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INTRODUCTION 

The October 1966 issue of 'Spaceflightt reported the  award by NASA of 

contracts f o r  the  continuation of studies directed toward the  improvement 

of the  Uprated Saturn I (formerly Saturn IB) launch vehicle. 

This paper discusses f i v e  improved versions of the  Uprated Saturn I tha t  

were studied by t h e  Chrysler Corporation Space ~ i v i s i o n ,  supported by the  

Douglas Aircraf t  Corporation. The configurations evaluated a l l  employed 

so l id  rocket motor ( ~ ~ 1 4 )  strap-ons in ei-lher Zero Stage o r  boost a s s i s t  

applications.  The objective of the  study was t o  investigate several  methods 

by which t h e  performance capabi l i ty  of t h e  Uprated Saturn I can be increased, 

and t o  determine the  design changes and the Lipact upon f a c i l i t i e s ,  ground 

support equipment, schedule and costs. The study was a l so  supported by t h e  

United Technology Center, and t h e  Thiokol Chemical Corporation, with so l id  

rocket motor data,  and by Rocketdyne, with l iquid  engine data. The study was 

directed f o r  NASA through t h e  Marshall Space Flight Center. A p a r a l l e l  study 

of t h e  launch f a c i l i t y  requirements was separately conducted by t h e  Martin 

Company, f o r  t h e  Kennedy Space Center. 

Although t h i s  paper is largely confined t o  discussing t h e  payload capabi l i ty  

of t h e  aforementioned f ive  configurations, it i s  important t o  recognize t h a t  

t h e  s ingular  achievement of maximum payload does not i n  i t s e l f  lead t o  the  

most a t t r a c t i v e  vehicle. Investment cost and t o t a l  program cost-efficiency 

( d o l l a s  per l b  of payload i n  o rb i t ) ,  each have a decisive r o l e  t o  play i n  

vehicle se lec t ion  an?d e m  have a sobering ef fec t  on enkhusiasn, unless t h e  

mission requirezent is of such i%pox%~?ce t h a t  cost tt?Xes a subordinczte role.  

With t h i s  qual i f icat ion,  t h i s  p a p s  w i l l  demonstrate how dramatically the  



payload and mission capabi l i ty  of tho powerful, re l iab le ,  Uprated Saturn I 

can be increased by t h e  addition of shple state-of-the-art methods of 

vehicle improvement. 

The current Uprated Saturn I is shown i n  f igures  1 and 2; it is an improved 

version of the  Saturn I, Altogether, t e n  Saturn I launch vehicles have been 

b u i l t  md s u c c e s s h l l y  launched from Cape Kennedy. Three of t h e  Uprated 

Saturn I se r i e s  have a lso  been successfblly launched and a fourth and f i f t h  

are curreP1Cly being prepared. The Uprated Saturn I has already demonstrated 

i t s  po~~ror t o  o rb i t  bulky payloads, however, a s  knowledge and s k i l l  i n  executing 

space act iviLies  increase, so t h e  need f o r  improving t h e  payload ca2abi l i ty  of 

t h e  Uprated Saturn I becomes loore pressing. Therefore, t r ade  s tudies  were 

conducted on a number of imporbant variables t o  provide suf f ic ien t  performance, 

engineering design, cos ts  and schedule data  on each configuration with its 

variat ions,  t o  permit a select ion of the  most a t t r ac t ive  vehiclos f o r  fu r the r  

in-depth study, It should be noted t h a t  an Uprated Saturn I with a payload 

capabi l i ty  of 38,000 lbs.  i n t o  a low earth o rb i t ,  was used throughout t h i s  

study a s  a reference vehicle. Current Uprated Saturn I launch vehicles have 

a capabi l i ty  of over 40,000 lbs .  Thus, t h e  payload capabi l i ty  of t h e  launch 

vehicle configurations studied and discussed herein are all approxki te ly  

2003 l b s  low. 

