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1 4 , ; k 4 1  ~~oi l ,d  ver i fy  &nLzlyses an& show aifec%3 of *p7s A * &  cc:~-k~;~ &*.%A :+(.- .A- ZL*~-C.P -~:-,-t,s c:-*2ugp L.;" 
> #  4--<-2%+.?. 4 , AL-A - 4 3  err jo~st c h ~ ~ a ~ t e ~ i ~ t i c s .  Tne o v % r U  , , oxygen; t he  ~@sS.,=2ag four  cr;-,e..? %z=iks ~ - - I * L - , T - ~ ~  * u 

1 P'QGrX -SC:?B~~B shodd be such as t o  & & O W  use 02 , BP-L fuel.  f iop~:;-~ar.;~ arc:: > , " , e ~ - c ~ ; - ~ - ~ > ~ - ; ~ ~  
3 ?rcl~rz.~~ed 2&3 f l k h t .  T h i s  fBgh% G O U L ~  2180 : , by nmif t o  c,; L-$ail eqz;.i Lc~zels fa, -, ;*e 5-.i.~ 
include deve1o;smsnt tes t ing  outlined in tito 

* 1 L d s  anc! ec;uczi LcreZs tke oijgen .;:~:x; c=;:siz& 
r f ollowhg phase. ! vehicle flight. Yne L a ~ k s  a re  b a s i c d b  5kose 
5 

7 
' I used on the Redstcine (70-kch) and Ju2iter ( 1 ~ 5 -  

I Ilecovery S?/-stem D e v e l o ~ ~ e ~ t .  This s t ep  v10~3.d b c h )  ndssfies. 
5 develop 4;k.a L~cEv'ic;.;d. sub-syslexs req&ed tc 

@:fec-_t %he ;-coovery of t h e  s ta te ,  This  wodd h- ??:G ~5;. - 3  &X:*,;L~I+L-:~ 7 ., - ,  A -  - e : e.-, 
eludi: t?.a fo;io-v:iLng 2s a ;nin.hui progr~x:  21.4 fee% i?. ~ 2 2 .  ;er ;in2 GS-6  ~ i 5 t  , - .  ;:-I '.:*L?d t w ~ e ? .  zaO sockez t e s t s  t o  esta2- I . e 

L X ~  :)h>r~i~&>~" ZJ : >~..TL G  ill* c ~ 3 3  : - 2 ~  L:/-% 4 P ?  &; ., 

~ i ~ h  requkcd dLa' - " ~ g n  p a r ~ ~ ~ e - t e r s ,  ea_uipea$ L-i-sica - ,  I-; ;;r5:2e2.i-2; v -. S? ~-;~-,lu-, h . - -  ., . < .& - , . -  ( 5 )  Flight-zest of high zLt,ititdi? aktFt.t~de pnc:~r;is.%i6, ~ y c ‘ ~ - z c  a ic, e; e czri  2 L t_-~:. >:,ini--% ; .' 
' contra: systcn i f  required, This t e s t  should a s o  
I systems, acd ~22e.r. szazes &:a ri?t_;;~:~t:; ;;&*  LA^ 

t l t a z e  a pogr~xmed; ! ' E&SS~OE, 2% Z~SC -'*~Bo~":s JU- A OE'SO;'L*G, ,q-sl;t:,, z2.6 

I 
a (c) Dro,>tes% of sub-scale models of &% 

I equipmen% ci;raririg ;;"~iind h a n c i ~ ~ g  
j devices %c Lest eeploynent, i r~ terae t ion ,  a d  t rasporj ;s t ion.  
; efZectivencss. 

(d) D s o ~ ~ t e s t  of single &ag device if Efli,"usi; prird-~ :%.xi by tk@ e5gh-t 2-1 c:,.-,:.;s 2s 

I 
S apg3.icabi.e t o  tcs"tabri ic t ion and deplawer,i;. L ~ ~ s ~ t c e B  f ~ o z  -;;le g 3 ~ ~ ~ ; b e  a.jsln%in ~ ~ - 2 s  x-.:~~c&r~ 

( e )  Drop tes t  of impact attenuation devices the  tpz;rust aPpo;; oiltrizzeT ,-sr.,ri;ly .irj -.:;- 
if ~s 3ci. i upper a d  lower r-1-a sep71e,-> ~ss-e:z'zly :.; -: :.s 

( f )  Iiandkhg t e s t s  f o r  re-brieval portion j center a d  z ' o * ~  s&er LOX tn,-,:s, +TW ,~,ese .. ,, ,. . , ". ,,,,:,, - "li ",." 
0f ?2'(9&?iUii. 

-? 

* - , t r c m s . ~ t  L%e th;u.;.'L t o  t3e  s:2de:r k'ccc.s r s::zl-:~-_-, 
4 P .  

