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Preface

Thr n-id-alt'. deployment anid itnflation or a1 Inia',. bailloon my~te is 11 vihal leng.ing
technical ondeavor, The nuthor ha~m halt thle pionepring terrortH or ' I nmcv C'. Paynle,
hitm Air Vnror& tloophysttcaI l~aboratory ciolleagtun, in thin nven to point the way.
Adititional 4%itidanveo has cmnip rroni rlated work avomitiltmhed by Haven Industriest,

No for another Air Fo'rve effort. hI the filial atiflymite, however, ihe1 unlique
parstmetvri vnluc' for the very lari.tv AIMS~ rymten htave had to lit work~ed out
maplirately and in Lfreat detail inl order to aillievc ('ontdirnotil Ilitillplal t~omt v'onfig
urationti. Thim raport attetiiipts to ulive s~ome oirdetr to the miany oninptitlotiti oet'-
formerd by the authorp mid to rel nte the ve~'ntm thant havp broug~ht the develoipmenti
proguram to itm prve~mont m~tatf

'I'lho author nowm lmitch to thle ammitatamee andl em-oui'agoilint rrveivod hrn~iml
v'olleaqtiex at AlIVL.., particularly tran Thonlas W, Kelly, D~irector, Acrospaow

Insmtrunientatton Ilivimian.i Jameos U. l'ayvie, IPranelm' X, lDohoty, lanics P. IDwyvr,
andi Arthur 0. Korn. The advice (il pat'ar~hUto t0MftinU POWeIVei 1`110n1 thel 811 th
Tri~t Squiadron Lit theo National Parachlute! Test tano,~e 1-:1 Centr'o, CaliformiR hals been
extroniely hielp,(ul, Pavticular Hthanks g 0o in(,urifotd( w. M~tNinrlanti md v j (jit.

WUV~t, Inl the dieVelOPMOnct Of the O'ryofnIc 0 trteasetei aae'o

the( Cryogantem Dilvis ion Or thle NatioalR Ilurau Of "'ttan-tittrdsI has bee ti invaunbie,
Stincere thaoln aire expromsod rot, the dedlicated NiIS vrrort No well carried out, with
mpecial acknowledgment In CliaN(5 te, Sindct anil less Hovd,

']'he pt'eparation oit n nianu11NOript sUChI as thiM withl NO mainy Nytiholl], 11ine Ill us -

trations, and tables calls for hiard work by many people, citatorui nactinwitcdanmnt
Im mades to Ctirol rvmona or AF01d. anil to the persmonnerl of Hlitnnanuel I olleige Will
partivipated In the t~ak, with Apocial thantks to Jack C~ollinis, 1H-ileen Mac inwe mnd
M. Patricia Itagan,
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The FlightTest Aspects of the Air-Launched
Balloon System (ALBS) Development Program

1. INTRODUCTION

This ti~ the third technical ireport prepared under AFC)L. In-H-ouse Work Unit
(lIIiWV) 8666ý11Ol Air-L.aunched Balloon Techniques. The rtrat report featured a
comprehensive disousston or methods for inflating free balloons tn midair subme-
quent to their deployment fromi a eargo aircraft or from a high altitude rocket, 1

It concluded that systems employing iouch methods are capable of being developed
and of satisfying a number of identified Important military needs,

The second report was more user-oriented, 2It surveyed all or the various
k~inds of Lighter -than -Air (LTA) vehicles that might ýerve as high altitude ConmMu-
nications relay pla~tforms, discussing the operational advantages and disadvantages

of eewIh, and hIjj~hllLhig some of the If-hmnial emnnlir1rations, It also served an
progrems report on thit expertmoiital investigations undertaken in connection with
the Air Launched Blalloon System (ALBS) development program, which was well
under way by then and trrm which a promising t.TA communications relay platform
wav expected to emerge.

(Received for publication 27 August 10)76)
1, Carten, Andrew S, , Jr. (1073) An Inveit s ino Techniques for I ,unoh Ing

13j
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This thi rd repor't will vvuminciti t hv flighl't tvst ampuct(i nf tlhr Al I IS lt'velopinnt
-program in some detail, exploring the dynamices of the mid-air deployment sequence
and outliningr the proof -of-concept nlight temts proposed both to verify those dynalnitcH
and to determine system- feasibility,

4, BtACKGROUJND)

2.1 10aI 1 tei1arenieInt

The Air-Launvhed Balloon System (ALB3S) under development at A1FOL to aimed
at tile requirement for a quick-reaction, lighter -than -air, tactical communications
relay platform positioning capability, Such a requirement is1 called out in TAC
HOC 305-75 entitled A Satellite Airborne Communications Relay System for Tacti-
cal Air F~orces,

Operational planning .,allsv for the packaged AL13S to be exctractetd fron, a 0-110
aircraft at 26,000 ft (7. 62 kin), When the system is properly deployed in nitdair
by a tandem parachute array, the Mtored A [J3S balloon will be extended vertically
and filled from an attached helium storage unitit, The inflated balloon will then
carry the conmmunicatbono relay to its assigrned altitude ter70, 000 ft (2 1.34 1(1101
while the inflation hardware f'loats to the ground, (See Section 3. 3. 4 for a more
complete operational scenatrio,

2.2 (0410 Storage DeUfivienv

In the report entitled An Investiliattin of Techniques for tlaunching L.arge Air
Balloon S1ymtems from Aircraft or R~ockets in Plight, AVCHL,-TlH-73-0633i, time of

th roenic gas storage Find heat trnnsfer suibsystonm was proposed for the All.
This recommendation arose from thle itevere weight penalties associated with usne
of conventional compressed gas Rtoragre vyllinders, particularly in a system of thle
stre required to put at nommunicoations relay on Atation. The need forý a light-weight
gas storage medium was idt' itified as crucial, and successful development of thle

p¶'opm~ed A I.BS waso seen, impossibl Without R breakthrough in the gas storage area,
Subsequent to publh'ation of that report, an agreemeont was reached between Air
Force CaMbridize flvesreah I~nhorAtories (AlCVilI.), the Vrt'deessnr orgalnivation,
and thle Cryogenics D~ivision of the National Bu~reau of Standards (NIIS), lioulder,

Colorado, by which NIlS wouild carry out vxperimental research in s.upport of thle
ALIAS program, That agreement was most fruitful and led to the design, fabrica-
tion, andH suocemsful testing of a ground-based prototype rryogenic storagle and heat
transfer subsystem of the desired capacity, The NHIS effort which Natisiried the

critical ALBIS development need is described in a report by Sindi and Parrish,

,Sindit, C, V' , and PIPariN1h, W. H. (MG17) A Systeml fol' Infla~ting a1 Balloon U sing
Itlur Stored inithe Ii AUld Phiase, A I~ -Tf t -7I111M-11 L) af.I 7-P M94
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The NJ3S prototype (Figure 1) uses a hot packed bed aluminum oxide (Al 2 0 3 )

heat exchanger to gatify a predetermined quantity of liquid helium (LHe) and to

warm the gap tn a suitable temperature for filling the balloon, Its design incor-

j0orates all of the functions expected in operational use, where a flight-qualified

subsystem of this type would be an integral part bf the ALBS package launched

from the transporting aircraft, The packed bed It designed to be preheated and

put on standby status, awaiting the start of the balloon inflation process. On signal,

the dewar Is automatically pressurlzed and helium flows towards the heat exchange :
unit, Some of the helium passes through the heated bed, and some by-passes it,

both streams merging in a mixing chamber, The resultant warmed flow (220 to
•9' ,-.2600K average) then passes through the system's inflation tubing into the balloon,

•: Cutoff :occurs with depletion of the stored helium. (In an actual 'altolaunch situation,

tha balloon would be inflated to the proper etent at this point for release and ascent
S~to floating altitude,)

•... HUT OAS

"VVALVALV

• BY- PAINSVALVE

F OLOW Li'0aP6LtM S
ice o N e ONTRyO

SJ HILIUM

TransferU1Nit
400~~~1• LIAI, LOU HLUMDEA

11 1Fig•ure 1, schematic of the NBS Experimental Cryog•enic Gas Storage and Heat
Transfer Unit
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2.3 Air.lAundtet I[aiioon 9yoiwuiusy'stewn Ground 'rests
The prototype AIMS rryogenie storarie and hent transfer subsystem was sue---

cessfully demonstrated In July 1075 Lt Boulder, by filling a tied down ambient- .
pressure balloon with 10, 590 rt3 (300 m3) of helium gas at an average temperature . R

of 260'K in six min and 45 seconds, 4 ' 5

In November 1975, thin same prototype cryogenic unit was transported to

Hollonian AF1, New Mexico, where it was again successfully employed, There it
was used to infIate, on the ground, a 145, 000 (4106 m 3

) balloon which, upon being

released, carried a payload of 300 lb (136, 08 kg) to 75, 000 ft (-2. 80 kni),
The November flight represents the first known flight of a large balloon inflated

directly from a cryogenic source, Figure 2 shows the prototype as employed at.
ltollornin A;'tI, The helium storage medium is tle large, cylindrical object towards

the front of the truck in the figure and is i heavy B00-liter commercil dewar, The

heat transt'er unit is the smaller domed cylinder on at stand in the rear of the truck,

4. 'File Kelvin temperature scale will be the preferred scale in this report, The
reader is asked to remember that 00 C - 273. 5K ,. 2',V.
Thusi 2600K = -13, I5C v 8.331F

220'K = -53, I°C - -63, 87*V,
5, The 2200 to 2606K average temperature range rerlects myotem design litnits

where both physical size constraints for the heat transfer unit and balloon
rilm temperature limitations were varefully considered, With respect to
polyethylene film, the allowable temperature extremes were established as
2181 ard 3230K, Normally, the warmer temperatures are briefly euncoun-
tered at start-up while colder temperatures are experienced at the end of
the run,

6, In the November tent approximately 102 lb (46. 27 kg) of liquid helium was
used for inflation purposes, This is the quatitity pr'eviously calculated for
an operational ALBS in which a 200-lb (90,72 kg) communications relay would
be carried to an altitude of 70. 000 ft (21, 34 kmý, It should be tinted, how-
ever, that the 102 lb of LHe actually provides much more than 200 lb of lift,
The helium quantity is tailored to the ovqr-al.Itft roquirement, whec bl-
eompasses not only the weight of the p-inepa payload, that Is, tile commu-
nicatlons relay (200 Ib), but also the weights of the balloon, 160 lb (01, 65 kg).
and of the hardware needed for flight control, 105 lb (08, 4B kg), plus
10 percent free lift, (System weights are sunmnmarizvd in Table 1, whIhh.
appears in Section ,, 3,'4,

1.2

... .. ...



. ... . ....

ViguI'e 2, Inflation or nalloon fromn iquid Helluiu Supply

With the hnsicv develinpment tvust of thle AI,13g cryogenic gus stolrage Lind hent
tronsfet' subsystem thusH Suc.emsfully concluded, the way w&1s openoil up for flight

IF tests at thto complete AT IMS, it was imipossible, however, to plain fot' on lilitc raft
launch or the completv. system at tile slta rt of the flight. test prograim. I"Or one thing,
there wasm no suitable aircruft - uamlified cryogenic' unit onl hand or In might. Also,
the Com1pliclAted Pkrcht"e01Lt' sub1systumi required frot succeesful mild-nit' deployment
of the A LBS dictoted that this goal be approached methodically. As will bo. ex-ii
prioned shortly, in ilection 3, a proof -of -concept flight test programi then evolved
in which scientific balloons were chosen to serve an the primary test drop plat-
for-mm, Subsequently, while detniledý plains for the. balloon~tests were being pre-
pared, the opportunity arose to plan for some early drop tests of A~LBS partial
system mockups f rorn nircraft, to check -out the proposed parachute system. This
somewhalt unexpected turn of Invents promised to furnish almost immediate antswear,
to uncertainties associated with the deployment subsystern. The opportunity for
aircraft drops was seized, therefore, both to adivanie the cause of the planned
balloon tests and to accelernte over-all system development.

As this report is being written, active preparations ure under way for the uilt-

craft and balloon drop tests. The airciraft drops are expectod to take place nt thle
Notional Parachute Test Range, El Centro, California during the fall of 1T176.
Balloon drops of dummy and live A1,149 models tire planned to he rondurted over thle

W\hite Sands Missile R~ange, New Mexico, in the spring and summer of 11177, (Pleasle
mee Addendum for later information.)

134.
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it would be pleilsing to have the tcest data resultcing from~ the pienntlý drops on
hand now for this report. Since this cannot be, the duta presented herein are
theoretical calculations which indicate how u tenhitive system design Was. reached,
Only to the extent th&at the governing assumptions are valid, can the dat-a serve to -3
predict system perfornflee upon-r"iuase from-the. carrier vehicle, (Uncetrtaintion

~ . .which affect the amsumptions will be identified at appropriate location. in-this
ropdrt. ) TPhis Constraint no~thitatndfiNg the. data-prosentat ion. does permit a step-.
by-step e,'atinitation6n1f the htAsid iU00tt6-nkl eilementcandt n niikny-casons% asstigns
reasonable quantitative vailues to parameters of Interest, Su~ch values are needed

_orint %1pszig of test ye'tern compqnemts and for alltswing 'test plans to be pro-
pnred and impl~emented with confidence.

it should be noted that the emphasis In this report will be on the balloon flight
tests. There will be, of necessity, some diercussion of vAircraft flight tests also,
hut the depth'af trentnment will he losis.

:1. Alit LAUNIJ 1 N~II~ A 1,1 ,O()N SY S'11M Iil*IIUN EIVOLUrION

With tho previotisly clekcribed ground tests suc'cessfully completed, the deci-
sion to embark on tin AIMS flight test progitcrn' was inevitable. 'rhe~ main issie Wals

one or scheduling, in other words, how soon nftor Novembher tP75 nould n menning-
fuLI flight tIRSt-1u test which would prove the fceasibility or lautncinh~n ,I TA relaky pVIt-

forms in midair-he conducted") The answer to thin que~stion depended tin alvail-

nhility of funds and of spe~inl resiources, such an a flight-quni-find oryogenilo mnilt,

U suitable drop plotform. nnd it unique balloon designed for mid-ai r Inflation, It

depended. also on the abili.ty. to work~ out support aigreements with other orgi-nizations
and personnel (within and outside of A100li with respect to balloon desiizn, Coninlatni-

control instrumentation systemn design, pairachute myateni tests mid desiign verifica-

tion, launch nnd recovery operaltions, and go o1n. I .t usN locok now it moniv or t.iivs
contingency items, to see how they haive beenc handled, and to nsc~rtnu1.ii the ncctccrc

of the flight test plan that has evolved.

31.2 (avnogrilir Ulkm Ntowa~t' tutid Ils ~n~' u~~'

Prmthe start It wais obvious thlat tico etYognitlif guts1 8tol-tigc mid healt traInsfer
subsystem shown In liguires I ond 2 couild Inot he lmuse III ticplt Po11nd Fcl Iighut tests,
Thv commercial dewnin wals too heavy waid Viti rely ulNsuitable o 1,01 cll-unit deploy -

Mont. (it wani used in the ii075 grounid-huitmd tusts because it wris readily Ikylilcchle

14A



ý111(1 (LI C'dtW:1i I' j '/ W:iH niot ct'itien c I n thiose tvnstH. 'I'll? hreil tvnnfHfnr' unit W~is
'isE ot oo, helVvy, the Ligh, not go muich eo- anx th&eldWit. !Thutin neivi muttch lig-hter aiii

wore compact cryogenic gas storage and heat transfer unit now becatme the criticail
need.[KAt flI rt, it aippeared thait nothing could be done to satisfy this need until the
next fisci l yeur. Then rame an unexpected alloontion of money from the L~aboratory
D~irector's I'und thnt n~lowed the experimental work agreement with the N13S to be
ex~tended Immedic~ately. The. d eiign and fabrication of the.needed light-.wotght,.flyuble

cr~og~iic~ t~r id h~a Hrn fe r. Aiihey~tem Were th~tir.0 cul ky ;tc
by the N1BS. A 'scheduled comple .tion dtite of Ocntober 1137h tisures that it suitahle
unit will be avaliinble for the flight test. progrilm, (Sov also Section 3. ii. 2.)

vigure 3 shows the~outline of the experimental light-weight cryogenic gnou
storage and heat transfelr unit being constructed by MI~S fbi, the flight temto. This
now unit has le~sm caiptcity than the originatl over'uized unit usmed Ini the 11478 grouind

L~ ~~~~~.............tsJi uto.nough to supply the. tueessatry.112 lbt ofLlle. MC notti 1, Section 2, 3i. .. ..
To reduce weight, two titullium liquid hydrogen tunks, left over fromt the NASA
A pollo progranm aind Filightly modified, litve hveti employed Lin the helium dewurs.
The new configurantion aloo includes it redesign of the original heat truinsier unit to
lIIghten It, The esthimated grasm weighit of the nvw danign (alewars + heat transfer
unit plus frame anid padding) io 1313 lb (206.~ 2 kg), tibout half thle weight of thle Ovig-

23 m (2 I ll.)

Figure 3. Ultyout of thra Madel 11
lb 1/4 ~ ~ I-liot lRed ntrid Ieliunm IDewvrs

HOIIUni Dowat SHaluw Bewit 13 i ll
Ht Bid AllO1 iai11 ilOn



3.3 :i i'p atfori n ( Airt'ru t %A Balloo4n)

L1ooking Lit tho p~rubleni in ito Hli ple~t terniL, that is, thec dronppinig of ii p:wkI-
nge from 25, 000 ft (M,6 k~m) over a test range, -one obid sethat~the qiuestion of
the drop platfor'm becomes that of deciding between ain airvraft delivery system and
a balloon delivery system, since both vehicles are.pr'oven air launch vehicles, The
decision made In December 1975 was to employ a balloon cis the ALTAS drop plat-

form initially". This was n significant decision in that it estabituhed the specific

direction for the present test program and, at the same time# limited It to a proof-
6f'~encep te6st,:..Tt .als6-eftectlVely a~ided cL year to the scheduled initiation date for

C -l30 drooo of the complete system, (Thoie drops, whiah will be operational.
feasibility tests, will be the subject of another report, IThe decision to restrict the

tet covered uy this report to proof -of. - cncept tests warn not taiumn lightly andi it

involved several cons id errtions.

beon devotedl almost entirely to the dairelopmont of the cryogenic gas. storage and

hnat transfer subsystem. Thus, when the go-aheatd sign wiAs received in November/
Djecember 1R9fl with regard to flight testing, the autthor, tis unit monitor, Instinctive-
ly ttwiied to the In-house resources of him parent 0 rgallI~at lol, -thu erorspaco In-

m mtrunientation ~ilvirrionef A VCIL, for as much "free" teot Rupport an possible, One
of the mujor activities of that division is the conduict of scientific balloon flights,
for which it is uniquely well equlipped Lind qualified. The simplest answer to the
need for a 211, 000 ft drop p~ntt'orm was, if possible, to use one or more of the iDivi-
sian's surplus balloonN. With the bolloon would come (tit isome cost) flight instrul-
mentation support, parachufe preparation, launch, flight control and recovery sup-
port - the omonplete tesit ptinktge, except fot' the cryogenic, suibsystem Which would
be coming from the MI3S, Th" apparent alternattive was to arrange for ('-130 dropm
from an Air F~orce test activity, whinh could require the transfer of suhtiletntitilly
g Petite r f undsa than needed for .inahouse otqstm E~ven If tost suipport funds of the order
likely to be required were availakble, this was riot really a viable alternatives, how-
over, ms will be seen in the next puirugraiph, Thus, alithoughi test suppol't hinds~ (or
the scarcity thoreoif) were Involved in the rler'igion 111lltidt~ih ihevy ivre tnot tho over,

riding considerattion Mn the resFolvo to usme at halloon carrier I n1itlilly.

ti. 13. 2 Ati i)itN1, HI iNCI INP:HI~i N01i ll:tIil 11;MP;NTN

To he eligible for ('-i13 drops, the AiJIS cryogenic, gns stot-age tind heait.

transfer nusuhyitom would hoive to meet the engineering standaruis (intithlishod for
equipment to he mArrie'I aboa0rd a-ivrcraft, Thim wnx soen Lis requitring more con-

tractuail funids than wu rc Irnmiedintely uviilubi a to the we rh unit mnd as Imnposinog it

severe time penalty. The time delay would rewult niot only fromi nieeting the more
stringent dosign in111 fiiiirieittionr requl rempntm Of [In i I1 erreft-qunl I Ciod subsystemn
hut alsn from the need for extonqlvu interorgoiini~ition ooor'dirintion.



