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5.0 SHUTTLE AVIONICS SYSTEM 

I. BACKGROUND 

The Avionics System f o r  the S h u t t l e  i s  the  combination hardware/sof t -  

ware system which c o n t r o l s  and d i r e c t s  t he  S h u t t l e  f l i g h t .  

s enso r s ,  computers, and i n t e r f a c e  u n i t s  i t  coord ina te s  and implements 

a l l  func t ions  of t he  f l i g h t  except f o r  t he  s p e c i f i c  c o n t r o l  of the 

engine which i s  done by a s e p a r a t e  computer system b u i l t  onto the  en- 

g ine .  The computers o f  the Avionics system are the  nerve c e n t e r  of 

t he  S h u t t l e ,  and hence must func t ion  f o r  the f l f g h t  t o  be performed. 

Appropriate redundancy i s  b u i l t  i n t o  the system and p rov i s ion  h a s  been 

made f o r  manual as  w e l l  as automatic i n p u t .  The m a t t e r  of redundancy 

i s  not simple,  i n  t h a t  t he  sof tware system i t s e l f  i s  a s i n g l e  p o i n t  

f a i l u r e  i tem except i n  p a r t  f o r  the backup guidance program. This  

f a c t  i s  the  d r i v e r  t h a t  makes the v e r i f i c a t i o n  and t e s t i n g  of the 

sof tware so important i n  o r d e r  t h a t  the p o s t u l a t e d  redundancy w i l l  

be r ea l iLed .  

Through i t s  

Because of t he  c r i t i c a l i t y  of t he  Avionics System and the  i n h e r e n t  

cha l l enges  i n  managing t h i s  area, the t a s k  t e a m  meets f r equen t ly  wi th  

t h e  va r ious  o r g a n i z a t i o n s  a t  the Johnson Space Center and the  hard- 

ware and sof tware c o n t r a c t o r s .  In a d d i t i o n  t h e  team meets wi th  the 

t e c h n i c a l  assessment group a t  JSC and the Chief Engineer t o  d i s c u s s  

t h e i r  reviews of t h i s  a r e a .  In spec t ion  t r i p s  a r e  made t o  both 

ADL and SDL i n t e g r a t i o n  l a b o r a t o r i e s .  

53 



11. OBSERVATIONS 

The current state of the system is that the hardware has been 

designed and procured. Equipment is coming in and is being de-bugged 

and operated in the ADL and SAIL laboratories both at Rockwell and 

at Johnson Space Center. There are hardware and system problems that 

are being worked diligently and that should be monitored, (e.g., the 

limitation on Avionics cooling), but the quality of the hardware seems 

to be very good in light of the stage of the program. 

With the hardware in the stage it is in, emphasis has gone to 

the integration of the various elements and the requirements for 

their proper operation which, in total, constitute the specification 

for the software system. There has been an initial design of a soft- 

ware system, but as specific component data become available and 

mission requirements become more firm, variations or new input must 

be expected in the software system. These variations are the basis 

of our concern with the Avionics System. 

The computer system in the Shuttle is complicated, and verifi- 

In fact, the con- cation of the software is difficult to quantify. 

fidence in software verification is directly proportional to the time 

spent in such verification; that is, the thoroughness and extent of 

the verification procedures. In general, one is not confident to say 

that a software system is reliable unless it has been extensively used. 
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The criticality of the software system and the difficulty of quanti- 

fying its verification make it mandatory to have an independent assess- 

ment of the software. Current proposals are to program the testing 

at ADL and in SAIL s o  as to perform a complete, independent check of 

the software. This is a good plan and it must be implemented in a 

timely manner, and then changes must be rigorously controlled. 

The major problem with the Avionics software system is two-fold. 

First, the tendency of hardware people to solve anomalies in their 

hardware by changes in the software; and, second, the better definition 

of the specifications for mission operations which results in a greater 

software requirement than was initially contemplated for the system. 

Both of these factors, and particularly late timing, affect the degree 

of confidence that one has in the formal verification. It is imper- 

ative that the computer groups have sufficient time ior the software 

verification, and the simulation laboratories have time to check as 

deadlines approach. ‘Ihile the first orbital flight is some time away, 

the ALT flights are almost upon us. The organizational structure to 

police and drive this program is not readily apparent. 

In thecourse of our discussions several factors became obvious. 

The first was that the NASA management system is geared to establish 

communications and coordinate the activities of a number of entities 

at different locations. However, it does not adequately identify a 
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specific Avionics responsibility. This system, through its various 

reviews and panels does, in fact, successfully accomplish a major 

task of integration, but it is ponderous and time consuming when it 

must respond to specific, immediate problems in real time. The people 

in the total system are for the most part very experienced, and an 

informal system of coping with the real time technical problems has 

grown up. This system is absolutely vital in that it rings the bells 

to alert the formal system and supplies the input necessary for the 

more formal deliberations. This informal system should by no means 

replace the formal system, but it should be recognized, directed and 

integrated if the overall structure is to be optimized. From an 

academic point of view an informal system, with its undefined re- 

sponsibilities, can sometimes result in balls being dropped, partic- 

ularly withinexperienced people.  We must hasten to say that we feel 

because of the quality of the personnel the present system is working 

well. It could perhaps be better defined. We feel that program 

management recognizes this, that the recent strengthening of the 

Avionics integration activity will help and that the recognition by 

the technical assessment group of the importance of the Avionics prob- 

lem is a good sign. In discussions with the technical people it is 

quite clear that the integration laboratories (ADL and SAIL) ,  where- 

in hardware is operated in systems of varying configurations, are 



very useful tools. These laboratories provide a real communication 

channel between all the elements involved in the particular system 

or subsystem being tested. The joint experience gained here is essen- 

tial in establishing confidence in the Avionics system and is abso- 

lutely necessary as an independent check on the computer software veri- 

f icat ion. 

The whole matter of computer programming and verification is per- 

haps the element of the system most difficult to assess. The nature 

of the system and of the current stage of the program inhibits the 

developnent of firm computer program requirements. As more simulation 

experience is generated, for instance, the detailed requirements of 

manned versus automatic flight undoubtedly will change, resulting in 

program changes. In addition, the ALT flights will certainly produce 

data which will require modifications to the programs. As these modi- 

fications or new requirements are defined, a continuing effort must 

be established to police the overall computer program. There is a 

limit, and there are indications that requirements may exceed the 

computer capacity. The response to such a situation must not reduce 

the redundancy built into the computer system. - 

Verification of a computer program is a subjective and iterative 

process and it is not easy to assign a confidence number in the same 

sense that one does with hardware. It is particularly difficult for 
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the Panel to achieve an assessment in this field. It would be help- 

ful if a single individual were placed in charge. 

111. ASSESSMENT AND RECOMMENDATIONS 

The conclusion of reviews to date is that the hardware in the 

Avionics system is in reasonable shape and that it will perform prop- 

erly. The software system is currently in a state of flux and is now 

being given attention, in an effort to scrub down or assign priorities 

to the requirements and to examine opportunities for simplification. 

We feel a centralization of control of the software in the program 

would be beneficial. It is quite clear that because of the reduced 

requirements on the system for the ALT tests, the load on the computer 

system is eased. However, confidence in the adequacy of the software, 

even for this simpler flight program, has still not developed and the 

Panel must monitor the software program assiduously between the present 

time and the ALT test. 

One conclusion is positive. The Shuttle team, on both the con- 

tractor and government side, is composed of experienced, competent 

people. This fact establishes confidence in the overall program, and 

assures us that given enough time any contingency can be dealt with 

properly . 
Our recommendations are: 

A. A competent, knowledgeable person should be assigned at the 
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Program Office level to perform the function of Chief Engineer-Avionics. 

This may well be the recently appointed Manager, Orbiter Avionics Systems, 

if he has the central responsibility for the software and the system 

that it knits together. 

B. The program of testing and simulation of the Avioncis system 

should be given a high priority as it forms an independent verification 

of the software. An additional important benefit of such testing is 

that it involves a great number of subsystem designers and will form 

a valuable, real-time communication link in the technical management 

and integration system. 

C. The technical assessment group should establish an appro- 

priate effort to quantify and assess the degree of confidence one can 

assign to the planned software verification. 

group should be supplemented by outside experts in the software systems 

verification field. 

In our opinion this 

D. The recent emphasis on the responsibility of the Avionics 

Integration Office was a move in the right direction and, if appro- 

priate, further efforts should be made to more clearly define specific 

software responsibilities. 

E. Future actions of the Panel should be limited to monitoring 

progress of the system so as to judge the state of readiness prior 

to ALT and the first orbital flight. Should the Panel be expected 

to assess in detail the software verification, it will need to be 

supported by an expert in that specific field. 
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6 . 0  RISK ASSESSMENT 

I. BACKGROUND 

A t a s k  team has been formed t o  review t h e  r i s k  management system 

and i t s  handl ing of s p e c i f i c  chal lenges.  The t a s k  team obtained i t s  

information by meetings a t  JSC and the  p r i n c i p a l  c o n t r a c t o r  with both 

managers and the  s p e c i a l i s t s  working f o r  them. These meetings were 

held i n  September and November 1975, and February and May 1976. Num- 

erous w r i t t e n  r e p o r t s  a l s o  were provided t o  s u b s t a n t i a t e  d e c i s i o n s  and 

t o  demonstrate t h e  procedures used t o  a s s u r e  t h a t  s a f e t y  problems a r e  

evaluated adequately.  