TRADE STUDBS 

The vehicles  studied a r e  shown i n  f igure 3. The MLV-11 has a zero stage 

consisting of four  120-Lich UA 1200 so l id  rocket motors, The eight  H-1 

engines on t h e  S-IT3 boost stage are igni ted a% a l t i tude ,  XLV-12 a l so  



has four 120-inch SRM, but i n  t h i s  case the  S-133 stage o f t h e  core vehicle 

has only four H-l engines, and a l l  engines (so l id  and l iquid)  a r e  ignited 

on t h e  pad. The f i n s  on both the  NLV-11 and IW-12 configurations were 

deleted. The MLV-13 configuration is boosted by two 120-inch SRM. The 

MLV-l4 and MLV-15'confi~furations are  boost assis ted respectively by four 

and by eight Minuteman SRMvs. A l l  configurations employ 205 K N-l engines 

on t h e  S-IB stage and a standard 5-2 engine on t h e  S-IVB stage. In each 

case, programmed &upe r a t i o  sh i f t  was u t i l i zed  for  t h e  S-TVB stage, a s  

rwuired .  During the  course of t h e  study, a variat ion of t h e  PILV-ll and 

MLV-12 configurations showed suck promise tha t  i s  was also studied. This 

configuration was designated XLV-11.A and consisted of igni t ing  t h e  four 

SRM and four  H-1 engines on the  pad and the  remaining four H-1 engines 

jus t  p r io r  t o  SRM separation. 

A s  an a id  in the  select ion of vehicles, f l igh t  performance computations were 

made t o  determine payloads, maximum dynamic pressure (max q), SRM impact 

points, vehicle cont ro l lab i l i ty ,  and vehicle l i f i -of f  motion. These analyses 

were conducted parametrically with prime variables of S-IB propellant tank 

extension, number of 120 inch SRM-egments (5 o r  '7)) igni t ion  sequence, and 

SRM j e t t i son  t h e ,  

The r e s u l t s  of the  payload versus S-D3 tank length studies a re  presented i n  

f igures  4 and 5.along with t h e  corresponding naximum dynamic pressures. These 

r e s u l t s  indicate  t h a t  f o r  the  HI.,V-ll and XLV-92 configurations, S-IB tank 

&ensions y ie lds  e i the r  no payload gain o r  a p a l o d d  loss.  For the  MLV-13 and 



MLV-11A configurations, tank extensions of 20 fee t  o r  greater  r e s u l t  in 

s igni f icant  payload increases with corresponding reductions i n  maximum 

dynamic pressure. For t h e  MLV-11, and ?LV-15 configurations, S-IB tank 

extension also r e s u l t s  i n  a payload increase, but the  gain t o  be expected 

in progressing from a 10-foot t o  a 20-foot oxtension i s  not suff ic ient  t o  

ju s t i fy  the  addi t ional  vehicle and f a c i l i t y  costs  involved. For these 

two configurations t h e  effect  of igni t ing half  the  number of 3M SRM on 

t h e  pad and t h e  remainder a t  15  seconds o r  70 seconds was a l so  investigated. 

In each case there  was a.1imi.t t o  the  permissible tank extension, f o r  tower 

co l l i s ion  was possible with th rus t  t o  weight r a t i o s  of l e s s  than 1.2 g. 

Program costs ,  a s  a function of S-IB tank length, were a l so  prepared f o r  

each of t h e  study conf i~a ra t ions .  These cos ts  were 'non-dbensionalized, 

f igure  6, by referencing them t o  MLV-L!+ with a zero tank extension as t h i s  

proved t o  be t h e  l e a s t  expensive study vehicle. To a s s i s t  i n  t h i s  evaluation, 

t he  cost efficiency (dol la rs  per pound of payload i n  low ear th  o rb i t )  f o r  

each configuration w a s  prepared. These values were a l so  non-dirnensionalized 

by referencing a l l  configurations t o  the  KLV-11.7A configuration with a 

20-foot tank extension, as it w a s  es ' tha ted  t h a t  t h i s  vehicle had t h e  best  

cost effectiveness.  This cost analysis c lear ly  indicated t h e  des i r ab i l i t y  

of tank er3ensions of 10 fee t  t o  20 f e e t  f o r  T&V-11A, -13, -U, and -15, while 

no tank extensions were indicated f o r  t h e  ,%V-11 and MLV-12 configurations. 
1 

A t  t h e  conclusion of t h e  t rade  studies,  t h e  f ive  configurations shown in 

f igures  7 t h r u  11 were selected f o r  fur ther  in-depth study, and t h e  r e s u l t s  

t h a t  follow a l l  re fer  t o  these 121inch vehicles. 