In view. of the fact that a large scale cryogenic mid-air inflation had never been

tried.before, the author was reluctant to soend'(In a i-tretched-out pr6gram) the

time and money required for a completely qualified unit, prior to a proof-of-concept
F: demonstration using simpler equipment. IIts reluctance was greatly influenced by

the knowledge that the two surplus titanium dewars were available at the NHS for

immediate use in an Interim configuration entirely suitable for the proof-of-concept

goal, even if airborne engineering standards were not met. Since such a configura-

tion could b6 puit togethee rapidly and withIn existing budgetary.,onsjttAlis Intl Was
deolded to go ahead with the interim .configuration shown in-Vigure.3,. deopiterth..

fact that it could not be used in an aircraft drop, By going in this direction the

proof-of-concept test could be conducted much sooner. Naturally, this decision
mnndated theuse of a balloon launch platform in the proof-of-concept teit, (The

ultimate version of the cryogenic unit, which will be dropped from C-130 aircraft

after proof-of-concept Is established, has yet to be designated in detail, It must be

more compact, of course, in keeping with.aircraft cargo density requirements, and ..

will feature a single dew-r, probably made of aluminum whose capacity equals that

of the two titanium dewar. combined,)

3. 3, 3 FI.EXIB1LITY

A third factor which influenced the balloon choice was the matter of test bed
flexibility, Balloon systems are very flexible with regard to system configurations, 1-

being particularly amenable to last minute changes, add-on components, and the like.
In addition, they are insensitive to the drag considerations associated with high-

speed aircraft deployment and they offer a relatively gentle launch environment.

These qualities are important to an experimenter Lit the proof-of-concept stage. In

the event of a system modification, for example, to overcome a deficiency noted in

the initial drop test, the flexibility afforded by balloon systems would permit a much

faster turn-around time than is liable to be the case when airborne engineering
S....."requirements must be met. .. ..... .

3. 3. 4 RIMLIVANCE

The ALDS flight test program, to be a valid endeavor, must relate strongly

to the anticipated operational usage of the system. Before assessing the validity of

test configurations involving the use of balloon carriers, we consider it appropriate

at this point to review the envisioned ALIBS operational scenario In groater det"il

I'
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300 ft EXTENSION LINE

b. FIRST STAGE DECELERtATION

I'igure 4. iNxtraction of ALHS* Module f romi L- 1 30

- 'rh~Tle niothilo, whic~h will he art enteid va rti iti ll' aftvre e'xii-itiinh, will ctilimilit of
Neverild (~mill IIt nwents, One' itihclV tilt o~their. (Tholme ronnptirti ncrta nri, shown late r
Iin Vliguii 7h, ) nhe to;wn~iot noiiiiiiitnir'tit will c'nntain n plirked I57 , 000 ft1 (4446 rn I
A 1IMS bid loonu linlow thim will hie thu or iUnWlan rolity and voilnitandcilontrol

* ~lintruniontatlon, T(he next lower' vonijipeivt'met will vontuin I. pucked 014 ft (10,5 nilm
flat circular main enciepy. Tile top surfeice of thle canopy vompartment will be per-
nvunently secured to the momn canopy Iin tho yvnt tarea ;And will serve Elm the lieiue ror
the compet'tnientHnhaovo, liolow the maion cantopy vaompartnient will be tile compairt-
ment for the cryogonic helium mtoz'age unit.'4 ~A 35 ft (10. (17 nil ving Naill puirmchute uiu blinen tentatively solectod (sea Section
4.,4. 1) fov eechinving extiracition and flrst stnjg' devaivrittion. A noO ft ((10 fl6 ni line~
will Haaprkreitt thil 0chate, referred to tim the Odtogue chutte'' from the AIMS* module
1111d will he0 fully extended Lit tile tinlie of extraction, When the Mymteli domeendi ag Oil
thle dvo~ue chute htAH reachied vquilibriviti velocity, tile cryogenitc unit will be cami-

appear lotor in this reporut, mi-ould be consinlted heore fop at oleonrt citidersittnnding ofr
theme eovets, I When thle miain chute inflate., and thle array hall reachurd a new .21
Veluilibrianitl velocity, tile (1ec0ile will lie discaeonnocted frolnc everythi ng hut thlt ape1x

........................ .................



~~..- .......... . .

of tile baillooll mtored oni top of the maini minopyi T'he unloaded d1'ogil will their slow
dlownI, whtII ile thu main chuite ti.eloratom. TLhe velocity diifevonttiflu is expectedi to pullI
thouballooin out ver~tietally wiitil thurcr In tension between thle two Chutes aigain wid
11o01t1-et' ec01111ibriui veloCIVty Is iieli evori, Inflittion oP the balloon will lie Initiated

ait that potint and will requirte iibout 15 miii., Thle droguie will be cut awaiy atbout hallf-
ity through the inflation,. Whenl hInlutiotn IN com~plete, thot AIMSM ballorin will putll

itway fr'om the main eatmpyr- carryin~g the commrimuluati on ruy payload to flout.
oltitude. T'he itafthton ha rit~wtiv will domo'ond on the fivil a rsiropy. -A

T'hu untivro sequance im expected to t1(o IaPPioxlrnutoly Bi min, duringk whlich
* . imo hu sstoii wit iiiVL'deScede f 1o 25, 000 ft 0'. 02a knit to approxi niatitly

1(1,000 t.(, 1117 kHl

When hOw rorvatniru 14Hopitivin ist trina1ymr', miliny d14isc'et e quentital "o(v('iitg" i 'nn

be Identified, A rhtiublo u riterion of thle v il id ity of a1 1)1lloon1 drop tust. Im thle nuni -

hon 1 of snucl events trd time "sequnctis t"011111o1 to bothi typosm of dn1ploymount, that
IN, airralft 11VOp1 aid halloon d ropl.L Cltanly. tho Itigirot' thle maihut' the move--
Vali tile toat,

'nbl e 2, (Seotlimi I) UPONH111( ail tsmignm idetiftyligt mmirthcrN 10 tilt Ove~tS rinld
I ItitO I'in it 111acllloo t'vortae, T1111' lisltin~g ItI(11nPMlit it 01nly 1111 R(Ittual (11-011 frOn thlt

L
balloonl Wit also I'all miulmuqueitf c'ventit until thae oo pleutly - itnfltitod AlIM li allooni
111111H lwiy frontII tho 1111 cmicinnpy anid mtli tst to tilseond, E~xcept rot, n111no01 differ-
unclem Ill completilon tilmuiM. aimillar' lilitiaig ofcytaar atltmIli. ml ulratt nri'lon-il would

be idntiuai fter' desigmated event 21), Mimri tilt., Irogma hum1 vi'ua'ed euIqaltIIhiri-n
voinuity. (Moo litot "I ) Sitno tilt 'ontpiot I il (1n of cv on' 211 Ovutw withita tImi ft opt.

I(1 See Of at 340-mue p~rovemman ti( aIITtll r'voi'tH HIIIO(UV~umot tol evoni 211 m-t ifuti-
tivill, vegaritdlasm of thle droll IIAlltod, It would 1ip111vali thatt, III Itoopilig with tiht

c' riterilon 11resanted ab1ove, a1 hal loon d top trust Is, Indood d, at vaIhid mymto en Iu41

7, 1 iril loon dropt mtepm 2b. aMid WAr'lier, diffult 'vl roarrunly airi 'tuift tivhll m vsI lipsh-
utitiNi, Il ill11 Inlfitial iihaa fl' Iliv ivi -ii ouft hop. thin', lit roautv IN tit l~Aft 11111'

11 lly itnflatedn heforn' ttr' iorilule N Is nIlns I , vitit ho ~avrivv (PItiv, -itoI).
in thet hIAllitl otil I top itlt"if Stelia till thooie lii I lliutl, flui'veI IN ait 'Ii e-ri'll
potiod of, about fourati ' 14,While tll' u'xteiisioiu unto Is dviflpoyid.. 'Ihim sa'nu,'r
befrtie lt,(th l ien'n hogtifili to open. Ml-vion'ver, urystil na ttituldt IN ''n'rlionl iat

'runi inol'ir'mrtal tn VvefhCIca littittuide uimtit hoe anconiilipitIFAIi it'l intl auit'l-irtt

~-..---- -*'- - ~ --- drop- (P i v 4b).i~A~



F2,

Mentioned earlier LisIAprurequisite flight teet iterm was thle speclill ALIiAS
hiffloon designed rot, mtd-mli, hinlultioni. rhi ir tim imlnont hiviuhWi wtip c'omputrltly

Mtoved Iin the AL1tiIS module inl tin liniuflited Ntatv, Phe initinl do Iigio thi bt Io

hJUM b)een estoblislie0d .ind three bulloons uru UIrrNIltly beling bulilt b3y Winmon Ito-
M011tch, tile. . to thot clemign. Avolilability for, test purlposes seenmass~ur'ed, therv-
fore, 0

As with the ptrnchute deoplaymoant proclims Silition 3, fl) thet'ib lra mibmitnltites

Connected With tile mid-tilt' Inflation of thle spacial A LMS3 balloon. Theme lire ruloted

to lnsaslilptionN amployod with vilturd to the ha0ll uni tVcmntlevt , ites, the biflleon
''bubble"' drng coefficient, the lift to rrinss ratio, and so fot-th. (See' Sientioii 4. 4. (H.

'The dynamir. bolhuvior of' thle hallool ttl 'vhr illu the fiullutionl pvovf'em i m going til is

aimo vory inipcitttit and not comrpletely predictiable lit this time. There is NeO10

retin r l. f v rNlmplit, huiit the blilloonl uIny twis Nicdi it'lig i nf'l ition,. pilc1 nohi ore Its yAH

Supply tulle nod cnti Il" t to blupt, tHikl nihovting till mlisienti A io, tno con~l~dern-
Hoi cm111H hoonl given to ý '..l~ihly uittvoi-m-li ho ri vottul Wind effeots,

It woul~d hM du0HNiruill to VeMOMvr uNA imtiy nil' Owmee utlici'tuiultilim m.N pomtIhle Willh

dummliy tugtt4. to mvoidzlikl n~~lg thu expoliN Ru flynilic c tyogunloi 1unit, Tlt' 1-: Centro

WO'sN (Suctions 4. 5 nild :4, 1 \III wilffewtivel' don thi N with PU otto uitovel uvtol' po*-

I','nu1iin'r, diiiiuiiig till' huuilloonl v~tidntiHol pI'ouNN widl, t ilcliddtolouc.will tv'~i. liti, Sm.-

vIhityor' thuL p lItooNCid gap. t~i-mfisrv ho~v, 11miii, ' ofA-mii II (. 07fi( unu) thick.'i

1104-in, (2-1 5 i cm)l widr'il, iin1t poly'thlviylou I uthing, (ThiN Iluost Will lie nituhod1m to

till, [!cutlt'l Vvrit pull 111141, Soc'tiollI 4I.4.4,) Tho Initini hlulooui dtl'uoI tvslim) i(Sii olu

41. ill Ill (ii1I)ltIviVllut lit!u tI (Cultio dolumolHutl'tiolhu Midu t4HOklyl 011in1' lllli~ltuiilthH

11101 (iN thomv nNNmovitut'd ýO'ltt (11-01M 01i bou:VY 101uiN i'uotl VIII 'VItt N11lloins, '('Ihv

n . uttlut li mId -1.1 I 1 tinilnlo of hUA 141MVuinl 'A It, IS )111lo00n cll 111t btic41111 im ottd, lJOWt've 1,

1111cd dumou01st 'olting thu funmiliillity or tlimut pt'ovwuNN will hov one of t~n' 1111,1t1 g011l1 ofr

tho 'I lye io i mu111iry temt of lonm-1luly 11177, Thir Il'cn'uding 11lilmo1Y -oviet'edtl tasil

wvill, It Is4 hopod, vonotvthucti' AullbtmH 1 v111 it) it qlilot~l puvoof.-of.-otovipt tvmodvi'nmnn-

NitluItloll lit fin hutii mu

AMit i1iuittvt' oi' IiterimtON till fullly Iirlfbited Al.1144 hIlloon will hie vonxidevabolY

uuulruu'vi tluun till, vill''lt-Im iullooul frvoml ýhlvh llu th oodult %Vill Ile droppedind ''1olmnuc ]
of 1117,1000 Ni 01.48 idi for tic' A1,14', hutloon vN till( of' uupproxliiolilOY non, o00 it

(~22610 li rotol Il Itoihltililly-NnteOtui ucutivrt' i'uillooll), (Sni' 1oc'tjlo 'j, I j, tolite I Ill. I

l' Tisi AIJIS htlullocu %ill Ihovv wei ui'oi'l fontuu'u'N Whitl ubIlrtu halting lucit'i to 11mo.1 010e
Nptuvlnll mid-ni'l inifiltionl tenthl v tile.iilit.: onilnt'l fi linlut111111 iontbei, runnlliing Illoog it

gote 1101-u bume to apux, Mnid 11 tMeI)U11 litiseI end flttill WIlI~ hi (h th KuppL~rtMlicte



AL1IS pnyload nrtd accomm~odates the inflation tUbe. This bolloon will oleo lbe
reefed. to protect thle slack~ niatertal fr'oni buffeting during tho niid-iiir Inflation
prooeum. Specifications for the speciail ALBSl Willoon are given In Append3ix 13,

3' '1110 i'anwhuieNlut yie
In Section 2. 4, mention wns mude of the cornplicated pitrachlute sbsytem re-Vqut~red to r suucea stilmi~d- titr deployment of the A L94. 1 It should be stressed, that

thIS subsystem Is- configured around standard purt'nc~utem and thilt no P rnaiiute
doavoloprnunt is envisioned. The coniplicatlonL4 nrivo frorn the Intended useo of those
partnchutes. To appreciate tile na~turo of thle cornplication, it is nece~ssry now to
exaniine the nitd-atir deployymunt problemi In greatier depth, (goo section 4. 1

Am we conduct thin examinitniffoi It will become obvionm thait there are ninnny
qluestlono yet to be rusolved. Never'theless, there nppeskrs to hie no v'oinpolling
reason why the plonned tondemi parachiute system. will not do thle assigned Job. The
mrany cailcltitonH carried out to reachl tile vnaluox entered on Tablle 2 anld divcumsionls
of tho systemi with experieticed parichulte test persNonnel hanve generated onough
conifiduence In tile pl1AIIned arrlay to proveed to ALIAS panrachute system Iliglit teoting
tit l'.l Contra timing dhummny payloads, it is to be expected, of coatrse, thmt those
tests will Introduce refinemients to tile genorall coneept, which, In% the(- long rtin will
aid over-nil nytetnn rlevrintirent.

W.ith the halpeful itsmpinltion thant balloon iirop tost Validity hill" een ven rly
catitablimhad (Section .4. 3. 4), and with the demonsnutrated tAvailabili11ty of thle CriticKd
test coniponentst (Sections 1 2 L, ,4. and :1, 1l), tile dist"ussion will now continlua .3n
thle basis that the primatry test plan will be to drop itatcomplete AIMS3 miodule

(including the aryogenic unit (it Figure 3) from 'A carrier balloon, The tentative4
Operlitionnil detal.s of thle Plan tire as summailrised oil TIable 2 and vovoeied' hi depth
in Heotion 4. Tho scheoduled timeo pe'iocl for vautrm-ing out thle planned halloon drop
of thle vottplute Al IMS modult, In lana1t-Iuly I1077. Th Plil-pit racito systeml tflstm to bo
t'anducteci on 'leir froni C-130 in ivororft at 1,l cont o (Novomlue r I n7(1 - I pni y 1 P7'?

111d I hp lila uinod diult n my M.Y stell ni d ope i'lon ot v a io-vtiva Inilta M at i cilo nina A iI I
(Nti aro,- April 19P771 nvv ccin cffect. durom v eh~iueutuit4 atin nut) ,svteni Winkledowan ti-mtm
printr to execution of the pritainvy toot, lilevotis they will lie hamod onl tho eventm

plainned for the 11ci1am111y teamt, they will not he, desciribd it kilny duita il In till"s report,

,~116



4. THEt NIID-AliR IJiPOYMNTIN PROBLEM

4.1 GenerAi tConviderationo

The, mid-air deployment problem simply stated iW one of bringing about the
controlled descent of the AL.HS module titter it has been launched from the carrier
aircraft (or balloon), while, at the Name time, using elements of the deceleration
system to extract the folded ALBS balloon from Its container and to stretch it out
for inflation,

If controlled descent were the only irequirement, there would be no problem.
Standard air cargo extraction and deceleration systems would meet the stated needs1* very nicely and would require only routine operational prepurations. The problem
arises front the second functional element, the need to deploy the balloon vertically

(and gently) to its full length- 102 ft (31. 1) m)-while the entire array is descending,

4.2 Poraelutte Arroyo

It is clear from previous disoumsions of the AtLI3 operational scenario (See-
ttlon 3. 3.,4) that at least two parachutes aire needed for mid-nit, deployment of tile
ALM1 systerni a smaller upper parachute, called the "droguie chute, " and the lower'
and larger main parachute or " main unnopy,

[ ~4, 2, 1 lEA1l14Y AIMS PAR~ACHiUT'ii CONCK.P'r'SI

F~igure 5 shows the parachute array originally propomed for tlic ALBT.S opplicu-
tion, IAs can be seen from the figure, thait arrny is designed for deployment of t~ht,
A1,11 balloon below the main canopy. In this report the above -the- na in Canopy
deployment methud will be the preferred nmethod kind the array to be describled iN

more suited to that method, This preference is based on later enginee ring discusi-
sions at A1VOL, In which It was em'noluded that the below-the-main canopy method
sub~jec'ts the balloon to excessive strain and introduces the pr~obability of main
chute eollapse as the balloon begins to fill, It also eausms an increase in system
weight by requiring an extra recovery parachute, since the main chute cannot bb
used for that purpose. tielow-the-ninin canopy deployment will nbot lie further tile-

cussed and V1igure fl will be regatrded tis an obsolete concept,

A posible third parachute is a separate "efxtractian chute" to pull the m1odult.
out of the aircraft. It is probable, however, that the drogue chute (possibiy
rested) will serve also ats the extraction chute in any operuttional ALUS
system. Fror that reason the AIMIS flijihit testsat' copn0figured around it
two-parachute system,, iPigure 6 shows a separate extraction ch1ute, lip well
an the drogue and main chutes, The diepicted confgrto n INtor- referetive
purposes and does not represent current planning,

23
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Parn rhuto c'1 imb I'M tiv futtiri c ommtion, palrticular'ly it, tile ii'npiiptz ir Of evz

hcunvy oarcWooi. /et'titL'ily.-meparatedt tatuadeni a~rrays, such as thle onec. proposedi
Liv tev~r4 ('01111110mut are Mc'd !to ~titwtftc lntpl1i1tions swh ns Iin ti' it'-t

onv.'v of drotio tiromrit. The top Ionding of the m~aji, canopy and tile niterntite'

1111t0ditng and I atcil it, or Iho I tiguo chltv du1n11ý tile mait ca eaopy deploymaentt and
tin' ALIBi~hal1oon extrilvtion pvnvesA (Ii'turtii4~e 0 to 10) represent a marked depar-
itto from Mtt~lIdatd pnlvac-11.Ito to hniquvs, however, atid tintraduie- uiiuettai otleN
that cal lit hr i'olved out ly by notuiml i-cpori mmit. 'Thium,* the tentm to be cowoiduc'td
at t1~ (Co'trn asmruile crlitiout Iimortance ill thit rimport.-

*i,:3 Dim~p Allit idt.

