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A personnel-carrying balloon with a volume of 8000 cubie feet was
degigned according to “Natural Shape”™ specifications. The design was
subjected to & bangar test on 17 February 1954% snd wes flown successfully
on 6 Mey 195k. This report will cover both experiments,

SUMMARY

I, INTRODUCTION

A study of the sphere cone envelopes previously ussd resulied in the
finding of both horizontal and vertical siress concentrations in the
envelopes. In the "Nztural Shape” walloon, circumferential stresses are
eliminated, This concept motivabed the redesimgn of persomnel-carrying
balloong,

IT, THE NEW DESIGN

A. Theory of the Natural Shape

Since balloons can be manufactured in suy deslred shepe of qlosed
surface, it is_c}ear thatzthere is & most desired shspe.,

The principal considerstior was stresses, the congequent streln snd
the relationship between surface ares and volume combtained., Stresses on
the surface area arise from (1) supporting the paylesd end {2) gas pressure.
Those stresses which have & direction which is tengent to the surfece and
which lie in a vertieal plane are called meridiomal stresses. Tests have
shown that the meridionsl stresses sre trassferred from the tabes cuto the
surface area uniformly,

Curvature in s siresses surface produces sn inward force per unit
ares. In a balleon, this forse is opposed by the difference in pressure
of gag inside and outside. If the inward force created by the meridional
strese is nullified everywhere by the gas pressure, the ballcon is zaid %o
have a "Natural Shape” and has zero circumferential tension,

These ideas were conceived and reduced tc practice by Ceneral
Mills, Inc. under Air Piérce sponsorship in 1951. Sinase then, much of the
work done on balloon degign has been implemented by the University of
Mirnesote Balloon Physics Group development of design nomographs from
use of the analog computer.

Each shape is characterized by a valus of the "balloon fabrie
parameter & ¥, where £ is a dimensionless parameter that enters the
differentisl equations when the effect of finite fabrie weight is taken
into account. The method of obtaining the shapss from the differentisl
equations is as follows:
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Nine different values of £ were chdBen, and for each value the

& differential equatiouns were solved using the anslog computer., Thede nine
shapes were then normalized to give the shepe coordimates T, Z, § for
balloons of unit gore length, where r apd 2 give the profile of the
balloon and 8 is the digtance of & peint on the proiile from the bobthtom
apex (weasured up slong ths gore).

Since the > value ig a ratio of the gross losd to balloon weight,
the design becomes unique for each case, The following design is based
on & meximum load and provides smple material for the envelcpe to sssume
. its natural shape.

B. Selection of Proper Shape

1, Each shape is charscterized by a value of £ , vhere ¥ =0
corresponds to the so-called "weightless natural shape”, and larger
corresponding to the mors oblate sbape with heavier fahriec weight. The
proper value of £ is uniguely determined by the following quantities,

Volume

Paylioad suspended from botiom apex.
Weight of f&bric/mat@ri&l per unit sres.

=i fie g ]

= 028

v
L
W

mnt
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Using the University of Mirmmesots nomograph, curve #2 was selected
where ZF = ,05. This 2 velue producss an envelope profile a4 shown in
Figore

Note: The nine different values of‘gg chosen wers from zero to 40 in .05

increments. Sincé the opiimum value (.028) lies between curve for
0 and .05, .0% was selscted., This means there is slightly more material
than needed for the envelope to sspume its mabtural shape with sxisting
loads,

2, Tailoring of the shape selection consisted ¢f the following.

2. The gore layout was modified at stations #19 snd #29 so theb
the profile would be symwetrical,

B, To provide for a two point suspension st the botbom spex of
the balloon, twe gores were tailored iz the following mepper. A line was
drawn from a point, corresponding to the desired width at the base of the
balloon, tangent to the gore., The resgulting pstisrn provided the necessary
width at the balloon base and precluded the imclusion of separate wedge
gores. This device in no way affectsd the balloon diameter; and the minimum
addition had only a negligible effect on the volume of the bhalloon,

JII. THE HAWGAR TEST

1. Objectives

A bvalloon was fabricated on the besis of the forsgoing specifiestions

and bangar-tested on 17 February 195hk. Objectives of the test were as
follows:

g, Test the mew designa

Y. Determine effscts of t&ilor@d gores bo provide a two point
sugpension,

¢, Measure M1 plastic value capacity in a stable atmosphere.

d. Confirm the degign volume.