The Uprrztcd Saturn 1 is pltzykq; e major ~ o l c  i n  the  hpollo program and t he  

hproved Uprated SgLurn I coaiigurations extend t h i s  capabiliii.y Lo support, 

t he  nat ional  space program objectives of earth o r b i t a l  operations, extended 

lunar operations and manired p L a n e L q  exploration. Soma of %;he more 

hportarii; perfo~olance a ~ d  mission ca ;~zb i l i t i e s  of the  Improved Uprated 

Saturn I configaratioss are presented i q  the  follo-d.ng sub-sections. 

a )  General Earth Orbi tal  Per;oa-=l?ace 

The pcyload capabi l i ty  of each configwakion f o r  c i rcu lar  o r b i t s  ranging 

bett;zcn S3 t o  300 naut ica l  d i e  ax52~udes, assuming a 72 degree launch 

azimuth out of Cape Kemedy, arc p r a s e ~ ~ t e d  -in f igure 12. It w i l l  be noted 

t h a t  a psyload capabi l i ty  of over 100,000 Lbs i s  possible with 3LV-11.7A 

in a 105 naut ica l  mile c i r cu la r  o ~ b i t ,  

S )  Earth Orbi ta l  Operations 

The payload capabi l i ty  f o r  general space s t a t i o n  applications i n  low 

inc l ina t ion  and polar opbits of h t e r c s t  is  given L? f igure 13. Gnly the  

payloaes foi- PiLV-11.7A and kho 'Jprated Satxrn I are  shown a s  the  capabi l i t ies  

of t h e  renaining c o n f i g ~ r a t i o n s  f a l l  b$;ween these boundaries i n  a 

similar fashion Lo t h a t  indica;led on f igure 12. The types of space s t a t ion  

cogsidersd are the  I J m e d  Orbiting Telescope (KOT), Ma~xcL Orbiting Laboratory 
I 

(KoL), Eational Bcsoarch Observakory (mO), and a bbwed Orbiting Research 

Laboratory (MOXL). The shaded area of t h e  c?iagrm indicates  a payloaa/al%itude 

range f o r  these applications. Note tha t  the  payload can be to t he  

r raxL; i  capabi l l ly  of t h e  i'i'0,V-13*7J- lx:?e,tl vehicle configuration. 'i'i?us thz  

paylozd can ba Fnercaxd Lo 0vc;- L:3,CC3 153 i;z Isi; ine l inz t ion  o r b i t s  o r  

89,003 i n  a polar ol"bkt. 



One of Lho most, tallced aboz~t 8 8 s ~ a e c  s'c3cS-i5.ozll;" for %he Upraked Saturn I is 

the S-P,TB o-r'nital harkshop w'?ich I.s pi.c"z;-.lcd as park sf' the Apollo Applications 

Prop-am. This, in its essen%ials, cr3zsj-~;s of aa empty S-I"JB with a means 

of infrress a2d ezresr; fo r  the ms"con~ut,a, Iga this applicztion the S-TVB forms 

part sf the payload, f i gu re  14 skovis t h a t  t h e  IaV-U.7A could loft over 

130,COCl Bbs i ~ t o  a low inc l i na t i on  oybi6, o r  ovcl- 100,WCI Sbo i ~ t o  a pol= 

orbi t .  Again, t h e  r x g e  bchucen t h e  3.r i i ts  foa t h c  Uprated Satu~m I and 

?GrtV-91.78 I s  filled by %he capLblli t ics af +ha other configurations. 

c )  General High Energy Ege~fo~ai~ee 

H i s f :  ezc-gjr missions m e a n  those ~ s s i a n s  havkg an L!jecPlion velocity greater 

thm f;h& required fop esca~e  (i.e. > 36,000 fps,). The payload capabilities 

of the stedy vehieles weye dete~rdned fo2 this velocity r a g e  both with arid 

wi%hock a Centaur t ype  upper slago. In all cases, a diroct in jec t ion  at a 

105 nem, aerdgee a l t i t u d e  from n. due eesi launch was used. The high energy 

pe-Zo~maz~cc w i t h  S-IVB injection (two starts)  id ~ A t h  a C~ntauy upper stage 

is ~ur.mmi.zed in figure: 15,  The energy pmi~s:it~r used thmughout Lhese 

antxlyses is defined as Cg = ( v ~ . ~ ~ ~ . ~  j2 - 2 where r is the radius 

corresponding to an altitude of 105 :-i,z. The curves (A t h m  F) an the left 

of figure 25 represent t h e  perfomcaez attainable w i t h  S-TVB injockion and 

those on t h e  right ( A S  thru F V )  iLlr?scYrz%e the dramatic increase in payload 

c a p ~ b i l k t ~ y  when a Centauk t y p o  high escrgr upper stage is added, Fipz*e 16 

s w ~ a m f  x c ; ~  Lhe payload *capability with CenLzur inject ion for  a nux3er on' 

i3por--LwL-i; high energy missions. Fron this d i a g ~ a 3 ,  it ~$11 be noted that 

