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PREFACE

One of the tasks of the NCAR Scientific Balloon Facility is to ad-

vance the technology of ballooning. As part of this work, the Facility
conducts a number of programs to improve standards for balloon materials,
design, and fabrication. The present report covers a series of investi-

gations carried out by Thomas W. Bilhorn, then Mechanics Section Manager,
and Harold L. Baker, Development Engineer, in which balloon failures near
the tropopause were photographed, and the data obtained were analyzed to
provide better understanding of mechanisms of failure.

SUMMARY

A test program to photograph tropopause-level balloon ascent failures
unexpectedly revealed the presence of a circumferential stress band in
certain balloons which failed catastrophically in flight. The band in
each case was located between the top of the balloon and the equator of
the bubble, and appeared to exert powerful transverse stresses on the
envelope, culminating in failure near the tropopause level. The failure

mechanism appeared to involve also the presence, beginning at launch, of
a large asymmetrical pocket of undeployed material, which locally folded
the envelope inward approximately as far as the vertical axis of symmetry
of the balloon. With expansion during ascent this excess material was
gradually deployed into the inflated balloon structure. Failure appeared

to occur about at the point where there was no longer sufficient excess
material to allow the pocket to extend to the vertical axis of symmetry.

It is speculated that the additional work then involved in deploying the
remainder of the pocket, together with film brittleness due to cold temper-
atures at tropopause level, and aided at least in some instances by shear
winds, combined to produce failure by enhancing transverse stresses at the
stress-band level. It appeared that development of the stress band might

be modified or eliminated by variations in balloon design, and this sug-
gestion was partially confirmed by balloon model tests.
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I. INTRODUCTION

Since 1946 large polyethylene balloons have become standard vehicles

for lifting many types of scientific experiments to high altitude. To

accommodate desired experiments, scientists have asked for increasingly

higher altitudes, heavier payloads, and longer duration flights, or com-

binations of these characteristics. Balloon manufacturers have responded

by designing larger balloons. However, as balloon volumes have increased,

the in-flight balloon failure rate has also increased. Such failures are

most likely to occur during ascent, in the vicinity of the tropopause.

The low temperatures encountered there evidently render the balloon film

material brittle, while at the same time the envelope, still only partially

inflated at tropopause altitudes, may be subject to stress from shear

winds.

While these conditions offered some explanation of balloon failures,

it seemed possible that balloon design, or manner of deployment during

ascent, or both, could also contribute to failure. Experiments were de-

vised to photograph large balloons during ascent, in the hope of obtaining

detailed pictures of balloon failures. The experiments involved tandem

balloons, tethered together. In one configuration the uppermost, or

"tow," balloon carried down-looking cameras to photograph the lower "main"

balloon. In a variation of the experiment, additional cameras were sus-

pended below the main balloon and directed upward.

Three flights were attempted. Flight No. 1 yielded pictures of a

catastrophic balloon burst. Flights No. 1 and No. 3 provided many addi-

tional pictures which gave evidence of stress in the balloon envelopes.

Flight No. 2 was a ground failure. Two balloon model tests were carried

out to test certain assumptions concerning balloon design that arose

during the flight data analysis.

Each flight carried several cameras, in part to provide duplicate

coverage and a range of exposure settings, but primarily to provide con-

tinuity of coverage: some cameras were pairs, set so that when all the

film in the first camera was exposed, the second camera of the pair would

begin taking pictures.
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In the present text, the photographs from each flight appear in the

Figures section, in chronological flight sequence. Thus the figures will

often be referred to out of numerical sequence during the following dis-

cussion.

Section II presents summaries of the test flights, and brief quali-

tative descriptions of the data secured. Section III presents the stress-

band analysis, while Section IV presents an analysis of the flight and

model test photographs. The conclusions appear in Section V,

II. TEST FLIGHT SUMMARIES

FLIGHT NO. 1, 13 NOVEMBER 1964

This flight carried down-looking cameras only. Tables 1 and 2 give

the balloon and camera characteristics.