11. OBSERVATIONS 

The a r e a s  reviewed included the  management system f o r  a p p l i c a t i o n  

of lessons learned from p r i o r  programs t o  S h u t t l e  and the  s p e c i f i c  

cases  of t h e  c o n t r o l l e d  use of t e f l o n  i n s u l a t i o n ,  of 26 gauge e l e c t r i -  

c a l  w i r ing  and of threaded f a s t e n e r s .  The Panel a l s o  reviewed the 

approach t o  crew and range s a f e t y .  F i n a l l y ,  w e  reviewed the  approach 

t o  a s s e s s i n g  and c o n t r o l l i n g  the  aggregate  o r  t o a l  r i s k  on the program. 

A. Lessons Learned 

The s u b j e c t  of l e s sons  learned i s  a complicated one. Ob- 

v ious ly ,  a l e s son  must f i r s t  be i d e n t i f i e d  a s  such and t h e r e  must be 

agreement a s  t o  the  proper s t e p s  t o  avoid f u r t h e r  occurrence.  Once 

t h e s e  two s t e p s  a r e  properly taken i t  appears  t h a t  adequate procedures 

e x i s t  t o  t r a c k  t h e  c o r r e c t  a p p l i c a t i o n .  
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Retent ion  methods a r e :  

a .  

b. 

C. 

JSCM 8080 - Standards and C r i t e r i a  

These a r e  imposed when a p p l i c a b l e  on subcont rac tors .  

AFSC Handbook DH- 1-6 

This con ta ins  c h e c k l i s t s  and s a f e t y  techniques  
and i s  used by JSC s a f e t y  d i v i s i o n  f o r  check- 
l i s t  inputs .  

Various JSC Experience Reten t ion  Documents 

Examples a r e :  

84 Apollo exper ience  r e t e n t i o n  r e p o r t s  
JSC 09096 Lessons Learned Skylab 
JSC 0134 B Space F l i g h t  Hazards 
JSC 02681 Non M e t a l l i c  Ma te r i a l s  
JSC 08980 F i e l d  Experience Data 
Mission Assessments (Sa fe ty ) ,  Apollo 7 

through ASTP 

I n  a d d i t i o n  a l e s sons  learned  document has been prepared 

which s t a t e s  whether t h e  l e s s o n  i s  a p p l i c a b l e  t o  S h u t t l e  and how i t  

i s  t o  be d i spos i t i oned .  This document should be cont inuous ly  updated 

and s a f e t y  reviews o f  S h u t t l e  compared w i t h  i t .  As of  June l o t h ,  1975, 

t h e  document showed 476 l e s sons  app l i cab le .  The q u e s t i o n  of  t h e  proper  

s t eps  t o  t a k e  t o  avoid f u r t h e r  occurrence i s  a much more d i f f i c u l t  

one. For example, t h e  ques t ion  of  man-in-the-loop versus  f u l l  auto-  

mation appears  t o  be s u b j e c t  t o  f i n e  tun ing  d e c i s i o n s ,  wi th  some 

d i f f e r e n c e s  of  op in ion  s t i l l  e x i s t i n g .  
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B. Use of Tef lon  

The u s e  of Tef lon  is being c a r e f u l l y  t racked .  It is  f e l t  

t o  be t h e  s a f e s t  i n s u l a t i o n  material a v a i l a b l e  (where the  requirements  

sugges t  i t s  u s e )  as long as i t  is  no t  exposed t o  temperatures  high 

enough t o  cause decomposition. There appears ,  t h e r e f o r e ,  t o  be l i t t l e  

e f f o r t  t o  r e s t r i c t  i t s  u s e  where i t  is o therwise  advantageous.  A 

p o s s i b l e  except ion  is  t h e  u s e  i n s i d e  t h e  oxygen tank of  t h e  Externa l  

Tank. This  w a s  o r i g i n a l l y  f e l t  t o  be s a f e  s i n c e  only  ins t rument  s i g n a l  

c u r r e n t  is c a r r i e d  by these  w i r e s .  However, a t  t h e  t i m e  of t h e  task-  

team meeting on February 9, 1976, cons ide ra t ion  was being g iven  t o  re- 

p l ac ing  t h i s  s e c t i o n  w i t h  s t a i n l e s s  s tee l  coa ted ,  ceramic i n s u l a t e d  

wi r ing  (as w a s  done i n  t h e  Apollo oxygen tanks)  d e s p i t e  t h e  apprec i ab le  

weight pena l ty .  S ince  then the  p o s s i b l e  a c c e p t a b i l i t y  of TFE p l a s t i c  

i s  being inves t iga t ed .  Th i s  r econs ide ra t ion  is  occasioned by updated 

thermal  ana lyses  which showed t h a t  high temperatures  (500'F) may be 

encountered i n  use .  This  i t e m  had been c losed  o u t  i n  t h e  December 10, 

1975, Major Safe ty  Concerns Document (JSC 09990) based upon engineer ing  

d a t a  and,  when appropr i a t e ,  i n i t i a t i o n  of  new o r  more ex tens ive  engineer-  

ing  ana lyses .  It a l s o  i l l u s t r a t e s  t h e  n e c e s s i t y  t o  main ta in  a v i g i l a n c e  

over  r ev i sed  d a t a  and t h e  e f f e c t  on c losed  hazards.  I n  t h i s  i n s t ance ,  

t he  review system worked when t h e  hazard was reopened. 

The co ld  flow c h a r a c t e r i s t i c s  of  Teflon a re  s a i d  no t  t o  

cause any problems f o r  S h u t t l e  a p p l i c a t i o n s .  Th i s  i s s u e  a r o s e  du r ing  

Apollo f a b r i c a t i o n  days because of  a bad ba tch  o f  Tef lon  which XAS 
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not  t y p i c a l  of good q u a l i t y  m a t e r i a l .  Since then ,  acceptance t e s t s  

have been introduced t o  apply t o  each new batch of Teflon t o  a s s u r e  

t h a t  no m a t e r i a l  w i l l  be accepted and used i n  S h u t t l e  which may be 

d e f i c i e n t  i n  cold flow c h a r a c t e r i s t i c s .  A s  a r e s u l t  t h i s  w i l l  no 

longer  be considered a l i m i t a t i o n  on t h e  p l aces  where Teflon may be 

used. I n  a d d i t i o n  t h e r e  a r e  f i rm  c o n t r o l s  and requirements (Rockwell 

Space Divis ion S p e c i f i c a t i o n  ML-0303-0029A and ML-0303-0013 , and 

Mart in  S p e c i f i c a t i o n  STP 6506) which r e l a t e  t o  minimum bend r a d i u s ,  

clamping f o r c e ,  sha rp  edges,  wire  bundle s l eeves  f o r  p r o t e c t i o n ,  

harness  r o u t i n g ,  e t c .  Rigorous i n s p e c t i o n  v e r i f i e s  t h i s .  Thin walled 

Teflon has a p r o t e c t i v e  t o p  coa t  of polyimide r e s i n  which r e s t r i c t s  

cold flow. 

C. The Use of Small Gauge Copper Wire 

Because of t he  problem on Apollo w i t h  breakage of 26 AWG 

copper wire  t h e  use of t h i s  has been l a r g e l y  e l i m i n a t e d ,  r e p l a c i n g  i t  

w i t h  22AWG o r  heavier .  However, i n  an  apprec i ab le  percentage of t h e  

t o t a l  footage (r%-S%) it  has been found imprac t i ca lbe  t o  use  wi re  t h i s  

l a r g e  and s t i f f .  Where 26AWG wi re  has been used i t  has been made of 

a n  a l l o y  of copper having cons ide rab ly  h ighe r  t e n s i l e  s t r e n g t h .  It 

has a l s o  been bundled t o g e t h e r  so  t h a t  no i n d i v i d u a l  s t r a n d s  can be 

f lexed and broken. OV 101 i s  being b u i l t  i n  t h i s  manner. The Panel 

f e e l s  t h a t  t h i s  problem has been handled properly.  
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” 

It should be noted t h a t  t h e r e  are  many manufacturers’  i t e m s  

such as instruments  and b l ack  boxes which may c o n t a i n  much f i n e r  

wires.  However, t h e s e  a r e  f i r m l y  a t t a c h e d  and p ro tec t ed  and a r e  no t  

s u b j e c t  t o  f l e x i n g  o r  o t h e r  mishandling du r ing  i n s t a l l a t i o n  o r  use.  

The Panel i s  s a t i s f i e d  t h a t  t h e  des ign  i s  proper. 

D. The Controls  on Threaded Fas t ene r s  

The Panel found t h a t  NASA and i t s  c o n t r a c t o r s  procure f a s t e n e r s  

from a v a r i e t y  of sources  which meet NASA and DOD s p e c i f i c a t i o n s .  I n  t h e  

manufacture of  t h e s e  f a s t e n e r s  t h e  s i n g l e  element method of  gauging i s  

almost always used because i t  i d e n t i f i e s ,  f o r  t h e  manufacturer ,  changes 

i n  t h e  shape o r  q u a l i t y  of  t h e  th reads  and a l e r t s  t h e  manufacturer t o  

t o o l  and r o l l  wear be fo re  t h e  f a s t e n e r s  g e t  ou t  of  s p e c i f i c a t i o n .  It 

i s  t o  t h e  manufacturer’s  economic advantage t o  use  t h i s  system s i n c e  

h i s  r e j e c t i o n  r a t e  i s  decreased ( i . e . ,  product c o n s i s t e n t l y  i s  of 

high q u a l i t y ) .  I n  a d d i t i o n  t o  gauging, t h e  manufacturer i n v a r i a b l y  

uses  a n  o p t i c a l  comparator and does m e t a l l u r g i c a l  and phys ica l  t e s t s  

on t h e  m a t e r i a l s .  This  whole procedure,  s t a t i s t i c a l l y  a p p l i e d ,  i n -  

s u r e s  shipment of  high q u a l i t y  f a s t e n e r s  a t  t h e  minimum p r i c e  c o n s i s t e n t  

with t h a t  q u a l i t y .  