:.ZV-L1.7A e m  inject &0,000 3 s  Lo csc:p? elm 28,COQ Bbs to the vicinity of ?.lars 

for a Vqragss*  nissi on, SixLlz cc;?c.S13%y tlaing S-IVB in j z c t i o z  o d y  r~ould 

re'sult, in 28,030 . lbs  to escape 0:. 9,C23 XES for a Voy2pr 5sc;ion. 



d)  Synchs~nous Orbit Capabil i ty 

Omzc nrission t h &  h a s  in jce t ion  requisemi?r-i"., s b : i t h L ~  tho high energy range 

diszucsed L? t h e  preceding sub-sectio;~, 63 t h e  synchrozous (2lp-h~ur) c i r c u l a r  

orbit mission. This orbit, i s  of p ~ ; , ~ % i e u i a r  i n t e r e s t  beczuso of i t s  unique 

charaeter isLics  that, caq be used f o r  a wide var ie ty  of appl icat ionse 

The synchro~ous o r b i t  capabi l i ty  f o r  each of t h e  vehicles  cocsidcred, a s  

shown in f i gu re  17, was based on in j ec t i on  by t h e  S-IW3 stzge using 3 burns 

or' t h e  5-2 engineg, fdo da ta  is presented fir t h e  !GJJ-l& configuration s ince 

t h e  pqyloads achievable are e i t h e r  k::practically s~alk o r   on-existcnL The 

mission p r o f i l e  used was t h e  105 n.m. c i r cu l a r  p a r k h g  o r b i t  acccmplished a t  

t h e  coaplet len of t h e  S-IVB f b s t  bucn .:I~LEI sufficient, f l i g h t  p r0pe1 l~1 - t  

reserves  provided during t h e  s u b o ~ b i t a l  f l i g h t  t o  ensure t h e  reo,u&ed injeceion 

accuracy in t h e  parking o rb i t .  The first coast period iPr t h i s  parking o sb i t  

was ass-ed t o  be 4.5 hours. The second burn provides t h e  ve loc i ty  L.nekenent 

required t o  place t h e  payload and t h e  S-IVB stage, with i t s  r e n a i n b g  propeliant ,  

i n t o  t h e  desi red t r a n s f e r  e l l i p se .  The secocd coast period is spent Lq t h i s  

t r a n s f e r  e l l i p s e  takes  approxk2 ,e ly  5 hours, The ve loc i ty  f o r  c i rcu la r iza -  

t i o n  and any rcquired plane chmge i s  pov ided  concurrently by -the t h i i d  and 

f i n a l  S-ZVB burn. These synchronous o r b i t  s tud ies  using S-IVB in joc t i en  

investigabed only one mission p ro f i l e ,  kv"Î rcrcas t h e  advaiitages a d  disadvantages 

of three  mission p r o f i l e s  were examined d ~ ~ i ~ g  t h e  ana lys i s  of s p c h m n o ~ s  

o r b i t  c apab i l i t y  u t i l i z i n g  a Centzur Lype hh%.njcctrbon stage. FOP t h i s  case, each 

prof ilc Lrwolved a due ezst, launch and in jec t ion  i n t o  a parking o rb i t  a t  an 

alkikude of LOT n.n. Folloru.ing a. pclr.l&g o r b i t  coast t h e  ( a s s u ~ c t  t o  be 4.5 

hours), a ve loc i ty  iccse,-.en% was ap2lied at %he 105 n,m, d t i t u d z  su f f i c i en t  



Lo placa t h o  vehj.c?e i n  a t r m s f e r  orbit with an ctpo~co a t  t h e  desirod 

syfich~onous o rb i t  altitude. A 5-;?our tr=sfer t3-m was used, lit t h e  

synchronous o rb i t  a l t i t ude ,  t h e  velocity required f o r  c i rcular izat ion and 

any desired plane change was provided. The th rae  prof i les  me presefited 

achematically in f i ~ ; t w e  1.8, and ekiffw only in t h e i r  staging sequence and 

t h e  charac ter i s t ics  of t h e i r  parking o rb i t s ,  

ProflPs A izssmed inject ion i n t o  a 105 n,m. c i rcu lar  parking orbit (cPO) 

at S-ItrB bu~nout .  A t  t h e  end of the parkhg orb5t phase, t h e  Centaur was 

igni ted t o  provide t h e  veloci ty  bcsemenL r q u i r e d  t o  place t h e  vehicle i n  

t h e  desired transfer orbit (TO), This  iracrerient p a s  applied when t h e  vehicle 

was i n  a nodal crossing posit ion ,in t h e  p a r k h g  orb i t ,  Wnen synchronous 

a l t i t u d e  was reached, the Centam was igni ted t h e  second t h e  t o  provide 

concurrently t h e  veloci ty  increment required for e i rcu la~iza t iorz  and any 

required plane chwgs. 