Bolth thr a lnv'.hitte miystemi tvMtH~ tO 110 11111(h fI'oto1211 C10 IAtOMratt lAnd tile draOpM

to lit, niaci I'von it vait'u'tc' i hilloon will utitilk a 26,000 ft (7, (12 kni) rel'ease alti -

It
b 4lt. 4.I ltitl (i ;1,:i Nolotin 1ucnta tct'''pni4 t hotil.iit

rollo" thie Ovt'OIvnH(- Lo iltitttdO (2. flt) f 3. i'IltI -11 .The tivovts iI' iat',h Wi th H Vtlet by-

al I c i 'tig 'gl~in with titvtoc'td11t tkit l( to iMPo MO'ct , 'I'hO 001111thel (If ,n l 11tt attitw

pOriIII 0 thougiiih thu (It' pont the immj LIn 1 otitm (11w tlnjM NtqL11tileI Comp PhlP'(',il

tivol vot*itholiv e Ain 1H13Nivaclul I fmtod her bau't. htilon LAI' iciientit fledtm ý 3n 4. alit

ldtIica tiotho t, mli 01' lai,01.h (hoballoon drop" Ilirft Tevot'2, Mpcife e'vent 2b lilt

atoM wit (itt ia ntin on tdutintitli orsttoltll 2 5, atl( lithe. coi~l otlon of eal' I V1 on0t ( vlit

UoNoi lit Thable 12 flori tho brlom Orli arvtieI thit Mlqtimtl. app Co~mpation.hey atit'if

dbtitop even by PLlt't not 14111pai't! ill'aI i Jo il here.O hut, tO P (xill tedJ hi~ctOAN V , fill OXIreIJ
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O~l ttltflt (tu~ bllon tw el, mi~ror itttul'tiou ICr'lillib, n IvifiN opeliiWnti
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a 36 -ft diameter (10,687 ni) ring sail drogue and a 84-ft (19.11 riý)fliat circular rnain
canopy) and by employing standard equations for determining acceleration, decelera -
tion, drag, equilibrium velocities, and so on, In almost every case some starting
or governing assumption had to be made. The various sections or this report and
its appendices discuss the calculations and assumptions employed to reach the values
entered on Table 2. In the end. the true values far the Events listed will be known
only after the completion of the experimental program, tn the meantime, thfý values
are considered adequate for guidance in planning flight ntu nitoadcom d--
control elquiptnent for the test program. They also show thnit the inflation sequence
will be completed at an altitude which provides both a safe clearanice above the test
r'ange terrain and a margin of safety (height wise) to accommodate somye error in
calculatted event compItletio times,

It should be mentioned here that the choice of a 35 -ft (10. 87 ml) riog siail drogtue
was based on theoretical considerations and does not reflect. the actual. nvatllablity
of -.his parachute, Other possible V0ontenders are a 43 -ft (13,4 11 111 Ving Ralt chute.
a 40-ft. (12, 9~ Ili rcln slot (heavy) chute and a light -weight 32-ft (0i. 7 5 111 ring slot
chute. If a drogue chute other than a 315-ft ring sail In used the velocity andl altitude
valuem shown in Table 2 willI no longet- apply, except as rough approximaitions, Und a
new Table 2 will have to be constructed, ustingr the same methodsi of calculation,

4.4, 2 IIAL.,tOON DR~OP, EVE:NT NO. 1, F~}ElA LI, l31iASl,

gis shown III iTable 2, tile first balloon-drop ovent has three parts and will he-
gin ile the"reens" or"drp" oniniatid is givvn totecarrier htallnrin ( llt-rtiv(

At that corniniand a twroteohnic ''scluih'' will he firedl, titis ing thev load bar or I,
s peei~ Idshackle (Tienneiy releafsn) to pivot downward (Hoec dintail, Piguire 6), '1hirc -
upon, the fomut susopinnlon stralis with stoel ring end fittings, which, IIn Cicounction
with the Tenney release, connect the 14,10 Ilb (64H.005 kg) A LBS modlule 10 to tilt
carrier balloon, will slide off thle .,elneny Load bar, This relensle action, which
Initiates the rree-rall diesicent of thlt nlinuule, hans hooen duiest~iated evenlt III nnll I I
expected to take only 0. 5, see. No altitude change is winoved.

10, The 1430 lb (648. 65f k~l 1od(uIle we htigl. f'igiltc'n 19 IIH(Ied til theo Hilgut' Stilit(u l 1.l10
II(1lsf)H tnl l'wtntleltld 4('Ptil tinO (SciL'ot(II :1. 3i. 1), It 1clIlir's 11W W.Uitt d10
otiy of 6h(,sti which is (ventuolly to) ilit! ton lout ulktit oe hut n1iM1 (11 tIcl
adit~uitonal cnnpriri'nts nccsuleqay rI'm mil-air, dploynmentL and lirilotloti, liii
latter Itemcs will pilrachutv to i-alttl whole tilt' Inflation opetatiitol is~ coniploteui,
(lcter hack to Inhlo I lo'm u sysi PiP wcglit hr(.itldnwn I

Canotion: No provision tins Viteni 11ind Ill l1ihlt I kin poasihie pnriu'hutrts hallasi
Nvtidis, DIr)i'inil thill 11 (cotril t sts, V1111o111 hnlliist VnIIIhtitI ithlt)nS will hit
i rioh, to dotevitlinr' how 11tioch holtast im neeriei, it' (lily, to nasitlrv positiyvi
ntirl vapid itnflntin nru tir, ill1 -I'l win amhue, tindr In totiipen~tust Cot, thle -fiect
of apex4 loWliiu, 11' such1 lal~l~tIt4Ftii., prvem necessary, thle 100( Ilb 111orluloP

V iighlt will hanve to he rowiid ieijt),wailr (tire ul~i So rtlnn 4.* 4, 41, anid thle. rata
of ''ablet 2 v-ill hiv, in ho iii i-ni litted.

2'J?
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Tht' pickt'd Irtigmtu fthittt ei'nrinos attattoli in thp t'orvior hailloon tiiirong the

tM thd ISn'ue-h other t o thw. paMwd cdt'oguet. This krtlt{ co~n~tittite~
evvint lb. Tlhe piurpnse or the Fnxtensiino line, inci.dentally, is to provide surrflini't
verticali clearance between the two pracliutem later on so Ithat the wako 'rorn thr

~~- IManiI chUtd Will hot adversely tifrert the perorarnanve or thn (itrogue,
When the extenmton line slaclk is uimed tup (at Lhe end of event lb) Ihe drogue

chute will be pulled otit or its pack ovtrd*ti~ In at shield attanhe i to thv eýarrner balloon
and Its. tines will become.3 taut in about 1 sec,. eniidng týhe ALM13 free-fall phase. Thlisi

Isevent 1,Toltal lpsed tnie i 5 5, Hratit his )otnt. noirwcuio as ralio,,

asaciiated with this free. fall pecIod, (ltiundvd .fff Table 3 uoit ntid r A Ii
values for 3., 5 and 4.,8 sev have bpvin used in Table 2 rot, eveattA lb1 rnd leI vvun
though the 'u~n~ilative comipletion Mlmes rot' those evonts arc' 4. 5 titdnI . D NC'e,
1100p.entlvol~y. The. I -see.%i~forernc'e. Is accounted frtr by the. non -fall 0,. -swee Ititl
or event to andi by a built-in 0, 3 -sev lag Intot colpemte rot' for ix iMm'(Ili rttlott uIffr ts.

11 'The el -socv free roll Is bamed oin thle asaunipliton that the cart'let' balloon will
hovev niotnen01tartly At 1wtile Leaese a Ltltulle, after tilt. separation orthe Ilicodule
t11'r'urs , at I ('Oat long et'Oough to puvrni It thlt' exstelmnn toitle to pIay out 1111d
bcwoniv taut.t ir i he balloon rtmes (mm' iontv IlIa) dutinlt thlim short p t~Iot, it
will acio'lt't'ate the tleploynient of thle extension lin(, andtI letruamo bonth Hitw
f'nor lull ptli u~t nd the llnwnwmrdi velocity or ith. nithOdu ti th Obn tott of
torngtie tcutf ollelaing, The effect tit tilh, ellujith ouan voalocity orf the rvoliue
tit thle nd of virv tit 2h, will lie slight, howovet'.

I11 Ia IThe lettnal hohaFviO.or ofilec oanlt-rt. hnlloo,,n at the n1otulent of, muntlule IolrIst'F~
%AIll, depend oin a nuilnber of factov's whose nuagnitude cannot be I'orictas~t

ocourately Lit this Mtagke or planning. Ani obvious r'ffuct to lio exput-td is Lin
upward nioventent associnted with the relaxntion of the balloon aiiaterintl and
with the Wain Ini buoyancy. Thbis can be offset soniewhiit by releasing (valving)
aMMMe 01Ithe. tvAaITi41nn All'tilo g!AM AnId by illOtnditig tlht, , -arriet' With'exctri
bol~last tn a'I-tit'e t i't perventta~,rr of til e vu'rier'" A rompi load lost tit A LMS
'Oabase, Hlowever, salone it hoay Ily -hal last ed carvi'ier balloon in ast hit nindet
(if high .54 eOrnrth m aterial , nodl at ore H11011 balloonls nor' 'In itv r'xponalv' 1111I
Ilre riot %&.I I' aeptimentel InI theL ballnoot IVVltvotatny, xtrat~t lmIIANtlng Ilay hi',

L ilnr'nH iblu, * Thv Lromm wright whIoch thle carrier ba nllon itust liIft will not hov
knownnIl MAW ftt'r thp 1-1 C'nlat tO prachlitehut Nystt'l) tests whtere pamricht,11tv
hmnllnt t'equirt'enents nrv iflno bring v;4stAhl Imhvll. Only then' will It hot litosmihilt

-'III anmetafin frott grm oss y4teni weightm 111 triti pnnIathil o hil lalst pr'Mixovh sbu

2 D
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Table 5. l1'rr-, Pall Chart

Time (t)i Alt, vip) ~ (p) AIr) ,i t
Sec (H) U (ft) vUs cs 1f) YH(t

00 25,000 a 0 (1

I .24, 9~3.6:0 -84.4 31, -4-8, 3 8.4.4

24, 57 ý A -161. 05--.6,4

v v

,, ( . 3( 2,2)

(" 3 2. 2)fp (-g2.) frA

08 , 1- tc3 . .3

4.4.3 B ALLOON DR)1OP~ 1RVENT NO, 1J, IJHOC11,111 CIlTUTE 1N1LATION

It has bciun ass~ivied that the extracted 33 i't (10. (37 in) dtiani vito mail drogue
chtite 12will begin to I nrlrtio as snoor am its lintiN be'onnii tnut. It has aliin been

amNunied that the felctivo aro of the dviog-uu chuto will hii~rearmo liniwtly with Wilei

(Iuriti the npetiing$ Th'I'so animuiniloON1111 Fire ini ar''ovd with Htanriord pai'admi-Itio

12. Ili an airorart taunevii, thu 200-rt extetnsion Ilne in vxpec.tod to he Iully dieployedi
by the v'xtrnctinr1 vhute he Corti the' nii cule in a pull d rmml the m-cal' or the
C- 130 tvntipo rt (tip urn 4a). The t~ntiodlin will then swl ing dowii thtiough a
200 -rt urti, and tiftot' monu os till I mttinitm, will hojgii ai ye rtt(Ieci lnuent
(I.'qI re' 4b), Ili thim crs o, lime em i ibmituni yr1 otity or t~u dr' tnglt~iv chuti will he
~m~i tatiy (Hl'oveent 11,011 tha ' 14hown rot it ballooni drop. Tlho Hnniv holds I rue
lot thin vmolt 211 rolnplictklnn altitildv, Iiwsr IIN'mcf0pn111itei will toIntry thi'nltrih
the uther r'yr'ImtN hut art, not Nigpnlti'Iittil r'imnuh to warriiitit it mo'in maltt 11111ht.

rnv~ ~ ~ ~ ni-rif-l ov.....



t ApiaIoesA-n openhetr ti-e df 3.5 sipe .hum been-:allolWtd~or.the..lrogue, using the
-Method demtirihed in the Parachilte onndhook1 3 ror parachutes with geomnetric
"" poroity. (See note on computation sheet ror events 2a and 2b, Appendix A.
Table Al.) Tabtle 2 howm thAt the drogue chute has decelerated fronm -145 fp8

(-44, 20rmps) toW-73., O) fps (-22, 52 nvp) at full opening anti reaches an equilibrium
velocity or -50. 117 tps (-17, 94 mpm) 0. 3 mea later, at the end of event 2b (cr, Figure

7 a), .,At thim point thl Llrog"e im at 24, 072 ft (7, 337 ukn), 200 ft (50.06 m) above the

7m onfdtfle, " The opening mhool In 2, 16 (1, well within tile design capability of the ALBS
module, (See Allppncdix A rot' hac k-up namputationN, ) The mohedule now calls for
deplo,yment or the Tain vanopy,

TO CAssaft BAIAOON

\ \ / ~legurL' 7Ra, AIMS1 Flight 'lemti Dlh'Uue Chutui=
DI eptnyment (Fli'ht Stage DleOlOaatlon)O

t Oo fi •
.. It w1ENIION t

LINI

11, I •k'nrrnt ,i nnr, oriii i llrNgh C't,itortn Inr Iopilnvahlb Aprodymniv c I t )ctioelrntnt",
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4,4,4 BALL~OON DROP ltVl1!NT NO, 3., MAIN CANOPY
DEPLOY ME'NT A NID INFVLATION

Uip until this potint the 64-i't (it).~ nil m)tat eircutlar niain tvanap~y has been,
paaked in a special ~onimpartrnent akbove the ciryogenit, unit (n the demeencidiii A I.,B.M
niodule, 14ligure 7b toe a preliminary 011taway view of the Compartmeantaed indule, 1

-0,ttg so of Ism~g

SiIgvy homeanI

.iin Payload Webbifle

4o , h*o@vit I W Coajtgf

orid04 mocotit Twwhullt

coflI~to buli' 7h T I' T liu

ho imod, It It4 vory Itkely, howcvoe', thait Im I-It I1 Cotliti'I t' IHtN will 10111 l 11
aMt111whait (ilflivalnt orint'lguratinii, A Hpovirll prlitnit 0'nlmivvrm It'rv IM4 tht

Intarfatip. betwteen vanopy nrnterhii (1nyinni Mnid 1pn0MIS111Y HIM11-g (111' 1110ii'
V.11110 y frallp' e, lp.11 uI gioM 1 4t1 1own Ill i,111'I ttt 711 ImuMv licit Ild"1111toly tI I iunlrn area.

...............
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A Litl1l I -au~tivtul. si~gilul Will 11W f(liethe u'XploN[V býIvchul (M' V(qulv ulu t'V-
vtoom) whinh have hield the parachute compartment together, Thue heanvy orygogeniv
unit will timniedlately rail away pulling clown the littio of thec 34 -ft Ohuto with It,
The top of thtm chute remains secured to the uipper )late of the parauhute storage
oompartment (of V'tgure 11),

Tlhe astiniated event completion tinle for depiloyment nf Iho main cainopy in
2.2 sea (event 3a). ThiN is the thime it takehm the froe-falling urlyogeno leUnit to
move approximately 88 It (20.73 mi) away from the drague-supported Components,
which are fallitng (descending) at a slower rate, The (38-ft dimt~nncw Im tilt' length of
a eenter vent pull line whivih, it, arfoct, hr-tingm thev vvrygent illuit up Sihort before

L4, ~~thle main uan(miopy'm muspoinmloll lines hetoome Wit.&t This deovice Is considered neumes

siary to otimure the '4uhmequent. opening ofi lie niall c.anopy, Otherwime, with Ionrstoti

on the top ( Ironi the, rog~ue) and ion the. hottomi (frronm tilt viyogreli mil ott) thewre miiight i
not be enough kiir vntering that vihute tit the I ndlc.'atod und -of'-deploymunt velocity
(-47. 0 2 fpiq, - 14. -51 ini-is) tnoraitin it, Sec' Table 4 tar t synopmim or' t lie main vancipy
deployment ual eulell (ills, Il 1VIi llls units,

The s~tatmid ilployienit thue of 2, 2 svc liwlinlce ani ii'hbiti'uiy 0. 5 -mvo ilhm

porlod fici Iline strotoll mill Nhook ;&hsorptloni buifov thlt main oilkini tatt.s Io
Oipen.i Ovllhigr thIis tillie tic'i-inti owC rreC-faimiig, nitism (v-yngvnic' milt. nunil
c1AnOpy, til1ling l111)(1 dvelates fro'm Ivol the veloolty al thle V1o1l of free rall
(-11 . (1 4 I, ps, -3-1. (IIl 111s) 14c 111"t. c ti e t n c' 'tt 1 j11 it 2, :10 svi, I -47, WA (12 pr,

- 4 lIt 1111).1st, 1' tise hi l'oril ic:1111 1. n11, citý I ' V/ g , ulVllt, Wi' chiniti

F U~ (-Nlni , 1281,77 11) (i1-19, 1 Iq!) l"41'itirltui Icure (1)

W (1430i [1687) ci' 76:3 lb 0:4fl. 1 kky)

and

(IV (-11:1. 64) -(-.47, (12) fit' fý0I(I. llms .0>1),1

I'., 1- 1 W :H1211.77 l I '/1: lbM Il i l',77 lb ( PON 3 kx!)

totiAl clr'colmrt'ntirim Icrirc (C)

