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Symposium Provides Clues 
To Balloon Failure

A four-day symposium was held this year at W ent- 
worth-by-the-Sea, Portsmouth, New Hampshire, Octo
ber 19 to 22. The meetings, sponsored by the Air Force 
Cambridge Research Laboratories, covered the spec
trum of scientific ballooning, including balloon mate
rials and design, novel launch techniques, telemetry and 
command systems, and balloon-borne instruments.

The conference highlight was a series of papers 
related to the problem of balloon failure on ascent. A 
panel discussion on the possible causes of failure fol
lowed, at which a number of separate pieces of evi
dence appeared to tie together to provide a coherent 
picture of the mechanism of failure.

Winker of Raven Industries provided a graphic anal
ysis of stresses normal to the gore seals near the top of a 
balloon in a static inflation. These cross-seal stresses 
were caused by asymmetrical development of the 
bubble. Winker showed a film clip of water-model bal
loons which exhibited similar stressing near the crown. 
Failure in the models always occurred near the apex of 
the balloon.

Greenfield of Rand Corporation pointed out that if 
the top fitting of a balloon is displaced from the true 
top, the radial stressing from the top will cut across 
seals.

Parsons of Litton Industries provided test data which 
indicated that seal strength drops as low as 500 psi at 
cold temperatures under high stress rates.

Payne of A FC RL showed upward- and downward- 
looking pictures of balloon failures, taken by cameras 
mounted at the top and bottom of balloons, which 
showed that failure invariably occurred well above the 
balloon-bubble equator.

The above evidence has led us at NCAR to formulate 
a tentative theory of the principal mechanism of failure 
of large polyethylene balloons on ascent. This theory 
is described in the following article together with a 
number of steps planned to prevent ascent failures. The 
comments of readers are invited.
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M e c h a n i s m s  of failure
In a balloon, the point on the surface 

lying vertically above the center of buoy
ancy, CB, is the center of stress. This point 
is located on the end fitting when the bal
loon is fully inflated at float altitude. How
ever, during ascent, the location of the end 
fitting is not fixed geometrically at this point 
of maximum stress. At intermediate alti
tudes, the fitting may not lie on the stress 
center of the balloon surface for a number of 
reasons:

1. Weight. The weight of the unde
ployed material gathered at one side of the 
balloon tends to pull the fitting down from 
the buoyant centerline of the displaced 
volume.

2. Volume. The displacement volume of 
the balloon at any but float altitude is not 
symmetrical about a vertical axis but is 
usually a distorted kidney shape. As a result, 
the center of buoyancy of the displaced vol
ume lies some horizontal distance from the 
center of the idealized spherical shape 
usually assumed.

3. Oscillation. During ascent, the bal
loon may oscillate around its center of

Figure 1. Effect of oscillation on stress 
center, greatly exaggerated.

in an a s c e n d i n g  b a l lo o n
gravity, CG, causing the projection of the 
center of buoyancy and, consequently, the 
stress center to shift on the top surface of 
the balloon. See Figure 1.

The fact that the balloon fitting may not 
be located at the center of stress has been 
observed and remarked upon by Winker1, 
Greenfield2, and others.

Given conditions, then, under which the 
stress center may shift from the center fit
ting onto the surface of the balloon, what 
localized stresses occur at this point? Figure 
2 is a diagram of this condition, with the 
center of a gore considered to lie on the 
stress center for ease of presentation.

The stresses at the stress center are com
monly given by:

Cm AP
+ ""ST “

where:
(■/[u, <rt — the stress in the meridional and 

transverse directions respectively, 
Rn» Rt =  radii of curvature in the meridi

onal and transverse directions 
respectively,

AP =  differential pressure across film, 
t =  film thickness.

It is well known that the film stresses in an 
inflated balloon at ground level are at their 
maximum since AP decreases with increasing 
altitude. The problem, then, is to discover 
the mechanisms by which the stresses can 
be increased to failure levels at higher alti
tudes by considering film temperatures and 
loading rates.

The first mechanism may simply be that 
the transverse stress is non-zero at the stress 
center, as shown in Figure 2. This must be 
the case if the stress center does shift and 
the stress center element is in equilibrium. 
Photographic evidence has been presented 
by Winker that the stress center can lie out
side the center fitting, at least during ground 
inflations.

The transverse stress may, of course, be

1Paper by J. A. Winker, “Improvement in Balloon 
Design through Scale-Model Analysis,” 1964 
AFCRL Scientific Balloon Symposium.