A f t e r  c e r t i f i c a t i o n  t h e  u s e r ,  i . e . ,  NASA o r  i t s  c o n t r a c t o r s ,  

i s  p r i m a r i l y  concerned wi th  whether a f a s t e n e r  f a l l s  w i t h i n  a n  accept-  

a b l e  envelope of  t o l e r a n c e s  which can be measured q u i t e  r a p i d l y  with 
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go-no go gauges. I f  t h e  f a s t e n e r  does not meet t h i s  t e s t  i t  i s  re-  

turned t o  the  vendor f o r  a n a l y s i s  and replacement. While t h i s  might 

appear t o  be a n  a r b i t r a r y  procedure i t  i s  n o t ,  because t h e  major f a c t o r  

a f f e c t i n g  t h e  f a i l u r e  of a f a s t e n e r  i s  t h e  proper a p p l i c a t i o n  of t h a t  

f a s t e n e r .  Proper a p p l i c a t i o n  i s  t h e  f a c e t  of t h e  problem t h a t  NASA 

and i t s  c o n t r a c t o r s  must c o n t r o l .  Such f a c t o r s  a s  out  of t o l e r a n c e s  

of p a r t s ,  i n s u f f i c i e n t  r a d i i  a t  c o r n e r s ,  and improper to rqu ing  of t h e  

f a s t e n e r  more o f t e n  a r e  r e spons ib l e  f o r  f a i l u r e  than  a r e  minor v a r i a t i o n s  

i n  t h e  shape of t h e  thread.  We do no t  b e l i e v e  t h a t  one can document 

a s i n g l e  f a i l u r e  due s o l e l y  t o  t h e  th reads  themselves when they have 

passed a go-no go in spec t ion .  F a i l u r e s  almost always are due t o  

improper a p p l i c a t i o n  of t h e  f a s t e n e r  and, i n  a few c a s e s ,  t o  a 

material o r  m e t a l l u r g i c a l  problem. 

a f a s t e n e r  i s  prevented f i r s t  by proper engineer ing des ign  and review, 

The improper a p p l i c a t i o n  of 
- -. 

and second by assembly i n s p e c t i o n  t o  s e e  t h a t  t h e  proper t o l e r a n c e s  

a r e  present  i n  t h e  fastened p a r t s  and t h a t  the c o r r e c t  f a s t e n e r  and 

torque have been used. The m e t a l l u r g i c a l  a s p e c t  of t h e  problem i s  

taken c a r e  of by chemical and m e t a l l u r g i c a l  t e s t s  a s  a p a r t  of in-  

coming inspec t ion .  

The experience of NASA and t h e  DOD, over many y e a r s ,  has 

r e s u l t e d  i n  a s t a t i s t i c a l  t e s t i n g  program on f a s t e n e r s  which NASA and 

i t s  c o n t r a c t o r s  observe. An a n a l y s i s  of t h e s e  procedures has been 
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made by NASA and the  Panel has reviewed it. I n  our opinion t h e  pro- 

gram being followed by NASA and i t s  c o n t r a c t o r s  i s  a p p r o p r i a t e  and 

r e s u l t s  i n  the proper degree of s a f e t y .  We f e e l  t h a t  t h i s  has been 

demonstrated by the performance of pas t  NASA p r o j e c t s  and by the  

immense experience of DOD. We f u r t h e r  f e e l  t h a t  should a f a s t e n e r  

f a i l u r e  occur ,  i t  almost always w i l l  be t r aced  t o  causes  not c o n t r o l l e d ,  

o r  i n d i c a t e d ,  by the gauging systems. 

E. Crew and Range Sa fe ty  

During launches of t he  i n i t i a l  S h u t t l e  missions , ground 

command and d e s t r u c t  c a p a b i l i t i e s  e x i s t  on t h e  Ex te rna l  Tank and on 

each SRB. The O r b i t e r  Main Engines cannot be shu t  down by ground 

command. 

The crew cannot i n h i b i t  ground d e s t r u c t ,  but a r e  provided 

warning i n  advance of such ac t ion .  Two e j e c t i o n  s e a t s  a r e  provided 

f o r  the crew. Use of  e j e c t i o n  s e a t s  and of ground d e s t r u c t  devices  

a f t e r  t he  i n i t i a l  missions s t i l l  i s  t h e  s u b j e c t  of cons ide rab le  contro-  

versy.  There i s  no precedent i n  previous programs, s i n c e  t h e  S h u t t l e  

system i s  a combination of launch v e h i c l e  and t r a n s p o r t  a i r c r a f t .  

Addi t ional  complexi t ies  r e s u l t  from t h e  s p l i t  r e s p o n s i b i l i t i e s  be- 

tween S h u t t l e  program managers and n a t i o n a l  range commanders, and from 

t h e  f a c t  t h a t  l a t e r  o p e r a t i o n a l  missions w i l l  c a r r y  "passengers", f o r  

whom e j e c t i o n  c a p a b i l i t y  probably would be impract icable .  



It is  the opinion of t h e  Panel t h a t  planning f o r  f u t u r e  

missions should proceed wi th  a fundamental ground r u l e  t h a t  t h e  cap- 

a b i l i t y  f o r  d e s t r u c t  by range s a f e t y  personnel and the  c a p a b i l i t y  of 

escape by a l l  people onboard go hand-in-hand. 

Under c u r r e n t  plans , adherence t o  t h i s  ground r u l e  would 

mean t h a t  both e j e c t i o n  s e a t s  and d e s t r u c t  systems w i l l  be removed 

when more than  two people a re  on board. It seems reasonable  t h a t  

removal of such dev ices  w i l l  be an  accep tab le  r i s k  a f t e r  demonstrat ion 

by a few s u c c e s s f u l  f l i g h t s .  

F. Response t o  Recommendations on Hydraulic Fluid 

The Panel e a r l i e r  had recommended t h a t  t h e  cho ice  o f  hydrau l i c  

f l u i d  be re-examined. 

On November 18, 1975, d e t a i l e d  p r e s e n t a t i o n s  were made on 

t h e  comparison of Yellow O i l  (MIL-H-83282) and Red O i l  (MIL-H-5606) 

f o r  use a s  hydrau l i c  f l u i d s .  These comparisons showed t h a t  Yellow 

O i l  appeared s u p e r i o r  t o  Red O i l  i n  regard t o  f lammabil i ty  over a 

narrow temperature range and under c e r t a i n  phys ica l  cond i t ions .  I n  

some o t h e r  r e s p e c t s ,  such a s  c o r r o s i o n  and low temperature v i s c o s i t y ,  

Red O i l  was supe r io r .  The d e c i s i o n  has been made t o  s t a y  w i t h  Yellow O i l  

due t o  i ts  lesser f i r e  r i s k .  P recau t ions  w i l l  need t o  be taken t o  

keep out water ( co r ros ion )  and t o  avoid excess ive ly  low temperatures.  
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G .  The Risk Management System and Aggregate Risk A s s e s s m e n t  

The Panel found a well-developed independent hazard i d e n t i -  

f i c a t i o n  and r i s k  assessment system, t h e  members of which p a r t i c i p a t e  

i n  program d e c i s i o n  making. They provide formal r e p o r t s  t o  program 

management such a s  summaries o f  major s a f e t y  concerns and of t h e  

a c t i o n s  being taken t o  a s s u r e  management awareness. They have a l s o  

j u s t  completed t h e  i n i t i a l  mission s a f e t y  assessment r e p o r t  f o r  t he  ALT 

f 1 i g h t  s. 

The Panel gave p a r t i c u l a r  a t t e n t i o n  t o  management c o n t r o l  

of both t h e  t o t a l  o r  aggregate  r i s k  on the  program a s  w e l l  a s  t h e  

c o n t r o l  of s p e c i f i c  hazards. 

Aggregate r i s k  has been de f ined  by t h e  JSC Safety Divis ion 

as t h e  sum of the e f f e c t s  of hardware and o p e r a t i o n a l  hazards upon 

t h e  even t ,  s e r i e s  of even t s ,  o r  mission,  and i s  measured i n  terms 

of adverse impact on personnel o r  c r i t i c a l  equipment. The manage- 

ment approach t o  t h i s  assessment i s  through the  s a f e t y  concerns pro- 

cedure. I n  t h i s  procedure a l l  i n p u t s  t o  s a f e t y  q u e s t i o n s ,  i nc lud ing  

R I D ' S  a r e  examined through System Level Hazard Analysis ,  i n  p repa r ing  t h e  

S h u t t l e  l e v e l  SAR, and screened by a Cri ter ia  Committee. They a r e  e i t h e r  

resolved through mod i f i ca t ions  o r  accepted as r i s k s .  They become p a r t  

o f  the Sa fe ty  Concerns Index and S a f e t y  Concerns Summary Report and a s  

such a r e  d i r e c t  input  t o  the  Mission Safety Assessment. The l a t t e r  

becomes the  t r u e  e v a l u a t i o n  point  f o r  aggrega te  r i s k  assessment.  It 
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appears  t h a t  t h i s  procedure i s  adequate from a management point  of 

view t o  a s s u r e  t h a t  a l l  s a f e t y  i s s u e s ,  once i d e n t i f i e d  a s  such, a r e  

p rope r ly  t racked and a s ses sed .  