F ttn 1,MI77 l1 A
~~~~ 0 , (grinvitcitlacmci pl, Ici't'ulitsI 0:)
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BESTA_ V-.

Table 4. Main Canopy Deployment Calculations (Selected Values)

S- " ti" t ", I0', 11 "0 0 I It

Cr2(foe (2 (in Wit~
( . 1 Its It I 21 40 1 ii .707

A -61, 91 6l~ g 1l 14071 0 ,6l.90 a 0 0 111111 1

,21 .I2,21 14(71.21 .2,35 .10,I.1 .'1,14 .1,1A .1171 * 1, 9.0. 4112:
.,16 *|4.47 140 .11 | .1 .40 .4 9 - 1W .61,.11 .5,24 .20,227 221342 .,0 W

1,02 .00 4 3 0 24912.l -40.,I 0. 0 .01.a01 .. 1141 .11,017 2170 1 , .M$? 0
Ili .41,77 24001. 0 .0,4 . 7 .* -1116A,4 .1,110 .114,131 3747,.4 li4di
1 .11 41.1 257200.1 -7 ,31, "k It 10,02t $.4110 .11.9 11741,0 ,17,41
1, .0 -t.14 2007 ,45 .74,M 1 1 :0,4 1 -|•.oo 1,, 49 1, 2 .1 ,46 ,17363.1 a.' ,19
IM1 4,4 Al i 100,ll I .70,04 111,0 , 2 11.11,2 .1.512 . 142,01 119112.0 .64,5

I .i f . 41 1 s I , 1 0 .8 i.7 2 L tiv:4 .i 2 5 .2 4 1i4 .
2. 41 .02 140*12 1.0 1 .002 .Loa1o1

2.20 .142.7 •15420. 171 1 .2.0 ivopIlol 092421
5.1 .41.43 23410111 .01.,7 w 05:

40 ,44 ,It .411 1,1 1, 86 7.* 0 i I lhtl
AS ,44, 90 1•lol0l , 01. 40 , It lug of Inso4 lontill h41211 thim

2.00 -41,470 lsolli5.1 .111.74 II 1 7104
2.50 -41.00 10107,07 .04.01 L0 C071032022o Unit

a.1i .46,1,1 251271.06 .06.14 1 RIV694 time
-1.2 1 .471.2(7 05722 6.62

2.14 4.0 2 234010.4 .242.0

0.t2.0 I Valut. 0n 2 loft h24in Aids (drapul024 l i its . i02 O1 0 il t o * l e VeNt, At
-. rompu.t.Il . •t2Io 010, 2 A , A. 2 U .o th Fl I$lit side,

00~ ~~~~~~411 1o 2. Ts 2142017 o:B020 000 It 20.
1 ,1 1 0 , l o g . t h y 2 0 t42 12 0 n¥1 . l ol ytofll ,
values t 2olll I' a1 271..,. Il, lost Intrls.. 2 ", o 2

2. Otoi lll *itO12 , It .040 0|¥2217 el gpi 0d ft, .0i 20 ih 404cc nnaina tllfe -fi.

I I?0200 20 fu ll, Ohio%20 m4.a!st ol l 07 I ti4
r 1:11 4 0111.1lf l . Av t 2.2 I4 , Iti Th 2,011 .0 0l0, l6 torlt ths full load 111n atiUllo •a1till"I'Ovitih a Rev
200 ebrieelc volosit 20 14ul 2.1020 m~~1, ,. Ii attend,

20l2 "00024 V levi ty littopg. th ill:11

Out OToh I 2 0o .e 00I 00- 40 A7002tvlsi au, 2 6007 toO ý

The arbitrary 0, 5-sc deceleration time may be shorter than that to be observed

in the aOctual toot, in which came the error will be on the safe side, (With longer de-
coloration periods the 0 load Is lose, ) The addition of ballast (note W, Section

4. 4, 42J) to the cryogenic unit will work in the other direction, however, and may

serve to ratie CI loads above the design value of the cryogenic tinit, 10(0, The

Lill Centro tests will resolve this point,

The next event, 3b, main canopy Inflation (opening), involves I major assump-
tiont Because the top of the main canopy in tinder tension, from the 0l87-lb

(438, Oi kgl pull of the drogue chute (of Appendix A, Table AM) its opening time will

not be thait of an independently aoting 84-ft parachute but rather that of a hypotheti-
cal, partially open larger parachute whose fully open area is the sum of the areas

3B

I,3e

-',...
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of the main chute and the drogue chute. The "partially open" area Ii the 'rea of

the drogue chute alone. Under this assumption, the main canopy opening time is,
then, the time that the hypothetical parachute, which is assumed to be carrying the ]
entire suspended loud, will take to increase its open area linearly from that of the
drogue alone to a value equal to the summed areas of the drogut and main para-

chutes, With a 84-ft main chute and a 38-ft drogue chute, the respective individual
parachute areas are 321? ft (298.9 imn) and 989 ft 2 (89,4 m2 ). The sum, 4179 ft

(388,8 3mg), is equal to nl be /4 , where DO is the nominal diameter of the hypotheti-

eel chute, A parachute with this area has a D of 72. 945 ft (22, 23 m), For such a

parachuteqTable 2 shows an opening time of 3, 5 sea, based on the above "partially-
open" assumption. (See Appendix A, Table A3 for event 3b backup computations,)

The hypothetical chute, which is the analogue equivalent of our two-chute array,

reaches equilibrium velocity, -8, •.2 fps (-8.80 raps), approximately 2, 0 see later.
thus completing event ca Opening shook is slight, only about 1, 28 0, ...

The configuration at this time In essentially that shown on Figure 0. The sys-
tem is itow ready for the critical balloon extraction event. Note that the cumulative

time for the events thus far is less than 28 seconds. The main clnopy is roughly
1500 ft (457. 2 m) below the original release altitude of 26, 000 ft (7 62 km),

R~efore discussion of the balloon extraction event (Section 4, 4. 5) some qualify-
Ing remarks are In order with regard to the basic assumption outlined above con-
cerning the opening of the main canopy. (These remarks will be relevant in the

balloon extraction discussion, also. )

In postulating the "analogue equivalent" parachute, no consideration was
allowed for possible distortion of tWe drogue as it became partially unloaded during

the free-fall of the cryogenic unit and then picked up the whole load again when the
$u center vent pull line became taut, It was treated as a stable, fully open chute

throughgut, Likewise no allowance was made for the likely penetration of the load
on top of the main canopy into the opening-up folds of that canopy, seriously distort-

Ing the canopy geometry and normal opening characteristics. Thus, the standard
reference areas, drag coefficients, porosity values and the like, used to get the
valuesshown in Table 2, may have to be multiplied by one or more adjustment
factors to obtain true performance values. Since factors of this type can be ob-

tained only through tests such as those planned at 1,l Centro, no attempt will be made

here to guess at what they should be,
The possibility that ballast may be necessary to improve the opening perform-

ance of the 84-ft chute (main canopy) and to aid the ensuing balloon extraction pro-

aess is another factor which makes vulnerable the velocities, times, and altitudes

shown on Table 2 for the completion of various events. On the other hand, ballast-
ing may help to eliminate the distortion problems suggested in the preceding purhi-
graph, thereby justifying any recomputations that its use may entail, Vven if no

. . .
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'Ihl( r'c'michccor of tc' the Ii (14:40 lh 3 119, 20113 or cc 1090, 74 111) witH being Skip-

linrt-td by tho cI III ic tincc py (1090. 74 111 rA 40)4, 70 kg).
Whiicc the reiunaom oricicrc (ovc'nt 40c tihe load oil thlv ci'cgic 10 .cccclciccly 110fuittc'cdI~I I~l''IcTi Dll. 2u11)T (13 tilli ligik) to ccpproxini ntv ly 70 lb 01, 7.1 kg).. lSi,v noWtH 17 uit if Ill.

Thilc (Iiogcci tilcll sticctmc tritvo lc'c''lcrcl irnidlcli. The miilccirludc wc'Igjt is~ pelic'cI 111 liv

th ci cciticl CIIn 'itoywll WhiVl N tLIIM to unvol c') otui MIMI cctioli 10py lolifl ig Jum inpci rrim

1 0110. 74 11) W44.763 kgt) tos 1360 lb- (fl10, n itul. mv not orrcct. Iis thrct tho twda mnir'civciitc'4

strtit ptull acway Iotaocicli v nel ihoi' vrctluccl l, Ilcw'cc, Illy ccc' mi lli Joinhed

Ioim oIdly by ti'Ucl'illiiltiIA I1MS balloon. I lit, lop orf Whloh.1 IS Sitill lctlccclicifd 10

the(i POQL1IV OXILVtcdiNtI ItM iilQ. ofI hc IiN 1 baclloon 04 SovulPod to IlitO mai v11 ltintly

apc'x. I s11(i'o, h (I W' fi'cl~lai 'vcikil though~i doik¶0t'iill~, Still litii dii'llkr, It. CAOL'Vi2 Is it ii

17. Th1cc 70 11) Ci 1.75E kg) loa mii cti lt dvlm IL i' li'Lt 110 Ilcoilici'lt of SaPcmiltoutlo cI hcimuci (III
I Icc 1INSUMIcAt1011c t ccill, 11VO Hi~li, 1O NHIcI~lcli't onily 1 it)c'i'eclit cii11c, hidi 11 dli l c' L~k.Ill
I huit IS, it) jlt'eict cc'Ir NO) lII civ 111 lb, piucm tlct, %vvc'I t il (dcf 1c' l~iotvtlsioN Hiclli',

Ivigriclt (Wi IlIO~d~v cilivi' Ittilicid IN U2 Ill. (ik~hlcc' licick lo ci iabclc I lI'm Nvc~tocil
\i cviigt vuilac's, ) Thisi Is licct [I stuitic ccciii, icomvc'vcil, ccclii will ic'c'vlcc', acs fill,
lialicicin Is pllllicI cccll, I'cci 111 iciIcIIII 10 l11 (111 1c icc) icc1) 11 11112.2 11 (1ii0
12), (Tic ccOli'i \-Ldlccs l1wc icccc'c'ccs is i'c'iccu 31.751I~ it) 10H.l23l 4Iis )~ A
s~cociiii rcNmticiiplcloll hl~vic'Is lint11. iis tritccisic'cW' cii l bId icto lcilt, iliciclic' will

ccl'lc iviclc'l~i dIwv Io illc ia' pc'vioiI c'ciilccIc'iIl Ow iu'XcI ccIccwicm idc',1'N,HS Ili
cccldinc4 l is ociS1icciptinic WPc cVIlrI'ccI cc 11 cc'I'il!II L.WPMI~ilCc11014 illuci' iiiNWc'I 01' iiii't

wri c'Iliti'e mcidi, IlIsII, 1.c1iclilidtct! lilt- tcict vccciccic'ci II cI cII-ldcc tlic hnuloccil III its
IcII eic'citlt. Iii. c'icciuc'c's Ini 81(II~ic'i'ci-l lilcc ' iiui 'li ct ti cut, c11H 111j' cIlc~icidji
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At I ilii udcc (if' cV~mii -1ii. tI tc'wo o.lultvH lide dcciv icig alptict Id :c spoct' (i1 i cplic'oxi -

cciitu'i (ITI 1cM 11, M1i n Ip A INHl~tic (Ill T11111111 21 i(-210.0icVim) - ( -231,21 ipoi).
wo'c Aclic'iccil A' iTccic't Ml 111111 !\Ti) c,0l ('dcciilillticilN In ii oili' iOw dIlkc]I two (it' . -

tw ('ilcIittitcs 1cIcc' III,~ 11c'i'.ti'llotIioli Jict'dccc'cdc

lI Il 'I'll(, cciicicc'i cc~nalcciiict (ci t' 11vtill!ccpccIIIc cycit 411 illtri'cdiopim' olive' ilinvi tile' tIit
(itctllcccc'''tciicto.' clhiccm viic,~ l iliiu,ý'Otircci I,1.1i- Iil c-0c1ci011011%Ici I 111l11i ci-lcc icctc
Aepoycicc l. Tcccirtcclt, 1cc cl' m.cc lu liii 141l1i1icsy cll-vi'c'cic''tc, ilmcl Is, Irctclic Itc'
cciit icr ics'ic'icll It iclily I'ic'i cidi'' cicldl ii ii1'c1(iii111 l:itiitci IN ts
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m.) it)1, 1 11,sh, I 1 11 ii)o vt I II, I o l I rIit, A\ I AlSIN o l1 '"wlI O S

pu. p ilitg it 11p t'oifu itti sti)1itato ml) )~IuiI t il t III tilt, l11aill huill'.

TIhe ahov t, vx'ti'liu't1on evont (4b) t''qtuives ~i spon. th lwittle1( it takeg. tile two 'hutite
to Iinv av by 102 riD whioli Isth liogth or tilt sNpvtntl ALM balu~loon, 'Viicn tile

hilly oxtoindou hal lonj (Vipigve 10) is taut tile otplod two -c'utte nri'lly im inl Wornt
agaiin an~d 11 now t'qtui thi uWiu vt'looity in N tttlitlio ill 3 poO ( -211. 20 f~pN -H. 110 Iii pm).
T~his vonpltem ovent 4x., Tho hluloon is now really for the inflationu prices",

lit. if live examille tho hoiti~hvio or t~ho 36-ft diiani dvogilld during thle extraditon
ii n0oemw, in tile viblllations uf Appondix A (To'ble A4) It lim Omit, that. 1, the
ulynli aitv pt't1tuol um ruIttlkly dIvu'upN to it v ivy low villue, 0, 1i pf l (0. N317 l'ug/ ).
I deally, avvuot-ttintg io (tic I'ilriulicutLo Ilý15IItajft ( Auimuiuld lnot dipi below 0.8f or
I). 3 lisr (2. 'IN (it, 1. 40 kolmil). li'veii with t 10 nsstnnptiotu that the drogllo. doom1
lnot bu'ohiCl 'Noriotusly tiustootedý tit dimplaced tit etvent 4a, thoro to still a
q~uestion of whotilerr it will ronliallti nliutod at 1410.h low qj %olue", lVor fliis
lOI'mtiol it ti-Ing Slot 0111tto, with li, Iciwni votffbt'lout or dralg (0. [If). Imay auttually

hoi n 1 3vtthe uiyniniii Its aMrh douj. viNite futuntote 20).
veboul mtt (eitt't il PlptVint-11%i Ai~i Taltenu- AM tone aronnund wOl pliy throghoto
tilt' x noiovun.'y 'hit Iit wcothe onotaintt tno ti volupistmwmin made fo puoin mhumiiie
und~tC1' thu t34 -f uut' vnim 14, gvliey innru'iv aigthad nad pild ' dhownan oi hatt willithOy
muackmovI'nfl fawtfps (Meti fnutiot 0blw)ln obid p'c' h

'ON~ ~ ~~~110 Cit~j i'Iutuou' fIO he it I'llloud to Cisitik Ino tivn'11 dulnoty and to Witill
itw luotuuty (q I 1 t2i tin' ror it hovnd ht nnuc',tuilv, I mb uionconeti in invt-vamin

I.mtll eoius Thnonisto uu'hetIV11 IMMALtt', iiuutyIA hocout''itcu by builntingQ lI.~
kintlt, tit, 04 11 hito l '~ivs t' tIy tIb Inr a ig th at uiuogu tile o aiit (In ill t illrlby

20. F~ttlthlliriun velocity, thmt lis. the velocity or the duieotueditug, A ' vtetu lit thle
tHtvadyi Mail' t'rifiiitiotl is4 uIottiuititiiob hy tilt, formula below, ( Note, that V(
un tiveaitOM with lun' onirul wvglgiut itiull/0 IIIT' UU( 'i)p Po'uwui~ 1'r uto Illi,

hut' ovet sod VP ut its ai higher vutlute of CIO)

iti I W 0MA

where IN thle weight of tile mystoul, inicluding tile Jil rI-thiku1tv,

u)NSI mnncoul tem l denllsty

VI I~ raitio of thou dtiellity nt 11ltitudue I to t hat lit NIi4I,
V4 01tiulilibrilltnu l'e1olovty nt Ilitittidcu It, Thtis is N nllud

lIti Ih tiern ina1110L velonito Wienuc ltitudt'i II 14 lit
4'-it'oud levet

mifloet of drg it'a tii' I ho at'aciutte

8 vt'ot'iwle atuaa Of tilt paraviu'hutv -4

W D OI)llatuu Iulltaltimmiii tifft'ltive nt'on of til pt, 11Il viuhut o.
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4,4, 6 BALLOON DROP EVENT NO. S, BALLOON INFLATION

At the end of event 4v the balloon has been fully extended and is taut (se-

Figure 10). if we assume that the untnflated balloon contributes no effective drag,
the total system drag area is the same as it was before the extraction, 3163, 10 ft 2

(203, 86i m 2 ), which is the sum of the effective drag areas of the drogue and the

mnain chute, (The balloon is treated here as Just an added line between the two

chutes, ) The drag force on the drogLe is tilhn 339. 26 lb (153, 88 lig) as calculated

in Section 4,4, 5, and that on the main chute is 10Q0, 74 lb (494,70 k),.

When the ball6on inflation command is now given, the process begins whereby '.".

the liquid helium in the cryogenic unit below the main canopy is converted to the

ga.seous state, warmed and transferred up to the waiting balloon, Although the gas

starts to flow almost instantaneously the complete event is a long one, requiring "

an estimated five min for transfer of all of the gas, During all of this time the

AIAS array is losing altitude steadily, hilt at a decreasing rate of descent,

Two Interesting and interacting physical changes occur simultaneously during

the inflation process, both of which have a pronounced effect on the dynamics of

the event,

First, as the liquid holiuiii changes over to gas and enters the balloon it adds

buoyancy (pofitive lift) to the system, neutralizing sonme of the weight lprpviously

supported by the parachutes, Thum, there is LA steady diminutinn orf system weight

(WA) apparent on Table 5, which limts changes in variouts system parimetevs dini'-

ing the balloon inflation, (The incremental loss of W isH matched by the Increase

in LAI,,, buoyancy, ) Because W S tis decreasin,, there Is an accomipanying decrease

in system descent velocity, per the relationship shown in note 20 in the preceding

section, This can be observed in the column headed V on T'able 5, (Not all of

the decelerdtion shbwn in the Ve oclurnn is the result or the added buoyancy, Son..

in due to increased system drag, as explained in the next paragraph, and to in-

creasing atmospheric d•nsity,

A second ohange Is that the gam bubble formed at the Itl) of the balloon uddls to

the total erferttyve drag area of the system (C so0 )s. It will hr Henll from 'table 5

that (C I)o 1 increases throughout the inflation process until the drogue outalway

action, At that point, there is a step decrease to show the loss of (W .I for the

drogue, The reduced (Ci .So)s value then becomes the starting point for a new

inc rem enttally - Inreatiel system eofr',"tiva drag area, the augmlnentattion of whihh

persists until the balloon is fully inflated, (The Incrementtl Inerreastes in (C 1)S IS

are equal numerically to the Increases shown under the (CW )u 1 .olumtni,
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H Pa Air L/tq AOMHN ZAL t 3
(f 0 (Atm) TOMpK Ratio e) (5cc) (1 =) (•Q (Ib) (Ib)8 (Ib) ft ... (f

23400 .47144 .3892 - - -28.20 - - -. 1430 -1 7

200 .4777S .4016 269 8•,93 7.13 7,13 -27.9f) 4422 2.426 14,538 1415.40 496.3S -

.30 48108 .40o1 7,212 14.342 -27, 56 4346 4.879 29.242 1400.70. 989.73 1.2

800 4-9442 -,4086 7A299 21, 641 -27,242 .4275 7,361. 44,12 1385.88 M480.32 14-

S600 .48779 .4121 7.383 29,024 -26, D33 .4207 9,873 59.147 1370.83 1968, T

400 .49117 .4156 7,468 36.492 -26.03 .414.1 12,413 74,39 135.,60 2454 25 1

200 .410407 .4192 261 8,940 7,52 44.044 -20,34 .4080 14,083 88,99 1341,0 2936, 87 1

220000 .49708 .4227 7,636 51.680 -26.04 .4016 17.581 104.43 1328;67 3417, 8 /1

800 .50142 .4263 7,723 59.403 -25.75 3054 20,209 120,04 1309,96 3895.30 1'

600 50487 .4300 7,810 07,213 -25.46 .3893 23.866 135.83 129)4,17 309,.58 20

