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A B ST RA C T 

Study r e s u l t s  a re  summar ized  f o r  a conceptual design a n a l y s i s  of 
"Advanced Multipurpose Large  Launch Vehicles.  I '  

i nco rpora t e s  a s ingle-s tage- to-orbi t  ma in  s tage that o r b i t s  a mil l ion 
pound payload; and, with the addition of building block e l emen t s  that  
include s t rap-on  m o t o r s  and a s m a l l  injection s tage,  provides  payload 
flexibility to near ly  f o u r  mill ion pounds. The objective of the study 
w a s  t o  develop prac t ica l ,  representa t ive  vehicle configurat ions through 
a series of design and per formance  t r ade  s tudies ,  and to  assess th is  
vehicle sys t em in terms of technology needs and implications.  
family is provided with its es t imated  pe r fo rmance  for e a c h  of i t s  
possible  flight configurations. The design and pe r fo rmance  data  
developed in t r ade  s tudies  of design va r i ab le s  invest igated in reaching 
the representa t ive  configuration are summari zed. 

This  vehicle concept 

A vehicle 

Both mul t ichamber /p lug  and toro ida l /aerospike  s y s t e m s  w e r e  cons idered  
for m a i n  s tage propulsion. 
included sol id  m o t o r s  and N204/UDMH pres su re - f ed  pods. 
impact of s t rap-ons  to  the ma in  s tage  is descr ibed.  
of s t rap-on  configurations is given for both zero-s tage  and para l le l -  
bu rn  operation. 
inject ion s tage  are presented,  The implicat ions of th i s  possible  
future  vehicle sys t em on technology and r e s o u r c e  r equ i r emen t s  are  
a s s e s s e d  to  provide data  for technology planning, r e s o u r c e  est imat ing,  
and mis s ion  a n a l y s i s  studies.  

Strap-on boost assist e l emen t s  investigated 
The s t r u c t u r a l  

The per formance  

The per formance  of configurations with a small o rb i t a l  

LIST OF K E Y  WORDS 
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Sen  s itivit ie s 
Re cove r y  
Re source  Assessmen t  
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FORE WORD 

Thi s  r e p o r t  s u m m a r i z e s  the findings of a "Study of Advanced Multipurpose 
La rge  Launch Vehicles ' '  per formed under Cont rac t  NAS2-4079. The study 
w a s  conducted by the Launch Systems Branch,  Space Division, of The 
Boeing Company from January  1, 1967, to September  30, 1967. The work  
w a s  admin i s t e red  under the direct ion of Edward  W. G o m e r s a l l  of the 
Mission Analys is  Division, Office of Advanced R e s e a r c h  and Technology 
(OART 1. 

The r e c o r d  of the study is presented  i n  two repor t s .  
as a s u m m a r y  r e p o r t  that provides  a concise  account of the object ives ,  
method of investigation, and significant resu l t s .  The  fu l l  account of the 
study is found in  CR -73155, which provides  a comprehensive document 
of the ana lyses  conducted with their de t a i l  resu l t s .  . 

This  r e p o r t  s e r v e s  

A l l  the propuls ion s y s t e m s  data used  in  the pe r fo rmance  of the study 
and shown in the reports were  provided, at no cost ,  by: 

Rocke tdyne i 

Division of North A m e r i c a n  Rockwell  Corpora t ion  
Canoga Park, California 

P r a t t  and Whitney A i r c r a f t  
Division of United A i r c r a f t  Corpora t ion  
West Palm Beach, F lo r ida  

Aerojet-Ge ne ra l  Corpora t ion  
Space Boos te r  Division 
Sac rame nto, Calif o r nia 

Lockheed Propuls ion 'Company 
Division of Lockheed Aircraft Corporat ion 
Re dlands , Calif o r  nia 

The i r  cooperat ion in contributing t i m e l y  engine or moto r  data significantly 
en larged  the scope and value of the study r e su l t s .  I 

This  r e p o r t  is also published as  Boeing Document D5 -13421-1. 



1 . 0  INTRODUCTION 

It is an  objective of the NASA's Office of Advanced R e s e a r c h  and Tech-  
nology (OART) t o  explore  the pract ical i ty  and potential  of a t t rac t ive  new 
concepts  t o  a s s u r e  that the necessa ry  technologies requi red  t o  achieve the 
s y s t e m s  o r  maximize  their effect iveness  are developed. 
t hese  explora tory  e f f o r t s  is t o  provide data ,  and t r a d e  -off re la t ionships  
for  the concepts ;  not t o  select designs o r  propulsion s y s t e m s ,  p e r  s e .  

T h e  purpose of 

The  "Advanced Multipurpose Large  Launch Vehicle" (AMLLV) concept is 
an  attractive launch vehicle design a l te rna t ive  suggested t o  accompl ish  
fu ture  manned in te rp lane tary  explorations,  extended luna r  explora t ions ,  
and l a r g e  space  s ta t ion miss ions .  T h i s  fu ture  vehicle  s y s t e m  would take 
full advantage of technology advances and l a r g e  vehicle design experience 
tha t  have occur red  s ince the ear ly  1960ls, especial ly  the advent of alt i tude 
compensat ing aerospike  o r  plug engines .  

T h i s  r e p o r t  i s  the s u m m a r y  document that gives  the key findings of a 
study, per formed by The Boeing Company, under  the sponsorsh ip  of 
NASA's OART. 
t rade-of fs  arid implicat ions on the AMLLV s y s t e m  design.  

The study sat isf ied the need fo r  detailed information,  

The object ives  of th i s  study were threefold.  
AMLLV concept,  develop a pract ical ,  representa t ive  configuration through 
a s e r i e s  of trade-off and per formance  s tudies .  Second, p e r f o r m  a m o r e  
r igo rous  ana lys i s  on the selected configuration t o  substant ia te  its de s ign  
and per formance  a s  wel l  a s  provide detailed information on var ious  sys t em 
requ i r emen t s .  Finally,  a s s e s s  the implicat ions and sens i t iv i t ies  of the 
vehicle  t o  a id  miss ion  analyst ,  r e s o u r c e  e s t i m a t o r s ,  and technology 
p lanner  s . 

F i r s t ,  working f r o m  the 

The r e s u l t s  of the study provide a s e t  of considerat ions t o  be used in 
evaluating the objectives and achievements  of continuing o r  future  technol- 
ogy development p r o g r a m s .  Equating the potential gains  against  the 
r equ i r ed  effort  provides OART with an  effective tool for  formulating 
long-range plans fo r  technology r e s e a r c h .  

1 . 1  DEFINITION O F  VEHICLE CONCEPT 

The "Advanced Multipurpose Large  Launch Vehicle ' '  (AMLLV) i s  a concept 

a s  shown in Figure 1 -1 ,  fea tures  an LH2/LOX main stage with s ing le-s tage-  
to -orb i t  capability of one million pounds. 
c o r e  s tage of a building block s y s t e m  that  incorpora tes  both s t r ap -on  s tages  

for  del i - - -  verlng -*: one to  four million pounds to !ow E a r t h  orb i t .  This  concept,  

This  main  s tage i s  used a s  the 
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FIGURE 1-1 ADVANCED MULTIPURPOSE LARGE LAUNCH VEHICLE 
CONCEPT 

and a small upper  s tage  f o r  o rb i t a l  injection to achieve a b road  r ange  of 
payload capabili ty.  
t o ro ida l / ae rosp ike  or mult ichamber /p lug  propulsion system. 
opt ions include sol id  motors or p res su re - f ed  l iquid motors for either 
parallel bu rn  or  zero s tage  opera t ion  to achieve  bas i c  payioad versat i l i ty .  

