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Preface

[Ihe modierni F)asti.- balloon contiriue-; to jplaY a significant roteC in b ),Il S- ientific

and militaryv aerospace( progyrams. B~alloon grade films (down to 0. 3.5 n-ljIls thi'k -

nesst have been availabi' for a little more than teri vears to nieet the needs- of li ght

;) loas verv high alt itorles -a- fea hundred pounds to 170. 000 t*t; on the )thier

hand., teI- Il~9i rii'i.1rts for hjeavy pavloarla, i)n the order of hour tons o)r nmote.

,orlt innl t" provilje op('i'Ational k hallenges. Wkith the conatructivte ct'ilicrams of

-%rts. (thtieHi -e and1 Mr. Ral ph .1. Co0wie , I have orgaaniz'ed pet)

tata tok -ubstantiatte' propo~sed solution to this problew (spe,-i (icallv the desi~i o i

A ,tgi ell, .lappe-d, polvethyleti' balloon to carry 9000) 11) to 90, 0W9 it) --n i suffi -

Jnt uilO ronc,"; to facili tate researchI by the ra ite testcd it. devel,'wingz alternate

r ot ions,

Av1<
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A Balloon Design for 9000 Pounds at 90,000 Feet:
Recommendations Based on Heavy-Load Balloon History

This5 reorl a kiresses the venerni .ldcir oi p!)inwi-i~ a licix viw, high op:

iar. free -halloon capabilitv usin., v 1\,ihh-t. to 111 iez. "Iho snec 1!1 oi

00.000 tt in whe Stan i I ii atrilopmltI SO ,' I!! itlori- !hnt oli 1i b.Irw- 1

ifI oed, as- a lv- for- soo;

I het iiii rohlo~: i.- w o n- 1; *n ; I rt i ; ;r' I '- Ii t'rt he riji.

pi)lilcallv as till llie- ami\ svi h-r- ~ 0 , Oltle ti

aire i'eplaiel Mer tou nikctpla a ,. ,"v-s m 0l 1 u'spo) i :o ';I'm ''I : "

ampahilitv and~ increasef rlziahblt\ . IinI:1llv ihe nuollerl hulld he a! r zd0e

as is loe the oase, we wrvebop Imp m, insucY; -i in undue: -r.-rrhn_ )t zhe ''i tiUt

am, and failure orecllarsns of hail'm iorrimu1 oal ''.rs.

2. IIISTORI*YOF THIE lIE AVI IA)R IOIhlJ-:N

The heavy load problem was addressed On Ilue feamle of Mhe fi"Ic hs Me dmv~~fsnm-

flent of' double -die -extruded DIM! 5500 poyethylne film Nou WleWelnwniu of nratuiral

(Hec-eived For publication 7 March 1983)

1. Dwyer, A. F. (1982) Polyethylene F ree Balloon D~esig nim the Pv' Ps 'ctivi5

of User and Designer, AVl-C-TII-82-0350, Al) *\127a5.



slbjats. 1)0k .lestio))illil1 (I t0.( harI )\1fi0, 1,5101 i nall 11SY 'V the 1O\±))i'[ opit

I1 I(5 I (il, t s'oI 11 sin 2

Ill thin' le,:ile w, tilt I xt i's tilt (appejd d)0V'th'e e Il 10Io 'a% Zi.- ntr-OdUled b%

ItI ZnI S Sa[ hh , In,. -f. (nun \% I ize I nte riat onmalI, Ili,. ) al h(rth w ovfen and nI fl-

to% 'Il .lai1)ll relit1'' Ill Its a eve lkw~rint'l t,) Alvlal dl fill] to) provide a vipj- lop

I Itore C l I IAs tI) U1i t l. I( I 1ilot naII n I-tAurers 1 11( I toIlltV5KC' us- lot the Al I la r-

hi -Iiev tcisi II -i t retILth W;I~~ I') IMI %L'tVtl l C ); tilt.-; de%. elotptetlt (f so (- lied

5lt~-bailll-~t (11 is d iiu- ll AppeItes c.'. ALind HI.

(orlurrett aith tI w '_'u th i 1 pa.1s ei thIt rte'ul rlo-!Its was the Jli anli !or

hi _ie I. ittilde t t'ht all huss hll" I' -AII i' t tilltter I p lvi- hv lr-ek tIll i L'Itlre I.

.4 - 4

F 'I -: ue 1. AlIt i t tdIe Capabi I I tv
/ sAtid Flin Thltnes Tire

'I --12CTLI

8C)-

1950 1960 1970 i980 59{

2. lDwver, F. . (19713) Zero pressli 1-lh loo shapes, past. present, and future,
Scinti f 'Ba loo iri (COS PAR), W. lxie(lier, Editor. Pe rgarnint on Pres-s.

pp.- 9, 19.

Xpp(-nAi ces A. 13, and C deal with re itiorced psilveste r filmt developmaenit and
tandem balloon systems which were developed to utilize these filnms. These
appendtices summarize the miost significant llistorv or the la rge tarideni systemsa

o provid(e the work ing know ledge nlec ell to Unode rstand tile col Ius ions and
recomnmendations made herein. Sufficient informiationion the development of
single cell polyetlrylere batloons exists in the literature and is included herein
mostly by reference.



Trhe effect of these requiremients was anl apparent change in the extruder die size to

enable production ,)I better balanced thinner films, but, inadvertently, poorly

balarict j thick films (2. 0 mils I also resulted. These 2. 0-mil films were involved

in numerous balloon bursts which were -,ubsequently found to correlate with differ -

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

Because thle rash of f'ailures Lof heavy load pollyethlylene balloons was con-

tern po rarv a i th the deve lopm ent of s c rim balloons, inr mediate prim ary emphasis

Nas sifted to reinforced films -w ith not able exceptions. Wki nzen Ii.-.- h, ch.ic.

onrent rated ott thle development of a superior polyetlene fitllm% wI, ' 'itl

tie quali fication (for balloon use)I of Stratofillni in 1964. Haven lniir.s.Inc.

0n coope ration with thle % isQueen Dr vt ston of The Ethyl Cforp.., qualified a new f'ilm

\-124 as a replacement for PIl) 5500 fiil in [167. In addition, tire Alir F-or'e

cont racted w'ith the 'V Iron Division ot tILe CGeophve i c Corporation of Ame rih ao

leclpa balloon with) a scrim -cap; this iovelopilrent wkas not sUcc'ess tl . Haven.

Itnust ries, Inc. pursued thle developmient '0i various means to Prom )!c unrton

dleployment of the polyethlene hatlomn t own luring tite ascent pK - frun, ,rjunri

!hrottgh tII( tropopattsc. t !,rotofiltit jitone reitais in use today.