The main balloon was inflated to a gross lift of 2020 lb, representing

a free lift of 6 per cent. Launch was uneventful, with the tow balloon

very nicely taking position above the main balloon. Ascent rate from

launch to 31,500 ft was 759 ft/min; from 31,500 to 46,800 ft (burst alti-

tude), 933 ft/min. The tow balloon did swing from side to side, occasion-

ally as much as 90 from vertical during ascent. Photographs showed that,

starting one minute before burst and persisting until burst, shear winds

apparently were blowing into the undeployed pocket and sub-pressure cavity,

but no sailing of material was visible. At 46,800 ft the main balloon

burst, in what appeared to be a typical tropopause failure. (Tropopause

was at 47,000 ft, temperature -650C.) The tow balloon was released from

the main balloon by radio command. Payloads of both balloons were re-

covered in good condition.

Data Secured; Qualitative Impressions

The six cameras mounted on the tow balloon took pictures of the main

balloon from 30,000 ft to burst altitude (46,800 ft). The photographs

were of good quality, although geometric analysis was made difficult by

the lack of reference points on the main balloon, and by related problems

of depth perception. The only visible circumferential reference point

was the inflation tube, and sometimes it was not visible.
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Table 1

BALLOON CHARACTERISTICS, FLIGHT NO. 1

Parameter Main Balloon Tow Balloon

Volume, cu ft 2,940,000 58,000

Material 1,5-mil Hislip 1.2-mil polyethylene
polyethylene

Load Tapes 650-lb strength
Fortisan

End Section
Design Taper tangent

Balloon Weight
lb 1013

Payload Weight
lb 890

Table 2

CAMERA SPECIFICATIONS, FLIGHT NO, 1

Camera Type Pulse Rate Film Aperture Shutter Starting
No, frame/sec Speed Altitude, ft

1 8-mm movie 1/3 Kodachrome II self- 1/30 30,000
daylight adjusting nominal

2,3 35-mm movie 1/5 Tri-X f-16 1/200 30,000

4,5 35-mm movie 1/5 Tri-X f-22 1/200 30,000

6 16-mm movie 32/1 Kodachrome II f-16 1/60 balloon
burst
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The photographs showed a pocket of undeployed envelope material

during ascent, and also revealed the unexpected development of a circum-

ferential flattening of the balloon skin which we have termed the "circum-

ferential stress band." The balloon failure appeared to originate in the

region of this band, and within 90 azimuth of the pocket of undeployed

material.

FLIGHT NO. 3, 24 AUGUST 1965

Tables 3 and 4 give the balloon and camera characteristics for

this flight. The main balloon was inflated to a gross lift of 1270 lb,

representing a free lift of 6 per cent. The system was about 760 ft long

and, just before launch, the tow balloon was subject to winds 3 to 5 times

stronger than those affecting the main balloon, The tow balloon was blown

over about 900; however, launch vehicle maneuvers allowed the entire sys-

tem to float off smoothly. Ascent rate from launch to 31,800 ft was 934

ft/min; from 31,800 to the burst altitude of 65,000 ft, 964 ft/min.

(Tropopause was at 53,000 ft, temperature -740C,)

The tow balloon was separated from the main balloon by a pressure

switch at 58,400 ft. Payloads of both balloons were recovered in good

condition.

Data Secured; Qualitative Impressions

The down-cameras took pictures from launch to 58,000 ft; the up-

cameras from 10,000 ft to burst altitude. The photographs were of good

quality, and geometric analysis was straightforward because the balloon

was marked with a grid of red and green pennants located alternately

each 10 ft down from the top end fitting through 80 ft and in vertical

rows on every fifth gore's load tape.

The photographs revealed a definite circumferential stress band which

was present from launch until the tow balloon separated. In addition,

photographs taken by the up-cameras showed that, starting two minutes

before burst and persisting until burst, shear winds caught undeployed

material in the envelope and made it sail and flutter. The tow balloon

swung from side to side, occasionally as much as 90 from the vertical.

The burst itself was also photographed. The failure appeared to begin

within 900 azimuth of the undeployed pocket.
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Table 3

BALLOON CHARACTERISTICS, FLIGHT NO. 3

Parameter Main Balloon Tow Balloon

Volume, cu ft 9,000,000 58,000

Material 0,55-mil polyethylene 1,2-mil polyethylene

Load Tapes 75-lb strength Fortisan

End Section
Design Cylinder end

Balloon Weight
lb 727

Payload Weight
lb 468.5

Table 4

CAMERA SPECIFICATIONS, FLIGHT NO, 3

Camera Type Pulse Rate Film Aperture Shutter Starting
No, frame/sec Speed Altitude, ft