; The spider be&% a:; ssnbLy s ~ p 2 3 ~ t s  t h e  ~e sza;e4 
2 3ub-Syst em Zeeycle Tc st2.n~. 31i.s s tep  wo-;rid : tiza ' 260-bch dLiai~%ep S-IV3 szage, 
j es t abEsh  those sub-system ol the  stage tkt ca2 
4 be reused, nuiber oi' cycles Lor Sfs, a d  rei- Propulsion 0." -i;he S-E3 25 proVLi,de~ :7y~ 3$;lh;z3 
' bishen* rreqilirernent s . T'nis wiJi be accomplis:2ed 200,CCO-2ourid tk2-jt, 2-1 e?&ices ;c~~~TL:Lc",;~*~?L 
"by su'b-sysbIiI st;i3tic, dp&C, 311d bne r s ion  testa. : by the Xoe~t&-,dyryr~ , J ies ion  ~orth ]g;AerLJ;;, 

Thaso t e s t s  w o U d  be used t o  establ ish design , , Avia-bion, Inc. Tiit;tl " c a s t  :i@liare,-ed is 
; chaq;as and cost effectiveness. Rel iab i l i ty  pma- ' 3,600,000-powuids. 3rghes ars sior;rd%eli j;n 2;-, 2iie2 
1 rnste~s wowltd a l so  be determined in tixis phase, &id outer squ~ws :x.ttem, "i':~  fa*^ ergir-cs ;;r-:~2<1; 

4 ' Up ";he outer G p w o  cmted ouk+?&2 six ;e~reas  
i I.:issipn R e l i a b i l i t ~ .  This step oP the  devel- : 

I P'rm zhe vwbfcal  :mci nro  giri;'o,3-zowited "bo ps-. 
nm- opra&~% t.38ti.23 @~%2kiE~sk ~el5abU;iey sequissd for , via% a w-ng OX pxxs or mnus T$ rlegmem zo 

O t ho  :-ncycle2 stage based on mLssion objectives,  naj3ltair, vehicle s-~dxDitST r=ori-l;zoia, ' Lqcl~~tEn~, Level of reAfw3is'ment req-cd, This 
stuejr s h o d 6  &so ~sLc"~~~2isZI the  riimbcr of fli.gh%s ?or the reco-; .:ry g~rz-2 ",e :?o:LciL:~ L,":,r:t cr; 
f easLbls i.ht'hin t h e  peZ.nbUi%y requireroen%s, pe&iqon-t, T:,.dlu? L s  avai iaXc - VOPC-~L;  \ v r ~ L a  

1: 
1 I beween the  78-bci ;  &.meter water . & ~ ~ J c s  a 
1 Cost Effectiveness. Tnc foregob8 stxdiea the i.ntsrs^>cge s"kctwe, as A 

." .& f i n i s h  the  required &%a $0 establ+=s% fbL%SaS, ' 

effectiveness. This w i l l  be the firs% esLZ- - Con- ?-gurstzion ..- Studies, 
, ma$* of cost effectiveness based on other than - " 
I o ~ r c ~ e l y  ~ o w h  es t ina tes  and v5rbuii  guesses, T'nis paper o.i~,Lxnes "Le hQniLgki%s of %he 

preS~&":airy s.&.aCy .,Sfor; req.&.red -GO SE?LOC% 
f 
r ni~r;i2i; ,, Test. Tte flight test tdll prove %he o;;*;b~ri c~r,$i,~lzi,:,op, oT mcoTre,T sy-szen fors S'he 
: adequacy o;" k3e complete recovery sys t ( 3~ .  9~f 3 a S-fB stage, Etch ;.eco-,rery s+fitm I,TAS""~ ba 23- 

1 . .  . 
: ~FO~F~J require a r&rkIm of two fl&hCs; One dieduaxg s h e d  c.Lk6 pckagecl b ~ c x c e  ;,% ;jt3s4; 

lo cozpE&eu disassem"oled and inspected. f o r  weight sac? schedX.i ,"ig&nas for  c0~;i1;2ri SOL. 

d~zzge, other t o  be r e ikb i shed  md f l ~ m ,  , 
I 

"ese 3Ligh-t~ should include Pogicd. o?erztIs@ !J-t;hotlgh n ~ ~ y  con5,,nura%ions a - e  2ossikLe 
: ?cy~oi;ds, , and uridar consiZe~*~:tioz,. orii;r t h ~ s e  recow,-y con- 

' fl,wat%o~s sho~m : i l  Figme 2 are  ~ E S . S U S S ~ ~  Ln 
Vehicle 3escription %iris paper. This i,iarm s n w s  seven leSniC,ixre 

4 
4 ' paths t o  be ew1orod ;'or recotrery oZ i;ke sicage, as 

I 
P 

4 rqe s-IB booster i s  the  first stage of %he shorn ius Fig-ma 3,  The -ikterfacrs ;~bk?g) 3 e j i w ~ ~ e l ; l ~  
asaturn IB veMcle. It is  an advanced version o f  thesa systems has ~ e e n  selected bj stxtx~ciard 
j t h e  S-I booster aqd vrzs nrrde possible by c ~ e f d  ,me"tods as  out3-ine~ in the f~2.lowhg $g@s, 
rJlays-js of r i g h t  dz%e acquired from previously 

