


SD 71-140-10 
( MSC - 0 3 3 2 1 ) 

2 5  June 1971 

PHASE 6 FINAL REPORT 
EXPENDABLE SECOND STAGE 

REUSABLE SPACE SHUTTLE BOOSTER 

Volume X 
Tech no1 ogy Requirements 

Contract NAS9-10960, Exhibit B 
DRL MSFC-DRL-221, DRL Line Item 6 

DRD MA-078-U2 

- Approved by n 

Space Shuttle Program 

Space Division North Amencan Rockwell 12214 LAKEWOOD BOULEVARD DOWNEY. CALIFORNIA 90241 





FOREWORD 

The Space Shuttle Phase  B studies a r e  d i rec ted  toward the definition 
In addition to  the mis s ions  of a n  economical space t ransportat ion sys tem.  

which can be satisfied with the shuttle payload capability, the Nr tional 
Aeronaut ics  and Space Administration has  mis s ions  planned that require  
space vehicles to  place payloads in excess  of 100,000 pounds in ea r th  orbit. 
To sat isfy this  requirement ,  a cost-  effective mul t imiss ion  space shuttle 
sys t em with l a rge  l i f t  capability is needed. 
reusable  shuttle booster  and a n  expendable second stage. 
second siage would be complementary to  the space shuttle s y s t e m  and 
impose minimum impact  on the reusable  booster .  

Such a s y s t e m  would uti l ize a 
The expendable 

To  zssist the expendable second stagc concept, a two-phase study 
was  authorized by NASA. 
concentrated on per formance ,  configuration, and bas ic  aerodynamic con- 
s iderat ions.  
number of ccrdigurations. 
proposed a singie configuration. 
(per  Technical  Directive Number 503) based  on the recommended system. 
Whereas  a l a rge  number of payload configurations w e r e  considered in the 
init ial  phase, Phase  B was  begun with specific emphas is  placed on th ree  
representat ive payload configurations. 
directed toward handling the th ree  representat ive payload configurations i n  

Phase  A effor ts ,  which ended in December 1970, 

3 a s i c  t r ade  studies were  c a r r i e d  out on a relatively l a r g e  
At the conclusion of Phase  A, the contractor  

Phase  B commenced on F e b r u a r y  1, 1971 

The en t i re  Phase  B activity h a s  been  

, (  the m o s t  acceptable manner .  
12-volume Pnase  B final report .  

Results of this activity a r e  reported in this 
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1 .O INTRODUCTION 

The pr imary  objective of the Expendable Second Stage (ESS) P r o g r a m  
is to  define a low-cost system for placing la rge  payloads, such as the space 
station or  reusable  nuclear Shuttle, into low ea r th  orbit. The proposed con- 
cept is to utilize a modified Saturn V second s tage (S-11) in  conjunction with 
the space shuttle reusable  booster. 
modified for attachment to  the space shuttle booster,  and incorporates  both 
Saturn and shuttle developed propulsion and avionics hardware.  

The ESS re ta ins  the major  S-I1 st ructure ,  

No major  technology breakthroughs are required to  develop this  ESS 
Technology application and implementation efforts in selec' -d system. 

arcas, however, should be conducted in support  of the ESS detail  design and 
development phase. 

The selected ESS system incorporates  recovery of propulsion and 
avionics hardware by the shuttle orb i te r  for ESS r euse  to minimize cost. 
Technology studies to (1) investigate methods of equipment design for 
reeovery and (2)  establ ish c r i t e r i a  to  minimize refurbishment cost  are 
r e  commended. 

Additional studies to  develop ma te r i a l  and the rma l  proper t ies  for the 
modified S-I1 insulation system selected for the ESS 3pplication are pro- 
posed, together with cmtinuing investigation of the . >go problem as it  may 
apply to  the ESS. 
avionics system computer simulation is suggested. 