P ro f i l e  B assumed t h a t  tho  S-IVB injected t h e  fully loaded Centaur and payload 

i n t o  an elli@:tLcal parking o rb i t  (EPO) at, t h o  perigee a l t i t u d e  of 105 n.m. 

k t  t h e  completion of the parking 0~b3.t phase, the Centaur was ignited to achieve 

t h e  desired t r ans fe r  o r b i t ,  This igniti-on occurred a t  t he  105 n.m. perigee 

sf t h e  parking o rb i t ,  A t  synchronous a l t i t r~de,  t h e  Centaur was re-ignited t o  

provi.de t h e  velociky r q u i r e d  f o r  ci.rcuharization. Unlike Prof i le  A ,  f o r  

ProfiZe R 'the pl&e change rrameuver i s  EOP. combined with t h e  c i rcu lar iza t ion  

maneuver since t h e  t r ans fe r  orbit apogcc does not c o h c i d e  w i t h  a nodal crossi?g, 

To provide t h e  veloci ty  requircc for t h e  p l m e  change nzcessary f o r  synehro~ous 

oq:,.natoriznl o~"bi"tss"sns, a thii-8 burn of t h e  Centaur i s  z ~ c s $ s z q ,  



Profile C follows the  p ro f i l e  described c s  Prof i le  A with one notable 

exception. RaLhe~ than penalize the  performance of the  vehicle by off- 

loadinyc S-IiRI propellant, an S-TVB r e s t a r t  capabi l i ty  ,was assumed. The 

t r ans fe r  veloci ty  increment was, therefore,  provided by a combination of 

S-IVB second burn and Centaur f i r s t  burn, Additionally, since t h e  

c i r cu la r  parking o rb i t  was maintained, allowing t r ans fe r  t o  be effected 

' a t  a nodal crossing point,  t he  advantage of concurrently providing the  

c i rcu lar iza t ion  and plane change veloci ty  can be retained. 

The synchronous o rb i t  performance of each of t h e  vehicles with a Cefitaur 

type upper stage is shown i n  f igure 3.9, and t h e  most advantageous p ro f i l e  

i s  indicated. 

e) EAended Lunar Exploration 

The escape capabi l i ty  (C = 0 )  of 28,080 lbs  and 40,000 l b s  fo r  S-NB and 
3 

Centzur, in jec t ion  respectively ref erred t o  in subsection C , general high 

energy performance, gives MLV-11.7A an excellent tnptential a s  a transport  

vehicle f o r  lunar  exploration support in t h e  ro l e  of a s o f t  lander, lunar 

o rb i t e r ,  o r  f o r  a circum-lunar/return inission. For instance, assuming 

MLV-11.7A with S-IVB inject ion,  t he  payload i n  the  v ic in i ty  of t h e  moon is  

approximately 28,000 Lbs. This could be used t o  orb i t  approxbately 17,000 l b s  

of usefu l  payload o r  so f t  land 5,000 - 7,000 l b s  of useful  payload on t h e  

lunar  s-wface. Thus an en t i r e ly  new f i e l d  of a c t i v i t y  is avai lable  f o r  t h i s  

configuration when a rnission of this type becomes a r ea l i ty .  

f ) !-laiined P b e t  ary Exploration 

The f an i ly  of improved Upsated Saturn I launch vehicles have the  capabi l i ty  

t o  play a major r o l e  i n  t h e  precursor, development and s c i e n t i f i c  suppost 



missions ~tssaciaP,ed wi%h detcr=iniag tbe slature of the environ.n%na"L of 

the fter planets that will eventua%Ly be visited by aatronauks fma the 
, 

ea,-ti?. Typical mi.asians are %he Voyager typs z5.ssions t o  l.Ia=.s, Veaus 

2nd Jupi ter .  Assuing a conscrvvtivc energy level of C 3  = 25 km2/sec 2 

for a Mays Voyzge~ rrjsskon, includk?g allob~mces for a 30 day launch 

. e.rhdar~~ -, at azy oppSgmity ,  accoullting for parking o rb i t  losses  m d  a 