; ~ a t u n  I ~esemciz  pad ~6velopxe;cit vehicles. The az jor  proelem in %he s&eczioc o,C a 
> z 2 e  m j o r  a f f e r e n c e s  between the two @oos%ers recoverj  s ~ p t e ~  is :he high. daj.t,i.t.~o s t ~ 4 ~ b i 2 c ~ ~ o z  
: are z o u d  in ' ireign~ reduc"cons created by %he of th& stage, Fhs perforcmca o f  kag;davLces at 

I reTAvd of re&ilz~;~nt s y s b a  compnents reduc- *,ha alt6tades ard Y 1 ~ h  Pabars e x ~ a ~ i e n c a d  by %he 

, i z  g ~ g c  thickness of %he va~%cl@ SkL?.. stage is whow4, l%emfori%, Bafoza aqy systee 
$ 1  

i 
9 
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2;:. 2 -~~~~~ -,:*:s . > ~ ~ ~ ~ ~ ~  Eu-s: >G ~ ~ p ! ~ * ~ y L ~ ~ . . ; ~ j  y k z e * ~  &$ ~ ~ - . . J ~ < ~ : ~ ~ ~ s  22 L i L &  ~ d ~ ; ~ h ~ ~ ~ b ~ A d ~ *  q-c'+s 
3tUi-q:i LC) .-&,VL '-"- ct, ;AZC L I Z ~  G ~ T L C ~  r o g u e d  "GO for z L z  C ~ L Z , ~ ,  
s"uk<L.st~ the st2ze. 

P 'c j j~~ c:x;z - * 
~ e c o v e r y  Technic;ue i I I 

Pz~achutes  arW3 sizeci Sg 2 t rzde-aff  b t - z q ~  i~~~~ ., . G? cozverxience, recovery, as discussed ir :retro-rocket weigh., 50 prov5.de a ~~5 .c i .x~~ sp" s+ u s.,, --- 
' &F.* 
s bi;ls :)zpc,;in, i s  broken i n t o  four  broad areas  - 
? 

I <weight. Standud i ~ j l o n  TYD~OTI chutes are iisez far 
I / 

i C"bL-izi.tion, 2e-Entry, Recovery, 2nd Retrieval. ; this studg. 

r 17 ..fie ~"~~hilization system maintains tho vehicle  Retro-Rockets 
1 

I bu -4- :i ::,ri:-sclectcd rngle of a t t ack  uiiki.1 subsequent i l 
systa:s cc.3 be  TO&.% kb t~  p?;;l,yl Tnis systerr: ~ & ~ s ~ d c ; r ; i  ~?~;>B*A;;*~YG - -  ZG.:* < - &-. * 

X;dS",7L,2i!~e? Lr;l @J~.~c;T&c 20i?.~r,'cs & , ~ ~ + e d  to tho  , ye&~es  veh-jcli;;. v&.;~j,tkes ",a c-cce;y,;..,-L lb ,,*.i* 
~.fe:zLc:~.c en  sop2a";o-? ?;ace t h e  ve:.jcle 2 -  t h e  

".$ . 
Zesi~c:d r.k%it;lZc, c4?c rn?xmiaArl ii zs pen,dreds i3~pac-k 
~ G P  s:rstex s i ~ ~ ~ l i c l t y ,  this pzper assums a 

i-7- 
' ?zssi.~re cyslea consis t -~g of ar e;lq;l;rldctSLe ine LpacL ?I-2 3lem c m  '5s crinpzer*-.re;1;L; $:-.- L a e ~  
s t  A peat deal of t e s t i n g  a d  m a i y s i s  into l a c d  a*zd waze: se-cricvd.., Por :*LLC,*. - . ~ C J - + ~ . . ~ Z ,  

r x s k  be perf armed before PZ, o p t b i u  conf igwatlon this study UEBS tc;;*Lj7. f e e t  qer  szcor. 2 c r  -- 
f o r  &;-US de-ViLce cai- be es tabl ished,  Yhemfors, acceptabie veSoci%:r ;"or %he kc33*k3r :,T:.:,:.L; ,,I 

"Lie@ types are considered - drag cone, drag profile. O f  cowso,  a land. ,-esove2y 5rp.c:  -rs, 3s- 
baUoon, a d  bdLo0~3. tty must be nore r.strictAve b-2-UL is r-c*i ;~ ( ;T~s~co ;*B~  

"i i n  t h i s  study &de ;,a "che launch Lrcjec"s-ye 
t I ie-ezry does not  a c tuz i l y  r e m r e  an inda- 
per,den% sys"uern 5zit i s  only concerned tiith man- Balloon 