Main stage design includes a n  al t i tude compensating, 
The s t rap-on  

The o r b i t a l  injection s tage  fu r the r  enhances the payload versa t i l i ty ,  
r educes  the m a i n  s tage sensi t ivi ty  to i ts  i n e r t  weight, and provides  
o r b i t a l  transfer and rendezvous capabili t ies.  
by th i s  stage would be varied by modular iz ing its propel lant  tanks  to 
provide velocity inc remen t s  of 1 ,000  to 7 , 0 0 0  fee t -per -second over the 
payload range  of dne to four  mill ion pounds. 

The to ta l  impulse  provided 

T h i s  b a s i c  concept f o r m e d  the s t a r t i n g  point of th i s  study. 
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1. 2 STUDY APPROACH 

The ini t ia l  t r a d e  study phase of the study invest igated,  in a p re l imina ry  
m a n n e r ,  the options,  a l te rna t ives ,  and p a r a m e t r i c  var ia t ions  o f f e red  
by the vehicle concept. 
a log ica l  configuration. Th i s  configuration, n o t  n e c e s s a r i l y  opt imum but 
a reasonable ,  r ep resen ta t ive  definit ion of the concept ,  w a s  then  worked  
to a more detai led l e v e l  of design in the second phase  of the study to 
provide a more r i g o r o u s  demonst ra t ion  of the concept ' s  validitv and  a 
better definition of its maj or sys t ems .  Final ly ,  the impl ica t ion  of 
t h i s  configurat ion w a s  fu r the r  e l abora t ed  b y  cons ider ing  aspects of 
its producibil i ty and  its sensi t ivi ty  to technological  improvements .  
Additional a n a l y s e s  w e r e  conducted to a i d  m i s s i o n  p l anne r s  to assess 
the sensi t ivi ty  of the vehicle  to payload size va r i a t ions  and  to outline 
a r ecove rab le  ve r s ion  of the design. 

These  a n a l y s e s  f o r m e d  the b a s i s  for se lec t ing  

The logic  employed in  the t rade  study phase to evolve the r ep resen ta t ive  
configurat ion w a s  a s tep-by-step process whereby first the m a i n  s t age  
fl ight mode w a s  es tab l i shed ,  and then, th rough a series of des ign  t r a d e  
s tudies  of the maj,or independent va r i ab le s ,  the m a i n  s tage  des ign  w a s  
chosen. The evaluat ion of the s t r ap -ons  and  inject ion s tage  w a s  then  
approached  by defining representa t ive  des igns  that ma tched  the m a i n  
s tage  to e s t ab l i sh  t h e i r  mass f r ac t ions  and  pe r fo rmance  values.  
P e r f o r m a n c e  t r a d e s  w e r e  conducted for  e a c h  of the  1 ogica l  configurat ion 
options, to de t e rmine  the payload ga ins  poss ib le  and se l ec t  bas i c  fl ight 
modes.  Loads,  s t r e s s ,  and  weight a n a l y s e s  w e r e  pe r fo rmed  for each 
major configuration option to  define the s t r u c t u r a l  changes  r equ i r ed  to 
the m a i n  LOX/LHz s tage  design. 

The second phase of the st.idy used  this basic p e r f o r m a n c e  and s t r u c t u r a l  
r e q u i r e m e n t s  data to s i z e  and configure a m a i n  s tage  for a mi l l ion  pounds 
to orbit payload. 
rocke t  motors w e r e  s i zed  to ma tch  the m a i n  s tage  and to provide nea r ly  
four-to-one payload versat i l i ty .  T r a j e c t o r i e s  w e r e  f inal ized and  detail 
load, stress, control ,  heating, and  p r e s s u r i z a t i o n  s tudies  w e r e  comple ted  
to define the conceptual  design a n d  e s t ab l i sh  the f inal  weight s ta tement .  

A modular ized  inject ion s tage  and  260-inch solid 

In t h e  f i n a l  phase,  a n  a s s e s s m e n t  of the r e s o u r c e  implicat ions w a s  
conducted b y  studying the r equ i r emen t s  for  producing, developing, and 
lauching the se l ec t ed  vehicle  s tages .  
specif ic  impulse  and  s t r u c t u r a l  technology l eve l s  w a s  de t e rmined  by 
developing exchange r a t i o s  for e a c h  stage.  
with r ep resen ta t ive  advanced s t r u c t u r a l  m a t e r i a l s  w a s  evaluated. 
vehicle 's  sensi t ivi ty  to the payload c e n t e r  of grav i ty  locat ions and 
dziisi t ies w a s  deterxxined. 
des ign  w a s  outlined. 

The sensi t ivi ty  of the des ign  to 

The weight reduct ion poss ib le  
The 

,4 r e c e v e r a b l e  ve r s ion  of the A ~ l a i ~  stage 



1. 3 R E  AT IO IP  T O  OTHER ST JD ES 

The relat ionship of t h i s  study to  other  continuing and planned e f f o r t s ,  
within NASA was a guiding fac tor  in determining the  intent and f o r m a t  
of the r e s u l t s  of the study. 

The study did not a t tempt  to develop a highly optimized o r  sophis t icated 
design in o r d e r  to achieve supe r io r  per formance  or minimize cotst, but 
r a the r ,  a t tempted  to accomplish a sys tem design and ana lys i s  of a 
reasonable  approach,  ref lect ing real izable  technology , to a large launch 
vehicle. 
and ant ic ipated technology t a s k s  w e r e  input into the study. Study output, 
then, includes system interact ions,  trade-off data ,  design point ver i f i -  
cations, and technology implicat ions d i rec t ly  and cur ren t ly  applicable 
to  these  technology act ivi t ies .  F o r  example,  t h i s  study: 

With th i s  approach,  ac tua l  data and project ions from continuing 

a. P r o v i d e s  applicable da ta  to on-going p r o g r a m s  including the c u r r e n t  
advanced cryogenic  propulsion technology p rogram and the 260-inch 
solid rocket  program.  
system interact ion and in te r face  d a t a ,  and de sign point information 
contained here in  should provide a s s i s t ance  in  the guidance and 
fu ture  planning of these  efforts.  

Propuls ion p a r a m e t r i c  t r ade  -off data,  

b. P r o v i d e s  de ta i l  design data on l o a d  regimes and sizing applicable 
to  the  guidance and planning of advanced s t r u c t u r e s  technology. 

C. P rov ides  insight into the manufacturing, t ransportat ion,  t e s t ,  and 
opera t iona l  improvemente required if s y s t e m s  of this s i z e  are t o  be 
developed. 
in planning of future  manufacturing or  launch sites. 
sugges ted  he re in  m a y  provide upper limits in  planning projections.  

These  r equ i r emen t s  appear  to  be worthy of considerat ion 
The  r equ i r emen t s  

A due e a s t  launch f rom Atlantic Missi le  Range into a 100 naut ical  mile 
circular o rb i t  w a s  the p r i m a r y  f l igh t  mode. 

The vehicle design applied man-ra t ing  design and cont ro l  c r i t e r i a .  
payload densi ty  of five pounds p e r  cubic foot w a s  used i n  developing the 
t r a d e  study s tage drawings and the final design configurat ions.  

A 

Al l  propuls ion data used i n  t h i s  study were obtained f rom o r  devel.oped 
with the concurrence  of the appropr ia te  cont rac tors .  