"Ilie scrimt -bal loon dove loptitn at the (;. 'I'. Schieldahl C oct parv trit tire ea t'%

160's was acconipoanie-d by it systematic search for new balloon lihns iwder a -onl

tra et with the Acerosplace 1rr gine,('riiog and lieseat', I) Jepat'ttuiorrt )!' Lh' it' inc'"lmls

Pivision (if General Mills. Ic. D~uring thle early Flart of ,he conitrac, I.tis Lroup

aas purtcltasco h by Litton Industries anid became the Applied Sci-ince P ivi~siot of

Litt'ufn Svsteiiis, In(-. N'thrtrg comparatahlc to Straitoflih: , 'utc ro!cc'his r'esear,

I tini r': Ie SPCOni half oW tile sixties. whi scrriim -hallhoto. wre ber'i.-.UZI:-'I LO

*lte limits of' their cap)abilities, investi. atioin .)f the poivotltvli'io ball, ) 11 t' (''N

hur.4 piterrinieron, wvas lifrdet'taken b\- IKerr arid their Al,-xsrI; ires' stujiies oro -

luctc s i Ottifica-itt finfi tics. 5, 6

In tire earlv 1 170' (Ill.-' ( to l r ltc hr hir ,isr It 1ai fatu ultra titi scrrili -i'aliootts 'attn

due, 'o flit failirre., if ihe scr ir -) ir ltorrs riser )i, the CRISP' tw'rrt -ire '(.ss

:3 Iio , l... (1161)I) v( o n II ; 1, -,1 V-1.;II C'ar Ii" Balloon L tin r'l li '11

I . l' rsorrs, %\ . 13. ( 1164 ) Surve'.' Ii Ctitr'rty vVai lable IIIlasti, FirIms. S, ient wi
i101 'rt No. I ft rt!rc Il(2,T'i~

5. Keirrt. A. (t..,and Alexander, 11. 1681 (O a Cause if l-ailie rot ilih Altitude
lastic Ilallii'rrs. Si entifir' Report No. 5, ('ortra,'t 1. 1962,1-6i' -('1-0241,

6. Ale xaile r, 1I. , anrrd Weis, manti, 1). 1 19721 A Coriipeodi un; of tire Mechraical
P'rope rtie o5(f P lye thy lene Bal loon FlmIrrs, Scietirftc Re pot No. 2.
Co)ntrct [ 19628-690 -C -0069), AFCHL-72 -0068, Al) 746678.

CRhIS P was at NASA costmric ray experimetr. 'The pavlosli weight was abirit
14'. 000 lb i gui fi cantly greater than any that hail hoer f'lowit Suc ces stfullv.
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expensive polvetliv ene balloons for nuode rainy heavy payloads mialie a return; the

iomproving quality of the a lceadv proven suope'rior p1 ye tht'lene, St ratori In. m.ost

ce rtainlv played a s ignifi cant role. Fading requirements for ve cv heavy payloads

de -emphasized sc rim -hal loons to the point where their production. eventual lv be -

came economticallv impractical.

To eliminate the effects of launich dvnam is on the less oriio'Mlar !i lr

he ye cv heavy payLo.adi skcci it halloon s had been configured as tandem bal loon s vs-

tems rather than single cell balloons (see A ppendix C). Prim arilv as a result of

the successful intrtoduction of Stratofilm , polyethlvene balloons were qul cklv intro -

dured, first as the main balloons of tandem systems and then as both launch hlot

and mta in nalloon there by to const itute a total polvxethivlene t andemo system. Pt oI v -

etvot- ii balLoonis differed from the scirim main balloons inl one 1*,ni311t

a vthe m 1.r-i ional. reiniforceemnt of the Iores a ore ailonig the g tres as rather'

haizn alotig thle shorter gore centerlines. Consequenitly, the lo)ading, across *,Ii, L-tr,'

IIthe two tyns iffe i'd considierablc. both at launch ann ue rn_ the2 suhbseuInt

aiscent anl float phases of flig ht, anid thtus toe ,rite rio for tie dosig~r nd m tcuctuval

AIntl-ss of tltcsc two t xpes were not routpa cable.

As caNpO'trucet and conficdenct inl the lat'> load capabilities of Stiatofilit

or Ieals el. ! mdc ti polyethylene ha Iloons acre, quickly and totally repolaced by sir01i

celI polx'ctil.'lene balloons and tanldell balloon -;'stenms inl Leneral. were oc-t1

hiStit' belforefthe%* at'v cc fulndC-( 1sto, er t bet' stcructltirallv or fottetti:i

:'ertorlittir po Initial. 1 his.' ceTuri to -. 1l 'II telivlenc" balloons' Ieft ll. -

aitswcrt-i the pwi'tiont: P~os ilet exist a Jettri:onablt -,ntfiLguration Iluving: ascent

:(or wi" the ltngat iii- a[ura of, the lroot balloon of a tanle: sx'sten is

utaxiturt --aci,> Inzbi 0t: Such i -ond'ition is ugetdbIt h,' .

I hie ra, t~~ongrs :ii ii' tooi.ar unifo.'r'Tlv ba'lded only beforec theta'

gias tiaste .iiw h't allon 's full (at orc abovc he1 'altitlide it which the bunlch

hal oIn o hta.- or intra buto n cv, I it. o1 1 !os In ii*" %%hl i hr mi i la Iloon il 1 1,

a1bout :30 oteicen' !ilc'harl liiore hrw start of g~as tranlsfe r, wNhereas .ti'ot tle

naiaitor al t- al' fitt, m1 f Io: loiei a0tal times il 1 1!1-1,titfo: ".I' n

during tilt,' rarit;ito i' ci'lenlt 1:1 the ratio- 'If deplox'el crcuttt.fercl I- t oratin -

t'AturtI *- i'"tiioeitc't Il(nss tn!I~ unlitV) Al' itht11' -hf fereoces beta et; the glcte itgh

iril tt actual o-ath lengLths4 hm'm'ci the i:, Indl base fittinQgs o!fithe 1rainl balloo.

AptilxC itm'oyilt's aidditioninl htackgrr'outt ont till topic.

A tandlem, ht looi svsteiti osting, of' a sctirn launclt balltoon aril ai polv'tltlette

ttait loon[0)1 hjal, illJiI 1,1. arit' alt ;12Th-lb Iptvloal.'i all1ot rl-talyetltxlette

taitdemt svstrt hal cavr'ierl itl 17 :', a- uaytral weighirtg 7-424 lit. Icv , tnpaitsot

I lie maxitturtI: dayloal hui llyv laurltll antd learT SoICkessfol"'.t)II sigl 4Wcell'[

itnltlvit'lent haloon, Ais 63100 lb oit a 2-421 -lb) balloon in 1974. 'Itel( prtihlt'ttt iti;



heavv pavload single cell balloon, o<t inuc I to I the dynamics of th. ltull h ,

the standard heavy-load plattior lainch' ,i 0 ig.ures 2 and 3:3 could not itlail He !th,

high gross intlations, and, ful.rtiw , .l:iu i'iiauc h-s %%ere thought to wi ibw, ii,

both launc h and ascent balloon f,,

Figure 2. Heavv-Load Pl'atfort Launchetr. I he tip of a sifl 04
cell polvethvlerie balloon is shotl being uemov ,d fron its box
(on a small trailer) ard being laid out between the yertical
guides on the stainless steel platform surface. I lhe restraimn
roller is seen on the left in its full open position: mcc the
balloon is in place, the roller will be swung shut and securet
for inflation readiness. The weight of the platform is a fac-tor
governing the anount of lift that can be launched romt it.
Critical co~tiponents include: (1) the net lift indicator.
(2) the roller release mnechanism, and (3) the 'estrailini oilet'.