While major hazards a r e  brought be fo re  management f o r  t h e i r  

e v a l u a t i o n  t h e r e  i s  a l s o  t h e  q u e s t i o n  of how you c o n t r o l  minor r i s k s  

and e v a l u a t e  t h e i r  impact on t h e  l e v e l  of aggregate  r i s k  being accepted 

i n  the  program, This i s  no s i m p l e  m a t t e r  because management cannot 

review every d e c i s i o n  and t h e r e  a re  no t  t h e  resources  t o  work every 

"what i f "  s i t u a t i o n .  Therefore ,  t h e  t a s k  team has been i n  d i s c u s s i o n s  

wi th  t h e  s a f e t y  o f f i c e s  on how t o  s t r e n g t h e n  c o n t r o l s  o r  a u d i t s  i n  t h i s  

area.  As a r e s u l t  a d d i t i o n a l  c o n t r o l s  have been i n s t i t u t e d .  

The Screening Board f o r  t he  "Major Sa fe ty  Concerns Document" 

has been pass ing  judgment only upon those i s s u e s  which are  considered 

s i g n i f i c a n t  s a f e t y  d r i v e r s  and hence has not reviewed those having 

l i t t l e  impact. To perform a check of t h e  d i s p o s i t i o n  of t h e s e  minor 

r i s k s ,  t h e  Screening Board has i n s t i t u t e d  a new procedure whereby 

i t  w i l l  include an  a u d i t  of twenty minor i s s u e s  a t  each Screening 

Board meeting t o  determine t h a t  they have been p rope r ly  evaluated 

and d i s p o s i t i o n e d .  I f  t h e  a u d i t  r e v e a l s  d e f i c i e n c i e s ,  a more 

ex tens ive  i n v e s t i g a t i o n  w i l l  be completed. It should be noted 

t h a t  Board membership has been r e c e n t l y  r ev i sed  t o  inc lude  KSC 

and MSFC r e p r e s e n t a t i o n .  The method of a s s e s s i n g  t h e  t o t a l  impact of 
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t hese  r i s k s  i s  t o  t r a c k  t h e  s a f e t y  i s s u e s  f o r  s a t i s f a c t o r y  c loseou t  

and t o  r e p o r t  on them i n  t h e  Mission S a f e t y  Assessment Documents. 

These documents c o n t a i n  t h e  Sa fe ty  o f f i c e ' s  judgment on t h e  a c c e p t a b i l i t y  

of  t h e  "aggregate r i sk ."  This  i s  a s u b j e c t i v e ,  r a t h e r  t han  q u a n t a t i v e ,  

eva lua t ion  of t h e  cumulat ive accepted r i s k s  and a c t i o n s  be ing  taken  

t o  r e so lve  open items. 

The Panel m e t  wi th  s e n i o r  program management t o  review t h e i r  

approach i n  developing p o l i c i e s  t h a t  determine t h e  c r i t e r i a  f o r  r i s k  

assessment and d e c i s i o n  making a t  subord ina te  l eve l s .  These d i s c u s s i o n s  

a l s o  included s e n i o r  management's approach t o  d e c i s i o n  making a t  t h e i r  

l e v e l  where i t  has been t h e i r  judgment t o  accept  r i s k s .  The Panel was 

both reviewing c r i t i c a l  dec i s ions  t h a t  have a l r e a d y  been made and r e -  

i n f o r c i n g  management's c o n t r o l s  t o  a s s u r e  t h a t  s a f e t y  not  s l i p  from 

i t s  normal t o p  p r i o r i t y  because of c o s t  and schedule  p re s su res  i n  t h e  

per iod ahead. Among t h e  po in t s  made by management i n  these  d i s c u s s i o n s  

were : 

1. Decis ions involv ing  any s i g n i f i c a n t  r educ t ion  i n  

program requirements  a r e  reviewed by s e n i o r  management t o  a s s u r e  a 

judgment t h a t  i s  o b j e c t i v e  and s e n s i t i v e  t o  t h e  requirements  of  pub l i c  

a c c o u n t a b i l i t y .  This  i s  evidenced by t h e  way t h e  d e c i s i o n  was made 

on contingency a b o r t  c a p a b i l i t y  du r ing  t h e  SRB burn period. 

2. Any d e c i s i o n  on s a f e t y  i s  a judgment on how f a r  
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t o  go t o  enhance o r  guarantee  s a f e t y .  There a r e  s p e c i f i c  a r e a s  

where s a f e t y  margins have been reduced but t h e  management judgment 

i s  t h a t  t h e  margins a r e  s t i l l  s u f f i c i e n t .  

3. Redundancy i s  no t  synonymous wi th  s a f e t y  because 

t h e  complexity of  a redundant system may in t roduce  new hazards t h a t  

reduce t h e  o v e r a l l  s a f e t y  of t h e  system. Excess redundancy, o r  appended 

p r o t e c t i o n  systems,  may cause  eng inee r s  t o  produce des igns  t h a t  a r e  no t  

optimum but  depend upon t h e s e  a d d i t i o n s  t o  make them acceptab le .  

4. The number of  s i n g l e  f a i l u r e  po in t s  t h a t  could 

cause  c r i t i c a l  s i t u a t i o n s  a r e  not  g r e a t e r  than  i n  Apollo o r  Skylab. 

I n  f a c t ,  S h u t t l e  has  a h igher  s a f e t y  f a c t o r  because of t h e  f l e x i b i l i t y  

a v a i  l a  b l e  t a t e rmina te  t h e  m i s  s ion.  

5. Aggregate r i s k  i s  hard t o  measure but  t h e  program 

i s  making a conscious e f f o r t  t o  i d e n t i f y  t h e  magnitude. The Mission 

Sa fe ty  Assessment document i s  one judgment. The program SR&QA people  

a r e  prepar ing  a form o f  aggreg ra t e  r i s k  assessment a s s o c i a t e d  wi th  t h e  

program requirements  review r e s u l t s .  

6. The ground t e s t  program provides  t h e  b e s t  a s s u r -  

ance t h a t  w e  unders tand  t h e  system, i t s  c a p a b i l i t i e s  and l i m i t a t i o n s .  

While some changes have been made i n  t h e  t e s t  program, piggybacking 

tes t s  o r  d e f e r r i n g  them, b a s i c  requirements  have no t  been compromised. 

7. The ALT f l i g h t s  and the  subsequent o r b i t a l  f l i g h t  
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program w i l l  develop confidence i n  t h e  vehic le .  They provide f o r  

moving i n t o  s i t u a t i o n s  of  g r e a t e r  r i s k s  i n  c a r e f u l l y  considered inc re -  

ments,  so  t h a t  t h e  new r i s k  on any one f l i g h t  i s  accep tab le  o r  cannot  

reasonably  be reduced fu r the r .  

111, ASSESSMENT AND RECOMMENDATIONS 

The Pane l ' s  judgment a s  t o  whether t h e  t o t a l  aggreg ra t e  r i s k  i s  

accep tab le  can  only be a r r i v e d  a t  over  t h e  course  o f  t i m e  a f t e r  ca re -  

f u l  s tudy  of t h e  miss ion  assessment documents and o t h e r  p e r t i n e n t  

da ta .  Once t h e  program i s  beyond t h e  development f l i g h t s  and i s  i n  

t h e  o p e r a t i o n a l  phase,  aggrega te  r i s k  should be minimized by exper- 

i ence  and by t h e  r e p e t i t i v e  n a t u r e  of t h e  f l i g h t s .  Sa fe ty  ques t ions  

which t h e  Panel cons ide r s  s i g n i f i c a n t  a r e  being worked, a l though t h e  

resources  a v a i l a b l e  may not  permit in-depth i n v e s t i g a t i o n  of  a l l  

minor i s sues .  

The concept  of r e - u s a b i l i t y  in t roduces  a new type  of r i s k  i n  

t h e  S h u t t l e  program which was not  encountered i n  prev ious ,  s ing le - sho t  

programs. For example, t h e  TPS and t h e  landing requirements  i n t roduce  

a number of s a f e t y  problems f o r  which experience i s  lacking.  

The f i n a l  aggrega te  r i s k  assessment should focus heav i ly  on 

"what i f "  ques t ions.  
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7.0 GROUND TEST AND GSE PROGRAMS 

L t .  Gene Warren D. Johnson, USAF 
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7.1 GROUND TESTS 

I. BACKGROUND 

The Aerospace Sa fe ty  Advisory Panel has  s t u d i e d  NASA philosophy 

p e r t a i n i n g  t o  the  e n t i r e  Space S h u t t l e  System, the "Space S h u t t l e  Veri- 

f i c a t i o n  Program" and p a r t i c u l a r l y  the  ground tests a s p e c t s  of  t h a t  

V e r i f i c a t i o n  Program. Since the  Panel has  been i n  e x i s t e n c e  f o r  

s e v e r a l  yea r s  and w a s  involved i n  Apollo, Skylab, and the r e c e n t  

j o i n t  US-Soviet Apollo-Soyuz space f l i g h t ,  an i n e v i t a b l e  comparison 

wi th  these  programs i s  made and, indeed, the  uniform approach t o  test- 

i n g  r e f l e c t s  NASA exper ience ,  

success fu l .  Yet even NASA has  s u f f e r e d  temporary f a i l u r e s ,  and the  

Panel was c r e a t e d  as a r e s u l t  of a d i s a s t r o u s  acc iden t .  The Panel 

i s  conscious t h a t  NASA faces  a need f o r  major c o s t  r educ t ions  i n  

o r d e r  t o  s t a y  w i t h i n  programmed c o s t s  f o r  t he  Space S h u t t l e  program. 