2Informal remarks by S. M. Greenfield, 1964 
AFCRL Scientific Balloon Symposium.
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Ft =  Transverse force 
Fm =  Meridional force

CB

Om, at =  the stress in the meridional and trans
verse directions respectively 

Rm, Rt =  radii of curvature in the meridional and 
transverse directions respectively 

AP =  head (Z —Z») times lift, «H(
( “ He =  Pair —  PH e) 

t =  film thickness

Zero-Pressure Level

Ground

Figure 2. Stress-center forces on balloon film during ascent.
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lower than the meridional stress if Rt is less 
than Rm. But offsetting this is the fact that 
strengths in the transverse direction are 
known to be lower than in the meridional 
direction for some polyethylenes, and that 
seal strengths are always lower. The experi
ence of Litton Industries with film creases 
shows that balloon film may have virtually 
zero strength across the crease.3 Granted 
that transverse loadings and stresses may be 
low, as evidenced by a short Rt on the 
ground; there is no assurance that dynamic 
effects will not rearrange the film geometry 
momentarily to cause a combination of con
ditions causing failure.

These dynamic effects may be entirely 
generated by a sudden release of material 
from the undeployed reserve. Another con
tributing factor may be the local pressure 
changes on the balloon caused by ascent

3Remarks by Arthur A. Anderson at the Balloon 
Burst Panel Discussion, 1964 AFCRL Scientific 
Balloon Symposium.

velocity pressures combined with turbu
lence and gust pressures.

In summary, then, several conditions can 
exist in an ascending balloon which may not 
normally be considered in the design:

1) During ascent, portions of the top of 
the balloon may be loaded biaxially as in 
a superpressure sphere. This condition is 
characterized by an off-stress-center loca
tion of the top fitting.
2) Dynamic transient conditions exist 
which, when considered in terms of the 
film temperature and loading rates, may 
add considerably to the strength required 
of the film in both the meridional and 
transverse directions and to the seal 
strength required in the transverse direc
tion. These dynamic conditions most 
likely take the form of impact loading but 
may also be in the form of pressure varia
tions on the balloon skin over and above 
those normally considered.

r

UPCOMING FLIGHTS
Date

(1964-
1965) Location Sponsor Investigator

Balloon specifications 
(polyethylene unless specified, 

vol. in cu. ft.)

Nov. Palestine, Tex. Washington U. M. Friedlander 
(Washington U.)

0.75 mil, 1.5 million

Nov. Palestine, Tex. NASA A. Barrett (MIT) 1 mil, 1 million

Nov. Palestine, Tex. NASA T. Parnell (U. of N.C.) 0.7 mil, 2.94 million

Nov. Palestine, Tex. NASA L. Peterson (U. of Calif.) 0.5 mil, 3 million

Nov. Palestine, Tex. NASA C. Hemenway (Dudley Obs.) 1 mil, 1.25 million

Nov. Palestine, Tex. NSF M. Kaplon, J. Duthie 
(U. of Rochester)

0.8 mil, 2.94 million

Nov. Palestine, Tex. GSFC K. Frost (GSFC) 0.75 mil, 10 million

Nov. Palestine, Tex. NSF, ONR, 
NASA

M. Schwarzschild 
(Princeton U.)

Dacron & Mylar scrim: 
Launch balloon; 0.5 mil, 
300,000. Main balloon; 
0.35 mil, 5.25 million

Dec. Page, Ariz. NSF Z. Sekera (UCLA) 1.5 mil, 250,000

Dec. Palestine, Tex. NBS D. Gates (NBS) 1.5 mil, 2.94 million

Dec. Palestine, Tex. NASA C. Hemenway (Dudley Obs.) 1 mil, 1.25 million

Jan. Page, Ariz. NASA T. Gehrels (U. of Ariz.) 1 mil, 3,987,000
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These conditions constitute unknowns in 
the calculation of material loading and load
ing rates; these conditions should be offset 
by a satisfactory margin of strength in the 
material. Hauser has shown, however, that 
for high reliability in large balloons the nec
essary margin of strength has not been ade
quately defined.4

Recognizing these conditions, it appears 
that the general solution of the problem 
must be to treat the top portion of the bal
loon as a superpressure sphere, or to arti
ficially assure that it behaves as a zero- 
circumferential-stress member. Calculated 
loadings must include not only the static but 
the possible dynamic conditions and the 
resulting design must allow for sufficient 
margins of strength to compensate for the 
present lack of quantitative data.

4Paper by R. L. Hauser, “Statistical Implications of 
Balloon Materials,” 1964 AFCRL Scientific Bal
loon Symposium.

