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Preface

The modern plasti.c balloon continues to play a significant roie in both s ientific
and military aerospace programs.  Balloon grade films (down o 0. 35 mils thick-
ness) have been available tor a little more than ten vears to meet the needs of light
pavloads to very high altitudes —a few hundred pounds to 170, 000 ft; on the ather
hand, the requirements tor heavy pavinads, on the order of four ton=s or more,

continue to provide operational chatlenges.  With the constructive criticisms of

Mrs, Catherine Rice and Mr. Ralph 1. Cowie, [ have organized pert:i-~
fata to substantiate one proposed solution to this problem (specifically the desipn ot
a single cell, capped, polyethylene balloon to carry 9000 1b to 90, 000 1) and sufti-
cient references to facilitate research by others interested in developing alternate

~olutions,
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A Balloon Design for 9000 Pounds at 90,000 Feet: :
. - Y
Recommendations Based on Heavy-Load Balloon History
A
.
;
1. OBJECTIVE
This report addresses the general problen of providing a heavy Load, high alto- J
e, free-balloon capability using available technalocies, The specitic objective .
is a set ol specifications for a frec balloor to carey 4 pavioaa »f 0, 000 ih o
90, 000 It in the stan-inrd atmosphere - =pocifioations that could be s cedinree
i needed, as a basis for acguisition,
The general problem is not new; Bos  revurriong probior char eoors he addresee o
periodically as tocnnologies and svintiieric materials emerse, cvolve, eature, and
are replaced due to marketplace coonoenics o response 1o denmands Tor g creiee
capability and increased reliabilisy, Finally the oroblepr:y should be a Freszsed when,
as is now the case, we develop nuproved insights and wnder<ianding o the perior:
anve and failure mechanisms of balloon =tructural members,
2. HISTORY OF THE HEAVY LOAD PROBLEM
The heavy load problem was addressed in the Jdecade of the fitnes by the Jdevelon - '
E

ment of double ~die-extruded DED 5500 polvethviene film, the Jdevelopmient of natural

(Received for publication 7 March 1983)
1. Dwyer, J.I. (1982) Polvethvlene I'ree Balloon Design I"rom the Perspectives
of User and Designer, AFGL-TR-82-0350, AD Xi1Z27553.
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shapes, the development of the moving band sealer, and finallv by the developnent
it heat -sealed load rapes, 2

[0 the decade ot the sixtics, the capped polvethvlene balloon was introduced by
Winzen Research, Ines (how Winzen International, Inc, ) and both woven and non-
woven Jacron reinforcements were laminated o .\[vl:n“@ filtn to provide a rip-stop
feature that would conable the balloon manufacturers 1o muake use of the Mvlar's
higher tensile strength (campared to polvethvlene); this development of so called
Userin-balloon” fitms s discussed in Appendices Y and B, '

Concurrent with the geoasth in pavioad weioht requirernents was the Jdemsand for

higher altitude flight and thus Lgher-weight Ghinnery polverhvlene il s (Figure 1),
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2. Dwver, J,F, (1973) Zero pressus. balloon shapes, past, present, and future,
scientific Ballooning (COSPAR), W, Riedler, Lditor, Pergammon Press,
pp. 9, I,

*:’\ppf-n.‘ices A, B, and C deal with reiuforced polvester film development and
tandem balloon systems which were developed to utilize these films, These
appendices summarize the most significant historv of the large tandem svstems
to provide the working knowledge needed to understand the conclusions and
recommendations made herein, Sufficient information on the development of
single cell polyethylene batloons exists in the literature and is included herein
mostly by reference,
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The effect of these requirements was an apparent change in the extruder die size to ,1

vnable production of better balanced thinner films, but, inadvertently, poorly ‘

balanced thick films (2.0 mils) also resulted. These 2, 0-mil films were involved

in numerous balloon bursts which were subsequently found to correlate with differ- ’

ences in film behavior that were consistent with the suspected die change.

Because the rash of failures of heavy load polyethylene balloons was con- .
termiporary with the development of scrim balloons, immediate primary emphasis s
was shifted to reinforced films —with notable exceptions. Winzen Resoewrch, Inc. :*
concentrated on the development of a superior polvethvlene filny whice wesnlted in a
the qualification (for balloon use) of Str'atofﬂm@ in 1964. Ravern Industees, Inc,, .1
in cooperation with the VisQueen Division of The Ethyl Corp., qualified a new film '
N-124 as a replacement for DED 5300 fiim in 1467, In addition, the Air Force
contracted with the Viron Division of the Geophvsics Corporation of America to y
develop a balloon with a scrim-cap; this ‘development was not successtul, Raven :
Industries, Inc. pursued the development of various means to promate unitorm fj
deployment of the polvethviene batloon rown Jduring the ascent pha-e fron. ground rd
throush the (ropopause,  Stratofilm atone remains in use todav, '

The scrim-balloon development at the G, T. Schjeldahl Col‘.)pa\v\\r"s in the early
1960's was accompanied by a systematic search for new balloon fitins under a con

1

tract with the Acrospace Enginecring and Research departments »f the Electromes

ivision of General Mills, Ine. During the carly part of the contract, this group

was purchased by Litton Industries and became the Applicd Science Division of

Litton Svstems, Ine. Nothing comparable to Stratofijin resulted fror this researciy,

During the second hal! of the sixties., when scrim-balivons were bein. pusnied o

the limits of their capabilities, investigation of the polvethviene balloasn as. o

burst phenomenon was undertaken by Kerr and then Alexander; thess studies oro -

dueed significant findings, 2.6
In the early 1070's dur 1o the higher cost of manufa.turing scrim-balioons ana

due ro flight raitures of the scerim-b.itoons used o the L‘l{ISi"r prograry, he 'ess

3. Slater, RO (1961) Development of a Heavv-Toad Cacreving Balloon Using High-
Strength and Tear-stopping Films, Progress Report on G, 1. Schjeidahl o,
Confract NONR I895700).