-k - kO" asFtotic declination of t h e  oxtgoing geocentric assmtote, %ha 

Uprated Satmn I with a t h i H  stagc suck as  Ccndaus, could place 8,090 Ibs 

of us;;.i"ul payload i n  the v ic in i ty  of I.:=s. Altex-n;it,iveSy the payload with 

$fLV-lX. 7A is 11,WO lb3 rsnd t h a t  for 1~3V-11.7A with a Centaur type third 

stage is 28,000 Ibs.  Figur-2 20 3howa how these payloads change fo r  a 

2 Venus Voyager ( C 3  = 11 loa2/soc ). For Jupiter Voyager (C3  = 90 h2/sec2) 

t h e  impor"LaP1L pa rme te r  is fligh% time. In t h i s  case it would take t h e  

Uprzted Saturn I with a third stage 2.5 y e u s  f l i g h t  t ine t o  t r anspod  

q p p r o x h t e l y  3,000 Pbs of usr2u2 payload t o  t h e  v ic in i ty  of Jupi te r  o r  

1.5,CZO 33s with XLV-~X. ? ~ / t h h d  stage, APt@rnatively, t h i s  Pak te r  vehicle 

couid ex1zcute a Jupiter flyby flight a x e  of just  over one year w i t h  a 

pzy302d of 2,OCO lbs. 

The payload capabilities for the missions previously diseuosad a r e  d l  based 

on t h e  use of t h e  high energy chemical -propeUaef&s Iuq2 and LO2. Space 

technology i s  at t h e  %E?rechokd of t h e  LrtroduotPorn of new propulsion systems 

such as %he aolas electric prop~leion system (SEQS) and nueleu propulsion. 

Oce of t h e  exbremlgr a t t ~ a c i * ~ ~  ndvantages of S W S  lies i n  the  fact that 

5.t u t i l i z e s  so lar  e3crgy collected on s l z r  p a 0 1  arrays and trm3formed isto 
6 

uscr"ul electrical energy. Tb5s ma"it?ad of L,-~~sfor~-.ling solar energy in to  



oiectxical, energy i s  a necessary requi-kex~ak f o r  sys tem operation on the  

spacecraft at Vno pla..net of in t e re s t ,  or  during t rahsik  from earth t o  the  

gla;not, d ~ e  Lo the long flight t L m s  involved, It is, therefore, l og ica l  

t o  u t i l i z e  these so la r  energy col lect ing arrays during trmsit t o  provide 

t h e  source of energy f o r  a sinall but contiruous thrust. It has previously 

been shown t h a t  t h e  payload t o  escape ( c ~  = O), for MLY-11.7.4 with S-IVB 

h j e c t f o n ,  is 28,GOO Ibs. Under the ~ o s t  s t r ingent  conditions- of inJection 

from a parking o r b i t  m d  malting an allowance for a -+_ 400 declination of 

t h e  outgoing geocentric asyrotote t h i s  psyload reduces s l ight ly '  t o  25,000 lbs .  

IJnder these in jec t ion  conditions w-d u t i l i z i n g  a SEPS upper stage, a t-y-pical 

Hms mission could soft, land 9,5GO lbs , inc ludhg 1,WO Ibs for pure science, 

on the Hartian surface and st i l l  r e t a in  a 350 l b  orb i te r  f o r  transanit-Ling 

data back to earth. Alternatively, a 5,300 Ib &hrs Napper could be orbited 

t o  a 2 i r a l  in to  t h e  Martian a tx~sphere ,  For a Jupi te r  flyby a '7,000 Ib 

payload, hcludizag 2,250 lba of pure science, could be transported t o  Jupiter 

k: i th  a y e w  f l i g h t  t h e ,  Figwe 21 shows the payload capabi l i ty  b.6th a 

nuclear up-er  stage. Ths nuclear propulsion system chosan as the basis f o r  t h i s  

brestigatisn had a th rus t  of 10,030 Ibs and used hERVA technology. The 

gzyloads a t ta inable  for Vanus, Mar=, MGTCUB-~ and J u p i t e ~  f lybyes  a re  indicated 

f o r  both the Uprated Saturn I and I%,V-11.7.A. Fim,lly, t h e  pesformaxx? fo r  

v e q  high missions using n cherkieal %).,in2 str?,ye and a t h i r d  sdage with a, 

ehcnical  klck stage, is shorn in f i p s z  22. This diag~am sho:~s that, uuskg 

a kick s t ap ,  a Jupites flyby mfss9on ~ ~ 5 t h  a 4,003 lb package of i?..s%n?mcnts: 