4 



2.0 SUMMARY 

2.1 GENERAL 

The m a j o r  fl ight vehicle options of t h i s  study's Advanced Multipurpose 
L a r g e  Launch Vehicle (AMLLV) configurat ions a re  shown in F i g u r e  2-1 
toge the r  with t h e i r  bas i c  dimensions and  weights. 

The  m a i n  s t age  single-stage-to-orbit  capabili ty is approximate ly  one  
mil l ion pounds to 100 nautical  mile orbit with either the toroidal/aerospike 
or mul t ichamber /p lug  engine system. The  Rocketdyne toroidal/aerospike 
s y s t e m  y ie lds  a g r o s s  payload of 1.019 mi l l i on  pounds. 
Whitney high p r e s s u r e  mul t ichamber /p lug  s y s t e m  yie lds  a payload of 
0.994 mi l l ion  pounds. 
and  s t age  mass fraction f o r  the s t age  r e s u l t e d  in  a payload to launch weight 
ratio of approximately O . O &  which is near ly  double the value for the  p r e s e n t  
Sa tu rn  V two s t age  (S-IC/S-II) vehicle .  

The Pratt and  

The high va lues  of ave rage  engine specific impulse  

The vehicle's LOX/LH m a i n  s tage  h a s  the s t r u c t u r a l  capabili ty to 

LOX and  LH2 tank sk ins  and  bulkheads are designed to meet t h e  m a x  h u m  
loads encountered  i n  all fl ight modes. 
a n d  holddown proviGions to react the s t rap-on  t h r u s t  load, the  mass f r ac t ion  
penalty i n c u r r e d  in  accommodat ing the  l a r g e  strap-on impulse  is minimized.  
T h e  s t r u c t u r a l  penalty is fu r the r  reduced  by using a series of fo rward  skirt  
a s s e m b l i e s ,  one f o r  e a c h  m a j o r  configuration. These  design innovations 
min imized  the  main s tage  mass f r ac t ion  penal t ies  to provide its mult i -  
purpose  flexibil i ty to less than two pe rcen t  ( increased  s tage  i n e r t  weight 
by 13 percent).  

accommodate twelve 2 k 0-inch solid motors a n d  the inject ion stage. The 

By using fo rward  s k i r t  suppor t  

The basic LOX/LHZ inject ion s tage  module is sized to 450,000 pounds 
of propel lant  as limited by the m i n i m u m  liftoff thrust-to-weight of 1.18. 
The weight  of the  iiljeeiion stage and  payload when added to the fixed 
t h r u s t  niain s t age  r educes  the vehicle 's  l i f t o f f  thrust-to-weight ratio; 1.18 w a s  
set  as the  reasonable  lower limit of t h i s  ratio based  on launch d r i f t  
considerat ions.  T h i s  injection s t age  would i n c r e a s e  the payload by 
18 percent .  

Twelve 
core s tage.  
Stations 400 and 1955, have a propellant weight of 3, 81 mill ion pounds 
each. 
time of approximate ly  130 seconds w a s  de te rmined  to maximize payload 
without exceeding a maximum dynamic p r e s s u r e  of 1000 pounds p e r  
squa re  foot. 

260-inch sol id  rocket  motors can  be accoriiriiodated a round the 
The motors, s ized  to attach to m a i n  s t age  f rames at vehicle 

T h e i r  sea l eve l  t h r u s t  of 9.0 mi l l i on  pounds each  and to ta l  burn  

5 
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2.1 . (Continued) 
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The injection s tage,  with a full complement  of sol id  motors, is made  by 
stacking three modules  of the basic injection s tage  s i zed  f o r  the core alone 
configuration. 
6.25 pe rcen t  as compared to the core plus  twelve so l ids  configuration. 

The t h r e e  -wafer configuration g ives  a payload i n c r e a s e  of 

** CORE + l2-260" SOLID MOTOR STRAP-ONS + 
3-MODULE INJ. STAGE -$ I I 

io0 N. MI. CIRCULAR ORBIT 
(DUE EAST FROM AMR) 
90% CORE MROlTLlNG AT 

OPTIMUM BURN RATIO 
** NO CORE THROllLlNG 

~~ ~~ 

6' 

t* COKE+ [NJ. 

I +  
'CORE ALONE ,, I v y  ! 

Figure  2-2 shows the payload as a func t ion  of launch  weight f o r  each of the 
m a j o r  configurations and for  s t rap-on  configurat ions with in te rmedia te  
numbers  of the 260-inch solid motors. The  launch  weight v a r i e s  f r o m  
12.8 to 67 .5  mil l ion  pounds; the payload varies f r o m  . 994 to 3.75 mil l ion  
pounds. 
d i a m e t e r  solid motors. 

A g r e a t e r  max imum payload could be obtained with l a r g e r  

FIGURE 2-2 PAYLOAD SUMJURY 

2 . 2  W I N  STAGE 

The m a i n  s tage,  s i zed  to  orbi t  one mi l l ion  pounds t o  low E a r t h  orb i t ,  h a s  
16. 0 mi l l ion  pounds of sea level t h r u s t  with 11.1 mi l l ion  pounds of propellant.  
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2.2  (Continued) 

I ts  i n e r t  weight ( s tage  d r o p  weight)  of only 634,  000 pounds r e s u l t s  in a 
s tage  mass f r a c t i o n  of approximate ly  0. 946 ( n u m b e r s  quoted a r e  f o r  the 
to ro ida l / ae rosp ike  m a i n  s tage) .  Comparing th i s  t o  a n  S-IC/S-II  vehicle,  
the A M L L V  h a s  approximate ly  f o u r  t imes  the payload capabi l i ty  with only 
a 40 pe rcen t  i n c r e a s e  in  i n e r t  weight. Phys ica l ly ,  the A M L L V  has o v e r  
twice the  d i a m e t e r  of the S-IC/S-I1 but is approximately 60 feet s h o r t e r .  

F i g u r e  2-3 is a n  isometric ske tch  of the m a i n  s tage.  
pr incipal ly  conve nt ional  sk in  - st r inge r -f rame con st r u c  t ion using 2 219 
a luminum f o r  the propel lant  tanks and 7075 aluminum for the f o r w a r d  s k i r t  
and  t h r u s t  s t r u c t u r e .  The des ign  has a f o r w a r d  LOX tank to m i n i m i z e  
con t ro l  r equ i r emen t s .  
i n  a max imum t h r u s t  vec tor  deflection of o v e r  20 d e g r e e s  as  c o m p a r e d  
to less than four  d e g r e e s  with the tank forward .  
and  plug engine s y s t e m s  f avor  a low length /d iameter  (L/D) s tage  des ign  
which a l lows  eff ic ient  s t r u c t u r a l  design of the propel lant  tanks.  

The s t r u c t u r e  is 

Positioning the LOX tank aft would have r e su l t ed  

Both the ae rosp ike  

The common  bulkhead is a sandwich s t ruc tu re  designed to take  buckling loads  
that occur n e a r  propel lant  depletion. 
be more eff ic ient  than inc reas ing  the  LOX tank  p r e s s u r e  to main ta in  the 
bulkhead in  tension. 
encountered  dur ing  tk z e r o  s tage  opera t ion  with twelve sol id  m o t o r s .  
Fl ight  condi t ions for the m a i n  stage resu l t  i n  the max imum c o m p r e s s i v e  
loads  for  the LH2 tank she l l  and thrus t  s t r u c t u r e .  
s k i r t  is subjected to a wide range  of loads from 4,000 pounds to  16, 000 
pounds per inch, the des ign  and  u s e  of individual skirts w a s  sugges ted  to  
m i n i m i z e  the weight pena l t ies  f o r  each  m a j o r  configuration. 