German Flight at Palestine
A major flight program called “Spectro- 

Stratoscope,” which is under the direction 
of Dr. K. O. Kiepenheuer of the Fraunhofer 
Institute in Freiburg im Breisgau, Germany, 
is planned for launch from Palestine in 1966. 
The objective of the program is to obtain 
time sequences of simultaneous pictures and 
spectra of the fine structure elements of the 
solar atmosphere with the highest possible 
angular (or spatial) and spectroscopic res
olution.

John Sparkman, now returned to Boulder 
from a tour as superintendent of the Sci
entific Balloon Flight Station in Palestine, 
Texas, will be responsible for the manage
ment of this program.

Float
altitude
(feet)

Flight
duration
(hours)

Payload
weight

(pounds) Experiment Remarks

115,000 12 250 Cosmic-ray studies

100,000 4 629)4 Oxygen spectrum investigations

125,000 8 286% Cosmic-ray studies

135,000 12 80 Gamma-ray telescope

115,000 12 30 Micro-meteorite collector 2 flights

117,000 12 202 Gamma-ray & charge particle 
detector for S-57 satellite

130,000 12 350 Cosmic-ray studies 2 flights

80,000 12 11,000 Visible-light, high-resolution 
photography

79,000 5 457 Skylight polarimeter

100,000 4 1,500 Atmospheric moisture measurements

115,000 12 30 Micro-meteorite collector

120,000 10 600 Photo-polarimeter
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THE FLIGHT RECORD

Date Location Sponsor Investigator

Flight
operation
conducted

by

Balloon specifications 
(polyethylene unlesj 

specified; vol. in 
cu. ft.)

Sept. 11 Palestine, Tex. USWB D. Hilleary (USWB) NCAR GT-11 Dacron-Mylar 
scrim, 3.2 million

Sept. 15 Sioux Falls, S. Dak. NYU R. Mendell (NYU) Raven 0.75 mil, 1.5 million

Sept. 17 Palestine, Tex. AEC G. Frye (Case. Inst.) NCAR 0.75 mil, 3 million

Sept. 19 Palestine, Tex. ONR C. Waddington 
(U. of Minn.)

NCAR 0.5 mil with 0.5 mil 
cap, 5.025 million

Sept. 22 
& Oct. 2

Palestine, Tex. NSF S. Korf (NYU) NCAR 0.75 mil, 1.5 million 
0.75 mil, 1.5 million

Oct. 4 Palestine, Tex. NASA M. Kaplon, C. Denny 
(U. of Rochester)

NCAR 0.75 mil, 3 million

Oct. 4 Palestine, Tex. Princeton U. M. Schwarzschild 
(Princeton U.)

NCAR 1.5 mil, 100,000

Oct. 5 Sioux Falls, S. Dak. NYU R. Mendell (NYU) Raven 0.75 mil, 1.5 million

Oct. 6, 
6, 7, & 9

Palestine, Tex. NASA M. Kaplon,
C. Denny
(U. of Rochester)

NCAR 0.75 mil, 2.94 million 
0.75 mil, 3 million 
0.87 mil, 7.11 million 
0.75 mil, 3 million

Oct. 10 Palestine, Tex. AEC G. Frye, L. Smith 
(Case Inst.)

NCAR 0.5 mil, 6 million SVT

Oct. 10 
&11

Palestine, Tex. NASA M. Kaplon, C. Denny 
(U. of Rochester)

NCAR 0.87 mil, 7.11 million 
0.75 mil, 3 million

Oct. 12 Palestine, Tex. NASA K. McCracken 
(Grad. Res. Ctr. of S.W.)

NCAR 0.75 mil, 3 million
(

Oct. 13 Palestine, Tex. NASA M. Kaplon, C. Denny 
(U. of Rochester)

NCAR 0.75 mil, 8,549,000

Oct. 13 
& 15

Palestine, Tex. NASA F. McDonald (GSFC) NCAR 0.75 mil, 2.94 million 
0.75 mil, 2.94 million

Oct. 15 Page, Ariz. NASA A. Shipley (NCAR) NCAR 0.32 mil, 1.25 million

Oct. 16 Palestine, Tex. NASA F. McDonald (GSFC) NCAR 0.75 mil, 9 million SVT

Oct. 18 Page, Ariz. ONR R. Lucas (A. D. Little) NCAR 1.5 mil, 250,000

Oct. 22 
& 23

Palestine, Tex. AEC H. Mark
(Lawrence Rad Lab.)