: -L&&rf: s t ~ b i l i l y  and absorbing LL-ie high decelsra- 
9- % a - tian L o ~ d s  of m-enu-y, AL g e n e r d ,  t h i s  means a 32-iiloons cons:.,ierod 2; P ; ~ L S  zL-s.6'. r?3 ,L:~G 

d des4~rAng i; he st 2*biXzation and/or recovery press7zs  ~2i ' I r t r  bal:-c;ons, They have &F? ~.,~oL;:-~c- 
: systas  f o r  those  higher loads.  shape consistm6, vr-;;'n thekc de;>Lo;ir::cIp1~ 2: q-; kt+- 
t merits, Both gas a:iJ h o t  &r 3~fl2oors ws,- 
i Tho recovery systeerr, de l ive r s  the s tage t o  ths sidered, A skelch of %he stage S U ~ ~ T L ~ U  3y a 25% I 

grolzxc! o r  maintains Lit tit a pre-selected a2t i tude air b u o o n  i s  s ~ o - A ~ : ~  Lq Ffgwa 6, 
% for rotrieva.3.. T12is sys t~r i l  cons i s t s  of pwa~hutes  
, o r  f l o a t a t i o n  b u o o n s ,  Sea Anchor 
* 

pi- ine OZ~D(~LI-d re t r i c t r& sjrsten is  only required The se2 &ri&os ccnsLsts o l  a wakes b ~ x x ~ z e c i  
' Lor b:lloon systems a ~ d  coasisC,s of a sea anchor c&ag device >,.it2 cr, 2t",c14&~ s teel  c ; L S ~ B .  TcLs 
: %h& ~9'xLd be, r@qaec! Lo keep %he buo~axb stage device co- t tu be ai,-,;ched ?;o dhe stage iifte~ --- 

I 

i from EleLng cz$ried from t h e  recovery ship f loatakion i s  achicved by paxna&uto, 
) by l o c a l  winds. 

I 

1 r i t e r i r  A i r  3ecove.;- 
The individual  conpn6n-L s of these systems I 

! are:  m  his i s  the ti,i-~por;g;ry .s"cs352zatioL oi' ;l';~b 

n e u t r a y  Ijuoyazrt ;-;age until descez: s L d  ?ec=.~ev&, 
t 

Drag Cone czn be accompUshei, For this study a flaa;?tion 
altitude of 5,000-2 a e t  is a s m e d  wiLh s.lhsse~an% 

Tfie drag cone i s  deployed aT-Ler separ4i-li.o~ t o  con t ro l  t o  laser levels. 
stzbStlize t h e  s t cge  as  it penetra tes  tho iqcrazssd I 
dens i ty  of  "ilze lo t -~er  L t i L u d e s .  Tl?is cozs Is ',%raCer , Fletrietr,zL 
2ackageci or, t h e  outside of t h e  ~-13/~-nr3 inter-. 
s tcge and i s  Lr1 t i t ed  5y cori~resseci gzs frolil high- T h i s  =.strisviBi $%we as s%-&~ C-e Zoa%~&r,g 
p e s s c r e  b o t t l e s  s tored i n  t h e  f o 3 ~ w d  skin% of stage La 'cow& t o  o doc;rirg &~3a. 
t h e  LCX t ~ ~ i c s .  .4 conccp%usl drawing of Lhis cone 
i s  shcm in Figures 4 cad 5. Ship 3 e t r i e v d  

Dsczn r'ialloon . 
-II 

This p h a ~ e  acda&ms s t q e  is 2ia11lsd on 
board rsr L. S.32. f o k -  re 

The &ag S d l o o n  i s  b z s i c U j  a close-coupled 
3 ~ 5 o o z  ol l a s e  diaxeter  t o  develop staSilizing LEE< ??et-r',swl 

: fo-ces In %he up2er atrr,osphere, A 100-foot dih- 
i x e t e r  balloon i s  a r b i t r a r i i y  chosen t o  f i l l  the For this roco-kisry t h e  tifc-brce sesge 6s tcih-ed 

d. 
I I 

I gep between t h e  drag cone 2nd the floataLion bo a g r c w a  s",ti.o:: f o r  Zoweri4g. Xo h c C  
j ba12.3on. . I rotzrievd. is  consic..~red Lr tMs S ~ G G  5.a $0 "ba 

traJectory of tkt3 4;age, 
Dro,m~eciiut e . . - . .  

--* , , a ., Jector- 
m. Lne &oguechute i s  a standard FTS2 ribbon I , 

chute depioyec 2.L a ,-,aCL>ktm 24ach X G T ~ ~ ~ P  1.5 and f Boost a ~ d  re- ,~trry tra jectorlz;  were s-2L&->eZ, 
req-L:g r,o zdtr~7ce i-, the state-of-+ke-&. on She 1E.i 7031- us--:% %he E ~ A C Z E  (;FZ:~C:G~~ 

& - ::o~:",k-ie .for hdzra-.,cii .3 g~neep-c,us; zz,ir,serLz.g - 
3ssearqh) tw~&e, ;~Lond  trc2ector;r >Ipogrc;a, --- . - - . - - - - . . - - .- -- . - - 1 1  