Down-looking from Tow Balloon

1 35-mm movie 1/4 Medium-speed f-8 1/360 launch
Ektachrome

2 35-mm movie 1/6 Plus-X f-ll 1/200 30,000

3 35-mm movie 1/6 High-speed f-16 1/200 30,000
Ektachrome

Up-looking from Main Balloon Payload

1 35-mm movie 1/5 Plus-X f-8 1/200 10,000

2 35-mm movie 1/5 High-speed f-ll 1/200 10,000
Ektachrome

3 16-mm movie (a) Kodachrome II f-ll 1/30 30,000

4 16-mm movie (a) Kodachrome II f-16 1/30 30,000

( 16 frames/sec for 5 sec, at 30-sec intervals
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III. STRESS-BAND ANALYSIS

Study of the photographs made it seem highly probable that the cir-

cumferential stress bands were crucially involved in the balloon failures.

On both flights the band developed in the partially inflated bubble before

launching, and persisted until burst. The band appeared in the zone be-

tween the top of the balloon and the effective balloon equator, and stayed

in this zone during ascent. Since the balloon was expanding during ascent,

the stress band both expanded in meridional width and moved downward on

the balloon bubble.

The natural shape balloon envelope is intended to be circumferen-

tially stress-free during ascent and at float altitude (i.e., when the

balloon is fully inflated and floating in the free atmosphere). Although

before the present experiments it was known that a rising, partially in-

flated balloon was subjected to various stresses, such stresses had not

previously been analyzed, so far as we are aware. The rising envelope

has always been assumed to deploy the transverse excess gore material in

equal pleats around the circumference for a stress-free balloon. However,

the photographs made it clear that most of the excess balloon material in

each of these flights was concentrated in a large asymmetrical pocket of

material, folded inward and, in the early stages of the flight, reaching

approximately to the balloon's vertical axis of symmetry. The pocket re-

mained in the same relative azimuth position during ascent, while gores

deployed uniformly from it on both sides.

As the envelope expanded, the pocket appeared to resist deployment, and

this resistance evidently added to transverse stresses on the gores already

deployed. Near burst altitudes the transverse stress increased, probably

because so much excess material had then been used up that the pocket was

being pulled outward, so that its inner margin opposite the stress band no

longer hung approximately along the vertical axis of symmetry. Transverse

stress could also have been intensified by shear winds, which apparently

were blowing into the sub-pressure cavity, further increasing resistance

to deployment.
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ANALYSIS OF EXCESS MATERIAL

The analysis of possible failure mechanisms proceeded from these

qualitative observations of the flight photographs. Figures 1 and 8 de-

pict for Flights 1 and 3 the allocation of envelope material to deployed

and undeployed material for a direct comparison with the material avail-

able, from the top of the balloon to the equator. Curve A in each figure

shows the amount of material required at launch to contain the bubble.

Curve B shows the additional material required to form the undeployed

pocket. Curve C shows the material required to contain the bubble at

burst altitude, and curve D shows the material required at that altitude

for the undeployed pocket. Curves A and C are the theoretical natural

shape of the bubble and were verified on the NCAR computer. Clearly,

infinite families of curves representing progressive stages of expansion

during ascent could be drawn between curves A and C, and between B and D

on these figures.

Curve E is based on the actual design of the balloon, which for con-

struction purposes deviates somewhat from the natural shape, particularly

in the area of the balloon top fitting. Thus curve E shows the total

material actually available at each gore station, The different shape of

curves E on Figs, 1 and 8 results from the different designs used in the

two balloons,

Figures 2 and 5, from the flight photographic records, indicate the

decrease in azimuth depth of the undeployed pocket from launch to near

burst for Flight No, 1. Although pockets do not tend to form straight

vertical folds, they did appear in these flights approximately to reach a

uniform azimuth depth to the vertical axis of symmetry of the top hemi-

sphere of the balloon at launch, and this depth has been assumed in the

analysis carried out here,

CALCULATION OF CIRCUMFERENTIAL MATERIAL

The desirability of exact measurement of the balloon dimensions was

suggested during the program. The balloon for Flight No. 1 was not

measured, but the balloon for Flight No. 2, made from the same design, was

measured by the manufacturer during installation of pennants to provide a
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reference grid. Thirty gore widths were measured seal-to-seal, at each

10-ft gore station, and these values were averaged. The averaged values

were multiplied by 75 (total number of gores) to obtain the total circum-

ferential material. In the present analysis these dimensions were assumed

to hold for the balloon of Flight No. 1.