400 .50834 .4336 7.899 75.112 -25,18 .3831 25,554 151,79.. 1278.2 1 4842.58N 20z

200 .51183 .4373 263 5,887 7,987 83,0919 -24.90 .3775 28,272 166, s14 52•1, 5312.32 21.

21000 .51534 .4410 8,077 P1.175 -24,62 .3715 31,020 182,02 1247, 38 5779.83A 22-

800 51887 4447 8,170 99,345 -24,34 ,3655 33.709 108.98 1231 n2 0245,25 22

600 .52241 .4485 8.265 107.61 -24 ,06 ,3595 36,611 215.53 121,1 ,17 671)•.T4)0 23

400 .52597 .4523 8,362 115 ,17 -23,78 .3535 39.45 232.27 1197.73 717.,73 243

200 5.2P56 4561 265 58,35 8,458 124,43 -23A52 .3462 42,332 247.01 1182,.1) 762h,4,1 244
i {tO ,53316 .45111 B.,556 13.), 99 -.23, 2,4 ,34. ,i1 5.2,13 2 (13. , 1), ,1 b 01 . , ,i 0+

800 .53678 4638 8.6(60 141.15 -22 M) A .330 48,187 281 ,17 1148I, 85 837.0'.1 223-4

600 .54042 4677 8,766 150.41 -22.,67 ,3304 51 107 218.5i 1131 .44 89)89'36 2Sb

400 .54407 .4716 8,875 159,2k) -22.3. .3244 54,183 M1,.16o II I3I,'M4 440, 01 26,t

200 .54775 .4758 267 5.784 8.520 176,81 -24 55, .3027 5.7,237 A31 I.tc 1o5oI),l 98,,)[0.89 2 6

19000 .55144 .4795 8.1107 17b ,o.1 -24,24 ,3853 6(0,.18 3,18.02 10 39 .8 0310. 7o 2'7

800 .5.516c .48.35. 81303 184.31 -23.94 .3782 (Q2.08S U64.33 1023.0/ 10704.84 3:

600 S5SW8 .487S a,409 192.72 -23,,3 .3712 65.84O 380.8b 10077, H, 119l.r,5 271,

400 .56265 .4915 8,.518 201.23 -23.33 ,3640 O8,7.40 397 ,M9 0)90,4 1 11.111 .91, 28,

200 .156042 A,956 269 5734 8,623 2(1s,86 -23, I• .,82 71.671 410.,)96 :77, 1 18 2, 28"

180(10 .57021 .4997 8.73 ,0 218, 9 -.. ,71 . 3) A 11 7 ,1.3 8 ,1217.17 9tl 0. 1 3 ..1273,2 5 28,

800 .57402 .5038 8, del19 227,43 -22.45 .343) 77.,t4, .)I.,,,20 1129L, MO 12 6(1 A3, 28,

600 ,57785 .5080 R ,;9 236,4 1 -22,14 ,33I8 40,1187 9I2.46 5, A34 1304.1 1( 1 29,

400 .58170 .5122 0,1198 245.51 -."1,83 .3215 83,77, 470,,(, 9)7, ,4 1543MI,3')N 29

200 S8AW7 .5164 271 q,684 9.,218 254.72 -2j,5 I .3238 80,904 403.1)7 89411,, 0: 138Je,2 A.2 20.1

17000 ,58946 .520( 11,342 264 .07 -j1,-5 .31 Wi i1, -0 71 512,00 976,1 1 11 217, A 3 .101

800 .51)337 .5249 V1,48.2 275.5 -20,03 ,3092 ,3,29 530, 27 8 57.7'1 1110010 .30

600 ,5.730 .5292 9,627 283,14 ,2•0, (114 .3018 110,. 5 4 548,81 83A1 I I v149i '2 ,c1 o 30i

400 .60125 r1335 9.7781 1 .95 -20.29 .294,4 99,8O, 51t7,64 8210, .;, 151831 A4 30"

200 .60522. 537o 273 5 .(05 9. );)2 30 2,8. -2 jt, .,,887 1)3.23 58 1.71 106,, 571, 0, (W 3 1

16000 .60021 .6422 1)10. Obl -12, 94 110.70) 281H 1 00, 045 000, 0!, 787.0:,616 H6l, 3.8).
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-( .M -.. T-ahle 5. AIMS li1llnoi ihrlatiho C'alc'ulationI

SWs Vs auJle (6 ~ ) 0.O
(j ) I ft: :(ft): _.:_( 0t..,) . . .(ft) 02 Ob Ob ) (b.).. 

.. .. ...
ý

1430 - 131 3,6 1000.74415,4i 496.35 0,824 3201.09 37.00 16,757? 3•,84 1066.87

ý1-140n,76 089,73 12.3(5 3223.22 00,03 26,00 213 1048,.53

'18 a8 1480,32. 14,1440 3241,71. 78,52 13,509 3.10.83 10U31,49

3081 1968;81 .165.5 MS~. 14 q14 .52 39.0S 31 S. 74 1015,14

-1355.60 2494.2S 10.74 3273,18 109.99 45.55 31'0.80 099.25

i1341.0 2930.87 17,77 .328717 123.98 50,3 1

1325,57 3417.68 18,69 3300,35 137,16 59,09 301,41 969,06 LEGEND

1p309,9( 3895,3.k 10. U 3312,85 149,66 11.18 206.,4 954,03 H altitude
I 1294,17 '1369.58 20,28 3324.77 161.58 c62.89 292, 11 939. 16

'1-278,21 4842.58 2o,•nj•g3336,22 17303 6. 129 287.52 924-301
0' atmospheric density ratio (

12633.( 5312,32 21,65 3,44,24 184,05 69,48 233,29 910,79 P atmospheric prensure
1247,8 5779.83 22,27 3357.89 1•14.70 72..3 278.78 8,0.28 L/M lift/mass ratio
1.31 n2 6245.25 22,85 3368,20 205,01 74.93 274,28 881 .,2 ratio lb. lift / lb. gas
1214,47 6707,40 23.40 3378.2• 215.01 77,3(0 269,78 867,3.

I1lti7,73 %67 7,73 23.92 3387.92 224.73 79.45 205,31 852,07 IAt time differential4
-21192,99) 7626.41 24.42 3307.41 234.22 81.B6 ?c'1.31 840.131 V I cumulative differential

S1101.01 8083,40 24,901 3406,68 243,49 8,,34 8 2•t•.0 8•r,1 V4 system equilibrium descent
1148,83 85137,02 2•,•36 3,115,7( 252,.51 84,113 ,•,2.40 03 yte .50.d

11314,,4 89B9,3.3 25•,•) .4244,552 2,1 .36 8(,35 A4 ,04 707,15 q dynamic pressure
1113, b4 U440,5 26,-2 3406.2 2 270,03 87.o1 243.47 782,77

1050 lO 94 9890.189 2 616 2091,20.11 2781.55 109 ,39 IM97,54 0- Cut away MA e cumulative quantity ofHel
1039.9)8 0310.76 2 7,00 2u•io, 12 286,38 10,.34 9291,64 dtogue here, SAL cumulative buoyancy added,'
1023,o67 . .704.S 27.34 27•6•,37 2 6 11,00 91,6 Wl over-alsystem loading on1 0
10017,14 110(98,a1r 27,u8 2713,53 300, 70 111.64 895,11 :s

9o0,41 1141,1 ., 9028,00 2/d., - o5.) 307,85 112,07 878,34 V1; volume of gas bubble
9 )77,0? 11AS2,85 2.18,31 2727.ril! 314,80 112.76 894.27 d 1  diameter of gos bubble

o,).0o3 12273.,25 2 8,t, 273439 321 .05 1(12 .93 M47.1In (COSO)II total effective drag area
i. 1) H2.,0 (1.1 ,33 28,.)2 .741,17 328•, 43 112.)9h 11219,84

021,,34 1-5 . 1• 29,21 274,',85 3, II 112.,85 81'AP (CO$O)II effective drag area of gas
0076,64 13439, 39 29,'50 2754.46 341,72 112,00 71]1!,.3 )Dr drag of balloon
8pl94, L3 13928,23 29,78 2701,,02 348,,28 112.77 781,25

87t1,00 ,41217,33 1 s ,0o I 270i7,52 354,78 112 ,30 760A7 , drag . drogue
1404/, 14• •,•(( 0,33 277,,93 :1 I .18111 • I (i, 74, 11. ,4 Di, drag of main chuto

, 839,111 4092,10 3W,19 2780,At 3,•56,S 110 ,94 72S. 24

82o0.31, ••.1,731. 31.8.1 279,3 ,380. 116•1, il17 •0• 21) Noie I, D. a 4. D C, r.Dr,• u D, W, WS ut Equllibrlui
80,21( 4, .7(, 0 3111 2793,110i 380, 1 I ( 0 II,7,r,~ 

Sd{,4

787 (A..,0. 1il 31.37 27!9,17 38b _,3 086678. Note P., Teniperalture of Ho (g) assumned K
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-. -Table 5. ALBS Balloon Inflation Calculation.

(COSO)s o Do OM
j) (It) 02 ib) (ib) O _________________________________

.19 330.26 1 09t),74
01.09 17, 90 16,757 331,84 1066.87

23.22 60.03 26.,09 326,13 1048.53
14.-,7- 78.5U 33,5360. 320.83 1031.49

S8. 14 94.52 3 ;, DS 315.74 1015.14

~73.18 109.99 465ý5 310A80 999129
7.,17 123,08 5TO% 8 306.15 984,27 LEGEND

3025 137.16 55.09 301.41 960.06-

12.85 149.66 59,18 2Wo74 054.03 H altitude
,24.77 161,58. 2.80. .292, 11 .19.16 . atmospheric densilty ratio (p/po)

-336.22 173,03 66.29 287.52 924.30
SO',24 184•0, 69.48 283,29 910. 70 P atmospheric pressure
57.80 194,70 72.33 278,78 806.28ratio

368.20 20B.01 74,93 27.'M .8 ratio lb, lift/ lb. gas
378.20 215.01 77,30 260.78 867.119• =liZt -time differential
387.•2 224,73 79,45 266. 31 852,07 df
307,41 234,2. 81 .5, 5 6I .31 840113 2Z6I cumulative differential
40•6,8 243,49 83,34 So Sir,.81 V4 system equilibrium descent velocity
415.7D 252,51 84.r3 12.40 81IN

3424.5 261,.36 86,-5 W7. P4 7• 1,5 q dynamic pressureS4.a27U,.03 871 24,7 8,7

436,22 278,L 10.30 0 947874 . Cut away 78.M7e cumulative quantity of Helium transferred

60b, 12 28o,38 110.34 P20.o4 drogue here, ZAL cumulative buoyancy added to system
706,7 293•,63 111.0o 912,bl W11 over-all system loading on parachutes

No O 307 85 1 I;!,07 9 V.: volume of gao bubble
a727,'54 314,80 112,76 864.27 d, diarneter of gas bubble

:27341.17 .43 I 12..t, 8.471, (CDSO)), tolal effective drag area
74,,.7 5 28.411 112,,AI 2.,4s) (C0 0 )11  effectiva drag area of gas bubble (balloon)

1754.46 341,72 1 12.60 791; 103 Dr, drag of balloon
2761.02 3448,2 112,77 t81 25
;27/o7,52 3(78a I2,3o 7,, 70 Dt drag of drogue

277,,03 3 6 1 .•18 & 11. 74Iho 04 D.& drag of main chute
:2780,121 367. •6, 110,94 7"18, 21
27o,, 3•73., ,0 7.1•,:, Noit I DO r 4C + r'u .d, b Ws ut Equilibrium Velocity
-703,.0( 380. 16 100,7S UI ,'

2 70)9. 1 7 1]f, 3M A 08.60•(,,, !
9- 1 ....... o7Note P. Tenmperature of Ho (g) assumed 250"K throughout

A" .4 .
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The increased drag area associated with the developing gas bubble (CDSo)B
nerves to decrease system equilibrium descent velocity, V.4 As noted above,

additional deceleration is being caused simultaneously by the buoyancy and atmos-

pheric density effects, Thus, the values of column V. reflect the combined

reductions in system descent velocity, Table 5 shows that as the system squilib-

rium velocity, V5 , decreases, q (dynamic pressure) also decreases, an does the

total system drag or decelerating force, Db. (See notes 21 and 22, ) There ts a

step increase in q, when the drogue ts out away, but the decrease soon continues, :t

Table 5 shows changes in system parameters over fixed intervals of height

(200 ft), The starting altitude of 23,400 ft approximates the altitude of the drogu'e

chute at the end of event 4c on Table 2 (23, 463 rt), The starting equilibrium

velocity it the system V. at the end or event 4c, A program was developed (see

Figure 11) to ascertain the time required for the system to fall through each 200-ft

I nterval of height, taking into effect the decreasing velocity because of factors
i ~discussed above. incremental and cumulative time values are ishown tinder column~s
I At and E&t respectively,

it was assumed that the total quantity or hellum, 102 lb, would be transferred

linearly with time over 300 sec (5 min). On that basis, the amount transferred

(AMHe) during any 200-ft interval would be a function of the time (At) required to
102

descend that distance. Whence, AMHe • At * , , For example, during the first
200-rt interval on Table 5 (23, 400 ft - 23, 200 ft) the amount or helium transferred

102
is 2.425 Lb, which Is the result of the calculation 7.05 see x mx 1.012, where

2t. The actual step-by-step drag forces on the three drag-developing components,
the balloon, the drogue chute and the main chute, are shown In columns 11,
LD, and DM respectively, .DS. the mum of those three columns for each
step, equals the corresponding W. (U I)4a notnoWn separately on Table 5,)
Note that, despite the steady increase of lD, the sum o0flrf, Dp, and I)M
decreases In step with WS, (See note 22, X-his is as it should be, since, In
a parachute system at uquilibrium velocity, WS a Dg, which is a simple
rearrangement of the equation in note 20, Section 4, 4, I5 The component
dran values are included in Table R to allow monitoring of the performance
of those components and to enable the drogue cutaway point to be estnblimhed
with confidence,

22. 1D, drag, is a function of both q and the effective drag area, that is,
Dmq(CD80 ), In this situation the decrease in q means a decrease in total
system draig (decelerating) forces, despite the increasing values of (C1y3)S,
becaume of the predomirtant effect of q which decreases with the square ofthe velocity (q I/ /2p V11).

•. 4 • 4
415



7. 05 seo ti the estimated At for the fifSt interval and 1,012 is an empirical correo-
tton factor, (See note 23. ) This quantity appears in the .AMHe column which is

a cumulative record of the amount of helium transferred as the event proceeds,
When the quantity of helium (0b) is multiplied by the lift to mass (L/M) ratio

(lb lift per lb of' mims) for helium at the pressures and temperatures involved the
amount of buoyancy in obtained, Cumulative values of buoyancy appear in the
4AL column,

The density nf helium (at 25"K) ois c aiouiated for each 200-ft attitude inere- .:

msnt by the program used for Table 5, This density value in divided into the24
EAIMHe value 'o obtain the volume occupied by the gas, Vb. The gas volume is
assumed to be that of a sphere, whence the diameter, db tis obtained by the -
relationship dsphere (V .) 1/3. Knowing the diameter, we can obtain the croms.
sectional area (ffd'2 /4) or S0 , This is then multiplied by a value of 0, 5 (C1) for the
bubble) to give us (C S )B or the effective draU area of the baltiont (CD• )8 in turn

augments the value of (C 1)88

23, The actual descent time for each 200-ft interval is a function of the system
velocity, which in turn, is a function of the changes being generated by the
developing gas bubble, The program used tn edurated guess (7. 05 sea) tis
the At for the first ANMile calculation, The actual At was 7. 13 sec. derived
from a knowledge of the system confil uration after the gas bubble h.ld formed.
(The gan bubble here is the product o the estimated amount of helium trans-
furred, based on the estimated Ate) For the 2nd A Mite calculation, the 7. 13
sec value wans used as the estimated At. yielding a AMile value of 2. 403 lb,
which when added to the 2.426 lb from the first Interval calcutlation yields n
EAMI-le of 4, 171lb, Beecause the system is slowing down, the At values,
are increasing with sauc interval, Itence the atse of the previous intervals
At in each A Mile calculation leads to an understatement of the amount of gas
transferred, This is the reason for tihe use of the empirical correction
faotor, to ensure that 102 lb of helium are aotually transferred when
(dent y 300 seconds, h b t d

24, The lift to mass ratio is obtained by dividing the specific lift of gaseous helium
(density of .f-donsity of helium) by t~e density (it helium. Air and hell n,
densities were separately calculated for 1000 ft intervals, assuming an air
temperature vnrying between 2590' and 273•K and a constant helium temperat-
ture of 2HO'K. The resulting T,/M ration are shown on 'T'abl 5., The vi aliP,
were assumed to hold constant throughott the 1000 ft interval and then jump
to a new value, This assumption generates slight inaoecurilcas hut the values
obtained are considered adequate for the purposMs of this report. More
accurate helium densities, calculated tar each 200 ft. are sord tIn the doter-
mination of the volume of the gas in the Nibble, V\h, (See Atidendul,.

4 1
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As the balloon fills, the expanding bubble causes the reefinR sleeve to open

up gradually in such a way that slack material to still protected, Because of the
relatively low altitude, the sLie ofthebubble (d3 ) remains small, reaching a maxi-

mum diameter of only 31 ft at full Inflation, The volume of Was in this, bubble,
approximately 16, 000 ft3 , ih only 10 percent of the fully-expanded volume at float

altitude. Moreover, although the volume it increasing by virtue of added gas, the
rate of inrrease it slowed by the. effect of increased atmospheric density as the

system deouende,

At some point the drogue must be cut away, both to eliminate unnecessary
weight from the system which will rime to float altitude and to avoid possible

entanglement when the drogue becomes very lightly loaded and subject to collapse.
Table 5 Indicates that the drogue is cut away when the buoyant lift in the balloon Ill
3 18 lb. which it more than enouAh to 1keep the balloon upright after the support
furnished heretotOre by the drugue It removed,

The inflation ti shown to be complete before the ys'tem has deacended to

16, 200 ft. (Completion io Indicated when 109 lb of helium have been transllerred
to the balloon, ) Interpolation indicates that the final height in approximately
10, 270 ft, However, since the refevence starting height of event 5 (23, 400 it) was

related to the altitude of the now-mnmsing drogue, the altitude of the balloon is
approximately 200 rt lower or 18,070 ft. [,or the purposes of thin report the ,im -
pletion height for event 5 will be entered an 16, 000 ft.

The balliroii (Figure 12) is now ready to be mut away from the apex of the main

cannpy and to ascend to float altitude with Its payload.

4, 4,'7 1VENTS 0 and ' BALLOON S,,PAIIA'ION AND ASCENT

IEarly in this report (note 6, Section 2, 3) it was stated that the UlIN& quantity-
102 lb (4. 27' kg), was that needed to lift 5' 5 lb (250, B2 kU1 and to provide 10 perm

cent froe lift besides, Using a L/M ratio of 0, 248 for He (based on equal air and
gas pressures and temperatures) 102 lb of helium will provide 036, DO lb of lift
(211, B ), kg). This ti more than 87B 1 57• 5 or 032,8 lb (2.l8,40 klr) reqtitrod, How-
ever, Table 5 indicatas that the total lift at the end of event is toJust about 575 lh,

which means that there is very little free lift. This il a result of the 250"K tem -
perature assigned to the geas, vs the 259 to 27,'l11 range assigned to the atmnsphei,

r(The air temperatures are typical of the White Sand Missile Hanue (W8MR) environ-

nment median values, I Note that the 1,/M ratios entered on 'l'Able 5 are all lnlow
68, 245,

t.4
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This message here is c~lear relative to the planned-billoon drops It warm~ air