3. TilE APPROA(1!

The design configt.uration )t a balloon to carrv a 9000-1lb ,a') , t,> ',i 0. l1)

mtust he conmiatible with the launch tnethod, be it staiti , i\'t:.'i., ,1 )' 1

balloon film, polvethvlene, or polveste" with either x', el !1 14- , i t-i,

Production tacilities for large, it-it ft,, ,i Idv,-,,-l- 1I"'' 1 -

Bi -axiallv balanced p)ovester filith a 0, u)t' ,t i,- ii.,, - , , ' . - ' I dot .

1I



Fi gure 3. Hea-v-Load I P1itair'!, Launcher. Ihfe
view is toward the travload. T he ecttaifiirig

ro0l(r arm is shown it) the se tn( , position. The
wet lift of the balloon a, tinz )n The roller will

cause it to ,;winL, up and awayv tri-op the balloon
a hen r-elease'd, thereby enablinri the balloon to
rise verticallv t,) a point over, the still re'strainedl
piavloadi. T he arrow indicates Owh pivot for the
rollter

SI-v heav Iavlolds tveheeO rrc on reinforced polyester Ci ln:, mos)t reliably

whenl the r ein otrtement was an expernsive len') weave scrim on 1 r St ratoscope

11, arnd C ;I-12 on Projec-t 770). Sj::tilateI ise tests of the miore ',riria rita:-

a oveti Ia-troll rejrttor--emerrt lartinate d to plvel~ster inliateld stesi t failure-

"ne mruler of inagnittie lower than expected. Further, nrn-wNoveni reinfor-ernents

in sr niuLtte use- tests tended to delaminate arnd cause failurres mu um1 more so than

lid the lco weave reinforcemnt used( in (;"I-l I 1and C.- 12. 7 F he third elerrerit in

Owm lamrirate- also presetttel prehli-nrs: thre adhes;ive had been feto'] both to etch the

fim mr rrface, 8probably irduIiig ,:-i-k nropagation, and to becomte brittle at ba~

Ale xanduer, It. . Pe rsonal c orrespondlence err the results of tests of CRHIS P balloon
material.

7. A lexaruder, 11, , arnd Agrawal, P. ( 1972) An Evaluation of Fioer Rei nforceud
Films Used in High Altituode Bal loons , Scientific Rleport No. 3i, Contract
l-19)628-69-C-0069, AFCRI.-72 -0235, Al) 749880.