I 
3 

- 



I, A 

. + . - *,- . - ~ 4.--2:.< !-?**--L%: ; ; : 5 ; - p d 2 >  ">:y,~TL~~o;: C::;-~F~-<;-",~~. 
L I  i <  .v>S LC , - \ . , > ' 

I;;:.::: , ."<~S,~~i,;.-y~i C~'?;~*,'sL3-$<$~~S",~CS 2 % ~  I 7 ~ 3 ~ 2  
.. . -- _- +bey: t : 7 S ~ e  z G ~  .& \n  r - , - - m -  

+.*b -.wa.L4ac2.2. E~:;~nz -2 C Y C G ~ ~  2'0r a de9 l8 A "  ,.,.?a 3+,;i,k,, LLQ t > d ~  :CSL; - ,; 4 

I 20, i>i;G-:;o*~--d L ~ c r e ~  se Jc Soostcr Lviel-; weigkb f 
; recoyre?:? saa- ?ad recovery s"vsess reqz~e;r,e;l"us. )j$s XZD. ? C q  
P +; r--- ; B  ' 

(4 )  
* 

' 27%. 5q6st  2hase s h p l n g  %fas de%e&ed ~ E O S  
,.. -? + T ~ . ~  ,&,, ?-?yXoxd t o  110 j 'a, ~. (34,522 pOMdS).6 , , rn %he ~ % ~ ? Z C ; ~ X ' U ~  ?:L-&L-:~ :Us --a*;w , - - .+A . .e+bL.:-.d ;,:* a 

- .  
The: ro-en%~J traje.ci;ories >rere then s b d a t e d  ;"roa peLro-pock&s tijli;b VJG~LG 2si;iiec; ';kc ;l>c;;';, -J-f::.2;- 

f 
ii;s"t,Lof;E t d '  Lxpact uifm t h e  bbost p ~ ~ ~ ~ ~ e r ~  ' Lty tb 30 feet p r z  second, Tie rot~o-roc>:8-&~ Xro 
$he orbitQ im, <?,c- 3 ra-e~,kpy &.ng coei"ficeen% .'' sized US* the f 0 L 0 W b g  ~QG~%&OZI 2 k ~ ~  2@:@2@3~.*ce ' 

"for t k e  stage with a zero cxigle of a%tac!i. 
1 

2. 
i 

pl * h e ve~icLc? flight, -i;ro;ectcry, te-y1&j. AYB + & - Xr g L~rl +2.2 It + 

-*. 
i,28 . 

t " X P  J : vo?oclty ;.re c h a m  for Lha - rnn~s is ted  vese l e s  &? 
-1 

I i ' ; ~ g r e s  ';l.d arid 3 ,  The c h ~ w e  in q r.jjth ci?;w~a 5n wkere I, ~&&2i6 b ? ~ & s e ,  
t . .%ha vci-licLa SaLiis-t;f e coeZfieior;', w e  &m 

Fi@rw Y C ,  g * gr~,<c&Aio& const&yit: 
. % .  -" - 

I .. ~ t,r. =L ?,re . - . 3 - ~ ~  i crl-?. 0: ppq&~&~-&jr 
Eecovery Syston S i z l ~ r  P 

I = b G 2 n o ~ t  %\re< 3.'*iA 

i The v~xious'?or-tion,s of the  recove-7 systerc t r b #  

( 8 '  
; 

are iadiviciuzl4 sized.for trade-off w p o a e s *  
PV3 = ctm.ge Li ve2oc;ily, T h i s  sizing exercise is f o r  purposes ofr,pa&aging 

, L?  --, ' 
4 * .  ewp~rison only. 
s .  . .  . _ -.."-. , t = tics, 
: -  i : 

3,r2'qF;co??~ . . a " -  . ! ' 1  . Notling that  xie ~ e t r o ~ r o c l c e t  pmpUzA; 
t I ,weigh% 9s only a ;~3aX. f rac"looi2 of %he, &~;f~4u& 

Z Tr,o drag cone is sized to ereate a ~ % a b h  , .  :,&e&h"L the cpp=lobaatiaz i ' confipa%*, ion for the vehicle, G s i n g  a dasig-L 
I 
i drianieter of  i'i~?y feet,  tihe cone mst be d e s m a d  . ! 1 3. 

I ' I  -=-I ( Q T y T i ? . + & )  
" fos- q of 404 >sf (i3,eferenc;e Figure 7) D d s  %<add ,+ lJ&-J 2 ,  2 

require e& e,xpanctabls structura weigixine: approx- I j 

'I i k t e l y  z2, 200 pounds L~elubing ~ ~ ~ p ~ r t i i g  sy&ents.. .*can be m, - . xe& the 'faao&g asmBibns 
i & ' i  ;I 1 I : W B n l l o o ~  .. . , ;: I {  

i 
Is 253 see., 

1 , . 
(11 t i  h e .  bzlloori is sized to ~nUrrdsh greglm~ . , t = 2 bsc., . i 

. slc..biUzation t o  t h e  vehicle and- give response zt - ' 1  - ,  *. .,000 lbs., ,hen :; higher a1"ctudes. Tile balloon used i n ' t M ; ~  study ,: t 

? is o ~ e  hundred feet iri d i zme- t e~  m d  mst Sa desjgn- .; I$; 1 2 ~  (avs 4 bL,.!+). I 4 sG $81: g q al: 200 psr" (Rez"erencs F i g u ~ e  7). G s k g  
: Nonzex t h f s  ba1Loon v~ould weigh appromLeXy 3580 ' 

- ' ..? 