1. Parsons, W, B, (1464) sSurvey of Currently Available Plastic Films, Scientitie
Report No, 1 on Contract AFIN(628Y-2034]

5. Kerr, A D, and Alexander, . (1268) On a Cause of Failure oi High Altitude
Plastic Balloons, Scientific Report No. 5, Contradct F10628-87 -C -0297,

6. Alexander, H., and Weissmann, D, (1972) A Compendiun; of the Mechanical
Properties of Polvethylene Balloon Films, Scientific Report No, 2,
Contract FI9628-65-C-0069, AFCRI.-72-0068, AD 746678,

CRISP was a NASA cosmic rav experiment, ‘T'he pavioad weight was about
14,000 lb-significantly greater than any that had been flown successfully,
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expensive polvethvlene balloons for moderatelv heavy pavloads made a return; the

improving quality of the already proven superior polvethvlene, Stratofiln, most
certainly plaved a significant role. Fading requirements for very heavy pavloads
Jde -emphasized scrim-balloons to the point where their production eventually be -
came economically impractical.

To eliminate the effects of launch dvnamics on the less “forgiving” Mvlar film,
the verv heavv pavleoad scrim balloons had been configured as tandem balloon svs-
tems rather than single cell balloons (see Appendix C). Primarilv as a result of
the successful introduction of Stratofilm, polvethvlene balloons were quickly intro-
duced, first as the main balloons of tandem svstems and then as both launch balloon
and main balloon therebyv to constitute a total polvethvlene tandem svatenm. Polv-
cthylene main balloons differed from the scrim main balloons in one significant

Woan

. the meridional reinforcementa of the gores were along the gore scams rather
thuan along the shorter gore centerlines, Consequently, the loading across the gores
Cothe two tvpes differed considerably, both at launch ana Aduring the subsequent
ascent and float phases of flight, and thus the criteria for the design and structural
analvses of these two tvpes were not comparabie.

As experience and confidence in the heavs joad capabilities of Stratofilm
increased, randem polvethvlene balloons were quickly and totally replaced by single
cell polvetiivlene balloons and tandem balloon svsiems in general were relegated 1o
historv betore thev were futlv under=tood, either structurally or ‘rom the vpoint »f
pertornuinee potential,  his return to single cell polvethvlene balloons left un -
answete ! the question: Does there exist a Jdeterininable configuration during ascent
‘or which the loadimye at the apex of the main balloon of a tanden: svsten 1=
maximurs —a et b oadins oondnc L Such oo condition 12 surgested by the racts,
The roain balloon cores, at the apex, are uniformiyv loaded only betore the stavt of
cas transfer and white the balloon i full (at op above the abtitude at which the launch
balloon has neutral buovasev),  Tne avex loading, when the main batloon 1= "all, 1=
about 30 percent higner than betore the start of gas transter, whereas auring the
transition all gores are not, in tacy, loaded at all times; thiz non-unizorn loading
during the rransition is evident o the ratios of deploved circumference to manu-
tactured circumftference tless shan unity) and the differences between the gore iengths
and the actual nath lengths between the o ind base fittings o the ain balloon,
Appendix C provides additional background on this topic,

A tandem balloon svstem consisting of a scrim launch balloon and a4 polvethvlene

main balloon had, in 1971, carried an @379 -1b pavlioad, and an all-polvethvlene

)

tandem svstem had carried, in 1972, a pavioad weighing 7424 ib, By comparison,
the maximun: pavioad, dvnanticallv launched and flown successtutly on a single vell

volvethvlene balloon, was 6300 1b on a 2421-1b balloon in 1974, The p!‘ﬂl)l\‘ vowith
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heavv pavload single cell balioons continued to be the dvnamics of the Lounch et o
the standard heavy-load platform launchers (Figures 2 and 3 could not hundte the
high gross intlations, and, further, faunch ivnamies were thought to contmbute )

both launch and ascent balloon rfalures,

Figure 2. Heavy-Load Platform [auncher., The top of a single
cell polvethvlene balloon is shown being removod from its box
(on a small trailer) ard being laid out between the vertical
guides on the stainless steel platform surface, The restraining
roller is seen on the left in 1ts full open position: once the
balloon is in place, the roller will be swung shut and sccured
tor inflation readiness, The weight of the platform (s a factor
governing the amount of lift that can be launched from it.
Critical coraponents include: (1) the net lift indicator,

(2) the roller release mechanism, and (3) the restraming roller,

3. THE APPROACH

The design configuration of a balloon to cavrv a 9000-1b pavi:§ o 10,000

must be compatible with the launch method, be 1t static or dvoa-io, ot aith dhe
balloon film, polvethvlene, or polvester with either woven or nonswonen daoron
tibers,

Production tacilities for lavge, reinforced polvestor baliong - 6 ant o= o,

Bi-axially balanced polvester filnn mav or mav oo pe cea i 0 o g e al il

1
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Figure 3. Heavv-l.oad Platforn Launcher, The
view is toward the pavload, The restraining
roller arm is shown in the sceured position,  The
net Lift of the balloon acting on the roller will
cause it to swing up and awav from the balloon
when released, therebv enabling the balloon to
rise verticallv to 4 point over the still restrained
pavload. The arrow indicates the pivot for the
roller

\ ey heavy paviowds have been carriced on reinforced polvester films, most reliably
when the reinforcement was an expensive leno weave scrim (GT-11 on Stratoscope
I, and GT-12 on Project 7700, Simulated use tests of the more cconomical non-
woven dacron reinforcement taminated to polvester indicated stresses at fatlure
ane order of magnitude lower than expected. * Further, non-woven reinforcements
in simulated use tests tended to delaminate and cause failures much more so than
did the leno weave reinforcement used in GT-11and GT-12." The third element in
the laminate also presented problems: the adhesive had been und both to etch the

. . 8 . . . .
film surface,  probably inducing  rack nropagation, and to become brittle at low

“Alexander, H., Personal correspondence on the results ol tests of CRISE balloon
material.,

7. Alexander, H,, and Agrawal, P. (1972) An Evaluation of Fioer Reinforced
Films Used in High Altitude Balloons, Scientific Report No. 3, Contract
) H-C- FCRI.-7: , AD 749880,

8. Alexander, H. (197 1) Quarterly Progress Report No. 9, Contract F19623-69-
¢ -0069,

B
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SCrvperatures sooner than either the polvester or the reinforeing varns, I'he -

s

~1omficant problems preclude timely use of reintorced polvester balloons —eithe:
=ingle cell or tandem - to mect present objectives.  For additional understanding of
“he problem= assocnated with the use of roinforeed polvester, | recommend the
paper by Muison, 1o given at the Fighth AFCRIL Scientit Balloon Svinposium,

Polverhviene is the only other proven talloon filia, and it has been ise

~uccessiulivoan both single cell and tanders balloon svstenis, Single ! poly -

solene ballbons have been launched born dvaamically and statically -
vertieal above either the pavload or a sheave which permirtted the bualle 0 whe
uloy anflared, o be winched 1o a point ovor the oayload.