8. Alexander, H. (10)7 1) Quarterly Progress Report No. 9, Contract F 19628-69-
C -00691.
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*c .- atort-SsO mer than -itiler tile i. *.oMse ''I-h icrinforcir11g : tS he

~~~ilt prolllrtc 111t e~ ttiltntll 114 of rtieiti polvcstcr bat oo aihe

pi1ge cell )Ir t'lndenml ti n~et t resint 'h 0~tl 's Fl atittinlal Undersandn oI

paper hvby _ l, L 7drm clln t 1,he 1- iht h A FI t.1 Si ent i f Balloon Svtt oo.iutr.

PolvtxIlvne is ill. mntV othmer piovon lt,,lon ft.at: i it !tas h-ir. -

U-Ii eaStut U in I ) ilh Siile (1 asLI A t talit~j: j ba IIll s tem 1 s. IIL t I(l I t01'J-

im- al. I ins hal .hben laiwiced bob -.x~a;:ic-altv at,-! s~ati, :lIII chi

r"al. ab 'cc ttmtlth pavoid ,)I a sheave %%hi( h perii rtd 9,, -A, ;. a i

* :- i: ii.to be a jtkhod to a point o% r he iayload.

0- :t I potvetlhvlene tandc_ .!) i- i ich ont, -ould hav( on~ ftLent

A~ 'tlIt-oieetensi ve and tIrv )nttn, cm anailys i e !lie rede:)(,:.f ietO 0

:he tt!rt'is:-insition atf the !Itinl tnallool !orto the in-tine ininfia,-.t-o

* to .,Il%- lo-loved tO at flat alt noe.I wmld ther requl re e lt l'

t1" Ow'% a11. castulIdien ptlvt-hvi rite t-al~ in flown to late, ,n w .-

0, :1 tc )de[ to) xtt-.ut late this expeiit,:, 0 to their 4 n4,1 of new ianet. vi- !h'eli' -

liasel -in thoti ior ing arts aint e xpelieInces, We are left with i t vipc reanot.-
dire way to r:,ct t m requteent -that is to design a single col poivetivtei ballot)

to,-iric the '000 pounids to 90, 000 feet. The gross Lift tequiren ot I,,: a ta!tit

ex ee is bioth thle rapiabititv iof existing pLatfornm launchier., ant the ru-ain- o! (-\peri -
.*in- a ith static ye rtial inflatians, but neither of these onsi derat ions shout~ nre -

-irtt iii insurnioitahte oblstacle it require the equivalent tinte atm( it> - w&hich

.miiotlJ be nee-ded to produceatI elabte tandtenm svstent.

liased upon hoy ie cent polyethvte no batlloon design sti v t and sne eb the

Niat i oal Scientific Balloon tacilitv (NSF HI using thle ''soft collar' to i'c tune or*

-limnt mte dvinantic launch damiage,, it appears that the Least cotttplex ('sr th oitI

liei% estandthe refor hi ggest) will result if advnan-u lanhIcseiid: 1'

balloon design would tequire Limoited , hanges to inake it suitable !or a statw c aunch

le ti .al. inflation).

9. Ni ccunt, 11. J . ( 1972) Comipa rison of polyester film -Yarn comnposite balloon
materials subjei ted to shear andi biaxial loading, NASA Contract NAsI 1-I,,
7 50. Report No. NASA CR -2047. p. 30.

tO. M~unson, J. 13. ( 1974) Material selection for high-altitude, free, flight balloons,
Proceeding Supplem ent, Eighth AFC RL Scientifi, B~alloon Symoin
30 Sept ert oe 1 974 Andre- S. a rten, JrI. , Editorp. 2:11, 240

ACLT-74-03n3, ADA600.

'he ''soft collar" is a choker to prevent transverse dyvnamic loading of the ballooni
gores anti seanis when the balloon 'mushrooms" (is flattened bv drag torces) as
it rises from the launch platform to a vertical, position above thle payload
(Figure 4).
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ligUrc 4. Effect of the 'Soft tillar on the Dvinamic Launch.
Transv-erse dvnaimic loading of the shell1 is greatlY restricted

4. A SO ULTIO N

llrogyram I ISGN-1A.documented in Re fe rent,( 1, is an interactive corn --

puter program (basic language I which allows me to: (1) specify a balloon inissioni

n te rms of pavloadlrne altitude, duration, ballast demands for verilcal control,

and safe terminal v elocitv to r the pavload rec ove rv parachute, if desired. (2) adjust

thle polyethylene filmn thickness ito ratix clv to definie des ign features that will ensure

design launch stessand ia dvnami c launch loading withini desired or statistically

acceptable raniges.

Usi ng prog~ramo 'lI)[ESICN -lIlA)"' and specifYing the requirement to flyv a 9000 -lb

payload at 90, 000 ft, and a useful operational payload range of 5000 to 10, 000 lbt'.

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

14



TARGEI' MIN. PAYLOAD 5000
AMXIMUM PAYLOAD 10000

DESIGN PAYLOAD 9000
ALT. FOR I)SGN. PAY. 90000

SIGMA 0. 16507
SHELL Ti 2KNESS 1.00
CROWN ThICKNESS 4. 00
DUCT AREA 130.00
NUMBER OF IUCTS 2
DUCT LOWER LIP 168

VOLUME (MAX. 8355966
VOLUME (IMIN. 8119513

BALLOON W, EIGfH T 3018
SHELL \WEIGHT 1012
CAP W\E I; IG Ht' 1346
TA PFE WEIGHT 489
SEAM \ EIGHT 39
I)UCT \, IGHT 75
M ISCE. iANEO US EIt; IlIS 57

GORE LENGTH 394.98
GOIRF WIDTH 8. 3!
MAX. DIA. 272.45

S.LEEVE LENGTH 214
CAP ILENGTHt 176.40
N UTM ER OF' GORES 102
TAPE STRENGTl 150

Figure 5. Specifications t'or a Single Cell Capped
tPolvethviene Balloon io Carrv a Payload of 1,000 Pounds
'o 90,000 Feet

Experience has-; sho%%n that a 570 psi at ress level at launch for such a balloon

a quite satisfactorv (see Ref'erence 1). T]able 1 sho% s the pl'Oipo sotion I) he

satis factorv in this regard, and further, that the I)vnamic I.oadi ng Index (see

litgure 6) for a dynamic laun h of this desigtn, 4. 567 ft b/in. 2, w)uld he les ahan

otte-ha)f it the recomnended taxmun, 10 ft lb'in. -. Ihe development of this

index ,f launch sh,,.k is also repot'ted in Rei'erence I.

.inallv, "Table 2 presetis the pavload altitude capability of this design, .)ver

;hv recomnended operational payload range.

15



Table 1. Results of Loading Analvses for ho ann, h
('onditions (Reference Figure 5)

Merid. (.ir .

Strain (dim) 0. (1099 ). 013 19
Sec. Mod. (psi) 16216 15511
Radius (ft 62. 64 8. 06
Stress (psi) 569 574
'7, Safe Stress 56. 63 57. 16

Shock Iniex (ft [b in. -) 4. 567
Tape lo-ad (bl '3
5 ,Max Tape I. ad '.74

TT

.]Lrc6. l)n)1iI oigInd-ex Soii
Ilit \'!n itiI loadin g inltiX -w shotk it1 itx

is Ih fiitt' " t l 'i tlwf ction '") (-A T:
0he'. A is tht j1"1ss lift 01 the scstem,
IH i .!h., weight )f the halloon. S if The
ilntth )I the uninflated balloon and 'I is

40 -- h- balloon shell thickne.-'. lt (.: atO,
0I 018ind", the ln4)th in fcet mnd tin,, sh. I

!ittkness n in ichc'4.

200

O 5 10 15 20

DYNAMIC LOADINt, INDEX FD  if it

Table 2. 'tr l or ;an,c 'lIab.,

Payload Altitude Payload Altitude Pavioad Altitude 'alvloit Altitutih
(1b) (ft) Q bl) (ft) (b) oft) (lb) 1!,1

501:3 99060 6300 '5680 7600 927-0 "1100 '0180
5100 08820 6400 15440 7700 02540 '))0 8r10
5200 98540 6500 ,. 529)1 76100 92320 100 81'11)00
5300 (8260 6600 '160 ;900 !2 120 !200 819620
5400 97980 6700 94720 8000 ! 1920 9300 8! 41.10
5500 97720 6800 !14500 8 100 9 172(0 9400 89260
5600 97460 6900 -42 80 8200 1)1520 1500 1090
5700 97 200 7000 94(0-10 8300 9 1320 1600 WO'20
5800 96920 7 100 !'3820 li.100 91 120 '700 8,1749
5900 1)6680 720(0 '36010 B(500 90930 '1800 '8560
6000 96420 7300 93380 8600 '0740 !!100 t118100
6100 96160 7400 93 160 8700 905-0 10000 '18 220
6200 95920 7500 92960 8)810 :0360
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S. (:O.N (:I. SIO.NS AN!) RECONMt1ENDATIONS