ýsrnpsratures skre expected, the amount or heliumy -used mnust beinareased slightly
or the gross load must be debrea~id, in order, to'preserve free, lift (usee note 25)
Atsumz'nin'gthat the necessary precaution.s are -taken and that there is adequate'free
lift, we oah be'A(idre th~it separation of the balloon and itu .payload will occur when
the restraining pable shown i-n. Figure 7b is severed Th alenyte Isfm

-. eo~dto lift up from the apex -or the rniiin c~nopy and to ascend to Mocat altitudo.ait
& r'ate of rime of ap~proximately 800 t'pm (l'igure 13), Asivint tibieshould bet about
88 minutes. ý'The rmain canopy and* the cryogentic. *erh Will demcend to the qrouridi-.-
at WSMR in about 12 tni with ak tirminal velboity or approxmately'l too,. C

4.,4. 6 OTHEIR DWVENTS

The' purpose of this report has hoon to examine thle mid-air deployffent and -

inflation sequences of the ALBS system In great detail, Thin it has done. There
are other eventmi for exarnpler launch df the oarrier balloon, cutudown and recovery
of the ALBS balloon and patyload, recovery' of the carrier balloon, whieh are im -
portant to the success of tile over-all test program, but Which will not be k-overedl
in this report. Those events are believed to be fntrly'routine In natut~o and to
involve standard procedures.

Similkrly no details will be given of vommand and control systems, sensors,
telem~etry packages and the like which must he employed during the tests to ensure
their success and tu provide adlequ~ate dIiagnostic dasta, While thle systems to be
employed for tlemse purposes will require c'ustoni planning, they will be made up
for the most part of standard flight communications and control devices, 'The
author to heavily dependent onl hiN colleaguies at A~rGL, for assiatance in theme vital
areahb,

flTr assumiption thatthe ntemprsathre of the g1as remains constant at 2601X. in
A. coservaive.There are two processes in effect to warm ihe gant (1) the

trasfe ofthermal energy from~ the balloon envelope as it io warmed by solar
and orrstil rdiaton nd y ontact with thu ambient air, and (21 the

Adibatc armngof teps46/1000 ft) as it descends, T hoes factors have

atue f te id t an mteballoon at any point during the lnflation prov-
011114 2 O-Kfigure Is an estimated average Instantaneous temperature
of he asIt ayveory well be too low. fil whitch cetxe, huoyatiry is enhanced,

A moel s~btngdeveloped to take these procesoInoacutndiwllh
imerpoittd Ito heprogram at a latter ilitte,
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5, SUMMARY AND CONCIAJ�IONS

The Air Launched Balloon System developn�ent hiatory has been traced and
the circumstances leading up to the tests now in planning have been described,
The thec�retical perrorniance of a typical deployn�ent system (35-ft ring sail drogue,
i14-tt flat circular main chute) has been analysed using a numbew of stated aaawnp-
tiona and employing progranis developed for this purpose, Contingency arrange-
ments, (foroxample, use of ballast) and their Impact have also been discussed.
Data presented indicate that the ALES concepti are basically sound but require
experimental verification to ensure optimum compohetit selection. Such vet'ifica..
tion ii the anticipated result of the tests planned in the rail of lfl1� at Iii Centro
and in the spring and summer of 1977 at WSM�,

*
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Appendix A

.Tbles Al Through AS

Tables A I through AG of this Appendix •untuia HUmn1atiUn•€ of hack-up English-
unit data generated in the compilation of Table 2, main text. The data are presented
in the format employed by the author on him computational wovkMt~et,. 'rhi.listed

program numbers (P4N, PV- 1A, etc. ) refer to programs first preparod by him for
time on a scientific desk calctilator (Wang model 4512-1) and later adapted to a pro-
grmmable pocket calculator (Texas Instruments 811--2) for away-from-the-office

ute- (Seo Figures Al through A5 for flow diagranms,)
To avoid confusion, it is suggested that the reader first find the mihIj(,ct listed

on a particular sheet (for example, events 2a and 2b, on 'ruble Al) antd the•, relato

the co1p1ulational sheets to the data, for the events on Table 2 and to the discussiion
of the eventsi In the main text,

In general, programs labeled P4U are concerned with the opening phase of
parachute perforrnnce, over the time period fronm T = 0 to T 1 1, 0, rnd with the
attainment of equilibrium velocity immediately afterwý%rds, The printary output of
Program P4U is the new system descent velocity at time, t. (Several nddlitional

parameters tire derived simultaneously to give a more completv picture, ) The
associated programs (P-f0, P-MT, P-iO) are tused to verify the opening time

selected for tme in 14.1 and to determine opening shock values, The progriim are
based on procedures outlined in the Purnchute Handbook, The 11-1IA progrrams
Lire nimed tt tracking fully-open paraChuteUs A loading conditions nrn vnrild,

..... . . . ..
r '
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The discussion which follows io concerned with the rationale hehind the data

shoots and their associated programs and in presented as being of possible Interest

to th~e reader. The method used for explatnation will be to examine the key features
of one or more worksheets in considerable detail with the hope thunt a coherent pic~.-

tur'e will emerge.

A2.1 8111"stilloti of ina ii

It we examine the worksheet for events 2a land 2b, opening or 3ti-ft ring suil
drogue chute (Table Al1), we note that; a filling (opening) tinle, till of .3, 5 noc h
been seleated, This is a key inpit to Program P41T., Normally, as in the ntase of
tile event 3b computations, Table A3, this finlec~tion Involves trial and ort'or uintil
a reasonable value of t f in obtained, as verified by the comlpiitiktiofla of Progvnims.

1-1-0 and PfIU. (See notms AlI and A2.)
I lowever, in the vnmes of the 311-ft ring sail eiropue we are dlet-iling with itpun

chute with geoio etric poroi~ity, that IN, poroi1t.y which 1s0 iflnCtionl 01' openlinlg ill

tho canopy. ('Solid' canopiem, such us thu 04-It Mat ci rculur main pilrnnhuto, lack
such otpenings atil rely oil tho poromity fait peoiteeail ityl or the to Rtoint tiseii ill

their' construction, ) Trhe fact of geoometrin porosity eliminates tho norniml trial 1111d
error selection of tf here und allows the time ohr the hittdhook me-thuod explakined inl tile

A I. ProgrLut-O 11-1 solves~ li~q, (12~- I) in the -Pit riiahute hintirdbonit

d l t ) .ý::~v - -')(i 1 ) - 2c.'i 0,T)iciTf VP

CO r vilutes of 1T frtom 0 to 1. 0. ti0min tho velovity voil em ohtio ilnd f'ronm
'11og -4m1.4 ('1I' is eciun to t /tf, thlut Iii, in the lu1tin of oliipsed~ ti me

to tottal filling timn, aind dv reform to tile c'hange ill Hymtell Vn volijiti 1 k the
pinvichulto opensm, I h'rogt'tllm 1,- IIIa unompttes thev csinxillitill~ titontethall
volurnu for the mkie of potinnhuto, whorn

A 2 1 ,o PLora ti 1 171U eh'fcitively ihotil thle iiV/ iT vftluest (Ilnhtinel by Pilornm~u P-Iit)
against I'I, fromt 'r ,a to T1 a 100, anld titt asure t he itr('a undhert hil tI-04l.ii rlit
curve. The answer, w hiihi lis irally at vituinir, Is conniltret! ag.ai nmt V'1l
If re~asonahly olome, the elected tr IN aecepteri andi Programt P-to is 11111,
(See note A3 I) 11i not, a nrlew value or i.f. is so iciteci andi flir. p-tioess im rt4
pouted, a ubmtituting thn new tI in i'iou '-nu 11,I I to) gmirri lit ilpnw Hilt Ill
vrini'it~y valuies.
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note on Ta'oie Al to'obtain t, directly. Veloctiy va1uea generated by Program'P4U
from this t, are then used to derive opening shock values (see note AS). Height and
_Velocity values shown on Table Al at the end of events 2a and 2b have been trans-
farred to Table 2 In thp,.main text, and, in the case of 21, form the starting condi-

...1ons.for .the.next event,. a,

oIt Oun'be seen, tnen, that the computation described on the P4U worksheet
' . . . ev- eral pirioaee It, doeteines openi•g ihaokand end-of-event tlme,.

- .l ght dv•tvelticivel1ty values. It-monitorsdynamia-pressure and drug forces

Sthrouglhout the event. It. also' peirit easy Oterminatton of the attainment of
•, , .. ''• Ssteýme euilibrium -velootty and the. tmpact of o•hanqffig .vitrious! Input pt',rnsters m

S•such us dragl coefficient, chulte diametir and syotem welglit.

A3. Progrnm P-10 utes th6 v0iocity values obthinel from Program P-4U. to solve

thie folliwing equintions, for valuem or T from 0 to It

d dv -22. 5v IAtrVV CIV
422 J~5-1 A7 * 1-32BT A+ 2 .M

where

A' %'1

(cr. 1ai'nwhute H-andbook~,

C' A'g

' ,,, "-W dv .,
.I'otnl rotirdin, force ( (lq. 12-12) N,

-I, W + F (9f)

= pvuning shock force In unlti of g. (4)

Notu thnt the inuixlmlvi valclantrd opening mhoult. rorce (lTable A I in 2."143 g ,IN

.4. -



A2.2 CaltukidjaIowhilarvuil

Program P4U relise for its sucoiess on a large number of coleulationm per-
K formed iteratively, With the selection of a tr of 3, l see.,. the parameter t /50 Is

fixnd at 0, 07 sec. (See Tuble At, rogister 02, ) This in the tirne Interval between
111ccessive oaleult~tions 6f' ne*.dMcent vulocities (Section A2.411- In developing
program V4U, thie author found It to work beat when Iterations were enrried out at
Intervals. of t/5 .or ven shortiriO~t- 4ifl~ple. t'/00 whon tf Is large), (SAO
note A4 , ,, on '1'able -M1 under columnn tb the vnlueo entered a ve -.0 35, 01,70 Ot o,.,

whih ae fve-oldmulipls o 0.07. This siimply mentis'flat althbough the cirtiuln-

tio~d wre adeat f/5 ltwernthe of0v0 ea. itr 0.i 021T)n the t w tete Iterd antioe

Prend r m in Udie thuo tha irt thle pin r uthe 6v coulrt ones noa,~ it a pr m int ifmu
frnat ti e 0, in thus e talt thelocity, mu an teui v vlelocity it T, - 0tA 1.h pahrgrm it'
represnt to e dnraiffetenc betwtewthcn c viieloity with V 0.1 an ithatio ntit ta mmiteMin
T 0. Ottl, hist proce0di ieAng.ec~citte pti gara t 'mri i

0,t tim 0. In tuill vis Piun M11'1m I a geate tha a1 0kte. a1m IN 2 t rftd 2. Th a mogiom Pro

TPhe initial velocity, v I (- 145 fpm~) Is obtained frvon the previous eyvant (ie, tho

end of thn first frxie fall period), .The -151, 713 rPR velocity onl Table At at T1= 0, 1
(t ir0, 35) was ennmputod by the menthod 1cheat to be dloll ribed, (The ~iM1111 mmatiod
holds. for T.1 r. 0.,2, 0, 3, ote,)

Thie basicr tisa mmption in the dtmte'm inatioi) of it h('¶. del~ouIten Voi'Iaity IN thalt
V1  V 1 4 b~v 1, Ktnin\%n v 1 (0rV It is eny to a rrivo ait V1 I f we clii rinid 6%1 li-

cullIing the fri'~r l~ul or Ti'zhle 3, nviii text, we know that In at free - al Ii g ?4y tom

A 4. 1110e 01eUILationS Und progiuani .I laimel4ndr hnriI "worlh' In the Hoenan thant they
lIPWmmdUc V0a heN which one0 Might logicailly expeict III the a iiiulymi N or till op(ening
pilranhI'ute, tal inu into Considvk'utilon the effetisl Of HICNIUS01iN? rar0CeI'Cth14 111'01,
Izoasrirm drag, reduced velocity, otc, They tat blia, OIIMil touciniquezi givenl
in the' Ptarauhuto iHatnbok, but they hinaveno boon voriflod to dute aguinst
actual paranehute oponingm,

ni

At *1



6v -gt and to constant fo a given time itraTheforul for 6vI tdescend-
Ing parachute system to a modification of this formula which tak~es into connictera-
tion the decelerntion forces generated by the canopyi

6v -get (I

where

W usystem weight, which is knokk1 innd Is it nonatantj
1) esystem~ drag, which In Cietermn-lited by tile- eqlationl,

hihl u ,WOS 11 lit e nam to n oponing parachuteA
is hihyviii,'iuhlc, bectills' WDi) C'hangop llnaonrly with

1 21
g 32. 2 Wi sev~ igrilvitiotionill consibtilnt)

ht Incremental ttitt (mcc) (k~nown)
CD drag coefficient, known, ipotited tisv trolnstn ut

To uolvej for 6, Nye niumt imm nO l) vidi to, of 1) Inol ip o ll itol-ut ion, 'Ph I'llut,
refuires tt knowledge of thle Instttntalneous vahno of (C2 Ht whic-h Is obtaincid I'vie
Ulic ptrogrnn, tind of q, To tritok (I WO m111t knowA PliitttgiP Il lit 1 -10 Mpil ii (one Itv
(easily pragriknirnohie) with such Ieinovir tint of ti mi und ýiINO chiti~igi~m ili vr'lnvity,
'[his is a "Ca'toh ~22' situation In that wt- have to kniow hul'nrphand what wo are Polly-
Ing for (velocity) In ordert to solvn for It. T[hu pr'og,'uim nttotltptH to gUot L ciriitirl

this dIlleni mt by oniployl ng two velocitieas, it prel linivinry or v~t I nitori vvinoity,
by Nwhich to derive ii valut, of q. inod n ''flinlr' velocity whiii o I olitainvd uling the
value, of q as derived, The vulvem of -v on thtt worksheet (T1able A 1) n i- tho fl nal
volocitte,, (They ntie'used lItMt' In proirn??evi parl and 14-10,)

in thle firmt iteration (T -0, 02) tile pralirninutlly vtIOlultY 11 Obtainil iid 11- HNMUIingn
thalt thle parlochuto syr~em free fall. foe' Hth period Mr t~ I'IS ori 0. 07 sItir. Priiln~in.
ory v for 1:1118 ailculation. is gimnply -gt, thilt is, -8i2 (I ooiifindd-af g mv itutionnil
conntnint) )e 0. 07 or -2, 24 fps. Tlhis Is refoi'ocnl to INH 6VO Ti Ill''poll1 litO I'Y V1 I IN
V 1 4-6 v0 , thtit iob (-14M~ fps + (-2. 24 fps)) or' - 147, 24 fim.N ']'tit progrtiin thrn M~olvoit
for the final v1V Using ql D, etc. , deVeOpDIed fl-0om thl :~ I mit11I1) %tlry voln ol v l, Ill

*thle course of the solution u finul A v1 io also dioveltod~t (V ý V1 4 4% 1 '

In thle secrond Itoration (T -0. 04) Av. Is ret-cn1II' lindt 10oiii to) AV I In th
.imprtcllydetermlined rohitionshlpt

(pelnt (26V1 -iv)

.............. ............. . . .. . . .



i~'to uc or v i~im is obtained, thence a final value for v
In succeeding Iterations the preceding final .6v Is added to the final 6v just

obtained, in the manner shown abovel for example,

and

Astted earplier oihhnly ech icacti on Is notial rcrddo T~le A tI.

TLhe puliati altior Haft~ernom purott nly, Itrvle verticaltly durtl ingal ith
wie ilmeh auinevlOnd itectn' tilte fhum)to pena1'ble 2(inu to~ meaion at ntl ln

of dyi inichi atmme q, drag ft)) kind helgIIii. obta~,ine daur~na thes rog~vlono utii at

Inthih~~le l upe agt' hli corn er of TtiV , AhIhow vthie 10 031 lam brel invt' hnti

Ms100m't.e LVIN ).i rli N a t o1 10u Mnbrc, Vti wof ¶11, t4 rpoand ticl e4 ii 3 It.Inviti
uxpoilmatit, bt IN Prog o l v t3h41 t foVvw1tli i ieiillha ' ilIiomi t olido 1 2, 7 l It'ii

aw'.inwillc bvo rachee 'ltevIi ti e chunte Isflyoe.Wla2Otieni nx)wwi

t It . I, lit'It V Sk IL)ch tit 24, Mi 2A LJt,'~ I'A im -Mll 1`17 ls fw im ierKM II ~n~ l

tivIuuke Li oInatHydis ti p t, 1 oirie w heno ir -1`111.' 04 fli s l i- Ithi iN 2, ii 1 1:1 I't (it tht

11(ixtt1LtItiauoxl l 'ili t'lu Iti Is likelytniit. '('h libi l (a~ l~itM will ~Ii huhoIH(tre III fl'aI ctluit'iit *,I

thoill' e ov el i ,111,1111, A 1 h Huithi'.' Iuv in I'n'n'rt lirn .Pu, I- Io ~ i

Alr CLOdlptLATIONS pnFOniRi FLIA OPEoN' PARAI'Oi'hITIM if'iip ';hl'iit

A3.1 (mir(3l
Tileotiev yll ofWov4 l~tvt II hisAlim-tiils, iivovvst~w ii~vof lvo t-n P-VIA



There t*ire three now columns on this worksheet which do not uppear on the ?4U
sheet: W. V III and rVjHt W retort to system weight, which in a variable in thes6
calculations (see Section A3. 3)) Ve refers to the projected equilibrium velocity
(see Section A3. 4) Lind 1rAH refors to the cumulative changes In height since time 0,

There are 4 P-l13A work~sheets In the Appendix, covering events 3a, 4b, (2
sheets) and 4r,. The program was developed bumically for event 4b and ha. been

7 ~ adapted iilightly for use in events 3a and 4c. Vilvetit 4b (Tables A4 and AS) 14 theJ
hatlloon extractinn process which In described in detail In the main text (Section
4.,4, 5), In thim event the drogue chute is suddenly unloaded from 339 lb) to 70 lb.
and then gradually loaded up again. The opposite action (sudden loading uip, grad-
util unloading) occui'u simultaneously In the came of the niain chute, Thcsc weight
chL'n11ges greatly alter the velocities of thle two chutes and perm~it themi to pull aport.
Bly monitoring lAýl for both chutes one can determine the point in time when they
are 102 ft apart, which in the length of the extracted balloon. Iin addition, at study
of the D) column, particularly in the case of the drogue chute, shows whlether it IN