is Teas?-b2.e with a f l i g h t  t3lr.c of' c;2e yem, oa a 1,000 1h package h a 

Sa' tu~n fly'by h Just over 3.8 ?~1.811ths. kl tern~%ively ,  vosy useful fns%ru,?icf?-% 



paylozds fo r  scRar probes t o  wi.%hh 0,10 AU of t h e  sun, o r  at high 

i n c l i ~ a t i o n s  t o  %hc e c l i p t i c ,  arc possible, 

g) Ykssion Sw,?~aq 

FPom Lhe foregohp, discussions kt, is e l e m  t h z t ,  i n  addi t ion t o  playing 

a major so l e  i n  t he  Apo lb  program, t h e  irpmved Upraked Saturn I 

configurations s e  i d e a l l y  sui ted f o r  a wider range of missions associated 

w i t h  earth o r b i t a l  operations, they  hzve a t ranspor t / log is t i cs  capabi l i ty  

f o r  extended lunar  exyPoration, and t h e  capabi.lity f o r  a major supporting 

r o l e  i n  the preliminary phases of manned planetary exploration. 

S?'STI?F.'S OWSAT IONS 

Frcn a q - s t ea s  operations viewpoint, t h e  simplest uprated configuration 

is - 1  In  + t h i s  instance t h e  payload capabi l i ty  i s  increased t o  over 

50,COO l b s  by t h e  sjxiple acecEition of t hc  four  Minutemen SRM i n  a boost a s s i s t  

appl icat ion.  Fo l lox~hg  boast t h r u s t  t a i l o f f ,  t h e  spent cases m e  je t t i soned 

on t h e  re lease  of a simple mechanical at,tacPaerit. The cont ro l  of t h e  vehicle  

throuyhout t h i s  operation is exercised through g i ~ b a l l b g  t h e  four  o u t b o d  

2-1 engines of the ,core  vehicle. The operation and con t ro l  of t h e  remaining 

four  configurations is samewhat more demmdhg f o r  t h e  added m i g h t  Of t h e  

120-is:ck SRM requi res  addi t ional  power f o r  con$roI. This i s  m d e  availzible 
1 

l i q u i d  port  B s t r a t e g i c a l l y  s i t ua t ed  

around the exhaust nozzle of sach SRM, The resu l tan t  chemical reac t ion  

causes a def lec t ion  of tho erhaust  j e t  t o  provide a t h r u s t  vector of adequate 

~ z g n i t u d e  to cont ro l  t h e  vehicle.  This ljysteln It; Imo"ra-~ a s  T h m s t  Vector 

Control  (TVC) a ~ d  is us,d either aol~3.y,  os in conjunction ~ 5 t h  t h e  6irr.brriled 

nozzle H-2  enzkne cont ro l  system. ;.lZ;er l i f t o f f ,  a preprogr&zx'~!ed m l l  and 



pitch cosmzxi or iginat ing i n  "ce I , ~ ~ - t r ~ ~ e n t  Unit ( IU) f l i g h t  control 

computer (FCC), see f igure 22, control3 the  individual SRM th ras t  vector 

control  syslems. The inpui s ignals  t o  t h e  TVC systea, i n i t i a t e  the  release 

of pressurized nitrogen tetroxide t o  t h e  appropriate valve quadrants t o  

provide t h r i s t  vectoring. The r e s u l t a i ~ t  vehicle motions a re  sensed in t h e  

I?J, which i n i t i a t e s  s ignals  t o  n u l l  t he  control action. During SRM 

operation, surplus TVC f l u i d  is unifor~liLy released and dmaped overboard. 

The start Lump programer is  located on t h e  b d i v i d u a l  SRM" and is 

commanded by a s ignal  originating from either the  pound equipment a t  

l i f t o f f ,  the stage co~mand receivers & z ~ h g  f l i g h t ,  o r  t he  IU. 

Figure 24 indicates a typ ica l  f l i g h t  sequence f o r  l!LV-ll."/A. A t  l i f e o f f ,  

t h e  four SXTi and, tho  four  outboard H-3- enzinea are  ignited. Igni t ion of 

t h e  four  inboard Ii-1 engines follows a t  approxh- te ly  115 secs, Just  p r io r  

t o  SRM.Lhrust ta i l -of f .  Separation and je t t i son  of t h e  spent cases, following 

SRM burnout i n  effected,  f i r s t ,  by ini-Liating the  ign i to r s  of so l id  propellant 

t r ans l a t ion  ~ o t o r s  located a% t h e  forward and a% ends of the  SRM's, and 

s e c o ~ d ,  by ac t iva t ion  of separation charges on the  f o r v ~ i ~ ~ d  and af t  attachment 

s t ruc tures  . The t r ans l a t ion  motors on the  SRI.ie s combisled with aerodynamic 

forces  cre~te a ~ ~ ~ / v e h k c l e  mation which ensures adequate vehicle clearance of 

t h e  spen"c3M cases d r h g  separation. In essence, t h i s  separation system 

closely follows t h e  ~ e t h o d  so successfully proven on t h e  Titan I I I C .  