This  c o s t  r educ t ion  e f f o r t  could impact on s a f e t y  un le s s  management 

review i s  thorough. A p a r t  of our examination focused on t h i s  

p o s s i b i l i t y .  

Past  NASA programs have been eminent ly  

The Panel  i s  examining the  Ground Tes t  Program a s  i t  p e r t a i n s  

t o  p repa ra t ion  f o r  t h e  Approach and Landing Tes ts ,  t o  t he  O r b i t a l  

F l i g h t  Tests and e v e n t u a l l y  the o p e r a t i o n a l  o r b i t a l  f l i g h t s .  Ac- 

t i v i t y  t o  d a t e  has  concent ra ted  on t h e  p re -ope ra t iona l  phases. 

major e f f o r t  has  been t o  assist NASA i n  a s s u r i n g  t h e  Space S h u t t l e  

System w i l l  f l y  s a f e l y  a s  a space v e h i c l e  and as an a i r c r a f t  when i t  

The 
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r e e n t e r s  t h e  atmosphere t o  r e t u r n  f o r  landing ,  I n  ga the r ing  d a t a  we 

have s t u d i e d  the planned Space S h u t t l e  V e r i f i c a t i o n  Program, some 

i n d i v i d u a l  ground t e s t s ,  and t h e  Hawkins Review t o  i d e n t i f y  p o s s i b l e  

problem areaso Based on those  s t u d i e s ,  v i s i t s  t o  Rockwell and t h e  

Johnson Space Center  have been made. 

A s  prev ious ly  i n d i c a t e d  t h e  Space S h u t t l e  V e r i f i c a t i o n  Program, 

and s p e c i f i c a l l y  the ground test po r t ion ,  i s  based on past h i g h l y  

s u c c e s s f u l  NASA programs. Experienced NASA management has  designed 

and t racked  the program s i n c e  t h e  go-ahead f o r  Space S h u t t l e  was  

g iven  i n  1969. 

and an  e x c e l l e n t  use  of  " lessons learned."  

grams i n  the  p a s t  have d e a l t  with Space Vehicles ,  one time f l i g h t s ,  

and b e t t e r  funding p r i o r i t i e s .  Moreover, p a s t  programs were e x p e r i -  

mental  i n  na tu re  as opposed t o  o p e r a t i o n a l .  Thus, new problems can 

be expected.  

There i s  a s t r o n g  r e l i a n c e  on t h i s  p a s t  exper ience  

However, m j o r  NASA pro- 

The Ground Test  Program i s  ex tens ive .  Obviously, t he  Panel can- 

no t  examine a l l  d e t a i l s ,  nor i s  t h a t  d e s i r a b l e  o r  necessary .  The 

P a n e l ' s  c o n t r i b u t i o n  should be t o  i d e n t i f y  a r e a s  i n  which t h e r e  a r e  

r i s k s  not  faced i n  pas t  NASA programs and/or  a r e a s  i n  which previous  

d i f f i c u l t i e s  have been encountered.  A c t i v i t i e s  t o  d a t e  have i d e n t i -  

f i e d  these  p r i o r i t y  a r e a s  f o r  Panel examination. 
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11. OBSERVATIONS 

The Ground Test Organization appears adequate. The Test Organ- 

ization is sufficiently distinct from the organization which designed 

the Shuttle. Thus, testing objectivity should be assured. 

It also appears that there is a reasonable mix of space vehicle 

and aircraft experience. Rockwell is applying its considerable air- 

craft expertise to the Space Shuttle Systems, as well as its space 

experience. 

and an aircraft. 

who have flown and tested aircraft, including "lifting bodies" with 

shuttle-like characteristics. The astronauts are deeply involved in 

the planning and the ground test programs. Throughout NASA there is 

a reasonable balance of scientists, engineers, engineer-pilots, and 

other skills. 

have, as yet, not destroyed this core of capability. 

They realize the Orbiter must perform as a space vehicle 

NASA has an adequate mix of Space experts and pilots 

Cost reduction efforts and ensuing personnel reductions 

An adequate interface between Rockwell and subcontractors appears 

to exist. 

responsibility for monitoring tests conducted by subcontractors. 

test failure must be reported within 

compliance. 

subcontractors. 

The Rockwell organization indicated a realization of the 

Any 

24  hours and Rockwell monitors 

This will be further checked by the Panel in visits to 

Because of funding constraints, some tests have been cancelled. 
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It appears ,  however, t h a t  management has  provided an  adequate review 

of t he  r i s k s  involved i n  each such r educ t ion .  

111. ASSESSMENT AND RECOMMENDATIONS 

The Ground Test  Program as o r i g i n a l l y  envis ioned had a l a r g e r  

scope of f u l l  s c a l e  model tes ts .  I n  the  r educ t ion  a g r e a t e r  r e l i a n c e  

w a s  placed on q u a r t e r  ( 1 / 4 )  s c a l e  model t e s t s .  Addit ional  c o s t  re- 

d u c t i o n  e f f o r t s  have l e d  t o  some modification of 1/4 scale model tests. 

Also, some o r i g i n a l l y  scheduled t e s t  cond i t ions  changed due t o  l ack  

of a v a i l a b i l i t y  of components. Planned f u l l  s c a l e  model tests were 

d i r e c t l y  r e l a t e d  t o  1/4 s c a l e  model t e s t s  - designed t o  provide a one- 

to-one comparison i n  such a r e a s  as In f luence  Coef f i c i en t  and S t i f f n e s s  

C h a r a c t e r i s t i c s .  The l ack  of t hese  one-to-one comparisons could have 

an adverse impact. Management i s  aware of  t hese  r educ t ions  and h a s  

a s s e s s e d  the r i s k .  

The Panel w a s  concerned wi th  the  adequacy of s t r u c t u r a l  t e s t i n g  

p r i o r  t o  ALT and has  inqu i r ed  i n t o  t h i s  a t  some l eng th .  

A. S t r u c t u r a l  t e s t i n g  of the O r b i t e r  was compared t o  the  test-  

i n g  of the Boeing 747, the  Douglas DC-10 and the  Lockheed 1011 (sim- 

i l a r  wide body a i r c r a f t ) .  The two former were t e s t e d  t o  a g r e a t e r  

e x t e n t .  The 1011 t e s t i n g  w a s  more l i m i t e d  and would tend t o  i n d i c a t e  

t h a t  t he  O r b i t e r  t e s t  p l an  i s  adequate.  

B. ALT w i l l  not  i nc lude  thermal and a s c e n t  s t r e s s e s  which w i l l  
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be encountered i n  o r b i t a l  f l i g h t s .  S t r u c t u r a l  a n a l y s i s  p r i o r  t o  ALT 

assumes these  s t r e s s e s  a r e  p r e s e n t ,  thus c r e a t i n g  a margin of s a f e t y .  

However, a c t u a l  s t r u c t u r a l  tes ts  w i l l  not  be completed p r i o r  t o  ALT. 

C.  The O r b i t e r  w i l l  be l i m i t e d  t o  75% of s t r u c t u r a l  loads 

( l i m i t i n g  weight and G-forces),  during the  ALT. The e x t e n t  of ground 

tes ts  i n  t h i s  respect i s  somewhat l e s s  than t h a t  t o  which wide body 

a i r c r a f t  have been sub jec t ed  p r i o r  t o  f i r s t  f l i g h t .  Perhaps r e q u i r e -  

ments f o r  wide body a i r c r a f t  a r e  not a p p r o p r i a t e  f o r  S h u t t l e .  On the 

o t h e r  hand, even h i g h e r  s t anda rds  might be a p p r o p r i a t e .  It i s  suggested 

t h a t  t h i s  be a s u b j e c t  f o r  a l a t e r  meeting of t he  e n t i r e  Panel.  

There i s  concern about the t e s t i n g  f o r  the Payload Bay Doors. 

It i s  c l e a r  t h a t  f a i l u r e  t o  c l o s e  these  doors would preclude s a f e  

r e e n t r y .  Many s t e p s  a r e  being taken: 

A .  NASA (JSC) i s  making a comprehensive s tudy  of t he  h i s t o r y  

of " j a m s . "  

B .  Conservative "overreach" i s  planned. 

C .  Many tes ts  a r e  planned. 

D. EVA c a p a b i l i t y  i s  being planned. T o o l s  a r e  being considered 

and an  EVA working group e x i s t s .  

1. However, some payloads could preclude access  by EVA. 

2.  There i s  some i n d i c a t i o n  t h a t  t e s t  payloads du r ing  

e a r l y  O r b i t a l  F l i g h t  T e s t s  a r e  being considered t h a t  could i n t e r f e r e  
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with manual back-up f o r  c l o s i n g  payload bay doors.  Recommend no such 

payloads be permit ted during e a r l y  OFT. 

No schedule margin e x i s t s  i n  the  event  any major problems a r e  

encountered i n  ground t e s t i n g .  This i s  a success -o r i en ted  program 

and any major problems w i l l  impact d o l l a r s  and schedules .  

induce s h o r t c u t s  t h a t  have s a f e t y  i m p l i c a t i o n s .  The Panel should 

examine any major tes t  f a i l u r e  and/or  change i n  t h e  tes t  program i n  

o r d e r  t o  a c t  a s  an  a d d i t i o n a l  safeguard t o  the  normal NASA management 

review. 