exerting the drng necessatry to pull the balloon up steadily. D~ynamic pilemsurti (q),
velocity Mv, aind height (11) tire also monitored.

The terni filling time tfo uppouivs cal thIi m hect, even though the partinhutvH tire
fully inflated. In thliq case, t Is retainedl as it oomputationnl convotilenco. It
reatlly refers to the time required to (ixtiaclt thle blilloonl and to Oxtend It Vertically
to its full langth. It Is assumled thilt there will hev at Iinmit (with time)i incre;-sv in
the loading of the dirogue chuto as the balloon Iis pulled up from Its storage location
at the apex of the main chute, Thle seilected vuluta of tf definecs, therefore. thle tli-m
required for the dr~ogue londing to go frrau, 70 Ili to 2,2 lb). tAt tho hilghor weightV.the droguo supports 100 percent of the Nilloon weight (1110 Ibi) plus 12 Ili of dtlirv
comiponents.. (see Section A3 :4. )1, Tho t f vuilum onl 'I'Lblem A4 and AM wai (Inter-
mined by trial aind orar'i: to ho npproXimn italy% 9 HPLI, w111enOthO Iu tel-ltiOn ilate uval,

id5,of 0. 111 sec. (Sri. inote A 5,

A5., The values din played Iin Tnblaii A4 and An~ are tnot caonsistuntly those assoei::uted
with silmple S X mnultiples of thle iteration intervil 05 x . iffl, ti wtis thle onri

with thle Program P~-41. worksihoet (see Nentionat A2~. 2). Inititillsv, when In rge
chnnges arin oc'curring, the values are rocordead as eeinputel, tint is, for
every suncessive Iteration, D~uring thle soction lahaled I' ongr I, Intervalls'
datai aire indeed presented at multiples of the itermtion inteu~vil, hecause
chnnges per Iteration are slight. T~he data presentantion frequency returns
to tho iteration frequency as t Llpproavilew I,, howtivur, hucwimtor fl' th
Inmporttanvi of thle final nional nn i of the ext riutilon,

(itl
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A3l.3 IThe Wright Cornilulaiollu~

Th'le 7 0 -lb weight on the d rog~ue (Trable AC4) mn mod I tly aftear the unloadi ng
occasioned by event 4a Is made tip of 10 percent of the balloon weight (ISlb)W onnd
.52 lb of "other oumona~nnt" weight. The 52 Ilb figure remains constaint titnighunt

th~ xtrationprocem.The programn acids I /150th of the residual b~lalloo woight,
that lisp 1 /50 of (1.80- 18) or 0, 02 >X 102 lb with each new Iteration, so that W In
incraiiing by inardnients of A. 24 lb per iteration, until, when t ti: or T it 10,O
W Is Lit 212 l1. (On Trnibe All a similor but nljrJo itt computation is aut'p1ierI Out, ").4
the weight an the main cjuhmh Iis linckrly deart'eaond.

MAJ I'rjmeed FAtiiiHinwI~ Volooity

The itiitiiul velocity (-20l, 37 fpý) holiwo on T-Jile A4 witm ussocihtrd lvill, tile
lording on the drogue. (330J ih) Just. 1finre eve~nt 4n. The dt'nstlc riuctlot~ii in loading
03 P lb) to 70 1lb) vouncid by ev'eut 4R cells for n shatrp rocooimtn, Ini drogov i'lovity,
'h e progriulrt vapt~l4toN u new symtem volocity, thuic~rter, rriforirid to 11N thu '

iervetad i."c~llilbrium Velocity,'' tj I.Aitng the ýOVMnLI of note 20, Sinottiou 4. 4. ri,
tviltin taxt) V 1 (12.[,'1 3 r' ) to hasted on thle 7 U-11 weight and the titnimotpiv nriv c' lou-
mity of the starting riltitudle (2-1, 7 22 ft), It is uxprvv-x~d tim nn ibl'~oltite viihio, thant is',
without tile minus mign noinn-mitll used In this report for rtittes of descen0t, T'hini in
the velocity to which (theoretletilly) tile dr ogme wou11d fluvotlarate if th'inf-IlI loud
rema~ins constant, llowever. since we hunvo 11ssunimmd that the drogtiv, lontiltg will
Incroitwe with time nn thle hoilnon in oxtricuted, it IN 11)Impossible r~ V v I to hoi
attained, andi the trend will he towardsv accleamtion, iHvut sN, it is notn iotw
computation haecuvse It muides Possiible the dote rm inut Ion or tilt! uiinttul vipriptit vi (or-

Ity (-v) at tile end of' thle first iterntIon, Tht, compuitation Is rcuprntud for Vu
V 3 Ot froto Whioll -V2  -V,3 etc,. nre ohtainod, 0-loo next tMentIon, ) Fromi tim

Ntaii-hy-Mtop 00lmPUt1.1Ion j61' these0 V01LeIty V1111110 thle progrniri ninloulfitei thle His"
tiaolo trnavlled - AlDI vertiruilly liar Interation, aind, by wiumnlilg thlt All % ul Ikls,
ilIjokYN hmoW fill thul ?sv~tCen, h1Its I~I(no whoa' t V It fIA sirilanr Ponloulittn Is mretticd

otit onl I'iblu All. thin c1IiTurvnrc' brinlilt thoi 11t, 1111111 viin eut im lomihtp witigit, liftou an
initiM wal uhii Illorclf~. isrI and nH0nsqiltuiti It IN iculilil~ii tO (ieceeuIN-'0, T110i 011muu1gi Or
wulight is Ilinc'it with thli,', 11H In thuiatC1H 1' olV tir'0ýFW Wingte il til ut, n oi1111 1 wnlight
t ransfeirraci ptir Itera~tion is tile leuntie uHi on Thler I.,

iBY Vohlpa rlng thef r Ii villuos for both thme dIrogue aind tho maiii Omiht,, we can
tell whether or not they hNave seP1arated by (02 it, Natp onn Table A\4 thaot "All for thlt,
ciroguui at fl. au mjrIm - 1110, 42 ft. whint'eti, oit iThia A I wv nee n v611 vitlue Of' -274, 30
ft, Tihe dilfference of - 104. 47 ft IndloatluH that we lmve tieceeeicil outi Mend point of
102 ft and that 11 Fior Im aimbilly a littla tom lonu, (At It, 112 stip the separaition in
103,171) ft, hult not fill the wcqgiet hans hc'c'l tralisi'vvt-ici,

Jjjj



.3.3 ThI- do. 'l,. C1. *'11h*li**

The usefulneis of the projected equilibrium velocity (V ealculation will now
be explained. On the assumption that the drogue and main ehutei remain Stable
subsequent to event 4a, n further assumption is made that the parachute will take
1/2 see to go from its initial velocity (-v 1) to Val, (The latter aasumption which
also oalls for W to remain constant during this Interval, is a hold one, but appe-rs
Justified on an empirical banis, Thus, if the mystem goes from -I to Vel In

1/2 see

Av/lec(instantaneous) 2(V0o V.,) where -vi Ve.

and . 4

AX (t) 2(Ve V. V) (tf 6 v polm)••Vo:

sev f 00t 01tq f I Ioi .

whencel

"Vl (prelim. ' "v, + 6V,

The progrum tuseN thie ahove rompiutntionn to aolve for --v (pral , 'I l,'rom thol
basiN it ptoceedci to solve for &vI and -v1I rini ,A was done in Prnornni 11-41.1 (sop
Mention A 2. 4). On'e -vI I'Nial hapi been determined (along! with q, 1), 11, ,rII)
the progrmtni computem n mmw proljcted quilibrtiuni velar'ty Vv, 1114Ri the laig-

mnnted rwvlht for the drnguo (the decrvenmrd wolght for thlr, main vhutv) tind the
:pproprte utmo~pherie denisity for the new lower nititudce Ve than Mnr\mv to
determine -v2 In the manner de•cribed above. This proc,•s Im repenteri until tie
310th Iteration, when .t L trA ..

AUl, The counting nulmhbr hown in ligister I I iit thl . hahn of tho, fomllq gOmvYi PII thut
nun •ber or Iterittinns porformed.

i',!



A3.0 TuI'i'np A2 anid AO

rciblo A2 Is~ constunttoitd In m itiC mant siniliti' to l'.i'hi os A 4 tuld A5I~, withi one
ma~jor exception. The weight oil the dIrog.ie veianu IN ~oiN~talnt, Hubinoquoilt to thle
unloading which naeuk'A In evitint !`Ii, mitIl tho ve~nter v'ont pull l1nro ljwcoenv tnut,
At that point thero Im it Mtop cohngo to the full vyitemi wNvogilt whirl nh gnl romruins

constant with timea, It vani ba scen thilt thle, v~lluoN,, of V do Inot Van, 4Uroultly olnna
the weight hati boo'n estub2ished.

asspipionhere [a thuit tilt drogue qtinltily ltaneloontem to the 111111 chubte vlot
when the blnlooi Iwflls xtne and that th vn.nwtrontod sorhptei

caul 72~, 94 l. ft diti i inhute, tulkes 3. 0 MaC to Ion ohI o~qulI1 )lw urn 0t,1

A7, if %va exliminc, I Ta'hle A\4 we no0tv thont theIon v~li %llu) foi'. tho ti rogivi lit t 0? If
11 socf (22% ftI% 13 Ini Io ns than tilt 232 l1b %vel-It whivirii It Is~ siipposw.I to he
SUppatOij nlR Thin IN bVIciaUND the d i-OMM- hueA not fully ii nvaevat unIilby tho 4111

'If thoa llocuetoc time. AWith~ theO jlnv or thle bulloolo still !ittaIclied to a nd
suppotted by the upex of the mai n ci uopy thereo IN uvmotigli di'lg for tho d logie
to extond thle bollonyeotl I iticilly until It hVi looN() III osmilt-r i 1I n1ot lietwev.o
the two ptivnelt~i tes. When thei line becnome tnut, the ii vouuo Is IR rrul a Illtoll
tn malini chutite vc-Incty and develops 33n9 l) of drug kus l)Iorv,

L 04



J1F I44W1,I 802 FA

IIlla4l,7 I1 ' 17.' 1417COPY ' .11

'Vable~~~l77.' At.4.1 Opnn4r7-tHngSt 1rgi hte vns2 d2

144Progra Dole:,7 1. 14440/7611 2771 .1

III 1 S .IC pit 2 fp fps1 144.1 If41 411,113 We Il .rim ,l t.'

1.4 4,41 ,11 *,JlII.I1. l 11 4.11 141.4 l.A 11 1 i9ý zI( i
;3 I ?I ? 114 .11177 1 1,111 117,. I014L44 11_J4.________I

I ll25 it,4 ,11 , 17 I0, 1 ,3 l0.i 1 4171 .4 3 (q9 ... ' .,Pr r m P
1V. 7 a ,9 . 1 ,7 a1. . roll. t-A A411 4471 11.2 . 1

1.4 %.& M,414 J111 1.7 111,t 417111.4 W. O .412 12 97,2104

4113 1,9 4.4 0,641 42 1.43 5L ,~ 12 "'bl" 141410 1,A7 .4 1144,9ý1
4g41,1 - 1, 7 0 1 ,14 7 .9? ,474 1 4.4 411 .b 80 1toJ46137.40 IDo l I w0lIli 14 7~11fil do fl 0 1 .IA

il 4, A d.1 141 ftt94 t .0411 til .,A7 1416AI 04 142.3 7044 1011J1 1 74N 'K AII ( 0k' A

fd 1 ,4 I 4 1.0 4. 14 .11171 84.4 4116 .19 141141.4l 1111.10 111411U141,1110.41 $Ii) 4g0

666 1 a I IA I ll.6 1li . 3 i44 111 11 4 9lit, j 141 0: 1 1 0 3 1

A, I41 %A111 soM~17 * 11 1473. 11 4 4 At,~, , 7 1 f~u. b , '11 lI tll. yIlred I.
4,10 11 o141 P I11 101,t .4 LV I u ~ ~ 11141 I 3t311

7. 1.4 1. 112 1I I .1114 19.1 1b4 tA1.40 11 11,1 . C01I 4 19U h~i 21,14 L rc1noIe7

. I I~~b~ , I 0 I~I4 I I11lI11Il- b34

b- 1.4 O 16 6 ,1 101 1131 -Dle r g a ?

6,Ae I M k III 0 - Il. I 14W to 4111,.1

1 .0 6 At 1 ý40 .4 1A W N l4AL 1 1411 '11 3I U

1. .0 1..1 uv A, 1M l 101.. . 411 Do. . . . . . . . . .--nesd . .1 (og 3
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Table A2. Event fi. Deployyment or Main Chute

Program P.13A 44 /111 76 0/30 !- - "*. a , I•- •- -

-tt fps -, I +ps Ilbtl lb fps

'q +v *v -ll It W .Ire I
i.010 -bo64oo M3,.13 too$$, 6 * 0

of1 as I 1 140) -IbG 5 J..1 t o 3344.40 1.40,0.1 40 1616

.06 lb 1 .611 1 -b.16 14,46b1.1310.47 34061.1 411,1117 Ih* 4,1114111; at P.1,1IF
+.t -01' 1111011 40 111l. 1 r

.101 ,4ll 't I ,JI , 6i, . I 0 Is1? 04A:,1 0 Iiled.1 0. 11111Ild bhse4/,
Ill~~~~Iefl ;1 ,41 ' 10,'0 1 1614.0011t~

*In .111 .4610 1 1011b, kA. lotl 11W 6.171, 1 W 401074,11j

* 14 Il 1 .014 0 . uA,.0 "14,. 1 a, A1. 0 040! 1.1 an, 10 4i h' Main ohiull rv ,I .

It 40 I 101 SA '91(.4 . 40,41 ID J a1171.01 04114 4,1) 141

.3 41.1 .117 IA 4 1. 41 .4, 710 I' IIt .14 g40.4 AIt al 1. 146 LIK INS. . ...... - .... .LW 2 -.
I VI.0 I .0,64 bA.014 .401 . s$ 14 0. 10 J4 ,1.4 4til 40.,14A1 *26.3.14

We lyotem Weight L,.Lo
0 ,is t 1 4 .0114 -4( 14 . 7, 4 F '4.4 .01 klt 411. 11h . 10,1 Do Chute nominal Sil j f

I091 i I, n IIin h1l V 1 A.. ttl li t yll l

II I.lb .1144 I .117, *4o 040 40,11 4110.1 40.01 . 1017. t 11%ttn114 eS t
0.1 17 ll"4 .1.l .41 .771 041,11' Wl1i 0013 4i,1lli' * 611,1t

.4 11 ;I, I 10 11., 4101. 01.404. I`IA 1, 7040 I rt o f ilglmt t

.61 .61 .11417 * 1114 1 .1 Oh'4 11111 . 4 1,4 1:11.,7,4

.0 .11... .A (I I . . I il.t1 41d ll )

.11 6 .711,11 1 )140 .4 1106 A7 71,A .904 0 , 7 .1 14,1 11 110 1 . A I,71IH i r tial Weigtltud* +1ad
.6 .11 1.114 h l .4 7 1 ,V 4 0 4 1 0 14 1 ID.4 1!.7 It, " 0."1 1. 1 ' 10.0 N IOtlO.6 ol tit

lit .001,11' .114 4 11, .4 1 3 1 171 A IVI . Ih I 1 4.711I VV 9707 , da7t 101

76~~~~~ ~ #41 Ilm dens.o4 4 4 0.1 3141 177 ~W iqtyt~ alo
10 li 1. 14, It .110 4 .1 fl 017 I , ,SOIO 90 14.1.61 11,I1 S No1,411 Hit releas Cat il ~tud

,I o il f IIll, .4 i tt "0.. h •+. ],, . .I I An ,, 9P .LA .7 1 1 l WH Insta tano us allltitu iode i

Is Il "" "' "A1 " I 1 I" all . "p + "oher co ° m onent

go no 1" I V go I" "o .40 .411 A14. I 1A '.1 . A .1, "" I l .70 c c i t!f. drag (chuti, 7.,A
At 011 1,2071 14111 .44 0 1 01111,04 11071.01 11,11710 A 4,1 80  Roat, Area of chute
NA .10 2•"" " .6bI " - 1 " ' 0 I .9 1h "A 07 4" .A,0 " ° ..,,4 , fully opmn)16° 11 It 3 6" ' 1 '" "' ' I ll' ), I i. 14 1 I '" "' " 't. t olllc)I ffictiiie dlioI area

SProjecte.,id clulllitt lurm40 I. 17 .11 . 111114 4tl.Il ll~I 0 I I .7 II il ii ll ,l P '.l Vlltilttl __ __

Ns - + -7I- 00 1-01 Ali -02 5 ...... 04 .0 . . . .w, .i. too i , o 13

IN4 ( I I O i Cd) 411 .4 6.-11,4 oh Vg -1 1. VOUT Oil. I T H 4 J .

&i ..

- :-- .- J
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Tab16 A3, I1Went lb Opening of Main Chute (Treated itim entlibined chutc)

Program Dolt; 1/1
- - - Program M4U - - P9 Program NlO_____

(Vt l fps te s p p b t lI i b l

ý A i A II IA T II
111 .31 IJ'l 1vi~ 0.O1 ah1 AIR, gtIh U 1

A r 0,0e1,Io it U N Ito I th I4i' 1110 l0l, -17 6,1 1 .8 U t o I 4 9 w A itiAt i
11M~lI 60 1 Jb 1 31,11 16011A 140, I' ul 2 0 2110711 7311 A M l, 14 00~,01 -31h1 A IOU 1. 110o07o

toola 10 1, ajo I.tol 1 .11 l 01 .30"A4 lbl$It 0117% ' 1474S.11 . '11. 1 13f 0, 14111) .000
iv 'llf 111 A7 I~ .11 I 3 AI : I IM t o .1,1 111160. 11 13 1 i 7 lb1341 J I f , h4 0.1411.4 1 4. IbIA. I -II

too- 1,41 .1d .4 176'11 1 ti% IMI 4A l I I, X1406 03 .IVSI' 1 47 ,4 00 140 -?b. it *4I Ati. A 171,(71 AA 1111

ISO6 I ~I i .0141 ., M tk, - .1 1 4. 0 11.4,0 ko0 7 4.l . 1lA 1 IN -'91iI4Ab : 19. 4 l

l ist i a0 4. 11 1.1. 11 41 . h2 -A 14 17b1. CI. % 1 4 06 ht -1 ,Hl1 R4,111A1. 11

Spri , A i b I I 411 W A 114 A Ig ,I ! g, 1049. 671 I. Ai 0 191. 111. hutj t J4,41 .1 Il. 111,, 17 'A Iu I (I
419 00 1 ,.1A$i . bA10 1 IljI .011b 11, M~i.b It 10,Alo.11? dll .11,1661 11 111

I~~0.16 I' Aý,,p tail to 4 1 l1, %0 l te sol.qlI t

d~lilvill .A 10. to L O~
1o 1~rc~~ te4r~ .10 0111 .lo 061 :.00lf I l,

1 .1. Abil, 4r~tc ti1m1. 1 14 4 A0l l

i~~~~dlol $011 s~l al 451 1 1A 1 ,,. AII 1

I '~~~~l~101,3 0 r tIo it rut g ii t H 0 00l I~

Ars Do N i naht too ollbl om elcty t, (IInta Roo 00
Notit4ton 11. ?.00 04 00 CI~ l o eff1icien of II II I i04I S*lvr 4ool Nib 111610.-",.-. ..

(17 110, 1 ifl 111



B EST AVALK! I9•~
Table P4 ivent 4b. flrogue Chute Track

AMUS BALLOON Dof/ 03/7o

Program PISA ,EXTRACTION COMPUTATION

9 p fps fps lb, Of lb fps Z I
AV v v 0 ~ W V.SZA

.0 111. '204124 1i " m 7 70 2 f 0" 7 2. 1

i.0 . I ,3401 *1, 1. 1 0.0•14, 3, 17 t+, 7,4.i )" 6.2 ,1 .1

7 ,14 tilba .1 ,td1.o 7,3 11tI7.,l "7,70 1,1o ui Chute Tiack
.3 73 .1 1 1If 4 104744 14 .1.32 84 . 411 Z t J! AI A317 I .16 11

1( .907 .1i.414 4 i0.7 3, 0 .. I A 'ft

I 3 1.047No 4atio,14

.1 . , t -14..3 I,,3lo 41 1 W? l." f1 1 41•2" l l lll Mc l o

,11'. 3 ,17't, .413• 172, 73 71 3, 7iil473 J1*7'' , '7,k4,'3 7343 344*7 wI Iflollanlta lloll) w oty

2 .3 11 1f Slll. ý1,11 kip .:,,14

I,1111 3. 5,0 1 a.7 7 7 * , .7.. ., .?• 61 ,3 .74 10 41 :.47 0 7 .%..l A 3 11 .4 . # 1ro tll t 9

M.op H I Itfillingg Ui e ltlludI 7. . 511 0 4 1 ds2l tsl 1 0 , 1 II/ 1 !),I, .I ) Ia

S7 •74W We ight of ALBS balloon
NWY otpher cd porio niu

Sq, Rot. Area of Outs
S. -(fully open)• • ..... V, ..Pt'o~e~lfd EqIuI ll'lbr . ...

• ~~velocity far dqlineefdit~g

4777 43 7.34lytllm of weight, W

-v 11/ W, III It, 'if -weIlH• 0 itIN ...... - Jonn mol u. • • •

,- -

a H I -

74 !d 0011119 3471 Al . _7

out 4 ' 1 Ilj,7,7 D AI - , v*~

...................................................................................



01 .I,,.A :t:L-

.. .TAK0i A 5, lEveflt4b, .Mstin CThute .".raogo ,

ALea BALLOON Da ,ta •,0
- arogratvi .P 13A EXTRACTION COMPUTATION.

-. . ... ....... ... .. . . . f ' . . . ." :. . . . ,0 pi. t .40 ', ,to's fpsl1, fl , 111 il 1

744 34 7v0 lo g I, ; ,. Go , 1 0 3 0

.00'..,ii0 :' ,al4 , u~ii *i~..t a io,, ~ iii*•l l~i•• i

30 il .10 .1)30 *.a•o4 *.4o.• |la i 371 4, 3)t~ i."10 1."11

. 0 * * IIl)) *I 1 I I0 I l.347

.1 .0 0 1 340;41)3) 37,1.16~ il

" 3 .44. . .,104 .1 3 .040 . 41 I %ld sli 4l ai .I is I I I W ' .1) so 1&1is

13 .0 0, $1 01 011.11 It .91 t4n4

.30 1% 44,7 ,t. .13 1 *1840 .31 .1 .4.A I .14 ,1it , 40 .4l,iU . WI. System Weilht • .

S 1.4 0s 0 .0 4140 .0) 311 ,4 101 D, t 0 130,30 IO .14 0.10,1 . 00

i7hlg~il .00 Ida o + *,oig~ .31},14) 34 Ill.9 .31.I l,I }',ii,00 3,41 l! . 33bl 7 
1  fiI IllHltr ltime it.l2 ll

.705~il ,30 010 1,0473. .30.33)~,i3lII~ ~ ,3l00i. ll. ,10 4 o'.41 t I I 300. I eto Idte (101 ." .14,:.We slllst l Weight, U1, . .. .ee.00 .70 .30.0. '.031 04,111 00,34 03 4.4 304,01 7.11 Cl47,e l o amil%A ll 0 Lo , .043 31'i.04i 10l I 11 .I 0 ,10.7 , so.3 *r Istl ss tilg-7i 1 *vi il 1[lI$l oIl +)i IW 14 (rlodtl flollhci h l y4lll :

l .on e s .10 .1013i 1. 1140P .30 1,10 7.0 7 II 44A1. I 1311 1 0 0 .S . hpi?'id

i~t rv~ s 0 140 .11 1- .0 .. . o~il 1 .9 --.li , '.'3 , lil .i . .- -. Ill. o 17 1t flling timel i WLlR h

,u 1. 30 1 1,101 -44 2 ll o [i .10 114 1oI c ll ot h$tl ell i og