2, Details of Testing

The following pietures show the balloon at 200 pounds of 1ift,
400 pounds of 1ift and when full at 517 pounds of 1ift.

At full inflstion the system was 1ifted off the ground and thrown
down again several tTimes sending shock waves up and down the fabrie and
ereating a whipping action.

Two tests of the value, one for ore minute and the other for five
minvtes, wers made,
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3. Conclugiong and Recommendstions

a. (enerally, the new design proved very efficient, rewaining un-
damaged under conditions more severe than thoge expected In [light,

b. Tt was decided fo apply tapes to the wadge gore. This will
provide asymmatry to lcad-bearing members on the balloon,

"¢. The Ml plastic value loss of 1ift in pounds per minute WHES
consistent in both testing periods st 14 1bs, /min, :

d. The groge load of 517 pounds, using helium as the 1ifting gas,
confirmed the design volume at TY00 eubie feet,

1V, THE FLIGHT TEST

1. Objectives

A manned balloon flight, GMI #1130, was made on 6 May 19%k.
- Objectives of the flight wers sz follows:

a. To flight-test the new 263F telloon.

b, To determine the flight capsbilities of the 263%P bpalloon,
¢, To approve the 263P balloon for production.

d. To test the hydroneal gensrator.

2. Details of Testing

The inflation snd launching was accomplished without any real
difficulty except that 1t was not possible Lo meet the time schedule
becausge of difficulties with the hydroneal generator. Surface winds
remained less than 5 MPH during moet of the pericd which simplified
handling the balloon over the three and ome-half hour inflation periocd.

Take-off was made at 0750 with the balloon rising at 400 P.P.M. %o
its ceiling of 5000 faet, The fiight was characterized by the instability
that was evidenced shortly after the bslloon had reached its ceiling. The
pilot was kept busy riding out the series of up and down drafts, A
total ballast of 20 pounds was reguired to keep the system in a safe
altitude range. Wobtal valving time for the four hour duration was only
1 l/h minutes with the major portion of this being required for lsading.
Indicative of the instability was the pilot's notatiom at 1130. "Small

. brown leaf obsarved in air nesr balloon - altitude 3200 feet”. The
" Tirst attempt at a landing resulted in the halloon being caught in &
downdraft over a wooded area. The balloon descended inte tree tops
- approximately 10 feat above the basge of the halleon. Numsrous tears in
’ the balloon were observed. The balloon than rose above the tree and
was valved to lapnding s few minutes liter,

| Aeeroved for Release: 2016/10/24 C05415894 — —
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3. Conclugions and Recommendations

8, The 263F belloon withstood & severs test flight and performed
excellently under existing conditions.

b. The 263F, as designed, is an seceptable item and ready for
production.

¢. The hydroneal generstor did not produece the OGO CFH as indicated
but gave 3000 CFH, prolonging inflation over 1 1/2 hours.

d. That the hydroneal gas has & distinet amonis odor was evidenced
by the pileot in flight and the crew members during inflation.
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26IP IRAWINGS

A-15352-8 Inflatiocn Tubs and Duct
A~15%51-B Duct Installation

A-1530h-B Reefing Sleeve

A-15350-B et Attachment

A-16595-B Gore Pattern

A-167h9-B Location of Wedge Gore Tapes
A-16621-0 Valve and Rip Panel Insgtallsiion
A~17232-C 263P Assenbly

A-3000k-A - Rip Panel Bolt

A~3G005 -4 Rip Panel Nuab

A-30006~A Rip Panel Gasket

A-11877-A Suspension Harness
A-30704-B Fivre Bushing Iwstallation
4.-11876-R Attachment Pad

A-30708-B Balloon Base

A=L2072=E Seal thru Balloon Base
4-16883-A One Way Clip

A-16619-B Deviee for Securing Duct
A-16618-¢ Rip Device for Belloon Base

Valve Drawings

A-16525-4 Valve Spring
A-1652h-A Stud

A-16523-R V Seat Mtgz., Disk
A-16553.1 Valve Seat
A-16521-C Valve Plate
A-1655h -0 Velve Screen
A-16552.C Valve Gasket
A-1655) ¢ Valve Ring
A-16555-C Valve Assembly
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