Desioning a polvethvlene tande:.. svaten: in which one could have contiden
woulay require extensive and trw consumng analvsis of the redenloviment pro.c--
RQocomuanv:ing the fransition of the man balloon from the in-line aninflate 4 <tave +
“he allv deploved state at float abtitwde. 1t would rurther require detsiled analvees
the few successul tanden polvethviene Batloons flown to date, an i oveil o o
f a mindel to extrapolate this expericnce to the design of new tande:: povetipe]ene
svstems to carry heavier pavloads to mgher altitudes,

Lased on the foregoing facts and experiences, we are left with onlv e reasorn-
tble wav to rmeet our requirement --that is to design a single cell polvethvlene balloon
to varry the 000 pounds to 90, 000 reet, The gross lift requirea tor such a bailyon
ex-cee s both the capability of existing platform launchers and the reaini ol experi-
cnee with static vercval inflations, but neither of these considerations shoulu pre-
sent an mnsurmountable obstacle or require the equivalent time and %3 which
vould be needed 1o produce a reliable tandem svstem,

Based upon iny recent polyethylene balloon design StU'ivl and surcesses by the
National Scientific Balloon Facility (NSFB) using the "soft collar’ to reduce or
oliminate dvnamic launch damage, * it appears that the least complex sw=ten: (thhug -
heaviest and therefore biggest) will result if a dvnamic launch is specified: zuch a
balloon design would require limited changes to make it suitable !or a <tatic launch

(vertical inflation).

9, Niccum, R.J. (1972) Comparison of polvester film-varn composite balloon
materials subjected to shear and biaxial loading, NASA Contract NAS1-10,
750, Report No, NASA CR-2047, p. 30.

10. Munson, J. B. (1974 Material selection for high-altitude, free flight balloons,
Proceedings (Supplement), Eighth AI'CRL Scientific Balloon Symposium

)

30 September to 3 October 1874, Andrew S. Carten, Jr., Tditor, pp. 211, 240,

ATFTCRL-TR-74-0393, AD A006200.

“The "soft collar” is a choker to prevent transverse dynamic lvading of the balloon
gores and seams when the balloon "mushrooms” (is flatiened by drag forces) as
it rises from the launch platform to a vertical position above the pavioad
(Figure 4),
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Figure 4. Effect of the "Soft Collar” on the Dynamic Launch.
Transverse dyvnamic loading of the shell is greatly restricted

4. ASOLUTION

Program DESIGN -1I{A)", documented in Reference 1, is an interactive com-
nuter program (basic language) which allows one to: (1) specify a balloon mission
in terms of pavload ranges, altitude, duration, ballast demands for vertical control,
and safe terminal velocity for the pavlioad recoverv parachute, if desired, (2) adjust
the polyethvlene film thickness iterativelv to define design features that will ensure
design launch stresses and a dvnamic launch loading within desired or statistically
acceptable ranges,

Using program "DESIGN -11(A)" and specifying the requirement to fly a 9000-1b
pavload at 90, 000 ft, and a useful operational payload range ot 5000 to 10, 000 lbs,

we find one of a number of acceptable solutions (see Figure 5),

14




TARGET MIN. PAYLOAD 5000

MAXIMUM PAYLOAD 10000

DESIGN PAYLOAD 9000

ALT. FOR DSGN. PAY, 490000

SIGMA 0. 16507

SHELL Tt CUKNESS 1.00

CROWN THLICKNESS 4. 00

DUCT AREA 130. 00 ’
NUMBER OF DUCTS 2 |
DUCT LOWER LIP 168 :
VOLUME (MAXN.,) 8355966 !
VOLUNME (MIN,) 8119513 ,
BALLOON WEIGHT 3018 ;
SHELL WEIGHT 1012 ;
CAP WEIGHT 1346
TAPE WEIGHT 489 ‘
SEAM WEIGHT 30

DUCT WEIGHT 75 ‘
MISCELLANEOUS WEIGHTS 57 :
GORE LLENGTH 394,08 ;
GORE WIDTH 8.349 )
MAX. DIA, 272,45 :
SLEEVE LENGTH 214

CAP LLENGTH 176.40

NUNMBER OF GORES 102

TAPE STRENGTH 450

Figure 5, Specitications for a Single Cell Capped
Polvethvlene Balloon to Carrv a Pavload of ©000 Pounds
0 20,000 Feet

lixperience has shown that a 570 psi stress level at launch for such a balloon
s quite satisfactory (see Reference 1), Table 1 shows the proposed solution o be
satisfactory in this regard, and further, that the Dvnamic Loading Index (sce
Figure 6) for a dynamic launch of this design, 4.567 ft b/in. 2, would be less than
one -halt of the recommended maximum, 10 tt Ib/in. 2. The development of this
index »f launch sheck is also reported in Reference 1.