~~~~T PaHlle llfttllll I~ld

.0 0 dt4ilt0 .ill) 601,0 .11 P

-I - -.1 Wi Wright of AiS builigo
.0W 111 "1thr . . .q . I 7Ol ltS1

NJ rele s e aiOl drliol s

1.02 0,1.1 c et.8!; ooe .

i,1 .3 C• n0~ C.lut l if: lhi
I . f. IsIt dens ity rally poise

•,.111-7 O " o I l hr opli com oneil rt .. " 's.

sytiem of wIIghtW .1
00 01 ....04 0 . . ... . .0,1 0. .1. i A

It i6t TL o ' I S oa,100 Wi/O (C c CIlIi ;- 0.,I J L H1 l ow','...1.- .I. -•.- 4- "
our q al- W - L HIt.

~i 11

, .

, ,, . ,1

J O.-, aw,, . .... ts.•<,i•i U""" 1 1' U. - 2...,1..l.t lnM.



Table A6. Event 4t,. Syatem 11'rae~k, -all.oon~hu1 itme.

Prg~ 1AALSS BALLOON cal Junl.:k ~
Progam I3A EXTRACTION COMPUTATION

0 11 fp - 0 -b -f II -f~ (. pf 24H, b t l p_q Aq - 0 HI W 4 o
0 $lo - 60 - 14 13

I I.. A ,419N *.i6 I 39 15 1*JllisI b~ 2 1 14 3 . 1

Ob. .,4 45 l4 *.4 i's. 144 4 42.1- 14, 11 . 0 i

5 .1)( 4411 a 4 1441 *, '. 4442.14 Fully *t4 ., 252.4

19 1 ON .14 .11 044 1 iA 4i~ S24.1 14 1).1 65 e 1

.14 1.55 *44 41*'lf!',l INJ 4 I.I4..15 I..1
It4 41 . 46 444 *.1% 1 1.U .04602 4111 . 1 1 25. 4" f

P III 44KI)

I~~~~ ~ ~ ~ U~lo a e u I oo lolttd0 i 9 tyAIt.IS. II I AI

W6j~ Wa:. k f , L~blcv '
41 ~ ~ ~ ~ ~ ~ tq . t.Im plitw I. II n ,o

i0 1116. Arolea sI vo lo I Yt

LIS9M f~of (w@It
W 9.10 s 4 do 11 I "n 0i -J I~ 10 15 -1 09.. IC 1l IAA I IO

14 . 111 4%1 OIL 6...1.. ''-'I 007 1J13J 2 1AI A0

IN ~ I l~ ~C I 1 H "i.oIN4 W4/0 rrl doom L144

q~~~~I releas bIi1 al0 lfu- V do A'

.4o ciio11du
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suck 1003

START (TT.

dt T ý. 1
1, ST ag004 1

. . ~~3, SUM to Reg,021.S .4I 4
1. RCL Req.16 10. RCL Reg.16 T- .2

sJuRf 1001 SUP0 10034.AN2 sutat 0.9
sun1001 2 utc aO

2.4 NCL Reg.17 III~ Ac t~. 17 frm.a-4

1. Multiply by .1 SU 01S~S10 il~~~U 0

(~x .1) 3, RCL Rug,10 12, 14L key.18K 0
~or .01 t2,tcSUOk 1001 50011 1004

for1 T5000tC SUM4 t, o ReglOto0 sO
1, oM ~ 1 . RCL R09.19 13, OCI Reg.1SM 085,11

STO Reg,11 SUMR 100t SUIIX 10044.Xo a 10t Rg'9

$0011 ~ ~ ~ ~ UO 101 500104506 1
Oy7 x 6 cL Reg.20 14, RCL Roq,20 S I

SOUP 1001 Suck 1004 .SOHy1

-. . 4,6. AL Rev-21 17. Ar.t, Rog.21 d

SOuR 1001 SOun 1004 RNIU

SUBR~~~0 101 SB 06sutjti'c¶ from Heg.09,
9, AC) al. Ieg 4 1121. RCL Reg,14 miul tiply by .01.

SUOIII 1001 SUBR 1006

19. RC). Reg~nq, di 11d 1J0

suMA 1`02 Mult Iply lby .06 .SMt v,5

11"Multiply by .1 [lý) X .0] 4, Oucr Rvo,1I to RvuQy

0V .09 b,, __ _ __ _ __ _ __

sto0 ROY'l
4  

ý01 SuM to 4*ugOP____________
(total area)

A ý.14! lll by 2~, MII keg.1
4 2

[.I. SUM1 to P19j.0I

hev Note i) ,IHvedlii'

4. ~ ~ ~ ~ a 1 I Vluj)

4. M (Vo I ]~a

3. .1

with 11

/"giv Fi 11r

- ~ ~ .- w,
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SUOR 1003

1, TO lieg.t oot

if)T.1

2. Multiply by 05 1. if the vatlies of dY fraut, l'irogriit P.9 (stored it, tReq. 16-4) arti plotited allist T,
dl d 1004V curve l ilo to the one belo .11utI1 he ibutailied. PlViU( ?-dl P - 7 L 11 it IIU 's.us tn hil vTd

dlunder this curive-by addngth areatl o ff the8rsetanle and00tilinglas Into* 1. 110 Rte9,10.14 Which it ca bit 1n144did. eipe h aro r1. retanQl ib 0 ..

3 SUM t Rag.02l~4 ga tie of j. which is stored Iin III18 the area of triangle I Is 112 bit
4. RTh N. or 0.05 X o~ As each segmtent aria Is calculatedi it is "sunited to Rgl

2. Subtract Reg,09 so that at the end of the program -the contents of Rgov.0 equal E,- t~. This aunto
from Aug.14, 0
noiultiply by .06 is theft compared against 1lltau computed by Program P-9 and stored In Rai2S It the

discrepancy is large, P-9 oust be rerun, usin values of -Y (velocity) obtuined by
arerun of P4U with a new value or t. ,if r a Progirami P-101.. -

is then run.,TXTaooiltl
3. SUM to Reg.l .

4,- Xfer Aug.10 to Aug.09 at
SUDR ~0

S.. RS

T".7 -SlURI 1006I.

P. ATN
..1. STO~si . TIVAI .- I

3. SuMtrato from0 Reg.09,

4, Xfar Relul to Rog.09 0 .1 .3 .3 4 5 .67 .4. 10

5. KTNPLOT OF T

k. Atlthough the curve shown I une Is tYPIcAl, the uciiy coif ltigrtrlIonl! li- fromt use~
to case, the apex (high fit PalInt) IIIo y octeit enywhi romitii I -J (Neil )to 1-.1
this progriam warn set up 1As al nit ceiare. I "ipotrll Lo covetl It Ira es, w I I.llIii t lo
of change (Hence, the U In tie Iltot-Urliniii umbi.t If Liha olpex Is At . 11Ihvit

successive Walul of .9 disceld from Tld to T't.U. If the alite is t ii -. ), tile
desceinding values occur only friom T-,e to T10 this it fititrbei In Hiii roiptuitittathu

of the triangle areas, SIJOR 1004 covers asscendingj vaiites in which u050 tliii preliu
dVis' subtracted N~w'the new "i to obtain the vale of It for ithe 1/2 filt -.1wlttitattioli

SUBN 100a covers descending valuie& oi ,lit wthich case the (Li ol hiti valilti 5
I-subtrac ted f~omt the new val 1,14 lhe ~i itsi to Nilnc tho Apptptrnliiatei 1t1ttititilt, ii
At Fdch itnp of the praolns o61tcta li t'Ittt v'aes

4. The triangle which oul' Js t jils ft(, 0111 t III fill Alivii u ( trialtoiti l 7IIlivi iIv rut' ttvit'

14no separately cottrultoul. Is Ar uea in Iot-ittlud lIV the couitpti lit Itimn (if thle tlitlit

it. Sutirout tile ltlt?2 tioteiiot tie trot itf the i talelt Ivtot tilik Ii' istil it VIItiI-Wiliti

It, Lnuiltptte% 6 I'VCioiotiitist' drA i sid 11 3 itill tf 'iltl, l ii vittito III fi lie 411tiX Atid st '

this area fit full Ao wetl as kutitiulitui It hit 110lut. It thatn LutilpuLcn d 'nid
area based nit thle fulliii valtcuei lie Lilee "1 It111 oii 1-it0 ule Ontily uito At ttt

Jl ctiCoittitld In addeid tt ithe tiI'iiit~l in III Hilli Andi d tltiuiviulpil iv iwii . 111 taa hwc1%a'tlegotoecl ~t o it. t t'fieie iittt

iIf .hiul I.tio . n its~ th e sr e t bjitWill tills tJi l un~il tI v ilt -litii 1 otvlt t, i hill a i ddl[VllI1: o bi)0 An7 d oii tm l %h ki'ta tiq tl-

1lgule A4, I'Tow DiI rngriam v rol 'rogz'tnl i7m tCi, computuitolf or A rtin Milderi CurveL171
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Appendix B

ALBS SP40111 141111001

11A 1, 1,00N S P1EC I PW KrION S H1VET
SPl'L11"IICATION NO. 78042*1.01

AP(H.I MODIf, NO. 'TTV -007

PER IOlMANC2E
NI innimun PnyloLadh :00 I'omidnc Flou~ts at 7B000 ft
Pl~yloath .1f04 Iloundm~ Flolts at 70.L0 ft
liaootl wi it Nomiinal Balloon Wrtght 177 Ibs

2, i1)1.9W(N AND) IMENSIONS
'Th'ort'tvcal Maxim~ivum \'oiuin , 1W Million 0t1

Clore I kejtigt 10.1.7 ft. Maxixmum, f1aliatefr' 7. f
M~~n~~m~~tni1 nltt I'.h t, Nunihor' of Mreor 281,

(Inrio IILAII' Width, 1114mo 2:1.4 In,., Apeiki 35.3 :i tt
T ~(kirt PIitttivv 'iitTntiotrd with Rvtwignular iThi Skt~otini

latmci ki cnl '1 pe St rt-tigithl N/ A Ibm~
Nunidw r of umotm 4 A rii' (1i'kwh ImM)1 ,. 111) 112

I tiotm L ncnterI on (iortis 1, 11, 1r) a~indi 22

Ham~o Nhbl rk Iite to I otaciiiient Poi~nt B~ ft
I.,#ingtil of I )Ltn,'iji(d DL) t nI ft

711



Wnfittion Tmbesi enoh, 107. 7f nglctda lr

tat U c11tLtaiC Ie ft fr'om Apex Muv'ik ine.
Tubo to be lnternul to theo balloon.

IDostruct I)vc'vfr I oro~tmc an tioves No. 13 tind 27, llofor to Sac~tion 4,

DUCTi3ES 1.5 MILS. 'THICK. P1:u Iq pucir' ICATION Mlvi,-P-44640 (l1SAT''),

CA13i,F) SHMIATili 2 0 MIUS lffficI, 1'Tr1i 915i"CiFIPIAT1ON M1J.-Pi-4I340
(USAI').

MN1LAT1ION TIU.0~ 'avILtS T1iCKA 9,.4 In. PLAT WYi 1) , MA DiN' FRO)M
'A NIN Gi IIAiY H'II ~iN AS4 U8'lfl FOR 14A ii ( 0N (101i";,

VliVE CA lCED ADIINSV I TiAIINStiocii Nad COMAN 10107TAP!
I1NI111,iNP'cOICi'M ADUttihVfL TAI'Vi3M COMPANY Y'9307 TA`1'i1: ift

4. (:11,AiNSIIflit. I(AitI)NUS AIt(T

APEX Ml&', ITTNC )C1f(1 PER DRW110711001mr 14101-04

(7SE1' Nll 1973 YP 1,1 DAI~ H00 n 1,110-04

VE,\ I cm'NIiii I 17I.T ASKJL E HWNhli-ow

VIALV P1:8 t~-, PI- DN'litACI'l nii-iiic

D~sT UCT NVII.; 11,11 lliAYINC: S 7207. 0



(I Seit to Cmilt mnctin ()1A fI nor, I Sevt to be Pa'.lied III 131iilionr Box)

"IHolldan P:'oduritlon fluvord SaimairrY'' dittkid Ocotber ~1073

Ilnyloukd Alttd u-o

*.. 7. NTlSCEIA.LANII~OUS.....

Di~rvnsinIns of duat ellI~ips uxuii shall b6 as ctotr'rm~irno by Innol gor width
Wnd 11MILnu~, (All III Ig ~.tMIritlnI u li'(n' citI,) ixi Hihlill fn~t hi
1140ro' thalII 0110 hialf tit( 1141mo ~i~xim
A pox fitt I ng m~hw 11 ,1 (1 ut,rndi r.1 I OnciV 6 1 : IV t,

MIotI-m sol lt! drv ida* buttn0 1h1 110- bil 'tir oop romv ih h 44IimIttIn1, llclMttttcl nvlru

the' cm!pltotl' minlgln. 1114t' ptM.Inl tomIllp'I'lltlrom. Theii mct4'' stl'eIonthI mhnil

II(11(40f ro14iig, gliiul1 lit, InI ocovimct[hr, with ligit ic 2, *t1O I1tN

Iiii tri Spiling 1M I)III&ool III thu :i' I-dm ''IIiII W I'llppi'l, fiallooll Mi11ill

hv. viloo~kuc 1,01 twvi~ltm TimLv 11 I110.H1111 I, II 'i1iu, Mmii h itrii ii ll419 8111111

hundlng p ill'iIIIl
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Addndum "

iBetween the time of lubml.mmion of the lt irmt draft or this report I'nr puhblicottn

and the reaeipt of manuscript for review by the author, two major entiinering

chan•nem have been made in the AIl.,B test myfltem conifiguration, It fi NmUgeated
that the reader apprOac'h the report in its first form, and then proveed to inenrpnr-
ate the changem. Tn this way, the revision1l should beconme more aeaningh.1l and
more readily v4imalired.

The first chanle.involves the distribution of wei•ght on the main oanopy, in
the new configuration only the balloon anti its pruteettve sort pack will he mounted
at the main manopy apex, The other componentm (cnomniunivationm relaiy, ballaist,

C ornmianli/control Irlstrunltntatton) will be positioned below the main canopy .ust

above the enryogenici unit, (The reader is asked to e•aniine Pisgure 7b, and mnitally
to reatrange components an sugg/ested above, A sort paoki should be substituted for
the aluminum..fr •¢, ..rk,.

This weight redistribution provides R more favnrable ratio of apex weight vH
bottonm weight and eliminates the need for ballast montioned in the mtain tovt, 'To
r zoomplish this weight ,hange, the method of 'ecoverting tiLt- rrynvllenh unit 1li ito
be revimed, The cryonimnc unit will now rail away from the payload a: the btime or

the main Ahute and will det¢cend on its own paravimth which will have born imulttwd
until this point, 'l'hi. tmailn chute will cotllapse when the hollootl stat,t H It. ic•,,tit and
it will he rarrietl to balloon float altitute with 0h1 paynad msmupendledl ttblenth It,

hater on, it will Netrvte M thei tt.rove V chute for the paylo0d whenll tih hlbIllnon Irigh
is terminiated, (The reader is amlsed io compare the dlosmriptlion Abnve with tile'

.1-r e, onrsptm drepitt•.hl nn ligurem I', and iH and to macke, the nnoemmavy vittnlnnittom

changes,)

'-I
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T Ihe sNeC,01(l 'liaiii~h IN ill thi"'tn'l ,l tit par aoU lltites, 'f'ht tirngm? Oh. l l rnl* tilt,

initila El W-iitrn tvsti will hr3, it 32-f ditll-10k., vinli s~lot t-utu, Thl 111Min (1lntr %%Ill

bo a 42 -rtt diame~ter ring mall chlutv, It is be~lluve. that the moreu Irivnrm'h1 u vum

4 ~proNS4NlON MhtailiahlWir tth 11i.4~ Ohtlto '.rilhiation wvill enhutntu~-Mtu )ioIt~nimiijitfp

i0tlheir pa rlihuto arrays. i nrcludi~t! a c'luto~cr, airrý urdt' cnni re o a hiub -k-ii* i ..

s4ymitttimill I t he~ evotit t hat tilt pre (nrred. at-raY N~ HhlnW to hu) \rlimu Itllht.',
* A N a1 vriult at' the &~abve laffu tho'. flunorMa valtmi AIlstcj Ill rJahlo 2 and

* thrt7 s~iuplit-iting tnhlom~ are~ hnbnotMr In 'an1t. Now vahmoN hiuvo 1:11vi romput.-ri tsiq4hn

thu sai4' bask!u lp'ovuilur'nN md1 theyN Will am411ASI If) let. pnl (Thuy wtill not. ho

i:IccAURP Or tit hIMNO tilu c ad bovauM i oF, tdmittist rtttvu, dolay vI ill veeotiru n

wor'Ilitru urauuiunl~(?t botwv,'L thre Ai 'rm I-Illt~.tt 'Ilest Catev111 til( thut .,ill I'nreev

(1oil'npmyirl I ,rmhnuratntr'~' thlip I'light tomt .pl~kr'AIuI1i Lit 1 Coetrains Imuenl~vf dolm-vruullh

* two mconthm andi will flow Vron'jnt raeIn nrrni IDt'77*
A i 4 tte r' ini' ttjt ,4t,'t tie p-I~ 'util INCA 1 j~luf virat I Ihi, \alm4lL I Itil I 1

'labia 5~ hia heuti imprinved Inl seveal in'omr't~, (lb' lim~~l t rhu'Iit tlls 111I)

J~rt'aru, P- 1413, IN ourtlilruc ill I'igurv' I I ,) It. ias houe tran41irrlutu 111( lOTI'IAN bv

*\lr, llrinb'rt \'rsll'ritl or 1111(lim r~ 1olin4~ hut ItkIrY i\mltiLrlbit toni ['0J 'trliol~v

ii.. guur~~jLjjj~lglr f, the c'l'eV n1i (u1tmnnge Ill grir tim tila'rrmld.1wmno u mil l ( i' a ii i , i th

fllormn.m lhoI/R r'atlr rotmllitt~l.ltImHl tu c i~n Inchithilmill tilt, pvni'n.' rttm mdI ol(1u'1'mi'uu

lo'aoet I t' rat ion,