T h i s  cons t ruc t ion  w a s  de t e rmined  to 

The bulkheads and tank sk ins  are  designed f o r  l oads  

Since tk f o r w a r d  

The  u s e  of the f o r w a r d  s k i r t  f o r  vehicle suppor t  and  sol id  motor t h r u s t  
take-out m i n i m i z e s  ground wind a n d  emergency  rebound main s tage  
loads and  in-flight bending m o m e n t s  f o r  t'm core plus  soi id  configurat ions.  
The f o r w a r d  s k i r t  reac t ion  point provides  a s h o r t  load path between the 
suppor t  o r  t h r u s t  take-out connections and  the l a r g e  inertia payload and  
LOX tank  e l emen t s .  Although this sys tem does  impose  a new type of 
launch s tand  design,  it is significant i n  min imiz ing  the s t r u c t u r a l  weight 
of the f l ight  s tage.  

Designing the m a i n  stage's s t r u c t u r e  to accommodate  twelve 260-inch 
sol id  rocke t  m o t o r s  r educes  the s tage ' s  mass r a t io  by approximate ly  two 
percent .  
t o  be approximate ly  14 percen t  l a r g e r  than i f  it  w e r e  designed without the 
capabi l i ty  t o  accep t  the s t r ap -on  stages. 

T h i s  reduct ion in  s t r u c t u r a l  eff ic iency r e q u i r e s  the c o r e  s tage  

8 
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FIGURE 2 - 3  LOX/LHZ MAIN STAGE 
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2.2  (Continued ) 

The t h r u s t  s t r u c t u r e  w a s  the only e lement  of the s tage  whose des ign  was  
influenced by the engine sys t ems .  
a t h r u s t  post  is r equ i r ed  f o r  e a c h  engine module t o  r e a c t  the concent ra ted  
t h r u s t  load. 
l eve l  to ro ida l  engine s y s t e m ,  the mul t i chamber ' s  t h r u s t  s t r u c t u r e  is 
6 ,000 pouiids heavier .  
analyzed t o  de t e rmine  its reac t ion  t o  the acous t i ca l  loading encountered  
i n  the twelve 260-inch sol id  motor configuration. 
peak static p r e s s u r e  w a s  e s t ima ted  at 3. 5 p s i  which r e s u l t s  in maxiinurn 
cyc l ic  stress of 3,  000 pounds p e r  inch which is we l l  within the fatigue 
life of the 7075 a luminum plate. 
e s t i m a t e d  to va ry  f r o m  179 dB  at the base of the plug to 160 dB at the 
fo rward  flange of the f o r w a r d  skir t .  

F o r  the mul t i chamber /p lug  engine s y s t e m ,  

When c o m p a r e d  to  the thrus t  s t r u c t u r e  for the s a m e  th rus t  

A representa t ive  t h r u s t  s t r u c t u r e  sk in  panel w a s  

The  t h r e e  s i g m a  

The ove ra l l  sound p r e s s u r e  l eve l  w a s  

C o r e  con t ro l  r e q u i r e m e n t s  of 3. 4 degrees  total t h r u s t  vec to r  deflection 
w e r e  de t e rmined  b a s e d  on des ign  wind and  accounting for c e n t e r  of p r e s s u r e ,  
c e n t e r  of grav i ty ,  and  t h r u s t  vec tor  off-sets. 
the hinging capabi l i ty  of the mul t ichamber  module and  e i t h c r  the LOX 
o r  hot g a s  inject ion s y s t e m  for the to ro ida l / ae rosp ike  engine sys t em.  

T h i s  r equ i r emen t  is within 

2.2.1 T r a d e  Studies  - Per fo rmance  

Single-s tage- to-orbi t  t r a j e c t o r y  s tudies  showed tha t  with continuous burning 
with d e e p  throt t l ing ( to  ten  percent  t h r u s t )  of the engines ,  payload 
capabi l i t i es  n e a r  that  poss ib le  with burn-coas t -burn  m o d e s  could be 
achieved  as  shown in F i g u r e  2-4. 

Improved miss ion  reliabilities would be expected with this mode  ove r  
a burn-coas t -burn  because  it would el iminate  the restart operation. 
For  the des ign  and  t r q e c t o r y  mode defined, a g r o s s  payload to launch 
weight function of approximate ly  0.08 is e s t i m a t e d  with e i t h e r  propulsion 
sys t em.  

Thro t t l ing  dur ing  a d i r e c t  a s c e n t  t r a j ec to ry  to  o rb i t  significantly r educes  
the large t h r u s t  vector ing loss encountered when the fl ight path is turned  
to  m e e t  the r equ i r ed  orbital cutoff conditions. 
the max imum longitudinal acce le ra t ion  from 14. 0 t o  
f o r  the se l ec t ed  90 pe rcen t  throt t l ing flight mode. 

Throt t l ing a l s o  r educes  
approximate ly  6. 5 g ' s  

The sensi t ivi ty  of the main s t a g e ' s  launch weight to  engine specif ic  iimpulse 
and s tage  mass  f r ac t ion  (A') fo r  a constant mi l l ion  pound payload is shown 
in F i g u r e  2-5. 
d e c r e a s e d ,  the vehicle becomes  m o r e  sensi t ive to  the o the r  p a r a m e t e r s .  

As  the vehicle  m a s s  f ract ion o r  specif ic  impulse  is  

10 



2.2. i 

1.6 

1.5 
0 z 

1.0 

(Continued ) 

0 .a5 .M . IS .20 .25 .30 .35 .o 
PROPUNT CONSUMED 0 REDUCED THRUST 
P~pEUAN'f  CONSUMED 8 FULL THRUST BURN RAT'o 'B2B1' 

FIGURE 2-4 SINGLE STAGE TO ORBIT TRAJECTORY OPTWZATION 

301 
(13.62) 

TRAJECTORY AVE. PAYLOAD - 1,ooO,ooO LBS 
100 N. Mi. ORBIT (DUE EAST FROM AMR)-- 
90% CORE THROTTLING 
BURN RATIO - .I15 _ _ _  
THRUST TO WEIGHT AT M U N C H  - 1.25 

-SPECIFIC IMPULSE (Isp) 

-- 

STAGE MASS FRACTION 0;) 

FIGURE 2-5 MAIN STAGE MASS FRACTION AND SPECIFIC IMPULSE 
E F F E C T S  ON L 4 U N C H  WEIGHT 
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2 . 2 . 2  T r a d e  Studies  - Design 

The s tage  des ign  w a s  evolved through a s e r i e s  of t r a d e  s tudies ,  where  the 
influence of the m a j o r  independent va r i ab le s  of mix tu re  ra t io ,  ertage length 
t o  d i ame te r  ra t io ,  engine c h a m b e r  p r e s s u r e ,  number of modu les  and 
tank p r e s s u r e s  w e r e  investigated.  
sequence of the pe r tu rbed  p a r a m e t e r  a s  it affected pe r fo rmance  and weights .  
A comple te  set of vehicle loads  w a s  developed for e a c h  point studied. 
S t r e s s  a n a l y s i s  w a s  r epea ted  f o r  e a c h  c a s e  and  a new s tage  weight 
w a s  es t imated .  Aerodynamic c h a r a c t e r i s t i c s  w e r e  ad jus ted  for  e a c h  
c a s e  where  vehicle s i ze  w a s  var ied.  