The loregoing solution to the objective-problem has additional implieations,

iarticula'lv with tespect to the possible requirement for a higher flight altitude

with the same payload range. Figure 7 shows the spkecifications for such a require-

ment, a balmon to carrv !1000 lb to 105, 000 ft. The volume of this balloon is

tihti 2. 23 times as large as that required for the 9000 tb at 90, 000 ft, while the

balloon Aeiht is about 39 percent larger. This greater performance is possible

with the -tan,e shell and erown thicknesses and same total tape strength Iwithin

2 t)er,eni). The static launch str1esses (Table 3) Cor the higher altitude svsten- are

,verl slivhtlv !hss. bu! the dvnai ic launc-h shock index, although ac -eptable, is

ib)ou' 3 1 per ,ent htigher-not an unexpect,-r result in view of the greater gross weigh

the svtett and the [lner balloon vgo,'ehiiivth. The smaller static- launch stresses

:)r the lar4tir zioss lift at laumoI aiec due t, the narr-ower gore width at the gore

-tslt mt f'or a1hioiti stalt' launch stresses are ,oni puted. The narrower gore width

I r''m the imri-astd number of gorties, 134 as opposed to 102.

1AtGl(;.Y MIN. 'AYOAI) 5000
MA\INl M PAYIOA U 10000
I DL l; N ':\Y I,()AIJ 9000
A1.'. F"Ol )S(N. PAY. 105000

S R; ?, bi 0. 20 .3:3
S I., 'I IIt'KNI"SS 1.tO

( ) 'IN 1[lt'KNESS 4. 00
)ItT A!'A 120.00

NtM I 3-l 1)1M II1 ("I S 3
1t (, I.c 1 11 )l I 2111

\ )I-.\11: t (MAN. ) 186026tt;
\ (1.1 . (MIN.) 180087 60t

I ..Id)N \WI-It;IiT 4209
SIfl: F I. \ , I IIlT 1726
tAP 11 t'; It Ili 1500
I'A ['H \ EIR; II 7 16

s E-A1 NI F: I,*,Ii I

GORt-: IE.tNt;''l 512. 94
(tl \ II11tl it. 40
MAN. IA. 351. 08

SI ;I,:\ I-,' IEN(;TII 327
CA t I 1..N(;'I11 181. 92
NIMHEH OF O()lES 114
T A P'E ST H NT;'II 775

ivuce 7. Sp.cil'it atims for a Singlo Cell Capped
lolvettilert, Hallom to ('arv a Pavloadt of 9000 Pounds
to 105.1000 Feet
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St rzi I I )im 0. 00',85 o. f) 12 63
w~Mod. f '-i 162-1!,61

H aIit.~ 7 1. 72 1. 6

SliV)k InAItx i, ) in. G. 004
Tap' . (1h) 5

i: I I1ttisin'-f iri:I1is g it 10 n-XI step :11 I c e ':

tiavv d al hipit al: itnIe . -urli, oil, hi l 'll s - ir,%(-tLI-i tin (w C

cd *,I f 0- 1 start lar c,1O1-- ii<.i:Ic,. hal[bunts . I!!( te

I'i% isletn of ho (H-.itttvsis' Alrttl .\t 'tia shourld 1)1-..t% a star~i-in

'W 1 11 lw~k f-h l )jIol'
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Appendix A

A Review of Mylar-Dacron-Scrim History

A 1961 Schjeldahl report Aldescribes the development of the original family of

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

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

2. Weight; 0. 01224 lb/ ft 2(maximumn)

3. Temperature Range; -90 F to .2000 F

4. Tear propagation; none

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

pressuore and radiat ion conditions of flight)

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

The primary laminate resulting fromi this development was a laminate of

.25 mil NMylar and] a 6 x 4 dacron leno scrim, 54 in. wide. The adhesive was a

polyester resin adhesivye ((AT -100) made by the (A.T'. Schjeldahl Company. The
2

laicrori scrimo weighed 0. 00440f, lb/ ft . he test results on 31 rolls of lamninate

bhowed:

A1. Slater, R.J.. (16 1) [evel opmnrrt of a Hleavy - Lua Carrying Blalloons Using
Hligh Strength and T ear stopping riIs. (3. . Sctrjeldaht Co. , C5ntra5c-t
NONR 289r)(00).

Se [-(iIable AlI for general phyvsical prope~rties of the Mylar base filmi.

2 1
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Mlean Std LDev Dimensions 99Tv' Confidence Level

Weight 0. 0083 0. 00046 lb/ft 2  0. 00968

Tensile Srnt 40.4 1.091 lb/in. 34.7

Tear Resistance 32. 8 2. 29 lb

T Direction and temiperature unspecified.

Table Al. Somrre Generat Physical Properties of the Mvlar B~ase F~ilm Used in
Balloons in the Early 1960's. Values are averages

Unit of
Property Value Measure Test M\ethod

Melting Point 250-255 'C

Density 1.3 39 gm) 'cc Density Gradient 'I uhe

Refractive Index 1. 655 n 1) 25 Abbe' Hefrac tomneter

Area IFactor 20,.000 in. 2'lh/mil -

Tensile Strength 17. 000-25, 000 psi Instror, 'Iensile Tester

Tensile Modulus 450, 000-600.,000 psi Instron Tensile 'Tester

Impact Strength 60 (1 mnil) kg cm F~alling Ball

Break Elongation TO - 1:30 (1 mI II I . Instron Tens ile l]ester

Trear Strength 15 (1 mil) g Cellophane Tear 'ester

Flex Life, 0 F 20, 000 (1 mill vclecs D~uPont \'erkes Flex
TJester

Bursting Strength 45 (1 mill lb /in. 2 Mullen

Bending liecove iv 43 ( I ill 1 Recoveriv fromn 180'
(immediatel B~end

Bending Hecfverv 51I (1 mill Recovery froml 180
(60 sec) Bend

Thermal C oeffic ienit 15 x 10 6in. / in. F '70-120' F
of Linear Expanston

H-umidity Coefficient 11 X to06 in. / in. / o R-lB. 20-921, R. H.
of Linear E xpansionn

Coefficient of 3. 63 ;K 10- cal / cm /sec / C (enco -F itch Method
'Thermal Conductivity

Oxygen Permeability 0.910 (1 mill g/ 100 111 / hr Modified G;ener'al
Foods 'lester

Water-vapor 110 (1 roil) g/ 100 m 2/hr D~uPont F~ilm Moisture
Permeability, 39. 50 C V'apor Permeability
53 mnm Hg Vapor 'Pes t
Pressure Difference

Moisture Absorption Less than 0. 5 Water Immersion
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1-:thFc At. Some (Iencr 'sal l'ji'rperties )t lie Mvlx Has'- I- ili. . Se:- 1:1
Ba Ilins in the Early 1 uO 0s. V zilues are averages (cntd)

Unit of
'rine rtv Value Measure 'lest Nietholi

Shrinkage ( 150) C) 1. 5-2 30-mmn Exposure

Funguns kce sistancc Exkelltent -12 Months 5)1l Burial

or'sve tfeot e Ne~ligihle
on Coppe r

Strip lentl le Tests 0 te ht,~n vielled the- results in 'I able A2 and it %ka,

tithtlat :*lr: atnd !bIltr-' ''it in ltanvouslv. It is ntrti to note that

'a t'f thie S-10 dmlm'tit~ \I l t5tiate as shwn in IFigure Al is Lonsien MAt!

A 'iber !cna, itV )t' abkout Vj I l tttt an ailure, a higure that agreeh ckw'' lwitht

heia.' oti t'iher toac-tt II an~esown in Pigure A2,

lztle A\ 2. liitit Insie Strtttitl [(t I m"Q 5-IM at a Strain Uwle
40 Perce(,nt petr tm, in .\'t' ge is hast',d on ~t t

[eTmny~ alitrv a tn ill L ] 5 a

F Aln Avg Max Alin Avg M\a x Al hi AvL 1i

70 317 3 1 31 J31.2 32 1 27 T 8* ft.

-7 1n 40. 4 47 25 27. 0 21; 231 24. 4 26

40

ti S-I0 LAMINATE --

SCOTCH'PAI( LAMINATE-

30 -~-

/ FILM
1, FAILED

20 j ____ Fig~ure Al1. ILiad-stt'an ('i:.yaiisn

1)1rct inn at Ronn 'leioratti t

NYLON
SURI FAILED

'0 -

0 10 20 30 40
STRAIN %
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5

_______ I-igure A2. t-<tin
V)lttnh 1! 1o t Io rIILn

2

0 10 20 30 40
STRAIN M%)

The machine and traverse direction strenth ia1~t bo0th voJ '11', ['0 P"'111A

F7o arc, shown in) Figure A3: the machjinek direction n41)rie I1efi 11,

tensile strength and 1:3 percent elongation at rollii a,)p ltle31 1:1II.

strength and 3. 5 percent eLongation at -70 1'.

50

ROOM TEMPI----

STRAIN RATE

40 _0lin-

-=WARP

:30