NCAR 0.75 mil, 600,000 
0.5 mil, 3 million

Oct. 28 Holloman AFB, N.M. AFCRL J. Strong 
(Johns Hopkins)

AFCRL 0.75 mil, 3.2 million 
Dacron-Mylar scrim

Oct. 29 Palestine, Tex. NASA A. Barrett (MIT) NCAR 0.75 mil, 1,001,800
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Float
.altitude

(feet)

Flight
duration
(hours)

Payload
weight

(pounds) Experiment Balloon performance notes

100,300 734 1,137 Test flight of satellite infra
red spectrometer

Successful flight

119,000 6 230 Neutron spectra study Successful flight

117,200 11 3638 Gamma-ray astronomy Successful, flight

126,900 48 321 Cosmic-ray emulsions Flight terminated early; balloon descending

115.500
121,000

3
3 8

2318
228

Cosmic-ray emulsions Successful flights

121,700 9 375 Gamma-ray & charge particle 
dectector for S-57 satellite

Successful flight

62,530 1 354 Test of cosmic-ray effect on pho
totube for Stratoscope II flight

Successful flight

121,000 7 215 Neutron spectra study Successful flight

117,400

122,500

8* 

13/4

511/2
387
648
386

Gamma-ray & charge particle 
detector for S-57 satellite

Successful flight 
Balloon burst at 48,500 ft. 
Balloon burst at 46,700 ft. 
Successful flight

131,800 78 375 Spark chamber Successful flight

3948
3638

Gamma-ray & charge particle 
detector for S-57 satellite

Balloon leaked; cut down at 66,000 ft. 
Balloon burst at 38,000 ft.

125,000 9% 282 Cosmic-ray studies Successful flight

413 Gamma-ray & charge particle 
detector for S-57 satellite

Balloon burst at 41,000 ft.

120,000
120,000

108
28

4038
3598

Primary cosmic-ray studies Successful flights

150,000 28 25 Test flight of 
extreme altitude balloon

Successful flight. Balloon was composite of thin 
polyethylene bonded to strength members.

133,000 11 3938 Primary cosmic-ray studies Successful flight

82,600 28 3188 Measurement of balloon 
gas temperatures

Successful flight

108,000
130,000

2
48

1698
177

Soft X-ray studies Successful flights

86.000 78 3,000 Spectrum of Venus, 
1.6 to 3.4 microns

Successful flight

101,000 2 6298 Oxygen spectrum investigations Successful flight
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Project Skyhook, 1964:
Flight Balloon specifications

Date
(1964) Location* Sponsor Investigator

operation
conducted

by

(polyethylene unless 
specified; vol. in (( 

cu. ft.)

Aug. 6 Faribault, Minn. ONR, GSFC V. Balasubrahmanvan, 
F. McDonald (GSFC)

Schjeldahl 0.75 mil, 2.94 million

Aug. 8 Fort Churchill ONR, NASA P. Meyer (U. of Chicago) Raven 0.75 mil, 3 million

Aug. 8 Fort Churchill ONR, NASA P. Meyer (U. of Chicago) Raven 0.75 mil, 9 million

Aug. 9 
& 12

Fort Churchill ONR, NASA P. Meyer (U. of Chicago) Raven 0.75 mil, 3 million 
0.75 mil, 3 million SVT

Aug. 12 Fort Churchill ONR, NASA K. McCracken
(Grad. Res. Ctr. of S.W.)

Raven 0.75 mil, 6 million

Aug. 13 Fort Churchill ONR, NASA P. Meyer (U. of Chicago) Raven 0.75 mil, 9 million

Aug. 14 Fort Churchill ONR, NASA K. McCracken
(Grad. Res. Ctr. of S.W.)

Raven 0.75 mil, 3 million

Aug. 17 Fort Churchill ONR J. Earl (U. of Minn.) Raven 0.75 mil, 3 million 
0.75 mil, 3 million

Aug. 19 Moberly, Mo. ONR, GSFC D. Kniffen (GSFC) Schjeldahl 0.9 mil, 2.94 million

Aug. 23 
& 25

Flin Flon ONR, NASA K. Anderson (U. of Calif.) Litton 0.55 mil, 517,000 
0.55 mil, 1,869,400

Aug. 26 Moberly, Mo. ONR, GSFC D. Kniffen (GSFC) Schjeldahl 0.75 mil, 2.94 million

Aug. 26 Flin Flon ONR, NASA K. Anderson (U. of Calif.) Litton 0.5 mil, 517,000

Aug. 27 Flin Flon ONR, NASA K. Anderson (U. of Calif.) Litton 0.55 mil, 1,869,400

Aug. 29 
& Sept. 5

Flin Flon ONR, NASA K. Anderson (U. of Calif.) Litton 0.55 mil, 517,000 
0.55 mil, 1,869,400

Sept. 8 
& 11

Flin Flon ONR, NASA K. Anderson (U. of Calif.) Litton 0.55 mil, 1,869,400 ( 
0.55 mil, 517,000 V

Sept. 16 
& 17

Flin Flon ONR, NASA K. Anderson (U. of Calif.) Litton 0.55 mil, 517,000 
0.55 mil, 517,000

*Fort Churchill and Flin Flon are located in Manitoba, Canada.