Each  t r a d e  cons idered  the to ta l  con- 

The m i x t u r e  ratio invest igat ion cons idered  both engine pe r f o r m a n c e  
e f fec ts  and  s tage  weight and s i ze  changes. 
r e su l t ed  in the bes t  effective engine specific i m p u l s e s  while h igher  mix tu re  
r a t i o s  gave the l igh ter  s tage  weights.  
de t e rmined  for  either propuls ion sys tem.  

A mixtcie rztio of 5:l 

An optimum value of 6:l w a s  

Stage length to  d i ame te r  ( L / D )  influence revea led  that both the engine 
system a n d  s tage  des ign  favored  low L / D  values  until  the  LOX tank s ide  
w a l l  w a s  el iminated.  
bulkheads negated any  f u r t h e r  improvement  in engine specif ic  impu l se  
obtained f r o m  the l a r g e r  d i ame te r s .  

Then the weight penal t ies  a s soc ia t ed  with the flatter 

The engine sys t em c h a m b e r  p r e s s u r e  s tudies  invest igated the e f f e c t s  of 
va r i a t ions  in the engine weight and per formance  for Rocke tdyne ' s  
r egene ra t ive ly  cooled mul t i chamber  and toro ida l  s y s t e m s .  
overall  pe r fo rmance  w e r e  noted until  a c h a m b e r  p r e s s u r e  of 2000 ps ia  
w a s  r eached ;  then  the payload benefi t  leveled off. 
that  2000 ps ia  w a s  the upper  limit f o r  regenera t ive ly  cooled sys t ems .  
A check  point w a s  r u n  f o r  the Pratt and Whitney high p r e s s u r e  (3000 p s i a )  
m u l t i c h a m b e r  s y s t e m  with hinged modules  tha t  are t r a n s p i r a t i o n  cooled. 
1 he payload pe r fo rmance  w a s  fourid to be e s sen t i a l ly  eq::iva!ent to  the 
2000 ps i a  Rocketdyne regenera t ive ly  cooled mul t i chamber  sys t em.  

Improvemen t s  in 

Rocketdyne indicated 

-. 

The number  of module t r ade  s tudies ,  pe r fo rmed  with both the Rocketdyne 
and Pratt and  Whitney mul t i chamber  engine s y s t e m s  da ta ,  showed that  
payload pe r fo rmance  w a s  independent of the number of modu les  used. 
Engine pe r fo rmance  slightly favored  fewer modules  but the pe r fo rmance  
gain w a s  offset  by the accompanying engine and s tage  weight i nc rease .  

The t r a d e  study of LH 
gave the l igh tes t  s tage  weight. 
and g a s  weight e f fec ts  led to  the determinat ion of th i s  optimum value which 
is sufficient t o  m e e t  the Net Pos i t ive  Suction Head r e q u i r e m e n t s  as  
spec i f ied  by the engine con t r ac to r s .  

tank p r e s s u r e s  showed tha t  28 .0  p s i a  ullage p r e s s u r e  
2 Stage s t ruc tu re  and  p r e s s u r i z a t i o n  sys t em 

Table  2-1 l i s t s  the range  of e a c h  
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2.2 ( Con t in ue d ) 

-. 
Range of Var iab le  Within 1% of Max 

Var iab le  G r o s s  Payload 
Multichambe r Toro ida l  

Mixture  Rat io  5. 2:l - 6. 4:1 5. 0 5 ~ 1  - 6. 6:l 
-- 

Stage Length/Dia ( L / D )  .2.24 - 2.80 2.20 - 2.78 

Chamber P r e s s u r e  (ps i a )  2000 - 3000 1950 - 2800 
(re ge ne rat ive ly coole d ) 

No. Modules 
Rocketdyne (Pc = 2000 ps ia )  8 - 16 
P r a t t  & Whitney 

(Pc = 3000 psia) 12 - 24 

LH Ullage P r e s s u r e  (psia)  18.2 - 35.0 18. 2 - 35. 0 
2 

L 

p a r a m e t e r  that  could be accepted without penalizing the payload by more 
than one pe rcen t  f r o m  the maximum value de t e rmined .  

TABLE 2-1 
PARAMETRIC DESIGN STUDY RESULTS 

2.3 ST RAP-ON CONFIGURATIONS 

The 260-inch solid m o t o r  having 9, 000, 000 pounds of t h r u s t  and 3 ,  810, 000 
pounds of propel lant  with a fifty pe rcen t  r e g r e s s i v e  th rus t - t ime  t r a c e  w a s  
de t e rmined  to  be m o s t  sui ted for  the s t r ap -on  configuration. 
r e q u i r e m e n t s  a re  within the projected technology capabi l i t i es  of solid m o t o r  
des ign  and main ta in  the vehicle’s max imum dynamic p r e s s u r e  n e a r  1,000 
pounds p e r  squa re  foot. 
inch  so l ids  that c a n  be accommodated a round the c o r e  per iphery .  
fu tu re  technology p r o g r a m s  show tha t  l a r g e r  d i a m e t e r  m o t o r s  can  be designed 
and  handled, f u r t h e r  payload gains a re  possible .  For example ,  as  shown 
i n  F i g u r e  2-6, t en  372-inch m o t o r s  could provide payloads of ove r  f o u r  
m i l l i e n  nounds r within the maxkiT*ufii d y ~ z m i e  p r e s s u r e  i i r i i t  of 1, 000 pounds 
per  s q u a r e  foot. 

The m o t o r  

Twelve m o t o r s  are  the max imum number of 260- 
If 

! 3  
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2.3  ( Continued ) 

I I i T  

i m ~ .  MI. ORBIT(DUEEASTFROMAMRI 
MULTICHAMBER CORE 
CORE MASS FRACTION - .W 

A -285" SOLID MOTORS 
-372" SOLID MOTORS 

80 
136.32) 40 60 

(18.16) (27.24) 
20 

'9.08) 
0 

STRAP-ON PROPELLANT WEIGHT - 106 LBS. (106 Kgl 

FIGURE 2-6 STRAP-ON PERFORMANCE 

The  z e r o  s tage  mode  of operat ion,  i. e. ,  the  so l id  m o t o r s  bu rn  as a f i r s t  s tage  
with the  m a i n  s t age  igniting dur ing  moto r  tailoff, g ives  the  maximum 
payload wi th  the  minimum flight load  conditions as c a n p a r e d  t o  p a r a l l e l  
b u r n  ope ra t ion  w h e r e  the  c o r e  and  s o l i d s  o p e r a t e  together .  
shows these  advantages  f o r  260-inch solids. However,  it  w a s  de t e rmined  
that  using a flight mode  where  the  c o r e  is ignited at launch and o p e r a t e s  
at a v e r y  reduced t h r u s t  l eve l  ( ten  percent  t h r u s t )  during solid m o t o r  
burn ,  a payload capabi l i ty  within one percent  of that with z e r o  s taging 
is attained. Since the  flight ignition r equ i r emen t  of the  c o r e  engines  is 
e l imina ted  with th i s  mode,  a n  improvement  in m i s s i o n  rel iabi l i ty  would 
be expected.  

F i g u r e  2-7 
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2 . 3  

4. 

