotstion and

to zttempt to vary the piteh of the blades Tthrough tip controls,

At the present time this concent is sufficiently far slong that it car be considered

ng large diamcter blsdes, that can be stored in

.

liz

[

for recovery applications, ut

-

a small space and deployed slowly trrough spin up, It should be possible to

h

achieve disc loadings which are low enough to vpermit zero velocity landines,

Transferring the inertia of the blades just before impact to incressed piteh of

the rotors shovld comvletely eliminate the need for impset attenuators., This

[N

entire area of recovery is just now being investigated and it should become very
fruitful because of the new loom developments which will permit weaving of a

¢ blade in practically a single operationm,
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Balloons

(]

G 4orothan-air field, it sppears that the develomment of the very stable
flying Vee-Baliocow has initiated a renewed interest in tetrered balioon apriications,
Trase vary from the use of very small film corstructed experdable units of & few
subic feat for marker anplications to glant sized fokric unifs with long Iife

exrectancy in the 100,000 cu ft size for high s#1titude and heavy lozd carrying.

Two of “he wost sctive uses are for communications and logging. See Figure 18.

f

Tve hellonns used for comrunications - bssically perform the function of elevating

3V}
[
o]
]
4
D

enna to extend line-of-sight range or to give it Jergih ard rence increased
et ficiency snd rrnge. These alse nave been used in a veriety of sizes from
LOT eu £, Mlown at 500 £t sltitude by the Army in Vietnam to 75,000 cu ft flown
st 1C,000 £+ by the Navy, DNew dewlopments in gas tight fabrics provide for

, minimlzing operaticnal costs and raking time on ststicn a

1]

A comrercisl spelicetion of the Vee-Bzlloon is In the logging industry, here it

ea Teen found trrough studies for the Forest Service that a balloon can be

utilized to good sdvantage to move timber from areas generally consldered inaccessitle
or unsconcricel using conventicnal logging methods, In experiments conducted by
Boheris Lumber Commany on a Vee-Balloon, it was determined that by utilizing dynamic
110t charscterictics it is rossible to actuslly fly the Jogs from the forest te

the larding tnus incressing productivity and decreasins chances for breakege,

Besides the scoromical benefits of balloon logging, the Department of Agriculture

tg very much interested in the conservation effects which result from ballcoon

¢, It is veossible to clear areas without the need for extersive roads,

* T,M,, Goodyear Aerospace Corporation, Akron, Chio
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disruption of the water sheds, soil erosion, ete, It is to be expueted that as
experience is gaired in balloon logeine, its utility will greatly dincrosse. The

aerospace industry will have to contritute te this field of erndesvor by wroviding

it vericles with increased performarce for the seecifie properties recuirad
in tallocn logeing, These irclude high 11, goed flisht etab’lity, guick turn

around, survival in high winds, zood btedding down chrrecteristics, ete,

It becomes quite arrarent that the advartages provided by new developments in
fabrics orers a tremendous number of fi=ids for avrlicetion to aircrafi where
strength/weight ratios are so important., Actually the appliceticrs are so

numerous that the only determining factor that justifies development in any
particular area is a current need. From past experience with expardeble st ructures,
one can readily predict that wherever it appears fess=ible, the final a=:licrtion

will be both economical and surprisingly effective in cperation,
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Figure 1. Typical Ballute Shapes for Wind Tunnel Testing
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GEMINI BALLUTE (NASA)
Ist LIVE JUMP
CWO CHARLES LAINE (TEST SUBJECT)
6511th TEST GROUP (P) AFFTC
NAF EL CENTRO, CALIFORNIA

Figure 4, Gemini Ballute in Jump Test
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Figure 5.

Vertical Floats Developed by General Dynamics
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Ficure 6. Vertical Float Retractlon Concept
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Figure 7. The Giant Air Force Airmat Loom
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Fipure 8., F-111 Wing Fuselage Intersection Seal
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The GAC Airmat Loom Weaving a Single Seal Contour

Figure 9.
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Figure 10,

Water Configured Hull for Land Plane
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Figure 11. Inflatable Helicopter Towed Glider for Range Extension
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View Showing High Altitude Drone in Flight, Packaged
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Figure 12.
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Figure 13. Compound Helicopter Using Inflatable Retractable Wing
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Figure 14, Convertible Aircraft with Retractable Fabric Rotors
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ACCELERATION LOADS AT ROTOR TIP
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Firgure 15. Relative Properties of Tip Powered Rotors
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Fabric Rotor Mounted for Autorotation Truck Tests

Ficure 16,
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Six Hundred Pound Test Vehicle for Lift-Off Trials

Figure 17.
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Figure 18. A Typical Stable Vee-Balloon for Tethered COperations
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