Assuming %hat 'the system weigkl; 5s 1,;;. ~ $ 3  
b~Z~~d5.~?e; suppart system. . =d. subs.t~.;.a~irg 3 t r ~  = Ve - 313 7f:zere this 3ctq 

w " 
~ rsfxeci; s ~Z'%,*-,-ence Sa-L.+reea T~ 2 chiid-Ce @C;L&+ 1 

B Pns~chute ' 'ria ve1c>cg"Gy and 30 feet p r  seesad, 
i I 
a XQB PS~cht.~+ e~ nse sized by optjsn?.zw t h s  !!!IJ = 2&,5 (Ve 4- 34tic). 3 . 

seaationshsp between pwachute Qzld ~ @ ~ ~ - ~ c ~ ~ * ;  , I - ai;aqd;"*_rd eq.1ctio:2 found in Befemnce 1 used ~ . d d ~ x  the  vrerjghtt. of L5e -p,rnc;";~",a a2.d rc%~~o-  - 
size parachutes is: : rock@$ ? ~ d  d5JCf ezc,;-,*Lia-k,ipli: 'tti-bf? re 326~'~ to \re , 

? 

\ 
- 7  

. . 
G?d$otpJ = - 

0 1  ; -- 
Do == dVe 

% I 

. . DO = ' d imete~,  s SetLk ig  %his equal t o  zero and. solri-22 for Ve ws 
L 

fh& %hi; o p t E m  y . lo~ - j~%$ e q d c  to 128 fps, yc&s 
r fl f i -  

V, = cqxL3~ri.m v e ~ o c i t y ,  , arcc',uces a "(;ataL ty3i;ea w8i&ht of jsvb pw~ds ,  

c2 = &2g coefficient, , - GCF 3al100n 
k 

Two gases 6if hteres-: f o r  fI~a%z%io?, of Wt = t o t a l  i ~ ~ i g ' n t .  "the stage; these ;,,:s heUw md F~yL~ge-r,, 2s 
\ ,  . cdc;ilatiol"is for <,k.ess f i i row, 2asis &aka 933 i,Wm 

; r n * ~  i L , l s  - aqu,atlon sirap~ic;s ' to ..References 3 arid. A,, . 
a _I----- 

(2) ' - 654Q 
3~ - ye 

yrhere Cjl + -5 !:t - 11.0,000/6 =z 22,006 six, 
pxa&I~tes Ere used. This f ~ m a a  G j n  be c o ~ b b e d  , 
y s h  t he  rclritiolz f o r  weight of p'achl%@ 'W&G 

4,5 OZ. .q&on (Xefe~e~ice 1) --- .-.,-- 
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_. 





c-cJ=i.;,: -:.,&,:- ;..0;1 7;S$E)TC= * 
.ULF.A use i s  ir, t he  

2 . 3 .  Ict::cor. t he  S-13 md 5-rG3 s t x e s .  .- . 
- . - .~FZ r:-': 1,22 c'i.3ic f c e t  avoilnble i n  t h i s  area  . - ,  , . * -  ...-cA; z - - ; ~  s~ x;i zo-L reqyirc e f i e l o s ~ ~ e  depending ol'l 
the  :aqe;.ce of evc-its mci , the r o l e  t h e  genr placed 

m ;- this 1 x 2  t d i l l  perfo~rn. ~ n e r e  are maUer  seas U' 

tr',tl?h t h o  Soostcr  wkici? a e  sv?Llable f o r  eiec- 
A U20rL.c ict-Lees but t h e  two zreas described are t h e  

o L y  orics y:rhFch a re  fe2:siblo Tor the  aci;u& 
recovtsry h~z-ikrz;-a,. 

Stress. IL:,?Ly$is -- 

. kdhile p.0 dcl ' icz ive  se2eclion has beer; ;;z&, 
2% this ear ly '  d ~ t z  befiz.in fac"u kcan be ,"i~tec tl>L~h " .  reduce t h s  proble;; i n  scope. &ot~7g tL'e .. '.,& .. A&rl!.. .-'j- 

eocp&.son i n  .?ig..t.,-e 10; it cr,ri be soen thzt s 
def in i to  w@16ht ac.;l-znlase l i e s  :&t:? t h e .  p~lr-.&&& 
2nd ret-..o-rocket e&rbj~iC;tior ' i  t>Ls sys2en .is 
mos"ucle:sir~ble il :he snit r;rctsp L~;~~s;l-~i..; ,: Y:: :.i. 