2 

(Continued ) 

I m N .  MI. OREITIDUEEASTFROMAMRI 
CORE PROPELMNT * 16.7W.W LES 

CORE MASS FRACTION * .W 

Q,, - MAXIMUM DYNAMIC PRESSURE 

6's - WAXIMUM LONGITUDINAL ACCELERATION 

- SOLID P R O P R U M  * fd,m).W LBS 

SOLID MOTOR MASS FRACTICN - .W 

I 1 2327 
I .A 

5.45 

PARALLEL BURN - 9lB THROTTLED CORE 
@ OPTIMUM BURN RAT IO 

I I G'r = 5.80 

I I I 
I I I 

~ 

181; 
3. a 

FIGURE 2-7 STRAP-ON PERFORMANCE OPTIMIZATION WITH 
260-INCH SOLID MOTOR (TRADE STUDY DATA) 

The p a r a m e t r i c  investigations of s t rap-on  configurat ions included both 
p re s su re - f ed  UDMH/N204 liquid pods and sol id  m o t o r s  ove r  a range  of 
diamete.rs from 156 t o  330 inches. 
the same payload capabi l i t ies  as m e a s u r e d  by payload to  launch weight 
ratios. The pres su re - f ed  system cons idered  in  the study, shown in 
F igu re  2-8 ,  incorpora ted  a single engine with l iquid inject ion t h r u s t  
vec tor  cont ro l  and a hot g a s  p re s su r i za t ion  sys t em.  F ina l  se lec t ion  
between the liquid and sol id  propellant s t r ap -ons  would r e q u i r e  c o s t  
s tud ies  as wel l  as technology confidence a p p r a i s a l s  which at this time 
favor  sol id  m o t o r s  because  of avai lable  data.  Elowever, both these 
cons idera t ions  w e r e  beyond the scope of th i s  study. 

Both s y s t e m s  offer approximately 

The addition of ove r  40 mill ion pounds of sol id  m o t o r s  generat ing o v e r  
100 mi l l ion  pounds of t h r u s t  r equ i r e s  m a i n  s t age  s t r u c t u r a l  capabi l i t ies  
g r e a t e r  than n e c e s s a r y  f o r  s ingle-s tage- to-orbi t  operat ion.  Inc reased  
load conditions on the cyl indrical  s ide wal l s  are a consequence of 
higher  bending m o m e n t s  c rea t ed  by the longer  payload and higher  dynamic 
p r e s s u r e s ,  and h igher  longitudinal f o r c e s  c r e a t e d  by the s t rap-on  thrus t .  
Inc reased  
p r e s s u r e  c r e a t e d  when the f u l l  t anks  a re  subjected to the longitudinal 
acce le ra t ion  of 3.1 g ' s  a t  the sol id  m o t o r  cutoff f l ight conditions. 

1 oads  i n  the tank bulkheads are a consequence of hydros ta t ic  
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2 . 3  (Continued) 

FORWARD SKIRT PRESSUR I Z A T I O N l  

PRESSURE FED 
ENGINE 

LIQUID INJECTION 
TVC MANIFOLD 

PRESSURE FED 
N2O&J DMH 
260" D IA. 
3W' 
330" 

FIGURE 2-8 STRAP-ON STAGES 

SOLIDS 
156'' D IA. 
2W' 
rn' ' 

An effect ive m e a n s  of minimiz ing  the side w a l l  s t r u c t u r a l  i n c r e a s e  is 
io  react the solid m o t o r  t h r u s t  i n  the fo rward  s k i r t  r a t h e r  than  in  the 
t h r u s t  s t ruc tu re .  F igu re  2-9 plots the designing c o m p r e s s i v e  load for 
both the  aft and fo rward  t h r u s t  take-out with the  loads  encountered  for 
c o r e  alone,  s ingle-s tage- to-orbi t  operat ion f o r  r e fe rence .  It is s e e n  that  
the  loads  with fo rward  t h r u s t  take-out a r e  less than with c o r e  alone opera t ion  
f o r  all s ta t ions  af t  of 2173. 
of the vehicle  a r e  m o r e  than double t k  va lues  f o r  c o r e  a lone operat ion.  
F o r w a r d  of Station 2173, the  loads  a r e  e s sen t i a l ly  the  same wi th  e i t h e r  
s t r a p - o n  t h r u s t  take-out a r r angemen t .  

With a f t  a t tachment ,  the  loads  ove r  t h i s  p a r t  
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2. 3 (Continued) 

FWD 
A 

r AFT ATTACHMENT 

--- FWD ATTACHMENT 
----- AMLLV CORE 

I I I 
3000 + ADDITIONAL LOAD - 

v3 , A F T  AND FWD ATTACH 

AFT ATTACH\ 
1 1 1 
10 20 30 3 

MAIN STAGE ULTIMATE COMPRESSIVE 
LOAD - 103 LBS/IN 

FIGURE 2-9 STRAP-ON ATTACHMENT LOADS 

The effect of s t r u c t u r a l  beef-up r equ i r ed  in  the forward  sk i r t ,  Stations 
2312 t o  2630, c a n  be avoided by using two forward  sk i r t  a s sembl i e s :  
l ight-weight a s sembly  for  co re  alone opera t ion  and one heav ie r  a s sembiy  
f o r  u se  with the s t r a p - o n  configurations.  

one 

The s t r u c t u r a l  weight i n c r e a s e s  due to the  th i cke r  bulkhead skins  needed 
t o  contain the h igher  fluid p r e s s u r e s  a r e  independent of the  at tachment  
concept used .  
weights requi red  with the  ze ro  s tage  flight modes .  

Table  2-11 l i s t s  the pe rcen t  changes in the bulkhead 
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2. 3 (Continued) 

TABLE 2-11 
h,IAIN STAGE WEIGHT P E N A L T E S  

FOR STRAP-ON OPERATION (1) 

Weight I n c r e a s e  F c q u i r r d  
- (70) 

LOX Tank Upper Bulkhead 2 .75  

Coiimion Bulkhead 6.10 

LH2 Tank Lo\ver Bulkhead . 7 9  

TOTAL 9.64 

(1) Strap-On Configuration: 12-260-inch Diamete r  Solid Motors  - 
Z e r o  Stage 

2. -1 INJECTION STAGE CONFIGURAlIONS 

The use of a n  o rb i t a l  injection s tage  to i n c r e a s e  payload versa t i l i ty  and 
reduce  configuration sens i t iv i t ies  was cons idered  for  both c o r e  and core-  
p:us-strap-on configurations.  A LOX/LH2 s t age  with toro ida l  propellant 
t anks  and extendable nozzle h igh-pressure  engine sys t em w a s  se l ec t ed  as  
a representa t ive  des ign  solution (see F igure  2-10) for matching the 
core s tage  diameter .  
f lexibil i ty where  a series of propellant tank w a f e r s  a r e  s tacked and 
additional engines  moun ted  to  a conimon t h r u s t  beam. 
f r a c t i o n  of . 82 w a s  obtained for the single wafe r  configuration shown and 
improved  t o  . 8 8  when four  wafe r s  were stacked. 
problenis  a r e  noted in  the fabr ica t ion  of the to ro ida l  tank, the design 
can be cons idered  r ep resen ta t ive  f o r  a n  advanced vehicle paraxiietric 

This design a l so  l ends  i tself  ts z medular iz ing 

A s tage  mass  

Although technology 

s t u d y . 