PROGRAM OPT I O N  

One hpor%e:~L reztl l t  t o  exergo from tk.3 stu&j ol' "c:-.es.; f 2 ~ e  lauzch vehicle 

/ 
c o n f i ~ r 3 t i o n s  ws the recog~ii t ion %>at z, variz'cle 3zyload cap2bili ty 

w a s  possible by t h e  staged additior; of 120-inch SRMto a core vchicla =d t h a t  



t h i s  i s  an a t t r a c t i v e  method of meetink r"u"r.ure mission requirements. This 

program option, see f igure 25, can be provided 91 two ways. In the  f i r s t  

instance, t he  core vehicle of E1LV-l1,5 (zsro S-IB tank extension) can lof% 

37,030 l b s  in to  a low earth orb i t .  Adding four five-segmeat 120-inch SRM, 

increases t h i s  capabi l i ty  t o  78,000 lbs ,  o r  by fac tor  of two. In t he  second 

instance, t he  core vehicle of W-11.7A (20 foot S-IB tank e ~ e n s i o n )  can l o f t  

35,000 l b s  in to  a low earth orb i t ;  t h e  reduction in payload capabi l i ty  i s  due 

t o  t h e ,  increased tank length and sLructrnral woight. Adding t w o  seven-segment 

120Lhck SRM increases t h i s  payload capabi l i ty  by more than a fac tor  of two 

t o  82,000 kbs and acidirlg a Pcl%her two SZZM increases t h e  payload capabi l i ty  

by a fac tor  of three  t o  106,000 lbs ,  thus  providing an extremely a t t r a c t i v e  

payload and mission f l e x i b i l i t y ,  The e l l in ina t ion  of the  SRM f o r  missions with 

reduced payload r e q u i r e ~ e n t s ,  a l so  leads t o  important reductions i n  t h e  vehicle 

u n i t  cost,  thus  substant ial ly  redacing the  overal l  program cost. A s  s ta ted  in 

t h e  introduction, these payloads a re  approximately 2000 l b s  low due t o  t h e  

capsbi l i ty  of t h e  reference vehicle used f o r  study purposes. 

This study has suggested that; t he  payload capabi l i ty  of t h e  Uprated Saturn I 

can be increased n e w l y  three fold,  using proven mthocls =c8 sta%e-of-the-art 

techniques. Because of t h i s  a t t r a c t i v e  feature,  t h e  investment cost,  o r  

developmentcost, i s  low. Furthermore, t h e  s tep  by s t ep  addition of a so l id  

r ~ c k e t  motor strap-ons f o r  boost ass io t ,  pravides a payload and mission 

f l e x i b i l i t y  hithe;.Lo unprece2el?",ed large boosters. it has also been shown 

how t h e  addition of r t h i r d  stcage such as Celitaur, drasnatfcally increases the  

a b i l r i ~ y  ol" these laanch .vehicles 50 support planetary exploration. 



Following tho  f i r s t  lunar  landings, Lhc binole universe rernains t o  be 

explored - Mars, Venus, Jupi te r ,  and t h e  other planets,  t h e  sun - 
t h e  en-Lira s o l a r  system. Space e la t ions  and orb i t ing  research l a b o r ~ t o r i e s  

must be lxdnched, supplied and resupplied, and kept functioning. Tnis 

paper has attempted t o  show how t h e  Sii.proved Uprated Saturn I launch vehicle  

family can play an i?nportant ro l e  i n  achieving these goals. 

The autthor wishes t o  express h i s  thanks t o  t h e  National Aerons.:tics and 

Space Administration, and Lo t h e  Chrysler Corporation Space Division f o r  

perniss ion t o  publish t h i s  paper; a l so  t o  h i s  colleagues i n  t h e  Advance 

Engineering Branch f o r  t he  preparation of material. The opinions expressed 

herein  a r e  h i s  own and a r e  not necessar i ly  those of t h e  aiorerner?lioned 

o rgmiza t  ions. 
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