Relationshl ip

w -f FILL
( 20 H- -

10 I
If
it

0 t 0 2

STRAINM)~
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t 'ide r tests of the S - 10 inater ialI at -70 'F in dic ate d a t r ansverse strength if

25 ti) 26 [b/,in. and no, pr'opagation of the failure.

Ani analvs is 0) laminate weight bv comtponents shows that the adhesive weight

oa. n the averag~e, 0. 002 179 Ib/!ft 2. \%'ith the s ertn) used this amounts to neartv

0. 494 lb ofi adhtes ive per pound of' scrtim (see also Appendix 13).

The resultant wecights tor laminates usina 0. 35 and 0. 50 mil Al1 viar we re

f0. 0088 and 0. 0103 blb t- tes pectivelv.

Iitorto at jolt oitl rm ill the vea vs 1962 and 1963 is sparse. However, Stater A 2

10 th~ tat thte adittit' VeSy tt ttSed in the GT'-10, CiT -11, and G;T -12 laminates

waW thiT 1-301 atdhjes1IVe system ( tipuLre A4)I. Table A 3 e xtracted in part fromn a

rael hv KIv A3indiitetlsttngl,, it -80' 1 but the ultimate elongation appearvs

.- oniiattl iifftet romn hin Jii (guv A3; 1:3 percent to 16 percent as opposed

t,)3 5 peretnt. Also, tthe tetisit Icstle engIths gi \er bY Kelly aire, in some cases, in

oft tih s, stto%%ti III FiL~tur' A3.

2 PL

DACRON WARP GT-301 ADHESIVE SYSTEM

_MYLAR SUBSTRATE

Figurte A4. GTl- 10 Serties Matervial 'ovttigurat itt

I his couinilues itif'ortoation up to F-ebtuary 1961.

A.Stlater', R. .1. ( 1963) 1-xpanded use ot' inflatabtes through new matervials,
P'r'oc'edings of the Al-I'13. Scientific tiatooti Symposium. pp. 41, 65.
AF(Ailt-63-919. AD 61406R5.

A 3. Kelly. T'. WV. e t at1 (1965) Quality enginee ring of sc riot r'einforced balIloons,
Piticttedi ngs , 1964 A I"C' I.Scientifi ti alloon Svinposi am, A. 0. Karn, Jr..
t,titoi', pp. 31i7, 3:30, AI"ltH-65-486, Al) 6 19695.
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1 itpe I-t% k, alue

\
4
.AI -j i i e s t Ien~l ! It At I IzH. 'I. 3 8. 81

tllQIii Ii AtI it rk,'1' tttti p1t tIll.( 1 2

0a rp t ril-Ic stirent b14 1 ini. at -80 5 1 .4-

tenII 1 t1 a a: -8 II )0 1 1 3

F iti tenWItc s;tvcnllIl (It bi!n. A -80 F -12. 5

I o I I t in a: -10 F 1 6

lb% l lltt'5L (ppt 881 -10 j; 1. 3

seal tis ile 5t tnil b Ill a, --lb }J 13 , G

ljblt- A-I oibit-d4kit I lv it- G . I . Scileldall Co. dies it t rel-c ! atx I-A teI-ta pt-

'11,pt-p-t it(s biT lies slhow a *h-Late trin a hook teat stt.ngth )1 321. 8) lb) to

60 Ilbtl 11 al - e r teinpe i-attire of 1 10 1 . hlowever, it ;, ri U -leat kh het

Lit,-ttsje tes~idi was -ev -OitlldLted at lilt 1 10 1" tetpletatUt-e. I' i4 q;uite

wss tle that -Alit ldsat suict Iclativel' kAttn tlin-it "ell" peiaue llav et C"'

, Ila tic-; ill ti1w stibstiue nt nte-bani -al tepontse, at thle hokker attlos phe vi c t e p iIa -

illtl e.- t itc-st-at-l )]a., OlOW11 th 1)t be trule to01 p)olVetllvletIo !'in1s. P sltu It:o'

:\5 t- AS Ite adheSIVOS usedt Itt tile lat-liiates, four are mnttionei. G 1 -100n,

1 2 0 1, ( ; -3 00 , anIId ( 1 -3 0 1. 110 t ('.T-:)00 and (_;T -3 01 av co-nat ed Mylar11 -lb -

tatII-,s itt 11t1V LI 114 th1a t IlIIe filnI IIs ate - adh IIes iv e co a te d pri or t o I amIIi n atIi on Ith the

1;-toitl fibers. Tile It-ietettee to thle use it(T -100 was in the teport ofit he rtOiinl

leebtttettt oh' 8-10. It is untdierstoo~d that the S-10 material had a bloc-kito iprOltti

c15sn iated with) the uise of' UTi-100. Stater, ait the( 1963 AI-CRL SVttp()itsIutv _daVe

(; -301 a5s the( adhiesive S VSteut Used in the IT -10, GTi-11, and (11- 12 lantim c.tes.

lTe k.vtle '11iltieintg stud", A perl'ormetd under Al-CRC Conttract AF-19(62,1 -2921

i- o Fers t -300 and I -201. Appartettt lv (11-300 was'-used to precpare pie produV-

lon test latti nates and tilie (;T-11 produtttion lam ination process had ehang ed overt

lo use of, a the rmosett ing liquid adhesive, the rebv elinminati ng thle need to pret-nat

tie l'i tin with adhesive.

.1 . Cur-tis. I-. W. (11965) Reduction of Serini Reinforced Balloon Cost,
J". . SebJjeldahi Co. , Final Report Contract AF 19)(628)-2929.
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Table- A4. S 'roe 1'r'nert.-) of )acton Reinforced Nlylar F ili Lamvinates

l'r-ope, 1t 1-10 (;'1' -11 GE- 12 G'E -50 GEI -66 GT -67

Filmn jhckricss o11ils) 0. 25 0. 35 0. 50 0. 50 0. 25 0.50
Oh100)0 ft 2309 10. 044 11. 024 10. 28' 2. W44 12. 248

eighI eni lt tn I 11 . l40 40 40 20 5 40

1.) 1 1erlsite (te gh 11, 1). '0 20 20 12 5 40

Available. %,~ (1!1. 18 5 8 52 52 58

'(1.,tlr 15 15 20

11- I .ar' Ilh) 60 0i i 20 560

P':. A Phe, H: ! Ilin. , ., 1. 6 0. 5 1. 5

1'.' h:iv 1 ': 1 ,. T .. 11 5 4.0o I .

\:HS:. . H 0 il 8 -80

1r th [o \ > O ti ' -7 1. 'k - * : t Ir rI 1 . 1 1 - t H a llo o nl N o . 1 . C u - i s A

'it, I 'hat 'ii. tar Lur. zl -. I I I, - eua to the iragoriat str-ength, but in

ts rlthlusia.': fit failed o ' r: hat tht, .lvlar- failed leaving! the sciint intact:

tStli~t %\itatjori roItt'a, objeetivc Numiber, 2, niamely that the 'scri must fail

lJrr;I sAti, ii I:: I Ilhis -Ai t., hoeeoritr'adic ts use of' fiber-s as a riP

-1hIi, ,Iver-s the tine [aifron the deveclopment )C S- 10 thr-ough the develop-

.n of~o. of, Mvlac anri n)-woven dai(of scront. It should lw weth,

i iv. - pcriod, ther-e was nio cornpaiative s;tudv of the Mylar- film proper -

tics, ,:5 )pioscd to the Ia rmates me chanicalI p ropetities.

lI " pr-operties of the bas(- Allar,, the adhlesiv e mud :1w lac-on fillers inoist

* .rtairilv ,intentc thle lainmate proper-ties. Hiowever-, the pr~operties are not

ne-essar-ity additiv e; that is, if' a 1-in, wide Mylatr str-ap eloigatel 10 per-cet

ovxrs a restor-ing for-e of' ) lb) and a particular, parallel ara i-o ibers

-loigateli 10 perecent exerts a recstoi-inj lore -f)1 5 11), a lamninate of tires, two c-on -

sttrs would niot rrVe.-SsarliLv, whe-n elong.ate) 10 per-ent. ,r a iecstoiiiig for-e

of' 10) ot evenoi b1. It would gr~eatly sitipli fv the engLirreering rioblvins if' tire str-ength

pr-operties of- a laminate always e qualled (oi, exceeeded ir a pri-table way) the sun,

If thle i-orrespondingL pr'operties of the eonstitiierts, but tlli Is nt gierierally thle ease.

F~,tone thf- iing Mylar' is riot an isotropic rmatecial. Its propertties varyv both i ect -

SiriallY and wijth r-espeet to sample location ailing and( ac-oiis airy. given r-oll. Also
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in the lamination process. the Myvlar (and nresuniablv the Dacron fibers' m.-I

the transverse direction and elongates ir. thle meridional direction.

A critical factor in fix~ing the lam ifrate prope rtits.- is the adhesive used !r hion,,:

the fibers to the film. There a re both quAfrtitative and q~ual itative proper. ,varia-

ions due to the relative im~precision of thlt lam ination muocess controls and dJue to

normal fluctuations in the laminat ion 'I fvlo o. ihe influence of a _ihes lye is:

additionally complicated he cause Ian: iinates aybeen mnade variouz lv witl, 0iP- -ivle