Finallv, Table 2 presents the pavioad altitude capability of this design, over

the recommended operational pavload range.
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Table 1. Results of Loading Analvses for the Launch
Conditions (Reference Figure 5)

. amen g e —
Py

Merid, Cire,
1
Strain (dim) 0. 00994 0.01314 '
Sec, Mod, (psi) 16216 15511
Radius (ft) 62. 64 . 06 p
Stress (psi) 569 574
Y. Sale Stress 6. 63 537,18 Eﬂ
. 4
Shock Index (1t b/ in, ™) 4. 567 ¥
Tape Load (Lby w3 '
% Max Tape Load N7 -
!
00 /=~ = - - 'J
| P '
| t
| . fe
| i
B0 b b L L '
‘ L‘F e - Figure 6. Dvnamic Loading Index Stati=tio =, .
: ‘ I'he dvnamie loading inuex o1 shock index "
L J o 1= detine.d by the function Iy, (A-13S T2, :
A 601 N B T where A as the gross Lift of the svsterm,
S ‘ i 1 13 1= the weight of the balloon, S if the
é ‘ ] . . tength o the unintlated balloon and T is
B O e i ' —————-1' the balloon shell thicknes=s.,  Forces are
° : } ! ' opounds, the Tength in feet and the shell
I f thickness m inches,
|
20 (L i -\_J
| |
! 1
ol . |
0 5 10 15 20
DYNAMIC LOADING INDEX Fy (' b, o*
Table 2. Pertormance Table
Payload Altitude Pavload Altitude Pavioad Altitulde Pavieoad  Altitude
(1b) (ft) (ib) (1) (1) () (Ib) (ro
5013 49060 6300 RRENTY V600 92710 900 S0 130
5100 a8820 6400 15440 7700 02540 20010 RouaQ
5200 18540 6500 03200 7800 02320 “100 89800
5300 98260 6600 agn60 7900 12120 1200 89620
5400 7980 6700 04720 8000 01920 9300 89440 |
5500 a7720 6800 24500 8100 01720 0400 Ba260
5600 97460 6900 04280 8200 1526 9500 gu000
5700 97200 7000 94040 8300 01320 2600 H8a20
5800 96920 7100 03820 8400 91120 9700 88710
5900 96680 7200 03600 ]300 aguig 0800 H8HBY
6000 96420 7300 943380 8600 n07 40 anno J8400
6100 96160 7400 93160 8700 00540 10000 88220
6200 95920 7500 a2960 8800 90360




3. CONCLUSIONS AND RECOMMENDATIONS

The loregoing solution to the objective-problem has additional implications,
particularly with respect to the possible requirement for a higher flight altitude
with the same pavioad range. Figure 7 shows the specifications for such a require-
ment, a balloon to carry Y000 lb to 105, 000 ft,  ‘The volume of this balloon is
about 2,23 times as large as that required for the 9000 lb at 90, 000 ft, while the
halloon weight is about 39 percent larger, This greater performance is possible
with the same shell and crown thicknesses and same total tape strength (within
2 pereent), The static launch stresses (Table 3) for the higher altitude svstem ave
even slightly less, but the dvnamic launch shock index, although acceptable, is
tbour 31 percent higher —not an unexpected result in view of the greater gross weight
 the svatem and the longer balloon gorelength.  The smaller static launch stresses
‘or the larger gross LU at launch are due to the narrvower gore width at the gore
sosition for which statie launch stresses are computed.  The narrower gore width

ceanits from the inereased number of gores, 134 as opposed to 102,

TARGET MIN, PAYLOAD 5000

AANIMUM PAYLOAD 10000

DLESIGN PAYLOAD 9000

AL, FOR DHSGN, PAY, 105000

S{GAA 0. 20933

SHiSL L THICKNESS 1.00

CROWN THICKNESS 4. N0

DUCT AREA 120, 00

NUMBER OF DUCTS 3

DUCT T.OWER TIP 218

VOLLUME (NMAND) 1846026864

L OLUME (MIND) 18008760

BALLOON WEIGHT 4200

SHELL WEIGHT 1726
CAP WEIGHT 1500
TAPE WEIGHT 716
SEAM WEIGHT oy
DUCT WEIGHY 110
MISCELLANKOUS WEIGHTS 67
GORE FENGTH 512,94

GORE WIDTH %, 40

MAN, DIA, 358, 08

SLEEVE LLENGTH 327

CAP LLENGTH 181, 92

NUMBER OF GORES 134

TAPE STRENGTH 775

Figure 7. Specifications for a Single Cell Capped
Polvethylene Balloon to Carrv a Pavioad of 9000 Pounds
to 105,000 Feet
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Lable 3, Resait= o o ding Anodvscs 2o the Taunch

Conditions (Referenee Fogure 0

AMerid, Crre,

Strain tDirn) 0, H098H (., 11263
Sec, Mod, rpsi) 16230 ih618

Radius (1) 71,72 .48

Stress (psi) 555 060

TUSafe Ntress 3D, 30 AD.TT
")

Shock Index ot ib in, 7 6,004

‘l"d()(‘ L.oorad (ib) B}

oAMlax Tape Load 6

. . L 10 :
Finalov, Munson's findings Sucpesta ogieal next step i the aeveloonept ol
Seavy load, hich altitude, single cetl, Yree batloons —investigation of seprin, -

seantforced solvethvlene balloons or possibly ore simplyv, the ase ol sopie -

s for standard single coll polverholene balloons,  The vxpericnoe

seintorceed oo

caine-during the ansuccessfal oolvihviene-scrir developmen: program at the L lron

Privision of the Geophysices Corporation »r Yreerica should provide a startine ooirne

Cor o Such o new fechnology, ‘
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Appendix A

A Review of Mylar-Dacron-Scrim History

A 1961 Schjeldahl reportA1 describes the development of the original family of

dacron-reinforced Mylar films. - Schjeldahl defined the development objectives as:

1. Tensile strength; 25 lb/in. (minimum)

2. Weight; 0.01224 lb/f’t2 (maximum)

3. Temperature Range; -00° F to -200° ¥

4. Tear propagation; none

5. Delamination; none (over indicated temperature range and under

pressure and radiation conditions of flight)

6. Helium gas permeability; equal to or less than polvethviene

The primary laminate resulting from this development was a laminate of
0,25 mil Mvlar and a 6 < 4 dacron leno scrim, 54 in, wide. The adhesive was a
polvester resin adhesive (G'T-100) made by the G. . Schjeldahl Company. The
lacron scrim weighed 0, 004400 lb/r’tz. The test results on 31 rolls of laminate

“howed:

Al. slater, R.J. (1061 Development of a Heavy-load Carrving Balloons Using
High Strength and Tear Stopping Tilms, G.T. Schjeldahl Co., Contract
NONR 289%(00).