This could 

The review o f  changes and d e l e t i o n s  t o  t h e  Ground Test Program 

appears  t o  have been adequate t o  d a t e .  Fu r the r  budget c o n s t r a i n t s  

o r  a major problem could induce more changes. The Panel b e l i e v e s  the  

' 'point of diminishing r e t u r n "  must be c l o s e  f o r  changes i n  the  Ground 

Test  Program. Thus, such changes should be brought t o  t h e  a t t e n t i o n  

of  t h e  Panel as soon a s  they a r e  de f ined .  
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7 . 2  GROUND SUPPORT EQUIPMENT 

I. BACKGROUND 

Planning f o r  and a c q u i s i t i o n  of Ground Support Equipment are 

l a r g e l y  management problems as opposed t o  s a f e t y  i s s u e s .  However, t he  

Panel no te s  t h a t  such equipment a c q u i s i t i o n  f o r  va r ious  p a s t  programs 

t r a d i t i o n a l l y  has  been the  f i r s t  t o  s u f f e r  i n  budget c u t s .  Moreover, 

planning i s  d i f f i c u l t  i n  t he  e a r l y  s t a g e s  of a program, pending deve l -  

opment of a f i r m d i n t e n a n c e  b a s e l i n e .  Thus when c u t s  o r  changes are 

made, l i t t l e  t i m e  remains t o  a d j u s t ,  and equipment d e l i v e r i e s  o f t e n  

l a g  o p e r a t i o n a l  requirements.  Some s a f e t y  impact may then r e s u l t ,  

e s p e c i a l l y  when ground handl ing and t u r n  around a r e  so dependent on 

s p e c i a l i z e d  and s o p h i s t i c a t e d  equipment. 

The planned t u r n  around of 160 hours  would be made more d i f f i -  

c u l t  t o  a t t a i n  i f  equipment were no t  a v a i l a b l e  i n  the c o n f i g u r a t i o n  

and numbers r equ i r ed .  

O r b i t a l  F l i g h t  Tests could be hampered i f  Ground Support Equip- 

ment were no t  a v a i l a b l e .  Delays i n  f l i g h t  tests could be c o s t l y  

and/or could impact on s a f e t y  i f  s h o r t c u t s  are attempted. 

It appears  prudent t o  examine whether the p re s su re  t o  achieve 

t h e  160 hour t u r n  around could c r e a t e  s a f e t y  problems. 

If i n h e r e n t  s a f e t y  problems exis t  i n  t h e  i n t e r f a c e  between Ground 

Support Equipment and f l i g h t  hardware, t h e  Panel wishes t o  i d e n t i f y  them 

and a s s u r e  i t s e l f  t h e s e  hazards  are given adequate  a t t e n t i o n .  
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11. OBSERVATIONS 

JSC and KSC a r e  aware of the c r i t i c a l i t y  of Ground Support Equip- 

ment and o f  t h e i r  r e s p o n s i b i l i t y  f o r  i n t e g r a t i o n .  Both are develop- 

ing  d e t a i l e d  planning f o r  such equipment, cons ide r ing  l i f e  cyc le  re- 

quirements and hazard ana lyses  a c r o s s  the  i n t e r f a c e  wi th  f l i g h t  hard-  

ware. Both c e n t e r s  a r e  working c l o s e l y  wi th  the  A i r  Force, which 

eventual ly  w i l l  ope ra t e  the  Space S h u t t l e  System from Vandenberg. 

A i r  Force personnel  a r e  on hand a t  JSC and KSC f o r  t h i s  purpose. 

A l l  seem to  be aware t h a t  t he  160 hour t u r n  around f o r c e s  b e t t e r  

planning f o r  support  equipment. However, they assert  t h a t  they are 

guarding a g a i n s t  t he  p o s s i b i l i t y  t h a t  t he  t u r n  around requirement 

could in f luence  s h o r t c u t s .  They c l e a r l y  s ta te  t h a t  t h e  160 hour 

t u r n  around i s  a g o a l  f o r  t h e  o p e r a t i o n a l  phase and t h a t  i t  

w i l l  no t  be at tempted i n  t h e  o r b i t a l  f l i g h t  tests o r  i n  e a r l y  opera- 

t i o n a l  f l i g h t s .  

Planning i s  t i e d  t o  vendor ( subcon t rac to r )  a v a i l a b i l i t y .  I f  a 

vendor ' s  product ion l i n e  i s  planned t o  be closed o r  reduced, JSC p lans  t o  

review t h e  need t o  a c q u i r e  support  equipment p r i o r  t o  any such a c t i o n .  

Most t e s t i n g  du r ing  O r b i t a l  F l i g h t  T e s t  and i n  l a t e r  o p e r a t i o n a l  

f l i g h t s  i s  planned t o  be accomplished on-board the  O r b i t e r ,  as d i s -  

t i ngu i shed  from bench checks i n  a s e p a r a t e  f a c i l i t y .  Before at tempt-  

i ng  t o  r e p a i r  a black box the malfunct ion w i l l  be c l e a r l y  i d e n t i f i e d .  



111. ASSESSMENT AND RECOMMENDATIONS 

The Panel should cont inue s u r v e i l l a n c e  of Ground Support Equip- 

ment and should examine the i n t e r f a c e  of some of t he  more c r i t i c a l  

i t e m s  w i th  f l i g h t  hardware. 

Panel i n t e r e s t  should focus i n i t i a l l y  on equipment r equ i r ed  f o r  

a u t o  land tests. (Subcontractor equipment i s  planned t o  be used t o  

cover most requirements f o r  t h i s  and O r b i t a l  F l i g h t  T e s t s . )  

The Panel a l s o  should follow changes and/or r educ t ions  planned 

for support  equipment, a s s u r i n g  t h a t  NASA reviews of such a c t i o n s  

cons ide r  a l l  r i s k s  involved. (The NASA review process  should equa l  

t h a t  f o r  changes i n  t h e  ground t e s t i n g  program.) 

The Panel should q u e s t i o n  planning for Ground Support Equipment 

a s  i t  v i s i t s  s e l e c t e d  vendors ( subcon t rac to r s )  and NASA c e n t e r s .  

87 





8.0 FLIGHT TEST PROGRAM 

Mr. John L. Kuranz 
Mr. Lee R. Scherer 
L t .  Gen. Warren D. Johnson, USAF 

89 





8.0 FLIGHT TEST PROGRAM 

I. BACKGROUND 

The Panel undertook t o  s tudy the Approach and Landing T e s t  Pro-  

ject  f o r  t he  purpose of a s s e s s i n g  the  va lue  and r i s k s ,  i n  o r d e r  t o  

determine i f  programming and/or  management system changes should be 

recommended t o  meet t he  primary tes t  o b j e c t i v e s .  

o b j e c t i v e s  t o  be v a l i d ;  they are: 

We b e l i e v e  these 

A. To v e r i f y  o p e r a t i o n a l  c a p a b i l i t y  of the mated f e r r y  config-  

u r a  t ion .  

B. To confirm the subsonic aerodynamic c h a r a c t e r i s t i c s  of the 

O r b i t e r  and v e r i f y  p i l o t e d  and automatic approach and landing concepts .  

C.  To c o r r e l a t e  wind tunnel  d a t a  and f l i g h t  d a t a .  An i n t e g r a l  

p a r t  of t he  P a n e l ' s  s tudy w a s  the examination of p o t e n t i a l l y  hazardous 

cond i t ions  a s s o c i a t e d  with the des ign  o r  o p e r a t i o n  o f  both the  f l i g h t  

and ground systems. 

The Pane l ' s  most r e c e n t  meeting with ALT management w a s  May 24-25, 

1976 a t  JSC. This w a s  preceded by the fol lowing a c t i v i t i e s :  

A.  M e t  w i th  ALT and Carrier A i r c r a f t  p r o j e c t  o f f i c e r s  a t  JSC 

on November 18-19, 1975. Detai led d i s c u s s i o n s  on the  747, O r b i t e r  

101, mated c o n f i g u r a t i o n s  and most c u r r e n t  t e s t  and a n a l y t i c a l  d a t a  

suppor t ing  the  ALT requirements and management d e c i s i o n s .  

B. Session with ALT p r o j e c t  personnel  a t  Rockwell I n t e r n a t i o n a l  

a t  Downey, C a l i f o r n i a  on October 29, 1975. Discussions r e l a t e d  t o  
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Rockwell International's participation and implementation of their 

role in the ALT project. 

C. Shorter but significant fact-finding sessions were conducted 

in Washington at NASA Headquarters on August 28, 1975 and at KSC on 

December 3 ,  1975. These served to provide an overview of the ALT 

project and indicated where further examination would be fruitful. 

D. Attendance at the Orbiter ALT Critical Design Review con- 

ducted at JSC on April 21, 1976. 

E. Panel review and task team sessions at JSC, February 9-10, 1976. 

These activities served to provide a well detailed and 

up-dated background for further fact-finding and gave an integrated 

perspective to the Panel. Included were major achievements that con- 

tribute to program management's confidence in achievement of ALT 

objectives. 

In addition to these face-to-face sessions, numerous program 

documents were supplied, including the ALT Project Management Plan 

which, together with the candid and helpful dialogue with program 

managers and engineers, allows the observations and assessments 

which follow. 

Before reading the section of this report covering observations 

and assessment, it is worthwhile t o  review the ALT Project background. 

ALT covers only a small portion of the Shuttle Verification Program. 
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Orbiter 101 and a modified Boeing 747 will be used for these tests. 