Finally, a technclogy study involving shuttle integrated 

In addition to the preceding identified technology requirements ,  
maximum use  will be made of the results from the technology studies being 
conducted under the Space Shuttle P rogram,  re ference  SD 70-8A, "Space 
Shuttle Technology Requirements.  " 
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2 .O TECHNOLOGY REQUIREMENTS TASK SUMMARY 

1. Equipment recovery 

2. Thermal protection system 

3. Pogo analysis 

4. IAS computer simulation 

Total estimated costs 

E s t i mat ed Duration 
(Months) 

18 

21 

24 

18 

Estimated Cost  
($K) 

100 

4 5 5  

39 5 

300 

1250 
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3.3 TECHNOLOGY REQUIREMENTS DOCUMENTATIOP' 

Tasks 

Ordnance survey 

Connector survey 

Mechanical survey 

Select tes t  combination 

F dbr i cate prototypes 

Per form t e s t s  

Evaluate r e s u l t s  

3 .1  EQUIPMENT RECOVERY TECHNIQUES 

I Total cost 

3. 1. 1 Objective 

Develop the methodology for the design and the design verification of 
subsystems and components that have to  be recovered from the ESS while it 
is in  orbit. 

3. 1. 2 Problem 

T o  minimize total  program cost, the recovery of high-value compo- 
nents is desirable.  To achieve this recovery,  however, severa l  problems 
m u s t  be explored and resolved. The  p r i m a r y  t a s k s  a r e  in the development 
of ordnance devi ce s , m e  c hani cal  r e l e a s e  mechanisms,  in te r  facing e lect r ical  
connector s, and handling aids,  and a complete environmental survey. 

3. 1. 3 Technical ADDroach 

A survey will be conducted of electromechanical and mechanical 
components suitable for recoverable  packaging. A review of mater ia l s  for. 
application and environment will be conducted, and representat ive combina- 
tions will  be selected. Packages w i l l  be  built and subjected to  identical 
environmental tes ts .  The r e s u l t s  wi l l  b e  analyzed and evaluated. (See 

Months 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 - 1 8  

10 

6 

15 

5 

40 

15 

10 

$101 
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3. 2 THERhfAL PRO I 'ECI InN SYS I 'EM 

Tasks  

P r o c e s s  var iables  

Design analysis  

Influence coef tests 

Flut ter  analysis  

Eng dra\vings 

Polyimide panel 
fabrication 

Mech vibration 

F lu t te r  t e si 

Acoustic t e s t  

Erlqi r onmental t e s t  

A l t  bleed-off t e s t  

3. 2. 1 Objective 

Months 

1 2  3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1 8 - 2 4  

r 

I - 
I II - - - - - 

m 

Develop ana lys i s  and design 1 P S  sys tem for ESS. 

3. 2. 2 Problem 

The the rma l  protection sys t em proposed for the ESS booster  must be 
capable oi withstanding acoust '  cs, flutter,  and shock wave impingement. 
P r e c i s e  analyses  for  these  design conditions a r e  present ly  beyond the s ta te -  
of-the -a r t .  

3. 2. 3 Technical -4pproach 

Wind tunnel and acoust ic  t e s t s  will  be per formed on representa t ive  
t e s t  panels t o  verify the bas ic  design concepts. 
will  be  evaluated and modifications made  to the TPS des ign  for both the 
acoust ic  and shock requirements .  
stiffening .Kith the attendant weight increase.  

The data  f rom these t e s t s  

Aerodynamic flutter may r equ i r e  panel 
(See F igu re  2 for cost  and 

2st Cost 
($ K) 

20 

80 

20 

55 

100 

20 

IO 
109 

20 

10 

10 

10 

455 
~ ~~ ~~ ~ _ _  ~~ 

Figure  2. Thermal  Protect ion System 
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3 .  3 POGO ANALYSIS 

3. 3 .  1 Objective 

Establ ish sensit ivity of unsymmetric ESS configuration to  pogo-type 
instability and de termine  mos t  effective decoupling mechani sni. 

3 .  3. 2 Problem, 

Pogo-type instabil i t ies have Seer  encountered on m o a t  lar  ~ r .  liquid 

T h c  iESS/ 
propellant rocket powered boost vehicles.  
and, therefore ,  must be considered for the pogo phenomenon. 
booster combination is fur ther  complicated by the lack  of symmet ry  of the 
mated vehicles. 