coated finlm, adhesiive pre -coated tiirtad aii i Ill proe tS- appilication of daihesivu

the threads.

Finally, the behavior if a laminate I, -t ron1l1v lepezlillct up.r. ! Ie patter.no

the reinforcing fibers. ThuIs we hav, a la nt-whse ioonertio lea rv w ith:

(1) Initial properties oi const ituents; all I their iniilual '.uriabi!itv,
(2) Proportions and] geometry of constiutU,'s,
(3) Changes (and degree of variability oi cltangt-c of10- lU

properties as a result of' the lamiliatloll inro, .

The foregoing would be complicated eiil~lIt' tie .\lvla r, adhesive anl i Da, rI A
fibers were the sanie for each laminate witl I: hich A- have had e cperie-nce. '1I his,

however, has not been the case. There have beenl tao types of Myvla:' not Aala

specified), a variety of 'types" and ome fe 01 i cron fibhers and a ;pvctruir if

adhesives (presumably c). tile same famrily).

There was no reported in-depth studyv of aitual- %-t S'i reitd rpt'

of the laminates (nmodulus, strength, ult in. ate c (onaL, I' n. . . ht . riz nsI' o), ran Ior

cold tem perature flexure , and so on). .Atv "Wll or-na.il r ' I

lamninates should take the foregoing into con~. 0 I, ''0.-
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Appendix B

Weight Determination for Film Reinforced With
Non-Woven Scrim

The [)ii t er unit1 area of a l att' Of till" and a nonl-woven scrimo is a tun. -

tit o0 the \ Oegh ec unit area of the film, Wt., the total length and tN eight per unit

Ien'_th for ("a ItjV typ r'einforcing thread and the weight of fte adhesive used to

hond t he threcads anti filmn.

F-ugre BI siow a one half of the fill th read configuratio ol enerated 1w ft(-w

AFH 1(1 iving Thread Loom W igure 132). If L Xis the total length (On eel) of' fte

ill tltreads in an area % f eet w ide and Z feet long, %% (-an cootpute tile lemtut It.

toot the following equation:

1. 2 N 2 ( sm-i XX )~t]

where, N. is thte length of thle i t fill thread.

If' we now% define N Xas one half' of the nuotbe r of' fill ltre ads petr foot of %a tp

lire ction leng th and Itt as one half' of the nuothe r of' fill threads per lentgth Z

(tOiastired in feet) in the warp direction, then Ithe lenizth in feel of thle i thfill tread
can be shown to be:

-N. (II - 1 )/(N ('0cos10

wherte t? i is te acute angle between the warp and fill dirtecti ons.
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Figure Bi. Schematic Representation of One
Half of the Fill Thread Pattern for a Non-woven
Scrim Reinforcement

Figure B2. Schematic Representation of the Flying 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 valup of L can thus be shown to be:x

r= + 2 x = 2 m 2
/(N cos 0)

cOS 2 i x

If we define o0 as the unit fill thread weight (pounds per foot of length perx
denier), d as the fill thread denier and W as the fill thread weight per unit areaX X

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

W = , d l, /V/Z = 2 ,y d N /sin 0 .

Simiilarlv if we define N as the nuniber of warp direction threads pet foot of

lill width. , as the unit warp thread weight (pounds per foot of length pet denier),

t I as the warp thread denier and W as the warp thread weight per unit areaV V

(pounds per- square foot), we t'an write:

%% w (I N
V V V V

Now the "Ideal Laminate" weight, %V, where Wf is the base film weight

(1) ft-2 and where it is exclusive of adhesive, can be expressed in pounds pet square

Wf . r'A 'Af d 0v N 2 w d N /sin 0.I V X VV V x x X

The name 'Ideal Laminate" has been assigned not only because this laminate

incorporates no weight penalty due to adhesive but also because the analysis of the

int-chanical properties is simplified in that there is no interaction between the

.,omponents.

Real laminates must of course include an adhesive. This adhesive can be in-

,,)rporated in three primary ways: (1) adhesive applied to the base film; (2) threads

procoatit with adhesive; and (3) adhesive applied to the threads in liquid form during

'he lamination process. This third process can be further subdivided into die coating,

urtain coating, roller coating and other methods. All of the foregoing techniques

have he, n used on FTI, laminates.

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

root can he written as:

*

W W + W,
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hlere \x is the weight p~er squar'. 1tu:t of(I the adliesi Ye [aver.

F-or adh esivc coatedl threads-, thle aidhesive wevighlt has beeni itunti to he tiopot'-

tioral to1 tile thread dlenier and( will vary with thle coating process and of coursie the

vpc of adhesive. In these case,, thle real %%eight, IV , can he expressed as:

W.(Io N . 2 (1 c N Isin 0i
\' V X v ,v xxxx

11' rte lhie (v %altte5 an re epenent utpon both I The coat ing processes and the'1 rheddi

Jlilet' anld are lete rniliieh emipirical ly. Itf t Ie( s anme coat i ng poesao ae
hettie threadis are uised tot warp atnd fill direct ions, then:

x v

IV kv. o 1 .0ntd N 2 d N s i 't

t V v x

IFor tvpical T1, Lm.lceitts. %%, tavc the following:

1% it. 00172 -I Nilvar)

7.li I) 11)1/ dlltiet f!It ( I )aecrott)

%t here t is the fi lii thdckttess in mils. Fot the piecnated thtreads used in the NASA

\ ovaget balloon Fpcroj'itlc1 wa"s compu1 ted to hie 1. 006.

F1911.1-0' H3 show) s both I typ~ic~aL l lamitnate. teinforced with additional wartp

threads~i, in thle cetnter of the normal warp threads, and a ''futuristic" laminate with

tie teinforemnent patter'n tailored to a hx',potltetical gore stress distribution for a

balloon in the fully inflated state. Mutnson B1found this latter design feature to be

cost inte ffect ive for the intended scrimn -hal lootn appli eat io'ns. I ha d already tejeceted

LIse of this latter pattern on thle basis that the stresses are far fromt unttorm duritng

ascent when thle gores deploy and redeploy. The generator system for, such st ress -

tai lore'd patterns was never developed.

B 1. Munson,.1I. B. ( 19)69 ) I)esigfi and Manufacture of Copsite Isotensoid Natur'al
Shape Balloons. Final Report, Contract AF 9Tfl(68-7$87.



PRESENT FUTURE

Figure B3. 1FL Non-woven Gore
Reinforcement Patterns. Alt
material beyond the outer curves
is excess and is trimmed off before
assembly of gores into the balloon
shell
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Appendix C

Tandem Balloon Systems

Moroney in 1965 summarized what he considered to be the principal reasons

tor the development of the tandem balloon configuration (Figure C) 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 for 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 dynamic

launch shock.

(c) There was a requirement to launc-h when ground winds exceeded the opera-

tional limits for single cell polyethylene balloons.

(d) There was a desire to study the deployment 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 naterial.