The balloon for Flight No. 3, built to a different design, was

measured during installation of the pennants. Twenty-two gore widths were

measured seal-to-seal at each 10-ft gore station, and the values were aver-

aged, and multiplied by 110 (total gores) to obtain the total circumfer-

ential material.

The as-built dimensions thus obtained differed negligibly from dimen-

sions based on gore design patterns,

STRES S-BAND MECHANISM

Figures 1 and 8 make it possible to locate the area on the balloon

where a stress band might be expected, The circumferential envelope

material between curves A and E, or between C and E, is termed "excess

circumferential material," much or all of which will be contained in the

undeployed pocket. Figure 8 shows quite clearly, and Fig. 1 somewhat less

so, that A anc C approach E at a minimum in a region between balloon top

and equator. This region provides a band of minimum excess circumfer-

ential material in relation to regions above and below.

In Fig. 1, referring to the taper tangent gore design balloon used

for Flight No. 1, curves B and D in their approach to E demonstrate more

clearly than A and C the conditions for formation of a stress band. In

Fig. 8, based on the cylinder end gore design balloon used for Flight No,

3, the conditions are clearly seen for all four curves, A, B, C, and D,

The theoretical basis for stress-band analysis may be better under-

stood if we assume the undeployed pocket is not present, and that excess

material is distributed equally among the balloon gores, so that a trans-

verse radius of curvature exists at each gore station. The stress band

would still be present in an area where less excess material per gore was

available than at stations above and below. The band would share the typi-

cal scalloped shape of the partially inflated gores, but the scallops would
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be shallower. Since the band could exist in this condition of equal de-

ployment, shifting all of the gores circumferentially to accumulate the

excess material into a pocket would increase the stress on the deployed

gores. The stress band would change from a transverse scalloped shape to

a flat band, squeezing the gas bubble, and with biaxial loading would

occupy a balanced meridional width.

IV. ANALYSIS OF PHOTOGRAPHS

FLIGHT NO. 1 (FIGS. 1 THROUGH 7)

Figure 1 indicates that at launch the stress band in this balloon

should be located between the 16- and 20-ft gore stations. Figure 2

shows the band just above the bubble equator, approximately the position

predicted by Fig, 1. Figure 1 predicts that at burst the band will lie

between the 24- and 28-ft gore stations. The geometric analysis per-

formed on the balloon photograph of Fig, 6 shows that the band is, indeed,

in or slightly below this general area, and is about 10 ft wide,

In Fig, 1, at burst altitude curve D has crossed curve E, indicating

that there is no longer sufficient excess material to form a pocket to the

depth of the balloon's vertical axis of symmetry. The pocket must be

displaced outward; the necessary work involved adds to the transverse

stress on the deployed material in the stress band. Figure 5 shows this

outward displacement. As shown in Fig. 2, the displacement began earlier

in the flight than would have been predicted from Fig. 1, presumably due

to variations between actual conditions and the ideal assumptions made in

Fig. 1.

In Fig. 5, depletion of excess material has pulled the inner margin

of the pocket into a straight line in the region opposite the stress band,

and the band itself is tending to pull the pocket outward and upward, with

unknown biaxial forces, The excess material above the band is gathered

into a typical rudder, Comparison of Figs, 1 and 8 indicates the rudder

should be smaller for Flight No, 1 at comparable stages for these balloons

than for Flight No, 3, and comparison of photographs of the two flights

confirms this prediction,



10

The sequence of flight photographs appeared to show the stress band

moving downward by increasing in meridional width with increasing infla-

tion. The band did become more evident on the photographs as ascent pro-

gressed; however, positive detection of movement was limited by the short

range of photographic coverage and the lack of reference markers. The

photographs clearly indicate that the transverse stresses represented by

the band were more severe near the pocket corners (Fig. 5). Some photo-

graphs showed the meridional width of the band to increase at the pocket

corners to as much as twice the width at other azimuth positions. At

launch the pocket corners nearly touched, but during ascent the pocket

corner gap and the transverse corner radii increased, indicating that the

forces required to deploy the pocket were increasing (Figs. 3 and 4).

Figure 6 shows the start of failure, in the stress-band region and

near the pocket. Transverse loading is indicated by transverse displace-

ment of gore seams. The orientation of the pocket upwind, and the dis-

placement of the top balloon downwind, which started one minute before

burst and persisted until burst, indicate that shear winds were blowing

into the sub-pressure cavity and the pocket. The result would have been

additional load on the stress band. Figure 7 shows the burst developing

on both sides of the pocket.