See Table Al for general phvsical properties of the Mvlar base lilm.
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Mean Std Dev Dimensions 999 Confidence Level

Weight 0.0083  0.00046 Ib/ 1t 0. 00968
Tensile Strength)r 40. 4 1.91 Ib/in. 34.7

Tear ResistanceT 32.8 2,29 b

TI')ix'ection and temperature unspecified.

Table Al. Some General Physical Properties of the NMvlar Base Film Used in
Balloons in the Early 1960's, Values are averages

Unit of
Property \alue Aeasure Test Method .
Melting Point 250-255 ¢ -
Density 1.39 gm/ce Density Gradient Tube
Refractive Index 1.655 " 25 Abbe’ Refractometer A

.

Area Factor

20, 000

)
in. “/1b/mil -

Tensile Strength 17,000-25, 000 psi Instron Tensile Tester
Tensile Modulus 150, 000-600, 000 psi Instron Tensile Tester
Impact Strength 60 (1 mil) kg cm Falling Ball
Break longation T0-130 (1 mil) g Instron Tensile Tester
Tear Strength 15 (1 mil) g Cellophane Tear Tester
Flex liife, 0 F 20,000 (1 mily cveles DuPont Yerkes Ilex
Tester
2
Bursting Strength 45 (1 mil) Ib/in.~ Mullen
Bending Recovery 43 (1 mil) vl Recovery from 1807
(immediate) Bend
Bending Recovery 51 (1 mil) o Recovery from 180"
(60 sec) 3end
Thermal Coefficient 15 X 106 in, /in. /° I 70-120° I
of l.inear EKxpansion
Humidity Coefficient 11 X 10'6 in, /in. /% RH. 20-927% R.H.
of Linear Expansinn ‘
Coefficient of 3.63 x 10-4 cal/em/sec/” ¢ Cenco-IFitchMethnd
Thermal Conductivity
Oxygen Permeability 0.90 (1 mil) /100 mz/hr Modified General

Foods Tester

Water -vapor g/ 100 mz/hr DuPont Film Moisture
Permeability, 39.5°C Vapor Permeabilitv
53 mm Hg Vapor Test
Pressure Difference

110 (1 mil)

Moisture Absorption l.ess than 0, 5 % Water Immersion
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[able AT,

Balloons in the Early 1036805,

Some General Physical Properties ot the Mvylar Base Fi
Values are averages (Conid)

il

Useain

Shrinkage (150°C)
Fungus Resistance

Corrnsive Fifective

Excellent

Negligible

Unit of
Property Value Measure Test Method
1.5-2 Yo 30-min Exposure
12 Months Soi) Burial

L on Copper

Strip renstle tests of the luminate vielded the results in Table A2 and it was

soted that fite and lhers faile
failure of the 3-10 dacron-Mvlar laminate as shown in Figure Al is consisient with
with

Ltber tenacity o about 8,1 g denier at failure, a ligure that agrees closely

w0

I =imultaneously,

the dacron tiber load-straim response shown an Figure A2,

It 1s interesting 1o note that

Table A2, Ultiniate Tensile Strength (Ib/in. ) of §-10 4t a Stramn Rice of
10 Percent per min,  Average 1s based on five tests
Temperature Warn Fill Sear:.
¥ Alin Avg Max Min Avyg Max Min o Ave Alax
T 37 M. 6 11 31 31,2 32 27 28,6 31
-70 31 40,4 47 25 27.0 28 230 2404 26
a0 oY,
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Figure A2
Relationship far Reintoreing
Fibers

LoStress -stramn

The machine and traverse direction strengths at both rooam temperature and

-70° 1 are shown in Figure A3: the machine direction properties being 40 b 1,

tensile strength and 13 percent elongation at room temperature and 38 1L

strength and 3.5 percent elongation at -v0° [,

STRESS (Ib/in)

50

T
ROOM TEMP —~--
-70°F

STRAIN RATE
40% /min

10 20
STRAIN{%)

Ficure A3,
Relationship

. .;." »eien TN

1. tensile

S-10 Stress-=2iraiy




Cvlinder tests of the §-10 material at ~70° F indicated a transverse strength of

25 1o 26 Ib/in. and no propagation of the failure,
An analvsis of luminate weight bv components shows that the adhesive weight
was, on the average, 0.002179 lb/lt With the scrim used this amounts to nearly

o494 1b of adhesive per pound of scrim (see also Appendix B).,

The resultant weights for laminates using 0,35 and 0,50 mil Mvlar were
0.0088 and 0. 0103 1b/1t> respectively,
Information on scrims in the vears 1962 and 1963 is sparse. However, SlaterAz
reported that the adhesive svsten used in the G'T-10, GT-11, and GT-12 laminates
was the GT-301 adhesive svsterm (Figure A4). Table A3 extracted in part from a
paper by (\'ull\':\" indicates testingat -80° 17, but the ultimate elongation appears
signiticantly different from those in Figure A3; 13 percent to 16 percent as opposed
to 3.5 pereent, Also, the tensile strengths given by Kelly are, in some cases, in

excess of those shown in Figure A3,

2 PLY
220-DENIER
DACRON FiLL
4 PER INCH

220 DENIER o ,//

DACRON WARP o

/ -
12 PER INCH -

\

GT-30) ADHESIVE SYSTEM

/\MYLAR SUBSTRATE
1/4 TO 172 MIL

Figure A4, GT-10 Series Material Configuration

“I'his concludes information up to February 1961.

A2. Slater, R, (1963) Expanded use of inflatables through new materials,
Proceedings of the AFCRI. Scientitic Balloon Symposium, pp. 41, 65,
AFCRL.-63-019, AD 614065.