Flight Summary

Float Flight Payload
altitude duration weight 

(feet) (hours) (pounds)

122,100 18H 322

363

820

125,000 21 421
126,000 24 352

310

823

126,000 23 344

281
125,000 3 281

124,000 11 256

109,800 14K 76
131,500 16/4 128

122,600 12 % 321

— 76

128

116,000 16/4 78
132

130,900 16 140
112,500 178 145

117,750 WA 89
80,000 4 96

NOVEMBER, 1964

Experiment Balioon performance notes

Counters Successful flight

Scintillation counter Balloon burst at 60,500 ft.

Magnetic spark chamber Balloon burst at 23,400 ft.

Scintillation counter Successful flight
Successful balloon flight; payload release system failed

Cosmic-ray studies Balloon burst at 65,000 ft.

Magnetic spark chamber Balloon burst at 41,000 ft.

Cosmic-ray studies Successful flight

Counters Balloon ruptured during inflation 
Successful flight

Emulsions Successful flight

Counters Successful flights

Emulsions Successful flight

Counters Balloon ascended to 15,700 ft., then descended

Counters Balloon burst in launch arm due to 12-15 knot gust

Counters Successful flight
Balloon failed at 36,100 ft.

Counters Successful flights

Counters Successful flights
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This photographic series of the failure of a 2.94- 
million-cubic-foot taped balloon at 46,800 feet altitude 
was taken by an elapsed-time camera held 300 feet 
above the main balloon by a small balloon tethered to 
the top end-fitting. The sequence rate of the camera

was 5 seconds. Date of flight: November 13, 1964.
Sets of these photographs, 8 x 10 inches, have been 

sent to balloon contractors and sponsors. Others may 
obtain copies of this failure sequence; please send re
quests to the NCAR Scientific Balloon Facility.
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What's to be Done!

NCAR’s approach to the solution of as
cent failures will include theoretical and 
experimental studies and extensive test 
flights of prototype balloons. The conditions 
described in the previous article provide a 
basis upon which we may assemble design 
data by carrying out theoretical stress analy
ses of an ascending balloon and by con
ducting experiments in model and full scale. 
An example of a preliminary full-scale ex
periment is shown in the sequence-camera 
photographs of a balloon burst on pages 10 
and 11. More elaborate photographic flights 
will be conducted.

Solutions presently under consideration 
fall into three categories. The first is forced 
symmetrical positioning of the top fitting. 
This may be accomplished by a tandem 
balloon system, such as the Stratoscope II 
balloon system. NCAR is presently empha
sizing this approach as a number of addi
tional benefits are gained.

A second approach is to reinforce the 
balloon top so that asymmetric loading and 
dynamic conditions can be tolerated. Pre
liminary information indicates that a 75- 
foot-radius reinforced area may be neces
sary. The reinforcement should be isotropic 
with an initial strength of at least four times 
that of the remainder of the balloon. The 
success of this solution depends upon solv
ing manufacturing problems. NCAR is re
questing proposals from the balloon in
dustry for prototype reinforced balloons. 
Ultimately, thread reinforced materials 
which have variable strength seem to offer 
the most efficient design, if not the lowest 
cost. Meanwhile, an intermediate “brute

force” solution of top reinforcement is 
needed with as little delay as possible.

A third solution attacks the problem of 
asymmetric loading by controlling material 
deployment. Industry-developed approaches 
are being evaluated by NCAR. Promising 
prototypes will be flown.

Balloons can, of course, fail for reasons 
other than those described above. Material 
imperfections and limitations, manufactur
ing defects, and handling are constant 
sources of potential failure. For example, 
there is general concern in the balloon in
dustry over the sharply reduced adhesion at 
cold temperatures of the pressure-sensitive 
tape used for reinforcement and repair of 
polyethylene balloons. Another program 
being initiated at NCAR has the goal of 
helping improve the materials and pro
cedures used in reinforcement and repair.

Balloon failu re----- from above,
see pages 10 and 11
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