- .  , . .  t o l e ~ a ~ c - j .  ::$ cL F;;,;~-~~G reccc:;AGi2 ::?;;. ' .- -,--.- <:..- - -- . .- 
- 

-. .. .<- ,>--" ,-, ... : ... -:. "..-.'f . 2 ,. .. 1, 5.C>0-20md?, t h e  ;;yszen; cc/-&3 ';3 2,i+-L:.,:.- :,,;;;;--,:,sa 
- .  . . 'to 2a~rzch>-:~:-a op-yl .pis ;?;aCAG gix:G - -  -. ,- ,,,A.Cs 

system pelia%bi';ik;; :ka~ t he  p ~ ~ e s s ,  

t o  t h e  recovery loa&nz coc&tcor',s, 2 The r2ir 1 ; ~ ; ~ ~ -  iiy;.3,"s - J ~ = - ,  - -  - - - - - -  
"t b d J - - d w - b 3  

S ~ ' C S S  Xi2bsis sf the  booster i s  pri2nd?to-y. .$y3bcn, i?oi6evel*, ...+ i ~h ;= ,  2; ~:,"CZG r, ;,ou-::.,LE., ~ 

- 
3,' 

~ 2 % "  \i-,t:? ' i h ~  kigh level, I-~gk t e ~ p e r s t u r e  pzd ever tudLy develo :,,iz t he  rec~iw:j- ;W.L~:-C,*:, -;,"id-- 

%& ;icccierc.tions t,<z dc;fbii;cly give f i S j . e  c>+&ng s a i ;  WL~+-.-% ~ - - - . m s i ~ ~  . - . - GAALL~-. ,  - '  ' ;:.;#.-; 
- a co~cZ..l;ior;s which : f i l l  r e q i i r s  redesigr,. A l l  - - -  . . -- - scz  c.nc;?or &-,G ;. , deveLo;::.e;c,t or" fssz ib:iG::LrA.C: 

sur faces  w ? . . c ~  c r e ~ i t e  sl?.znazion press-mes on re- : r,ethods, t he  t;el-.;-L 2onal-L;. ;:or t h i s  cjrs--:r, C.;L;C 

e n t r j  iilll be p o t e n t i d  ,zi-cc-s of over-heatiw and Sc reCucab ;o le:;; z h ~ n  ~CO- ; JGW~~S ol' 3,z;r:sai; aver 
~3 .ne y)w,-zch.~ta te ii;r&y~e. $ha -ac  ,qd&tiozS redesigr,, 7 ~ - " : i  - -- 

. ind ica te  tkz-c th, l ~ r ~ e r  barloan systecs :.re :-o- . + - .  . * 
h o t h e r  design porn-; v ~ S - 2 .  occu? on de;aloy- q S r e d  t o  sSa31ill;s tke  booster, tz;s ~ P " : G ~ ~ & : C B  

:.;en% >f <lny &2g or  juoyr.n; d e - ~ c e s  in ?%nos- ' &jf ference %du :=%her roducee, -- 
pkere,  ,n t h i s  cczse, s:?oc:c loads t:r;ill be induced 
d ' ~ l ~  t h e  cc~1o:;r;icr;'c ;.r,d mce sszry zt%~vacF~ae,"~-i, nc ~;TJc:-~ SC::~,;:,.: 

, 2aZr=;s : ~ ~ s t  be desisz*L. I;'ilLs cor .a t ion  Xay 
prov5 c A t i c d  t o  t h c  booster because of hQh Ar;:r r e c o v c ~ ~  .,;rstem devebo2oci l o r  ~ 2 . e  2-T, 

' loc,zllzed shock t j y c  accalerctions ,xiid a m m i c  ' shouid t;3:e advt=;,zga of tile s d ~ e c L o r  --:cser~-ei= - ,. a n a s i s  hCD be nacessary. , . end Dsvelopz;,enh'iig;'ZLs as shorn Lr, r" 5.  -,-, i" 
A -L. &L* 

T!le,-e shoUd be L aefiriize cost  advrntagc k: 
To~chdot.%~ where a l p l i c $ ~ l e ,  1%5U be s ignif i -  . using these  fli$Ats fop L,n, i tFd f 1 I ~ h t  e a s ~ k ; ~  02 

ccxt  i n  t he  desirr.  a; t h e  booster, wj.n provide . the  syc%e;-, to prcvs i t s  corrp;,tiMli_Sy =d ;jse:.ce 
s t i l l .  mother  c i z s i g ~  cond5%ioc. Obviously, t o  keap of deeradation t o  the boos; reli&iiL%y. .:.d<:- 
t h e  rciIxrbishs?.cn-; t o  a r;in3tl:;-n, t he  structru;'e uust  L i o n ~ l  t e s t s  can ss ?erfo-m.;:ec on operatPonzl 
bo stl*engthcned :;Ti.~e r,ecess;ry 50 withstand my Sl igh t s  a s  f a i l w c  t o  recover ?iZ; not degim~zsss 
loads  iniuced 5y t!ls ~auchdown. tho  p r h e  zissior,  siP ,he 1-fight, Lee., a i z c x - ~  a 