A3, Kelly, T. W, et al (1965) Quality engincering of scrim rveinforced balloons,
Proceedings, 1964 ACRIL Scientific Balloon Symposium, A.O. Korn, Ir.,
Editor, pp. 317, 330, AFCRI.-65-486, AD 619605,
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Table A3, Sorse Properties of GT-11

Property \alue
)

Weight tgvd™) 36.2
Warp tensile strength (Ib"in. ) at BT, 38.8
clonpation at room temperature 12
Warp tensile strength tb in,) w -80° 1 51,4

elongation ar =80 1 13
Fill tensile strenoth (i in, ) at -80° 1 42,5
clongation at -30° F 16
Plv adhesion (ppr) at -80 7 F 1.3
Seal rensile strenoth tibin,y ar -80° F 13,6
| Flex test (pass tail) Pass

Table A4 published by the Go'le Sehjeldahl Coo does not veflect anv low tempera-
“ure properties but does show a change trom a hook tear strength Hf 32,8 1b 1o
G0 Ih and an upper service temperature of 1107 V. However, it is not clear ahether
anv tensile testing was ever conducted at the 110 17 temperature. It is quite
possible that dilm loads at such relatively warm launch temperatures mav effect
changes in the subsequent mechanical responses at the lower atmospheric tempera-
“Ures; our rescarch has shown this o be true for polvethvlene films, It should also
be noted that plyv adhesion values published in Table A4 do not appear in the earbier
references,

As rar as the adhesives used in the laminates, four are mentioned, 71 -100,
GU-201, GT-300, and GT-301, Both GT-300 and GT-301 are coated Alviar =ub-
strates implving that the films are adhesive coated prior to lamination with the
daeron fibers,  The reference to the use of GT-100 was in the report of the ariginal
development of 5-10. It is understood that the §-10 material had a blocking problem
associated with the use of GT-100. Slater, at the 1963 AFCRIL Svraposium, gave
GT-301 as the adhesive system used in the GT-10, GT~11, and GT-12 laminates,
The value engineering studvA4 performed under AFCRL Contract AF12{628)-2920
refers 10 GT-300 and G'1'-201.  Apparently, GT-300 wassused to prepare preproduc-
tion test laminates and the GT-11 production lamination process had changed over
to use of a thermosetting liquid adhesive, thereby eliminating the need to precoat

the ilm with adhesive.

A4, Curtis, [..W. (1965) Reduction of Scrim Reinforced Balloon Cost,

G.I'. Schyeldahl Col, Final Report Contract AF I0(628)-2020.
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Table A4, Some Properties of Dacron Reinforced Mylar Film laminates

Property ar-10 T-11 GT-12 GT-50 GT-66 GT-67
Film thickness unils) U, 25 0.35 0. 50 0.50 0. 25 0.50
Woelght (Ib. 1000 !'!2) 30w 10. 044 11,024 10,289 2,694 12,248
Warp Tensile Strength (lbon, ) 40 30 10 20 5" 30
Frll Tensile Strength (b an,) 20 20 20 127 57 40
Available Widrh s Hy RE B3] 52 n2 58
Breaw Blongation o 20 K 20 15 15 20
Hoox Tear oo 3 no 6o 20 B) 60
Ple N fhespon ol an, o 1.5 HA 1.5 1.6 0.3 1.3
Porrcalniery olieers :'J L L B .75 1.75 4.0 1.75
Mo Servoe Lo [ ) 0 Y 1) -80 -850
Max Servioe fern o Sl i - 1ih 110 =110 - 110

1 enter 10

In the low termperature =700 brtest o Uvitnaer Test Balloon No, 1, L'urtisA4
noted that the fatlure stress ol Drwas e oxt equal to the Jagonal strength, but in
ns enthusiass he tailed to 0 ®e note that the Mylar failed leaving the serim intact:
Cstrict violation of contract objective Number 2, namely that the 'scrim must fail
before plastic filn . This objective, however, contradicts use of fibers as a rip
Stop agent,

This covers the time span from the development »f 3-10 through the develop-
reent ot laniinates of NMylar and non-woven dacron scerim. It should be noted that,

1 this five -vear period, there was no comparative studv of the Mvlar film proper-
ties, as opposced to the luminates mechanical properties,

The properties of the baxe AMvlar, the adhesive and the dacron fibers most
certainly influence the laminate properties. However, the properties are not
necessarily additive; that is, if a 1-in. wide Mvlar strap elongated 10 percent
exerts a restoring foree of 5 1b and a particular parallel avrav ol Dacron fibers
+longated 10 percent exerts a restoring force of 5 1b, a laminate of these two con-
stituents would not necessarily, when elongated 10 percent, exert a restoring force
of 10 or even @ 1lb. It would greatlv simplifv the engineering problems if the strength
properties of a laminate alwavs equalled (or exceeded in a predictable wav) the sum
of the corresponding properties of the constituents, but this 1= not generallv the case,
For one thing Mvlar is not an isotropic material, Its properties vary both direct -

“ionally and with respect to sample location along and across any given roll.  Also

o
-1




in the lamination process, the Mvlar (anid presumably the Dacron fibers shrings

the transverse direction and elongates in the meridional direction.

A critical factor in fixing the lamrate properties is the adhesive used o bond
the fibers to the film. There are both quantitative and qualitative proper.v varia-
tions due to the relative imprecision of the lamination process controls and due to
normal fluctuations in the lamination enviromnent, The influence of adhesive 1=
additionally complicated because lariinates nave been made variously with athe jve
coated film, adhesive pre-coated thiread an i in process application of auhesive
the threads.