2.4  ( Continued) 

INJECTION STAGE 
ENGINE SUPPORT 

CYLINDRICAL SKIRT 

FORWARD SKIRT 

- MENDABLE NOZZLE 

MASS FRACTION*.82(I-TANKMOWLD 
NUSS FRACTION- .86 (PTANK MODULES) 
MASS FRACTION - .118 (+TANK MODULES) 

FIGURE 2-10 ORBITAL INJECTION STAGE 

P e r f o r m a n c e  s tudies  using a r ange  of thrust- to-weights  and c o r e  throt t l ing 
modes  w e r e  conducted to de te rmine  possible  payload capabi l i t ies .  F o r  
configurations where  the injection s tage  is added t o  only the m a i n  s tage  
(no s t rap-ons) ,  the payload improvemen t  is cons t ra ined  by the p rac t i ca l  
low limit of vehicle  liftoff thrust- to-weight  ( T / W o ) .  The  ma in  s tage w a s  
s ized fo r  a liftoff thrust-to-weight of 1.25. 
added t o  tha t  s tage ,  its weight plus the additional payload weight r e d u c e s  
the liftoff thrust- to-weight .  F o r  th i s  study, the limit w a s  se t  at T / W o  = 
1.18. At th i s  value,  the payload inc rease  offered by the injection s tage 
w a s  l imi ted  t o  18 pe rcen t  for 100 naut ical  mi l e  o rb i t  m i s s i o n s  as shown 
i n  F i g u r e  2-11. 
mode without ma in  s tage  thrott l ing.  
t o  have a lower  m a s s  fraction, the injection s tage would display a be t te r  
payload pe r fo rmance  benefit.  

When a n  inject ion s tage  is 

Maximum per formance  w a s  de t e rmined  with a t r a j e c t o r y  
If the  m a i n  s tage had been  found 



2 . 4  ( Continued) 

_ _  ~ 

(I. 816) - 
4 - 0 

FIGURE 2-11 VEHICLE PERFORMANCE WITH INJECTION STAGE 

CORE + 12-260" 
VI 

A 
11.362) 

.s 
n 
d 2.0 

I 

CORE LIFTOFF 
THRUSTIWEIGHT= 

TANK MDDUE 
SIZE CHOICE 

0 ,(a 

F o r  m i s s i o n s  to  higher  E a r t h  o rb i t s ,  e . g . ,  300 naut ical  m i l e s ,  the  
inject ion s tage becomes  m o r e  des i rab le  s ince it is  a p rac t i ca l  approach  
f o r  p e r f o r m i n g  a Hohmann t r a n s f e r  type t r a j e c t o r y  and p rov ides  a shor t  
coupling, high- r e sponse  control  sys t em f o r  accompl ish ing  the final o rb i t  
inject ion maneuver .  With the addition of the injection s tage ,  the bas i c  
ma in  s tage  can  orb i t  one mill ion pounds in  the 300 naut ical  mi l e  orb i t .  
W h e r e a s ,  without the s tage,  a d i r e c t  injection of only 780, 000 pounds 
would be  possible .  

STRAP-ONS + INJ. STAGE 
1 

NOTES: 
100N. MI. ORBIT 
(DUE EAST FROM AMR) 
CORE PROPELLANT - 11, 100,160 LBS 
SOLID PROPELIANT - 45,720,000 LBS 
CORE MASS FRACTION - .94 
SOLID MASS FRACTION - .90 1.18 

(3) 

When the  injection s tage is added t o  the main  s tage plus solid moto r  
configuration, the low T / W o  l imi t  is  not an influencing f ac to r .  The  
bas i c  configuration h a s  a T / W o  g rea t e r  than 1.6 and the addition of an 
op t imum injection s tage ( th i rd  s tage)  weight is reached  with a T / W o  of 1.59. 
Stacking t h r e e  w a f e r s  of the injection s tage for  the s t r a p - o n  configuration 
p rov ides  near ly  a l l  the payload gain possible with the additional s tage .  T h i s  
i s  six p e r c e n t  a s  compared  with 6 - 1 / 2  percent  ( s e e  F i g u r e  2-11). Again, 
it w a s  de t e rmined  that the injection stage of fe rs  only a m i n i m a l  payload 
p e r f o r m a n c e  gain for  the 100 naut ical  mile o rb i t .  I t s  ma in  advantage is 
main tenance  of payload capabili ty to the higher  E a r t h  orb i t .  

2 0  



2. 5 VEHICLE SENSITIVITIES AND IMPLICATI OWS 

2. 5 .1  Advanced S t ruc tu res  

The A M L L V  configurat ion per formance  and weights  w e r e  developed using 
cu r ren t ly  avai lable  and accepted s t r u c t u r a l  m a t e r i a l s  and  des ign  approaches .  
However, with continued technology development ,  s e v e r a l  a l t e rna te  
materials and  cons t ruc t  ion methods could be used  with confidence. 
They would offer  f u r t h e r  i ne r t  weight improvemen t s  i n  the c o r e  s tage.  
W i t h  the u s e  of sandwich cons t ruc t ion  with 6A1-4V t i tanium face s h e e t s  
and approximate ly  e ight-inch th ick  aluminunn core, a 50 pe rcen t  reduct ion 
in  t h r u s t  s t r u c t u r e  and forward  s k i r t  weight and a 34 pe r cen t  reduct ion in 
LH2 tank s ide  wa l l  weight is possible.  
s t r u c t u r e  for the fo rward  sk i r t  a s s e m b l y  for the m a i n  s t a g e  appl icat ion 
is the u s e  of beryllium sandwich and  a special je t t isonable  vehicle 
suppor t  fitting. T h i s  approach  would yield a n  8 3  percen t  reduct ion 
in  s k i r t  weight. N o  m a t e r i a l  subst i tut ion for 2219-T87 aluminum w a s  
identified for  the LOX tank elements .  
re l iab le ,  LOX compatible  m a t e r i a l  avai lable .  

An a l t e r n a t e  advanced 

Aluminum is the only recognized 

The  appl icat ion of advanced s t ruc tu re  h a s  the potent ia l  of reducing s tage  
i n e r t  weight by 15 pe rcen t  (an i n c r e a s e  of s tage  niass f r ac t ion  of 0. Ol!. 

2. 5 .2  De s ign  P a r a m e t e r s  

Payload sens i t iv i t ies  w e r e  de te rmined  for e a c h  s tage  by a r b i t r a r i l y  
set t ing a n  off-design value of a m a j o r  des ign  f ac to r  and  then opt imizing 
the t r a j e c t o r y  t o  e s t a b l i s h  the a s soc ia t ed  payloLd change. F igu re  2-12 
shows the sens i t iv i t ies  de te rmined  f o r  the m a i n  s tage.  
der iva t ive  of m o s t  g e n e r a l  interest  is the trade-off of m a i n  s tage i n e r t  
weight to specif ic  impu l se  (Isp) w h i l e  holding payload constant.  
value w a s  de t e rmined  to be 7, 656 pounds for each  1 . 0  second Isp.  