The ESS vehicle fi ts  this  category 

3. 3. 3 Technical Appr cac  h 

Since the s a m e  bas ic  pogo problem exists on the shut t le /booster  
combination, the da ta  obtained from the  Shuttle P r o g r a m  \vi11 be evaluated 
and applied to  the ESS for the mated flight period. 
during the ESS burn period will be evaluated as follows: 

The pcgo phenomenon 

It is  planned to  use  the st iffness cha rac t e r i s t i c s  obtained f rom 
the s ta t ic  t e s t s  of the modified ESS t h rus t  s t ruc tu re  to  partially 
verify the modeling used for that s t ruc ture .  The LO2 feedline 
dynamics will  be determined by analysis ,  using finite e lement  
techniques. 
impedance will  be considered t h e  responsibil i ty o f  the engine 
contractor  t o  be furnished by NASA. 
coupled with the knowled-2 gained on the S-I1 P r o g r a m  is 
considered adequate for defining ESS pogo susceptibility. 
s ta t ic  fir ings will  be used to  verify,  in par t ,  t h e  s t ruc tu re /  
feedline/engine interaction. 
frequencv, close-coupled instrumentation. Therefore ,  no 
spec ia l  t e s t s  re la ted to ESS pogo a r e  planned other th.an those 
required by t h t  engine contractor  to  define the engine t r ans i e r  
function and pump te rmina t ion  impedance. 

The m g i n e  t r ans fe r  function and pump terminat ion 

The above technique when 

The 

This  will  r equ i r e  adequate low- 

(See F igu re  3 for cost  and schedule e s t ima tes . )  
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Tasks  

1 

Months 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1 8 - 2 4  
-~ 

levelop mathernat- 
cal  models of 
.anks, s t ruc ture ,  
>ayload, and over-  
ill vehicle 

Est  Cost 
($K) 

3btain engine 
models 

Per form stability 
and sensitivity 
ana ly s i s 

Examine suppres- 
sion devices  

Recommendations 
for design 

Detailed pogo 
ana ly s i s 

I 

Total cost  

Figure 3. Pogo 

78 

29 

46 

79 

12 

150 

395 

3.4 INTEGRATED AVIONICS SYSTEM COMPUTER SIMULATION 

3. 4. 1 Objective 

To support developrr 3nt and verification of expefidable second stage 
computer program. 

3. 4. 2 Problem 

Adaptation of space shuttle modular software and the developtnent of 
ESS orl-board and ground computer software to provide compatibility for 
multifacility application requi re  a simulation of the integrated avionics 
susbystem ( IAS).  
support provided by an  integrated IAS simulation. 

Early verification of hardware design concepts requi res  
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3 . 4 .  3 Technical Approach 

Months 

1 2 3 4 5 6 7 8 9 10 11 12 - 18 - - 

~ ~~ ~ 

Systems engineering analysis  of space shuttle 1.4s subsystem modular 
packages will be  performed to  de te rmine  applicability to ESS needs. 
g r a m s  to satisfy de l ta  demands will be identified, deve:oped, and prod1tcc.d. 
Total  flow d iag rams  for the ESS will be drawn, and a simulation model will 
be developed For the I 9 . M  360 computer. The modular con.-ept for the  space  
shuttle will  be uti1izt:d for the ESS and will provide e lements  for checkout, 
guidance, control, navigation, dL:a bus,  and redundancy management. The 
simulation will  be used to  verify sof tware adaptation, confirm del ta  requi re -  
ments ,  confirm computer memory  and speed requi rements ,  and support  the 
development of ground and flight computer programs.  (See F igu re  4 for ccs t  
and schedule es t imates . )  

P r o -  

Es t  Cost 
($K) 

20 

15 

15 

250 

Sys tems analysis  

Delta requi rements  

SIM requi rements  

P r o g r a m  development 

F igure  4. Integrated Avionics System Computer Simulation 
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