Finally, the behavior o a laminate is strongly Jdepen dent upor the patter:s o7

the reinforcing fibers. Thus we have a laninate whose properties vary withs

(1) Initial properties of constituents and their individual variability,
(2) Proportions and geometryv of constituents,
(3) Changes (and degree of variabilitv ol changes) of con<tituent

properties as a result of the lamination process,

The foregoing would be complicated enough 1t the Mvlar, adhesive ani Dacros
fibers were the same for each laminate with which w- have had experience, ‘This,
however, has not been the case. There have been two tvpes of Mvlar (not alwavs
specified), a variety of "tvypes' and "merge=" of Dacron fibers and a spectrum of
adhesives (presumably o the same familv),

There was no reported in-depth studv of "actual” versus “predicted” properties
of the laminates (tmodulus, strength, ultin.ate ¢longation, werght, min ston, randor

cold temperature flexure, and so on). Anv future rmaterials tezearcoh an Sl

al

laminates should take the foregoing into cansrier o
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Appendix B

Weight Determination for Film Reinforced With
Non-Woven Scrim

The weight per unit area of a laminate o!f film and a non-woven scrim is a func-
tion of the weight per unit area of the film, Wf” the total length and weight per unit
length for each tvpe of reinforeing thread and the weight of the adhesive used to
bond the threads and film,

Figure Bl shows one half of the [ill thread conliguration generated by the
AFCRL Flving Thread Loom Figure B2), 1If L‘ is the total length (in feet) of the
fill threads in an area \ feet wide and £ feet long, we can compute the length, l,\:.

from the following equation:

" Co. 2 (N .+ X\ .\ RN
Ly _[_\] 2Nyt Ng teeeen 0N .\m)]

where .\'i is the length ol the ith fill thread.

If we now define I\.‘x as one hall of the number of fill threads per foot of warp
Jdirection length and m as one hall of the number of fill threads per length Z
(measurcd in fect) in the warp direction, then the length in feet of the im fill thread

can be shown to be:
.\]. = {m - - 1),/(1\" cos ),

where 8 is the acute angle between the warp and fill directions,
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Figure Bl. Schematic Representation of One
Half of the Fill Thread Pattern for a Non-woven
Scrim Reinforcement

LN LS
e W = e o e

Figure B2. Schematic Representation of the Flving Thread Loom (FTL)
for Generating Non-woven Reinforcement Patterns for Mylar Film
Laminates. The dacron thread grid is fed directly into the laminator to
produce reinforced Mylar gores for the balloons
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The value of L,x can thus be shown to be:

m
2
L\(:‘Z W%%G”z Z X =2m“/(NKcosH).
} N cos o 3

If we define w, as the unit fill thread weight (pounds per foot of length per
denier), d‘{ as the fill thread denier and Wx as the fill thread weight per unit area

(pounds per square foot), then we can write:

W= w d L /V/Z = 20 d N /sindg.
X X X X X xTx

Similarly it we define .\'v as the number of warp direction threads per foot of
ritl width, <, A5 the unit warp thread weight (pounds per foot of length per denier),
iv as the warp thread denjer and Wv as the warp thread weight per unit area

(pounds per square foot), we can write:

W o= w d N
v vy

v

N . ' . * . - .
Now the "ldeal Laminate' weight, W , where W_ is the base film weight

f
24
(Ib/1t7) and where it is exclusive of adhesive, can be expressed in pounds per square

raat dase

WooowW, oW oW - W, s ow d N - 2w d N./sind.
X Ay X X X

The name 'ldeal Laminate' has been assigned not only because this laminate
incorporates no weight penaltv due to adhesive but also because the analysis of the
mechanical properties is simplified in that there is no interaction between the
components,

Real laminates must of course include an adhesive, This adhesive can be in-
corporated in three primary ways: (1) adhesive applied to the base film; (2) threads
precoated with adhesive; and (3) adhesive applied to the threads in liquid form during
the lamination process. This third process can be further subdivided into die coating,
curtain coating, roller coating and other methods. All of the foregoing techniques
have been used on FTL laminates.

For adhesive -coated film the real weight, W, expressed in pounds per square

foot can be written as:

*
W - W oy W,

a




where W is the weight per square foot of the adhesive laver.
FFor adhesive coated threads, the adhesive weight has been found to be propor -
tional to the thread denier and will vary with the coating process and of course the

tvpe of adhesive, In these cases the real weight, W, can be expressed as:

W= Wt v w dN ¢+ 29 wd N /sino
A X X X X

where the g values are dependent upon both the coating processes and the hread
denier and are determined empirically. It the same coating process and same

dender threads are used for warp and fill directions, then:

(¢4 ¥ ¥
X v
<L 7w @
v \
and
Wos W awld N - 2d N /sino),
t viv XX
FFor typical THL laminates, we have the following:
W, oo 0,00720 (NMvlar)

-8 , . e
N T.46 < 10 Ib/denier/ it (Dacron) ,

whetre tis the film thickness in mils,  For the precoated threads used in the NASA
\ovager balloon program, « was computed to be 1, 006.

Figure B3 shows both a tvpical 1L laminate, reinforcved with additional warp
threads, in the center of the normal warp threads, and a “futuristic’ laminate with
the reinforcement pattern tailored to a hypothetical gore stress distribution for a
batloon in the fully inflated state. l\lunsonHl found this latter design feature to be
cost ineffective for the intended scrim -balloon applications. [ had already rejected
use of this latter pattern on the basis that the stresses are far from uniform during
ascent when the gores deploy and redeploy. The generator system for such stress-

tailored patterns was never developed,

Bl. Munson, 1. 13, (1969) Desigh and Manufacture of Composite Isotensoid Natural
Shape Halloons, Iinal Report, Contract AF 19{628)-5987.
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Appendix C

Tandem Balloon Systems

l\loroney(“ 1 in 1965 summarized what he considered to be the principal reasons
for the development of the tandem balloon configuration (Figure C1) which used
reinforced polyester for the construction of the balloon shell, Some of his reasons

are included in the following list,

(a) There was a need tor higher gross lifts that exceeded the capabilities
of both polyethylene balloons and existing dynamic launch platforms,

(b) There was a need to eliminate or at least significantly reduce dvnamic
launch shock.

(c) There was a requirement to launch when ground winds exceeded the opera-
tional limits for single cell polyethylene balloons.

(d) There was a desire to study the deplovment of large balloons under more
uniformly loaded conditions with the objective of being able to inflate a large balloon
without developing a large rudder of undeploved shell material.