Orbiter 101 configuration will be oriented toward the subsystems re- 

quired for subsonic atmospheric flight. For the most part it will 

not include subsystems required for space operations. Although not 

carrying actual payloads, the Orbiter 101 will employ simulated pay- 

load structure adequate to demonstrate the effects of  payload weight, 

center-of-gravity, and inertia on approach-and-landing performance. 

The ALT project includes vehicle ground tests before the first drop 

flight, preliminary flight evaluation, flying quality investigation 

of the launch combination, the separation and the Shuttle subsystem 

verification, and demonstration of the unpowered approach and landing. 

11. OBSERVATIONS 

The Shuttle program by nature of costs and schedule constraints 

is a success-oriented program. This is exemplified by the assignment 

of a single Orbiter and a single carrier aircraft to this program and 

the use of the carrier for all future ferry-type operations. Major 

schedule perturbation would result from mishaps or system failures 

which could occur during the ALT process. The goals of the program 

appear to be proper, however, and the tight planning does not at this 

time imply any increase of risk to the crew during this test series, 

in ferry operations o r  in the orbital flight tests that follow the 

A L T  . 
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It  appears  t h a t  the f l i g h t  performance d a t a  and o v e r a l l  exper- 

i ence  t o  be gained du r ing  the ALT a c t i v i t i e s  as  c u r r e n t l y  planned do 

j u s t i f y  performing t h i s  s e r i e s  o f  t e s t s .  This viewpoint i s  based 

on an  assessment of t he  r i s k  of performing the  ALT v e r s u s  the r i s k  

i n  e l i m i n a t i n g  i t .  While the  Panel b e l i e v e s  t h a t  no s i n g l e  f l i g h t  

tes t  requirement f o r  ALT would i n  i t s e l f  j u s t i f y  t h e  program, we be- 

l i e v e  that  i t  i s  j u s t i f i e d  by the  aggregate  r e s u l t s .  

The con t inu ing  e f f o r t  of S h u t t l e  management t o  u t i l i z e  the  ALT 

p r o j e c t  t o  i t s  f u l l e s t  h a s  been a fo rc ing  func t ion  i n  e s t a b l i s h i n g  

d e t a i l s  of t he  ALT. For example, t h e  c o n f i g u r a t i o n  of t h e  hardware 

and sof tware i s  such t h a t  i t  w i l l  have the  c a p a b i l i t y  of meeting 

a l t e r n a t e  c o n f i g u r a t i o n  op t ions ,  t a i l c o n e  on, t a i l c o n e  o f f ,  e t c . ,  

depending upon t h e  r e s u l t s  of t he  f i r s t  few c a p t i v e  and f r e e - f l i g h t  

tests.  

Current p l ans  now c a l l  f o r  f i v e  t a i l c o n e  on and t h r e e  t a i l c o n e  o f f  f r e e  

f l i g h t s  i n  a d d i t i o n  t o  t h e  o r i g i n a l  c a p t i v e  i n e r t  and i n a c t i v e  f l i g h t s .  The 

use of t h e  t a i l c o n e  on t h e  O r b i t e r  i s  the  r e s u l t  of wind t u n n e l  tests 

and d e t a i l e d  ana lyses  which show a h igh  degree of 747 t a i l  b u f f e t  w i th  

t a i l c o n e  o f f  as the  O r b i t e r  i s  being c a r r i e d  on top  of t h e  7 4 7 .  Sig- 

n i f i c a n t  e f f e c t s  of t h i s  b u f f e t i n g  are:  

A. Fa t igue  of t h e  747 t a i l  area P. However, based on wind tunne l  

tests and a n a l y s e s ,  t h e  s t r u c t u r a l  c a p a b i l i t y  w i l l  n o t  be exceeded. 



B. The p o s s i b i l i t y  t h a t  t he  mated conf igu ra t ion  b u f f e t i n g  w i l l  

adve r se ly  a f f e c t  f l i g h t  c o n t r o l ,  as w e l l  as the  747 crew's  a b i l i t y  

t o  accomplish r e q u i r e d  maneuvers. 

The ALT management system w a s  discussed i n  some d e t a i l  with 

both the  NASA and c o n t r a c t o r  personnel  du r ing  t h e  f a c t - f i n d i n g  s e s -  

s i o n s .  It appeared t h a t  t he  management system, inc lud ing  the reviews 

and information flow, has  been e f f e c t i v e  i n  suppor t ing  the  ALT pro- 

j e c t ;  however, t h e r e  was some i n d i c a t i o n  that  not  a l l  c u r r e n t  i n f o r -  

mation had been communicated on a t imely b a s i s .  The ALT CDR i d e n t i -  

f i e d  t h i s  problem and adequate s t e p s  are being taken. 

111. ASSESSMENT AND RECOMMENDATIONS 

A.  The Panel ag rees  t h a t  an  adequate Approach and Landing Test 

P r o j e c t  i s  necessary t o  the  o r d e r l y  and s a f e  development of t he  

O r b i t e r ,  t he  f e r r y  u t i l i z a t i o n ,  and o t h e r  a s p e c t s  of t h e  o v e r a l l  

S h u t t l e  program, both ground and f l i g h t .  

B. The information gained from the  ALT i s  important t o  the con- 

f idence l e v e l  r equ i r ed  i n  making the f i r s t  manned o r b i t a l  f l i g h t  with 

the f u l l  Space S h u t t l e  system. The va lue  of t he  ALT p r o j e c t  though, 

i s  wholly dependent upon t h e  r e s u l t s  of each i n d i v i d u a l  s t e p  w i t h i n  

the p r o j e c t .  A w i l l i n g n e s s  t o  a l t e r  the t es t  program f l i g h t s  as 

d a t a  i s  c o l l e c t e d  i s  expected, which w i l l  enhance the s y n e r g i s t i c  

r e s u l t s  from a l l  tes ts .  
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C. A s  an aerodynamic v e h i c l e ,  t he  S h u t t l e  a i r c r a f t  i s  new i n  

many ways. It may e x h i b i t  some c h a r a c t e r i s t i c s  i n  va r ious  f l i g h t  

cond i t ions  t h a t  a r e  not  a c c u r a t e l y  p r e d i c t a b l e  from wind tunnel  o r  

o t h e r  data. %e Panel b e l i e v e s  t h a t  t he  f l i g h t  c o n t r o l  system, i f  

provided wi th  a cockpi t  ga in  v a r i a t i o n ,  would add t o  the  s a f e t y  of 

the  f i rs t  f l i g h t  t e s t s  of t he  O r b i t e r  v e h i c l e .  The Panel i s  aware 

t h a t  the  ALT CDR considered t h i s  problem; however, we suggest  f u r t h e r  

review. 

D. I f  t he  O r b i t e r  L/D i s  t o  be s imulated when i t  i s  flown wi th  

t a i l c o n e  on, t he  Panel recommends t h a t  e x t r a  cau t ion  be employed t o  

a s s u r e  t h e r e  i s  s u f f i c i e n t  a t t i t u d e  c o n t r o l  a v a i l a b l e  when drag  de- 

v i c e s  are deployed. It i s  r e a l i z e d  t h a t  c u r r e n t l y  such maneuvers 

a r e  not  planned. 

E. The p r o f i l e  o r  energy management f o r  approach, f l a r e  and 

landing a r e  d i f f e r e n t  f o r  au to land  and manual c o n t r o l  modes. Figure 1 

shows t h i s  d i f f e r e n c e .  E f f o r t  i s  now underway t o  make the  au tomat ic  

and manual p r o f i l e s  i d e n t i c a l .  The Panel b e l i e v e s  t h i s  t o  be e s s e n t i a l .  

This  w i l l  make i t  p o s s i b l e  f o r  t he  crew t o  fo l low the  progress  of an 

automatic  landing ,  and, i f  necessary ,  accomplish the  t r a n s i t i o n  from 

automatic  t o  manual wi th  a minimum of exposure t o  e r r o r .  

F. L i f t i n g  body f l i g h t  t e s t s  show t h a t  s u c c e s s f u l  unpowered 

landings  a r e  b e s t  achieved fol lowing f l o a t  p r o f i l e s  t h a t  a r e  much 



f l a t t e r  than i s  now planned f o r  ALT. The Panel recommends f u r t h e r  

review of the planning and t r a i n i n g  for the f l o a t  segment of t he  ALT. 
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FIGURE 1 - A l t i t u d e  v e r s u s  Range (Typical  t r a j e c t o r y )  
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9.0 EXTERNAL TANK 

I. BACKGROUND 

The Ex te rna l  Tank appears  t o  be simple i n  concept.  The l i q u i d  

oxygen and hydrogen tanks a r e  b a s i c a l l y  of a convent ional  des ign .  

However, t he  Tank has turned o u t  t o  have s i g n i f i c a n t  eng inee r ing  and 

manufacturing cha l l enges .  There are a l s o  t h e  cha l l enges  of des ign ing  

the  f o r e  and a f t  O r b i t e r  attachment hardware, t h e  e x t e r n a l  i n s u l a t i o n  

and l i g h t n i n g  p r o t e c t i o n  systems. Thus a Panel  member was assigned 

t o  t h i s  important a r e a .  

Information on the  s t a t u s  of  t he  Ex te rna l  Tank h a s  been obtained 

through formal p r e s e n t a t i o n s  a t  JSC and Rockwell I n t e r n a t i o n a l  and 

through d e t a i l e d  review of  the  system a t  MSFC. Also, a v i s i t  w a s  made 

t o  Martin-Marietta a t  Michoud e a r l i e r .  I n  a d d i t i o n ,  a s tudy w a s  made 

of t h e  Hazards Analysis Report, MMC-ET-Mol-A, dated October 17, 1975. 