The pa r t i a l  

The 

2 . 5 . 3  Payload Density 

T h e  f inal  m a i n  s t age  s t ruc tu re  is insens i t ive  to  payload dens i t ies  o v e r  
the range  of 5 to 50 pounds per  cubic foot. 
not affect  des ign  loads  o v e r  this range.  
p e r  cubic  
f r ac t ion  by 0.0006,  
that  it doubles the m a i n  stage con t ro l  r equ i r emen t  as  shown in F igu re  

In-flight bending m o m e n t s  do 
Reducing dens i t i e s  to  2 pounds 

foot does  affect  the s t r u c t u r e ,  but only r educes  the mass 
The main influence of the low payload densi ty  is 

2-13. 
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2 . 5 . 3  [Continued j 

16 - 12 -a -4 0 4 a h 

A CORE INERT - 104 LBS 

0 CORE AVERAGE Isp - SEC. & PROPELIANT WT. - Id LBS 
I 1 I . I I . m J 

- 8  -4 0 4 8 

95 sb 
PERCENT THROllLlNG 

a-5 

FIGURE 2 - 1 2  E F F E C T S  O F  DESIGN PARAMETERS ON MAIN STAGE 
PAYLOAD PERFORMANCE 

SNCBD 
M H l C l E  
DES ICN 

0 I 2 3 5 
l181.3l lw16.61 

PAYLOAD DENSITY - LBIFI) 
IPAYLOAD LENGTH - FER1 

FIGURE 2 -  13 CONTROL REOUIREMENTS VERSUS PAYLOAD DENSITY 
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2 . 5 . 4  R e  sou rce  Implications 

A survey  of the AMLLV's  development, production, and launch r equ i r emen t s  
de te rmined  that  the vehicle implementat ion would be possible with con- 
t empora ry  manufactur ing and facil i ty technology and could be accomplished 
as  follows: 

a. IMain s tage fabricat ion a t  the NASA Michoud site ( o r  i t s  equivalent 
located on a navigable waterway)  in a new fac tory  building; 

b. Development tes t ing of the m a i n  s tage and injection s tage in  
new dynamic and s t ruc tu ra l  test facilities cons t ruc ted  adjacent  
to the fac tory  building; 

c. Injection s tage fabricat ion in  the exis t ing fac tory  building a t  
Michoud; 

d. Transpor ta t ion  of all vehicle e l emen t s  f r o m  fac to ry  to  launch s i t e s  
by ocean-going towed barges ;  

e. Launch at Cape Kennedy from new launch faci l i t ies .  
launch area a t  the Atlantic Test  Range may be required based on 
the  acoust ic  si t ing c r i t e r i a .  Specially designed hoisting devices  
are  requi red  to  handle the 2, 000 ton solid m o t o r s  and 400-ton 
ma in  stage.  

An off-shore 

2 . 5 . 5  Recoverable  Design 

The recovery  of the AMLLV's s t ages  may be possible with the addition of 
dece lera t ion  and s tabi l izat ion devices  to the basic  designs.  The c o r e  s tage  
launch weight would be increased  by 11; percent  t o  off-set  the payload 
capabili ty los t  with the addition of the n e c e s s a r y  stabil ization and let-down 
s y s t e m s  in the s tage d rop  weight. 
be reduced by adopting a conical shape s tage design a s  shown in F igu re  2-14 
that  is inherently s table  in lieu of the p re sen t  cyl indrical  shape. 
design approach,  der ived f rom previous NASA studies ,  m a y  be des i r ab le  
i f  s tud ies  show that  cos t  savings with r e u s e  a r e  beneficial. 

This  amount of i nc reased  weight could 

This  



2.5.5 (Continued ) 
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BOOSTER 
ORIENTED 
ENGINE FWD 
MAIN ENGINE 
RETRO FROM ORB1 

PARACHUTE 
STOWAGE 

" \  

8 4  DROGUED 
DEPLOYED @ 3D.W 
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DISREFFED @ 25,ooo' 

8-130' MAIN 
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DISREFFED @ l0,oOo' 
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Q O  
BOOSTER IMPACTS 
1% DECELERATION __.u) 

FLOATS UPRIGHT ullc 

FIGURE 2-14 RECOVERABLE CONFIGURATION 

3.0 CONCLUSIONS AND RECOMMENDATIONS 

The r e s u l t s  of the study e s t a b l i s h  that the AMLLV concept  is a potentially 
a t t r a c t i v e  and  p r a c t i c a l  des ign  approach. Based  on p resen t  knowledge of 
to ro ida l  / a e  r o spike and mul t ichambe r / plug engine pe r fo rmance  , a single - 
s tage- to-orb i t  vehicle  with the  s t r u c t u r a l  capabili ty to  accommoda te  s t r ap -  
on s y s t e m s  can  have a g r o s s  payload to launch weight  r a t i o  which is 
n e a r l y  double the value of the p r e s e n t  S-IC/S-I1 vehicle.  The m a i n  s tage  
with 260-inch solid motor g t rap-on  configuration options can  i n c r e a s e  the 
capabi l i ty  by m o r e  than  t h r e e  hundred percent .  

The payload capabi l i ty  of the m a i n  stage wi th  e i t h e r  of the  engine con- 
c e p t s  cons ide red  w a s  de t e rmined  t o  be equal  within the  a c c u r a c y  of the 
study. The  study scope did not include influence of c o s t s ,  development  
r i s k ,  o r  u s e  of the bas i c  engine sys t ems  for  o t h e r  vehicle  appl ica t ions  
which a r e  cons idera t ions  that  would finally influence tk eventua l  engine 
se lec t ion .  

The LOX/LH m a i n  s tage  des ign  s i z e  and iner t  weight w a s  de t e rmined  t o  
2 
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3. 0 (Continued ) 

be e s sen t i a l ly  independent of the engine select ion.  However,  engine 
throt t l ing capabi l i ty  t o  the level  of ten pe rcen t  t h r u s t  w a s  r equ i r ed  to 
maximize payload and limit longitudinal acce le ra t ions .  

The use  of an inject ion s tage  w a s  de t e rmined  to be ineffective f o r  100 
naut ical  mile c i r c u l a r  o rb i t  miss ions .  
i nc reased  by only six percen t  o v e r  configurat ions without t h i s  s tage  
optiorl. 
s tage  with Hohmann t r a n s f e r  flight m o d e s  was effective.  

The max imum payload 

For m i s s i o n s  t o  higher Earth o rb i t s ,  the  use  of the injection 

F o r  s t r ap -on  configurat ions,  the bas i c  zero  s tage  mode w a s  p r e f e r r e d  
f r o m  both payload and m a i n  stage s t r u c t u r a l  weight cons idera t ions .  
Igniting the core vehicle at a low t h r u s t  l eve l  ( ten p e r c e n t )  s imultaneously 
with the so l ids  at liftoff m a y  be a m e a n s  of improving rel iabi l i ty  and 
reducing m a i n  stage engine development cost s ince  th i s  inode e l imina te s  
a l t i tude s t a r t  r equ i r emen t s .  
mode is less than one pe rcen t  a s  c o m p a r e d  to the full z e r o  s tage  mode. 

The payload penalty a s soc ia t ed  with th i s  

Designing the m a i n  s tage  for  react ing vehicle  suppor t  and s t r ap -on  
t h r u s t  loads  through the forward s k i r t  w a s  a new design innovation identi-  
f ied f o r  minimizing s tage  s t r u c t u r a l  weight. 

Re conime ndations 

T h i s  study provides  only design, 
reasonable  l a r g e  launch vehicle approach.  
w e r e  not t r e a t e d  in this analysis .  
vehicle planning. 
act ivi ty  to  define the c o s t s  and cos t  sens i t iv i t ies  of t h i s  vehicle concept  
be initiated. 
NASA will  be be t t e r  ab le  to  guide exis t ing technology p r o g r a m s  and plan 
fo r  future  e f for t s .  

pe r fo rmance ,  and s y s t e m s  ana lys i s  of a 
C o s t s  and cos t  sens i t iv i t ies  

Clear ly ,  cos t  is a c r i t e r i o n  in launch 
For this reason,  it is recommended that  a study 

With both technological a n d  economic a s p e c t s  evaluated,  
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