i , . payload I n  earth-c;-bi%. 
I.1eigk-t s 

El ; 
Conclnslons 

To mke 2ny mcnning,ful Lracie-off between I 

‘, condidate s y s t e m s ,  a det:?Aled w e i g h t  cornparisan I i  . The recovery o x h e  S-IB stage, wb&le wesent-  
1 ,  I resovery pat& as : 2~ m ; ~ n ~  3zen.s r ~ n - r i  -4 n* ~ - w - - l - - - - -  * 

- 3 .  . 
shorn :r, Figcrc 2, cc?n 56 a s s e ~ b l e d  i n t o  six b, s i c  , t ; le  s"tte-0;-lhc--,-+,; '=a:, i? r e c o ~ c i - ~ ~  ,s t o  'ae 

conli;gui-ations, thcse conPigurations a re  shoam i n  ei"1ected for 2-a~:; I"ins% s t q e s  , b;oAe;-: i;ils-: b q 2 2  

A bhe & z y c ~ ~  p c ; p n t e ~  i n  p i q r e  3 ,  ~lfihcugh nsir on %ha sol;tl,,? oi' the t i z k  al;l%de 1;27- 
it  st be re;.i'zed - tL-a &,, nr~y recovery weight ~2.2.- 

' 
~OT;,~&;CC 02 2 131"-,3, close-co;;z&eca d;-as ds.Lcs3, 
M ",. c d z t i o n  considered rt tkis  LLre is very p e i i r r i -  iALe,-efarc, cii ILL., ;:zzed zes4; ymo,;-;-r, WE",,-, ,F:-;~T;- 

. - .. 
na:-jr, these  weigh%s ;houid bc sztisfzc-tory f o r  t h e  i c ~ 2  backup shciiiX 5e L?L&icted, x:.c,xiip~ zl:a 
systerr, se lec t ion .  T h i s  weight, comparisofi'is sko%"li I f ~ x o * d r . ~  ~ t e ? ~ :  
LC P i p r e  9. I 1. Wii2 t,?.oel t c s t i cg ,  

-7.  SO.^+&-&^ ..--;3- Rc?~Sisiz:.?.cnt - V ~ . L L  t e s t ;  G: S C P ~  zk~18. 
I 3. r"Lght -;es;Lr,g .,. . I  of "bolLc=:r- ~ ~ L d x e  

? ina i  deslgn of x y  recovepj sj.s1~er=l trould s ta , i i ; z~a ;o~  devic c ; ,  
:?;.ve t o  consider -,he ~rr,oxnt of ~ e ~ w ~ ~ x ; 1 ; - ~ , e n t  re-  
c_-;Lired Lo be perfommi on t h e  booster before reuse. ' These s$~?s  psr-LL f - n , ~ ~ : ~  

;-a a-ec.-' -- ' CQ CC) 

>.ny sgsten d n i ~ x i z l n ~  t h i s  ~ ; ) e r s i o n  could have a ~ z k e  2 2  0;3zimm s~,ec;is,~; ~~jf a z ~ z r - l  recovany 

z z j o r  cos t  advantrsc. C 2  1:- Jor h f ~ o r t a n c e  i s  systez. while dovela ping %kc s tabi:.zac,lo;= cic?v2*ca 
E 2 i n t z L ~ i ~ g  struc-C?;-24 i,?"vc,?,-i%y f o r  %he s tzge and kheraby rssu l -~ng in. a d+.x cast  T F O ~ G  

Curing recove~ry O F C ~ ? . ~ ~ O C S .  . .- ,._ 

/ 

Li-nitkx o r  A ~ r c c 2 ~ d i ~ z  ;kc k ~ ~ i e r s i o n  of t h e  - I 7e i n  s a l t  t:ci;cr i s  an L~gosLctn-L consideration. r. "..a 
.. * -.oc becxdsc 05 the basic  aLr%iin~x stAmctwa, 
33; clso  t h e  KC-?;. e:.rr,osed e l e c t r i c i L  ;ind t ~ b i % -  . . n. _s;n~s. ~ n e  redesigri reqtxked t o  2rotecL chese ' - I 

f 
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CONFIGURATION A * B 
-LIIIIII 

&sic Vehicle lO6,QOO IO6,0cX> 

Recovery Systems (5,400)' (18,200) 

StabiXzat ion 

Re-Entry 2,200 2,200 

Recovery 3,200 U,OoO* 

Retrieval * 5 9 000 

*Hot a i r  baUoon including one-hour fuel a ~ p p w .  This Fdel  could. ba rdueed 
f o r  early flights where water impact is playlneci, ~ 

FIGURE 9 WfZGiLII'TS 
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