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

pause near which many failures occurred.

C 1. Moroney. R. 1). (1966) Tandem balloon systems, Proceedings, AFCHI. Scien-
tifiL' Balloon Workshop, 1965, Arthur 0. Korn. Editor, pp. 65, 75,
AFCHL-66-309, AD 634765.
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-1 2 Figure Cl1. Half View of Tandem
Balloon System. The principal

-~ launch balloon components include :
2X~ - g~> 1( the apex fitting which contains the

I - - helium valve, (2) the inflation tube(s).
I -- 3) the helium valve cable, (4) thU

shell assembly- consisting of the go:reS,
~-.----,6 41 (5) steering patches to help control the

________balloon during initial inflation, and
7) (6) the base end fitting assembly.

~~ 8 ~Secured to the base end fitting sehl
is: (7) the transfer duct. lielo% mnd
secured to the transfer duct is the

9 main balloon assembly, the principal
components of which i'nclude: (8) the

I apex fitting which maites with the ia ,nsfe r
duct, (9) the shell assemblv, I(10 the(

\\ ~ relief ducts to vent excess lit-heni
Ientering float, (II)I t'ie 'ieliunt val\',

cahle, (12) the r-eefi-ig sle-eve to)r

~ Vent thle forn alinu of a sail Jon-Iou
the lau:ichi phase, a. 13 1:0 t,- -ase('I ~ - enld fittinIg to \a hich tie pavloa) is

ft / /secured

As Mone flv noted, the tandemi ei)nfiguration did mneet the nweds, ipese il

(a) through Wc) above. llwvehe tandem conifiguration b,, its \('(v nat ore (seet

Figure C2) precluded the very unlifeint crowni deploviettt achlievable 1!n tIIe

telonit of, lift -off with f 1lly tailored single , ell balloons. 1-inrthei , Ole natnee d
1tropopause bursts' was not (ouli undlerStOn(l to the( extent that inflatimn I the- :Iia-ii

balloon above the t ropopause would, with any certainty, el in nlate tile aset Ins

problem. Further, althoug.4h gas- transfe r has beenl so i-CeSIUI ss I;ollv Atii

10, 000 It, I have found no evidence( of* art attervtpt to begin ntin halt1ron Iwii n

abovei the I ropopause; such a s s~temi would requ iren ant eight fold in( raa- itt the

usual launch balloon volumte with a consequeint fourfold (ni-cease in !lie sun-lu balloon

weii.ht. A taiido systeni so eoigIrej'lt(d Wouild delirtitely jir-Iride the0 abllIvtie

rbteie(c) (higher latini-I winld dUC v~liit)(r to the eX ces's o[l otleIdV viv

sutct. ' of thle launi- II balloon at I~lauch.
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FLOAT

LAUNCH 0-0.5 -.

F/P

Vivure (2.\r'ain0hehpeaa admBllo
Sv,!em as it Ascends to Altitude. 'Ihle 0110rt linies irld-
cate the zero pressure lev el. V is the net upward Ior(e
oil the maini balloon apex and i' is tie svStem 1 avload

'Ihe lan alloon hatmf the, tanleni svstem was nimutally sized to accotttttdate

-h vss tlatton at about 10. 1)00 f't above meani sea level.. The tensile s4trength

,f 'he launch hal loon illatt rial was basedl upon thle combined eftects ofl thet suspenrded

A tghtri ballooin plus pa'loarl. and thle superpressure resulting 1rem) both thle

2silltn, titroughi thle transfer duct ito thle main ballooti atlil the pvIessute head of'

h-,'ga in tile taIn balloon. The transfe r process is explained graphically inl

l-Igrr U)3, takenl from 7leronev's paper' arnd a detailed study of' tire re latiorlshipsz

jOi m_, the loadIs, pr'-s sures-. and st resses in a tandent svslent was conducted by

Sm~ Illev. (*2

lie voltrne )I thet 1,1lk' deployed niaini balloon fC :ire tandem s''stem, * utlike a

sirve l ballrran. roost support morve than t1he combined Aeig~hts nf the pavliral

a ml the main balloon itself; it mu ist ailso support the net weight of the launch balloon,

after tilt, syvstent is above the, mit tde w~he re the launch balloon wo0uld sL UPPO I't its

own ''.~igfbt.

(2. SrrralV, -1. If. (19068) l'r'esul'eS ands1 rsse inl tarleintI - hI0loon Isstetts,
Proceedinigs. Fifth Alit' I, Soiemtifh Hal loo)n Svttp )siom . lewis A. Gii ss,
ET--or. pp. 20b', 2 l6. All( Jj[-bll-0bbl, AD) 68;1. 26.
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Figure C3. Stratoscope 11 Launch Balloon G;as 'I ransfu'(r

Figure C2 (previously referenced) and Figure C4 graphically show tile I rani-

ion fromt the full deployment of the gores through partial depiovmen Ii1 the g~ore,

and then back to full deployment as the inflatant is being transfeorred trmnt the latin,

balloon to the main balloon, and the tandem balloon sYstem moves from launch to

float altitude. Figure C2 was prepared by Sntallev from the results of coin lto 1-

aided shape studies; it is related to the fundamlental que[Cstil ')t Cf ctidcal loadill_1 ill

the main balloon, a subject mentioned in tile train text. F~igur~e C4) prov)%ides quaiti -

tative experimental confirmation of the main balloon shape changes predicted b.%

Smalley's studies.

Finally, Table Cl summarized some characteristics of the principal tandemn

balloon systems flown during the 1960's. Except for the CRISP svsteltt (ahich lused

commercially specified MyIlar that was found retrospective lv to have evolved inri -

manly to support the magnetic tape industry) all of the systemis were successful:

the final and successful Viking program used a specially oriented AIlvlar and a

carefully engineered fiber reinforcement pattern designed to accommodate possible

shear stresses. This pattern problem was studied by Alexander, C3 Alley, C4and

C3. Alexander, ff. , and Agrawal, P1. ( 1972) An Evaluation of Fiber Reinforced
Films Used in High Altitude Balloons. Scientific Report No. 3. C'ontraict
r 1462o-59-C-006 9, AFCRL-72-0235, AD 749880.

C4. Alley, V. L. , Jr. 119731 Analysis of a yarn reinforced lamninate for balloons
and other structural uses, Proceedings, Seventh AFC RI. Scientific Itilloon
Si sun George F. Nelan, Editor, pp. 415, 448, Al C11i-TI(-730 I.
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('5(C6Niccum, but Munson re ported, in 1974, that tests of 0. 3 mil MyINlar reinforced

by dacron fibers-to the extent of doubling the weight of the base Alviar-showed o,%

slightly improved shear strength. Mlunson 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 s ' stemis at that time. .nd

since, has made this later finding an historical obscuritY.

12 10, MODEL TEST--

V:0/THOR

10

08-0-4 6
v/S 3 \

Fiue0 4 o arsno hoeialadEprmna

volure C4f the maialon and Shisrthcal and balloomnta

gorelength. The test was conducted in the early 1960's
in a hanger at Banscom Field, Massachusetts;. The
correlation is excellent considering that the model' s
,gorelength was less. than 10 ft

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

(C6. Munson, 3. B3. (1974) Proceedings (Supplement). El ghth AFCRL Scientific
Balloon Symposium, :30 September to 3Otober 174. Andrew S. Carten, Jtr.
Eitor. pp. 211, 240. AP*CRL-TR -74 --039, Alf) A33918.
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