FLIGHT NO. 3 (FIGS. 8 THROUGH 18)

Figure 8 indicates that at launch the stress band should be located

between the 18- and 22-ft gore stations. The photograph in Fig. 9 shows

the band almost centered on the 20-ft gore station pennants, and approx-

imately 4 ft wide. Figure 8 indicates that at burst the band should lie

between the 22- and 28-ft gore stations, and Figs. 13, 14, and 15 show

that the band does lie between the 20- and 30-ft pennants. Curves D and

E also cross in the burst altitude region, and the same conclusions may

be drawn as for Flight No, 1, However, in Flight No. 3 the balloon was

made of a different material, and was coated with cornstarch or poly-

ethylene powder, with the result that the innermostart of the undeployed

pocket is not visible on the flight photographs,
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Down-cameras photographed Flight No. 3 from launch to separation of

the tow balloon at 58,400 ft, 6600 ft below burst. The down-camera photo-

graphs show the stress band slowly widening from about 4 ft at launch to

about 10 ft at 30,000 ft and above, as shown in Figs. 12, 13, 14, and 15.

As noted above, the band also moved downward by increasing in width during

the ascent. This figure sequence again shows that the transverse stresses

in the band area were intensified near the pocket corners, as they were

on Flight No, 1.

Figures 10, 11, 12, and 15 show the changes in the pocket gap pro-

file as the flight progressed,

Up-camera photographs taken immediately before burst show the effects

of shear winds, which started two minutes before burst and persisted until

burst, blowing into the cavity below the bubble, creating a sail. At

burst, film material blew out, apparently from the bubble equator or above,

and again within 90 azimuth from one side of the pocket (Figs. 16, 17,

and 18).

MODEL TESTS (FIGS. 19 THROUGH 26)

It seemed possible to eliminate the deep unsymmetrical pocket of un-

deployed material by tailoring the gores to remove much of the excess

material between the stress-band area and the top fitting. Such a design

would tend to convert the stress band into a stress cap, which would grow

from the top in meridional distance with inflation. The development of

the stress cap should also move the upper end of the undeployed pocket or

pockets outward.

This concept was tested with two balloon models made of 0.55-mil

polyethylene with 6-ft-long gores: No, 1, a tapeless cylinder end balloon,

and No. 2, a taped, fully tailored natural shape balloon. It was expected

that model No, 1 would exhibit a stress band during inflation, and that

No, 2 would not,

The balloons were measured before inflation, and comparable static

inflation curves (Figs, 19 and 24) were plotted, showing material required

for a given size of bubble, excess material required for an undeployed
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pocket, and total material actually available on the basis of the balloon

design, The figures helped to strengthen the prediction that the cylinder

end design would develop a stress band, and that the fully tailored natural

shape would not.

When the cylinder end shape balloon (No, 1) was inflated with helium

it did, in fact, develop a stress band in the area of minimum excess cir-

cumferential material (Figs, 20, 21, 22, and 23). It was possible to in-

crease the pocket corner gap (Fig, 23) by manually restricting the material

below the pocket and bubble from deploying, thus duplicating the effect

observed in flight photographs (Figs, 10, 11, 12, and 15). The taped fully

tailored natural shape design balloon (No. 2) was inflated with helium,

and failed to show development of a stress band at any stage of inflation

(Figs, 25 and 26), This balloon deployed uniformly out from the top fit-

ting; the upper end of an undeployed pocket moved slowly outward and merid-

ionally downward while the top of the balloon was being fully deployed,

V. CONCLUSIONS

The analysis of photographs and model test data described above has

led to the following tentative conclusions:

1. Development of a circumferential stress band may contribute to

balloon failure.

2. Deployment of excess material from an asymmetrical pocket may

increase the transverse stresses loading in the stress band, starting at

the point where sufficient material is no longer available to reach to

the vertical axis of symmetry.

3. Analysis and model tests with a fully tailored natural shape

balloon indicate that a stress cap rather than a stress band will develop

during ascent. However, a deviation such as a cylinder or taper tangent

end section produces a stress band.

4. The type of analysis carried out here allows good preflight pre-

diction of the meridional position of the stress band, based on balloon

design data.
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5. Similar analysis will provide moderately accurate prediction of

the altitude region in which the stress band will threaten the balloon's

integrity.

