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A person;uel-carrying balloon with e volume of 3006 oubie feet was 
designed aooordilig to "Natural Shape" epeoifioetioneo The oeeigh was 
subjeczted. to a hangar test on 1.7 Fe'bru.ery 1.9530 end wee flown successfully 
on 6 May 19511. This report will oover both experimenter, 

SUMMARY 

I , INTRODUCTION 

A study ofthe sphere cone emrelopee previously used reeulted in the 
finding of’ both horizontal and vertioel stress eonoentratione in the 
envelopes. In the’"Eature.l Shape“ balloon, oirrmmferentiol otroeeee are 
eliminated. This eonoept motivatefi the redesign of pereom.el=eer:rying 
balloons. 

II. THE NEW DESIGN 

A, Theory oflthe Natural Shage 

Since balloons eon be manufactured he eny tleeireo. ehepe of oloaed 
surface, it is clear that there is aw. most desired shape, 

The prinoipelv consideration was etroesee, the ooneequent strain and. 
the relationship betvieen surface area and volume oohtaiheci. Streeoes on 
the surface area 'a!.rise”i"rom (1) supporting the pevloed and (?)) gee greesu ~ » 

.,, . . re 
Those stresses whieh'ha.ve a direction which is tangent to the surface and 
which lie in a vertical plane are called meridioml etreeses. Tests have 
shown that the meridional stresses are transferred from the tapes onto the 
surface area unifonnly. ' 

Gurveture ins. stresses surface produces on inward. force per unit 
area. In 9. balloon, this force is opposed by the difference in pressure 
of gas inside and outside. If the inward force created. by the meridional 
stress is nullifiecleveryvrhere by the gee pressure, the balloon is said to 
have a "Natural Shape“ and has zero circumferential teneionu 

These ideas were conceived. am. reduced to greotioe by General 
Mills, Inc, under Air Force sponsorship in 1951., Since then, much of the 
work done on balloon design hes been implemented by the Wzaiversity of 
Minnesota Balloon Physics Group development of deeigsi nomographe from 
use of the analog computer. 

Each shape is eharaoterized by o value of the "balloon fabric 
pammeteri ", ‘where E is e. dimensionless parameter that enters the 
differential equations when the effect of’ finite fabric weight is taken 
into account. The method. of obtaining the shapes from the differential 
equations is as follows: 

*1 m\ §\ 
‘F’ F > 

' 

L.- 

to ee 
‘.2,

3 

4 J 
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Nine different valuee @rZ were choeen, emit for eecé value the 
’\/ differential equations ‘were solved using the analog oompuxer. These nine 

shapes were then normalized to give the shape coorcdinetes '13, 2., S for 
balloons of unit go1‘*e'le11g1-Lh, where r and Z give the profile of the 
balloon and S is'the'6.ie"tanoe of e point on the profile from the bottom 
apex (measured up along the gore).

i

P

E 

} 

, 
»-»

\ 

_ A.
Z 

Since the Z value is a. ratio of the gross load ‘to ‘balloon weight, 
the design becomes unique for eeeh case‘, The following design is based 
on a. maximum load'a,nd provides ample materiel for the envelope to assume 

. its natural shape.
_ 

B“ Selection oi"vProge;~* Sbage 

1, Each shape is characterized by a value of S , where € = G 
corresponds to the so-called "weightless natural shape", and larger 
corresponding to the more ‘oblate shape with heavier fabric weight, The 
prayer value of Z is uniquely determined by the following quantities. 

V = Volume 
L = Payload suspellded. from bottom apex» 

‘ W = Weight of‘ fabric teriel per unit area, /"E 

. 
= ~31“ gill + § 2] 
= @028 

,\ - \ 
’ ‘fix ‘- ‘,\\ I . 4 

K ~ 
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Uoing the University of Mirmeeote nomogmph, curve #2 was selected. 
where 2 = .05. This E value produoee am envelope profile oo shmm in ~ 

Figure V 

Note: The nine different values of f chosen were from zero to A0 in .05 
incremental» Since the optimum value ($028) liee hetween curve for 

O and .05, ,O5 was selected. This meene there is slightly more material 
than needed. for the envelope to eeeume its natural ohope with existing 
loads, 

2. Yifailoring of the shape selection consisted of the following. _ 

21.. The gore: la,;you"$:; was mod.ii”ied at etohione #19 zmri. #29 so thaw; 
the profile would be symmetrical, 