(e) There was a desire to inflate large balloons above the height of the tropo-

pause near which manyv failures occurred,

C1l. Moroney, R.D. (1966) Tandem balloon svstems, Proceedings, AFCRI. Scien-

tific Balloon Workshop, 1965, Arthur O. Korn, Editor, pp. 65, 79,
AFCRL-66-309, AD 634765.
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Figure C1. Half View of Tandem
Balloon System. The principal
Jaunch balloon components include:

(1) the apex fitting which contains the
helium valve, (2) the inflation tube(s),
(3) the helium valve cable, (4) the

shell assembly-consisting of the gores,
(5) steering patches to help control the
balloon during initial inflation, and

(6) the base end fitting assembiy.
Secured to the base end fitting asscrably
is: (7} the transfer duct, Below und
secured to the transfer duct is the
main balloon assembly, the principal
components of which include: 8} the
apex fitting which mates with the transter
duct, (9) the shell assembly, (101 the
relief ducts to vent excess lift when
entering float, (11) the nelium valve
cable, (12) the reefing sleeve to pro-
vent the forn:ation of a sail during

the launch phase, a- ! (13 the base

end fitting to which tie paviead is
secured

As Moroney noted, the tandem configuration did meet the needs expressed n
(a) through (¢) above. However, the tandem configuranon by its very nature (sec
Figure (2) precluded the very uniform crown deploviment achievable fron the
moment of lift-off with fully tailored single ell balloons.,  Further, the nature f
“"tropopause bursts’ was not fullv understond to the extent that inflation of the man
balloon above the tropopause would, with any certainty, eliminate the ascent burst
problem. Further, although gas transfer has been successtully inftiated at
40, 000 ft, | have found no evidence of an attempt to begin muamn halloon mtlarion
above the tropopause; such a system would require an eightfold increase in the

usual launch balloon volume with a consequent fourtfold increase in the launch balloon

weight, A 1andem svstem so configured would delinitely preclude the ability 1o nocet
brective (¢) (higher launch wind survivability) due to the excess of undeploved

surtace of the launch balloon at launch,
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Figure CZ2, Variation of the Shape of a Tandem - Balloon
Svstem as it Ascends to Altitude,  The short lines indi-
cate the zero pressure level, | is the net upward force
on the main balloon apex and P is the svstem pavioad

The launch balloon of the tandem system was normally sized to accomnodate

*he gross inflation at about 10, 300 't above mean sea level, The tensile strength

of the Taunch balloon material was based upon the combined etfects of the suspended
aeight, main balloon plus pavioad, and the superpressure resulting from both the
sas flowing through the rransfer duct into the main balloon and the pressure head of
“he wax in the paain balloon., The transter process is explained graphically in
Frgure (3, taken from Moronev's paper and a detailed studv of the relationships
among the loads, pressures and stresses in a tandem system was conducted by
St allew, ve

The volume ol the fully deploved main balloon ot the tandem system, unlike a
single cell balloon, must support more than the combined weights of the pavioad
and the main balloon itself; it must ulso support the net weight of the launch balloon,

after the svstem is above the altitude where the launch balloon would support its

own weight,

2, Smalley,
Proceedings, Fifth AFCRIL Scientific Balloon Svioiposium, Lewis A, Grass,

Editor, pp. 205, 216, AT CRI.-68-0661, AN H80TIR,

JoHL 119680 Pressures and stresses in tandem - balloon svstems,
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Figure C3. Stratoscope 1l Launch Balloon Gas Transfer

Figure 2 (previously referenced) and Figure C4 graphically show the transi-
tion from the full deployment of the gores through partial deplovment of the gores
and then back to full deployment as the inflatant is being transferrved from the laundh
balloon to the main balloon, and the tandem balloon svstem moves from launch to
float altitude. Figurc C2 was prepared by Smalleyv 'rom the results of computer -
aided shape studies; it is related to the fundamental gquestion »f critical loading in
the main balloon, a subject mentioned in the nain text. I'igure C4 provides quanti -
tative experimental confirmation of the main balloon shape changes predicted by
Smalley's studies.

Finally, Table C1summarized some characteristics of the principal tandem
balloon systems flown during the 1960's. Except for the CRISP svstem (which used
commercially specified Mylar that was found retrospectivelv to have evolved pri-
marily to support the magnetic tape industry) all of the systems were successful:
the final and successful Viking program used a specially oriented Mvlar and a
carefully engineered fiber reinforcement pattern designed to accommodate possible

shear stresses. This pattern problem was studied by Alexander, ¢3 Alley, i and

C3. Alexander, H., and Agrawal, P. (1972) An Evaluation of Fiber Reinforced

Films Used in High Altitude Balloons, Scientific Report No. 3, Contract

1 -69-C- , AFCRL-72~ 5, AD 749880.

C4. Alley, V.L., Jr. (1973} Analysis of a yarn reinforced laminate for balloons
and other structural uses, Proceedings, Seventh AFCRI. Scientific Balloon
S¥m%osium. George F. Nclan, Editor, pp. 415, 498, ATCRT.-TR-73-00% 1,
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.\'iccum.(‘5 but I\lunson(‘6 reported, in 1974, that tests of 0.3 mil NMylar reinforced
by dacron fibers—to the extent of doubling the weight of the base Mylar—showed only
slightly improved shear strength. Munson did report, however, that for reinforced
polyethylene film, the shear capability increased in proportion to the added weight
of yarn and adhesive. Lack of interest in large tandem syvstems at that time, und

since, has made this later finding an historical obscurity.
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Figure (4. Conparison of Thearetical and Kxperimental
Relationship Between Non-dimensionalized Main Balloen
Volume and Ratio of Net Upward Force I on Main Balloon
Apex and Svstem Payload P. \ is the instantaneous
volume of the main balloon and S is the main balloon's
gorelength, The test was conducted in the early 1960's

in a hanger at Hanscom Field, N assachusetts. The
correlation is excellent considering that the model's
gorelength was less-than 10 It

C5. Niccum, R,J. (1972) Comparison of polyester film-varn composite balloon
materials subjected to shear and biaxial loading, NASA Contract NAS1-10,
750, Report No. NASA CR-2047, p. 30,

C6. DMunson, J, B, (1974) Proceedings (Supplement), Eighth AFCRL Scientific
Balloon Symposium, 30 September to 3 October 1873, Andrew 8. Carten, .Jr.

Editor, pp. 211, 240, AT CRL-TR-74-0373, A1) A003398.
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