Additional experiments and further analysis are required to confirm

the present conclusions, and to specify remedial measures in detail.
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E-Total material available from taper tangent gore design.

Fig. 1 Balloon growth curves for Flight No. 1 comparing the
material required for two extremes of inflation, launch
and burst, against the as-built dimensions. The gore
station, where minimum excess circumferential material
occurs, predicts the location of the circumferential
stress band.
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Figo 2 Side view of Flight No. 1 before launch, showing the
s ress band slightly above the equator, the depth
penetration of the undeployed pocket, and the pocket
pro'Sile,
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Fig. 3 Top view of Flight No. I at 33,500 ft, showing the
separation of the undeployed pocket corners.
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Fig. 4 Top iew of Flight No. I at 40,000 ft, showing the
increased separation of the undeployed pocket corners
and flattening of the hemisphere slightly above the

equator.
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ig. 5 Side view of Flight No. I at 45,700 ft, showing the
pocket depth, pocket profile, stress band, and the
severity of the band on the pocket corners. (For
comparison see Fig. 2.)
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Fig. 6 Angle view of Flight No. 1 at 46,800 ft, 2 to 3 sec before
burst, showing failure starting in the circumferential
stress-band region while load tapes and/or seams are
being displaced circumferentially by transverse loading.
Horizontal winds appear to be blowing in the sub-pressure
cavity sirce it is oriented upwind and the tow balloon is
displaced downwind.
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Fig. 7 Angle view of Flight No. 1 at 46,800 ft, showing burst
occurring on both sides of the undeployed pocket.
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Fig. 8 Balloon growth curves for Flight No. 3, comparing the
material required for two extremes of inflation, launch
and burst, against the as-built dimensions. The gore
station, where minimum excess circumferential material
occurs, predicts the location of the circumferential
stress band.
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Fig. 10 Top view of Flight No. 3 at 7,700 ft, showing the
first detectable separation of the undeployed pocket
corner s,
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Fig. 11 Top view of Flight No. 3 at 24,000 ft, showing an
increased separation of the undeployed pocket corners
and a circumferential flattening of the top hemisphere.



26

Fig. 12 Top view of Flight No. 3 at 31,300 ft, showing a
continuously increasing separation of the undeployed
pocket corners and a more pronounced circumferential
flattening of the top hemisphere on the 20-ft gore
station pennants.
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Fig. 13 Angle view of Flight No. 3 at 52,400 ft, showing the
circumferential stress band spread between the 20-
and 32-ft pennants and the severe flattening near
the pocket corners.
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Fig. 15 Top view of Flight No. 3 at 57,250 ft, clearly showing
the effects of the increasing forces of deployment on
the undeployed pocket corners and circumferential
stress band.
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Fig. 16 Up-camera view of Flight No. 3 at 65,000 ft, 5 sec before
burst, showing sailing of the sub-pressure cavity material
from horizontal winds. Sailing conmenced approximately
2 m in before burst.
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Fig. 17 Up-camera view of Flight No. 3 at 65,000 ft, 2 to 3 sec
before burst, showing the back side of the sub-pressure
cavity during sailing.
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Fig. 18 Up-camera view of Flight No. 3 at 65,000 ft. showing
burst and polyethylene blowing out from the top hemi-
sphere within 90 0azim~uth of the undeployed pocket on
the right-hand side.
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CIRCUMFERENTIAL MATERIAL (IN.)
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diameter bubble.

B-Additional material required for
undeployed pocket.

C-Total material available from cylinder
end gore design.

Fig. 19 Static inflation curves for Model Test No. 1, which
predict a band centered on approximately the 14-in.
gore station.
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Fig 20 Front view of Model Test No. 1, showing the circum

ferential band.
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Fig. 21 Side view of Model Test No. 1, showing the circum-
ferential band approximately centered on the 14-in.
gore station.
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Fig. 22 Rear view of Model Test No. 1, showing the circum-
ferential band,
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Fig. 23 Top view of Model Test No. 1, showing the circum-
ferential band continuously around the envelope.



38

CIRCUMFERENTIAL MATERIAL (IN.)
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diameter bubble.
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undeployed pocket.

C-Total material available from taped
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Fig, 24 Static inflation curves for Model Test No. 2, which
predict no circumferential band.
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Fig. 25 Side view of Model Test No. 2, showing that no
circumferential band exists.
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Fig. 26 Top view of Model Test No. 2, showing that no
circumferential band exists.
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