W. To provide for e. two point suspension at the ‘bottom apex of 
the balloon, ‘two goree were ‘tailored the following mennox", A line was 
drawn from a point ; correepmding to the oeoired width at whho hoes»: of the 
balloon, tangent ‘to the gore. The resulting pattern provided the necessary 
width at the balloon base and preolufiezi the inclusion of separate wedge 
gores, This Qeviee in no way offeotofi. the ‘balloon dimhe"2:e:r', end. the minimum 
addition had. only ea, negligible effect on the volume of the balloon, 

III. THE HANGAR TEST 

1, Objeotivee 

A balloon was fabricated on the haeie of the foregoing epeeifiootions ' 

and hangar-tested on 17 February 195%, Objeotives of the ‘beet were as
, follows: ’ 

an Test the new design. 
b, Determine effects of tailored gores to provide a two point 

suspension, 
c. Measure Ml plastic value capacity in a. stable atmosphere. 
6.. Confirm the design volume. 

2., Details of Testing 

The following pictures show the balloon at 200 pounds of lift, 
1109 poumls of lift end. when full at 53.‘? pounoo of lift, 

At full inflation the syeizem was lifted off’ the ground and throvm 
down again several times sending shook waves up and down the fabrie and 
creating a whipping aetione 

Two tests of the value, one for one minute anal the other for five 
minutes;-rere made, 

I _V 4 
“V » . 

V, ___,, 
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3. Qonoluoiorior and Reeozmmenrigtions 

a. Generally, the new design proved very effioient, renmining u.n- 
damaged under conditions more mevero 'tha,n thoee expected in :E‘li@t., 

To. It was decided to apply tapes to the wedge gore. This will 
provide syxmmetry to loa,d.~bea.r:ing menfioezm on the bulloono 

co The Ml plastic value loos of lift in poundo per minute was 
consistent in both testing periods at 11% lhoo /D1131; 

6... The grosoload oi‘ 517 pounds, uoing helium as the lifting gee, 
confirmed the de5ign volume at 7900 cubic feet». 

IV“ THE FLIGHT TEST 

1., .
' Objectives 

A m;a.nned'balloon flight, GMI #11110, was made on 6 May 195%., 
- Objectives of the flight were are followsz 

at To flight-test the new 263? balloon“ 

‘b. To determine the flight oapabilitieo of the 22631? balloon. 

Q4; To approve the 2631? balloon for produotionc 

do To test the hydroneol generatoru, 

2., Details of ‘Resting 

The inflation and leuinching was accomplished without any real 
difficulty except that it was not possible to meet the time oohodule 
because of difficulties with the hydroneal generator, Surface winds 
remained less than 5 MPH during most of’ the period which simplified 
handling the ‘balloon over the three and one~ha,lf hour i.nf1.a,ti0n period. 

Take-off was made at 0750 with the balloon rising at M00 F.,P.M. to 
its ceiling of 5000 feet. The flight was characterized by the instability 
that was evidenced shortly after the ba,l1.o0n had reached its ceiling. The 
pilot was kzept buayriding out the series of up and down drafts. A 
total ballast of 29 pounds; was required to keep the oyestem in a safe 
altitude range, ‘rotel valving time for the four hour duration was only 
1 l/1+ minutes with the major portion of this ‘being required for landing. 
Indicative of the instability was the pil0t“o notation at 11.30., "$103.11 

. brown leaf observed in. air near balloon -= altitude 3200 feet", The 
first attempt at a landing resulted in the balloon being caught in a 
downdraft over a wooded area. The balloon deooended. into tree tops 

- approximately 10 feet above the base of the Ha,1.loon., Numerous tears in 
the balloon were oboervedn The balloon then rose above the tree and 
was valved to landing a few minutes ‘J.s1,tez"., 

v?"\';~> \ -.v..1 
~. 

_ i 
‘ _
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225 RE? 
3,. Qopclgaions ind VRgc‘oggn;£d§.tion§ 

a,. The 263? balloon withstood a severe test flight and performed 
excellently under ex:'i.s1:i.ng eonditionso~ 

b. The 263?, as designed, is an aeceptable item and ready for 
production, 

oz. ‘1‘he‘hydronea,1'geners.t0r did not produce the M006 CLFH as indicated 
' but gave 3000 CFH, prolonging inflatiozx over 1 1./2 hourg. 

do That the hydroneal gas has Q, zimtinot ammonia ovior was evzldencerl 
by the pilot in flight and. the crew members d\11"ing inflamiom,

» 

_ 
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