11. OBSERVATIONS 

The hazard s t a t u s  summarized i n  October 1975 w a s :  

A.  58 haza rds  i d e n t i f i e d .  

B. 31 haza rds  submitted t o  NASA f o r  eva lua t ion .  

C. 2 r e s i d u a l  haza rds  proposed f o r  acceptance as con t inu ing  

haza rds  by NASA. 

D. 25 hazards  r e so lved .  

A t  the  Quar t e r ly  Review on May 6 ,  1976, t he  l i s t  of haza rds  was 

r ev i sed  to show the following changes: 
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A .  67 hazards identified. 

B. 33 hazards submitted to NASA for evaluation. 

C. 2 residual hazards proposed for acceptance as continuing 

hazards by NASA. 

D. 32 hazards resolved. 

It would be premature of the Panel to comment on the detail de- 

liberations among the contractors and the NASA Centers until firm 

decisions have been reached. It should be pointed out, however, that 

the classification above of "Residual Hazards" corresponds to the 

concept of a "Risk List" as suggested in 1975 by the Hawkins Committee 

for the entire Shuttle system. The Panel concurs in the concept that 

such a list should be the prime focus for reviewing the readiness for 

operation of a subsystem of the Shuttle such as the External Tank and 

commends the Shuttle management and Marshall for this method of moni- 

toring the hazards inherent in the system. 

Several hazards described in the above-referenced report should 

be addressed in subsequent studies. 

A .  The breakdown of the hazards into the functional list selected 

caused a great deal of cross referencing. Some other breakdown might 

make a review by outsiders simpler and more productive. 

B. The problem of flammability of the Thermal Protection System 

in the presence of gaseous or liquid propellants suggests that a com- 



p l e t e  review of p r o p e l l a n t  leakage and p o s s i b l e  s p i l l a g e  may be of 

va lue .  The t o x i c i t y  of the polyurethane foam wi th  a flame r e t a r d a n t  

needs more s tudy and a systems d e c i s i o n .  The a d d i t i o n  of the f l a m e  

r e t a r d a n t  makes t h e  r e s i d u a l  a sh  and the gas emmision more objec-  

t i o n a b l e ,  perhaps unacceptable ,  i f  a f i r e  should occur .  A f i r e  may 

be avoidable  and u n l i k e l y ,  but  i f  one should occur ,  t h e  ques t ionab le  

improvement of a f i r e  r e t a r d a n t  makes t h e  i n s u l a t i o n  material i n  use 

more dangerous. The e f f e c t i v e n e s s  of t he  r e t a r d a n t  i n  case of an  

oxygen l eak  i s  ques t ionab le .  There i s  the  a d d i t i o n a l  f a c t  t h a t  t h e  

e x t e r n a l ,  o r  bonding, i n s u l a t i o n  of t he  Ex te rna l  Tank i s  temperature 

s e n s i t i v e .  Any lengthy exposure t o  d i r e c t  s o l a r  h e a t i n g  might degrade 

the  i n t e g r i t y  of t he  Thermal P r o t e c t i o n  System (CPR 421).  

C. There was no d i s c e r n a b l e  r e fe rence  i n  the r e p o r t s  t o  previous 

NASA o r  c o n t r a c t o r  experience on launch v e h i c l e s  which must have been 

s u b j e c t  t o  similar f i r e  hazards .  So lu t ions  which were reached on such 

v e h i c l e s  must be e q u a l l y  a p p l i c a b l e  t o  the  Ex te rna l  Tank and would be 

f a r  more convincing t o  reviewers  than some of t he  t es t  programs o r  

exp lana t ions  which were o f f e r e d  t o  m i t i g a t e  o r  remove the  hazard.  

D. A series of l i g h t n i n g  tests performed r e c e n t l y  showed t h a t  

the p r o t e c t i o n  system problem i s  n o t  y e t  solved;  s p e c i f i c a l l y ,  t he  

bonding of m u l t i p l e  spray-on p a i n t  s t r i p s  t o  a s i n g l e  pa th  s o l i d  

metal i n  t h e  form of  the  vent  l i n e .  I n  a d d i t i o n ,  t he  s e l e c t i o n  o f  
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t he  proper  spray-on conduction p a i n t  i t s e l f  needs more test  and s t u d i e s .  

E. The occurrence o f  geyser ing du r ing  f i l l i n g  of t h e  long s u c t i o n  

l i n e s  h a s  t o  be thoroughly t e s t e d ,  and the b a f f l e s  i n s i d e  the  tank 

must be p r o t e c t e d .  Tests a r e  s t i l l  forthcoming. 

F. Large cryogenic s e p a r a t i o n  f i t t i n g s  s u b j e c t  t o  water and 

n i t r o g e n  i c i n g  might be troublesome t o  guarantee a proper  d i sconnec t .  

To d a t e ,  no ground s e p a r a t i o n  tes t  (even s imulated)  i s  planned. 

111. ASSESSMENT AND RECOMMENDATIONS 

It i s  the  opinion of t h e  Panel member, who reviewed t h e  Externa 

Tank s t a t u s ,  t h a t  t h e r e  a r e  no insurmountable r i s k s  t h a t  cannot be 

adequately c o n t r o l l e d  f o r  s a f e  ope ra t ions .  It i s  suggested t h a t  t h e  

Panel p a r t i c i p a t e  through i t s  i n d i v i d u a l  members, i n  subsequent c r i t  c a l  

des ign  o r  normally scheduled reviews and t h a t  t h e  e n t i r e  Panel be ex- 

posed t o  the  f i n a l  "Residual Hazards" which the program managers be- 

l i e v e  should be accepted f o r  f i r s t  o r b i t a l  f l i g h t  and subsequent 

o p e r a t i o n s .  

A. The t a r g e t  performance d a t a  o f  t h e  o r b i t e r  systems were 

quoted and f i n a l i z e d  as  a po in t  i n  time when f i n a l i z e d  loads,  ae ro -  

dynamic, thermodynamic, v i b r a t i o n ,  and v ib ro -acous t i c ,  were i n  a pre-  

l iminary s ta te .  Weights and p r o p e l l a n t s  have on ly  minor allowances 

f o r  v a r i a t i o n s .  F ina l i zed  d a t e  i n  a l l  environmental  f i e l d s  w i l l  not  

be a v a i l a b l e  u n t i l  l a t e  i n  t h e  t es t  program and may r e s u l t  i n  a c o s t l y  
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r edes ign  and, sooner o r  l a t e r ,  performance v a r i a ' i o n s  may w e l l  r e s u l t .  

B. C r i t i c a l  mechanical a c t i v i t i e s  l i k e  t h e  complex s e p a r a t i o n  

o f  t he  Ex te rna l  Tank and O r b i t e r  w i l l  be experienced f o r  t he  f i r s t  

time under environmental  cond i t ions  du r ing  t h e  f i r s t  o r b i t a l  f l i g h t .  

I f  a t  a l l  p o s s i b l e ,  i t  would be prudent t o  inc lude  an  environmental  

s e p a r a t i o n  ground tes t  i n  the  program. A f l i g h t  f a i l u r e  can n e i t h e r  

be observed nor  measured and could w e l l  lead t o  a t o t a l  loss of the  

O r b i t e r .  

C .  A reasonable  cons i s t ency  i n  the  q u a l i t y  of the Ex te rna l  Tank 

i n  o r d e r  t o  achieve maximum r e l i a b i l i t y  and s a f e t y  of t h e  manned f l i g h t  

i s  b e s t  a s su red  by con t inu ing  product ion.  Shutdown and the  subsequent 

reopening of t h e  product ion l i n e  w i l l  i n t e r r u p t  t he  l e a r n i n g  curve 

and compromise a r easonab le ,  low p r i c e  of t he  throw-away Ex te rna l  Tank 

which i s  b e s t  achieved by an  accep tab le  continuous product ion r a t e .  

The a c t u a l  use of t he  Ex te rna l  Tank i s  governed by e n t i r e l y  d i f f e r e n t  

a s p e c t s .  A launch de lay ,  weather,  mechanical d i f f i c u l t i e s ,  payload 

a v a i l a b i l i t y ,  o r  o t h e r  unpred ic t ab le  even t s ,  w i l l  c r e a t e  a p o s s i b l e  

s t o r a g e  problem f o r  the Ex te rna l  Tank. It would be adv i sab le  t o  a s s u r e  

s u i t a b l e  l i m i t e d  s t o r a g e  space f o r  t hese  l a r g e  Ex te rna l  Tanks. Storage 

cond i t ions  would have t o  be c o n t r o l l e d  t o  i n s u r e  a g a i n s t  degradat ion.  

D. Lightning t e s t s  have shown some weaknesses of the t e s t  spec i -  

men r e p r e s e n t i n g  the  intended Ex te rna l  Tank design.  It i s  suggested 
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t h a t  a "Lightning P ro tec t ion  Committee," or  "Study Group," approve 

the  f i n a l i z e d  l i g h t n i n g  p r o t e c t i o n  measures,  no t  only for t h e  launch 

pad, but  f o r  t h e  v e h i c l e  i n  f l i g h t  as w e l l .  These reviews should 

inc lude  proper  bonding and prevent ion  of s t a t i c  charges .  
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10,O SOLID ROCKET BOOSTER 

Dr. William A. Mrazek 
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10.0 SOLID ROCKET BOOSTER 

I. BACKGROUND 

The technology of large solid rockets is well developed, and 

many operational units have been found to be reliable and trouble-free. 

The Panel recognizes the importance ?f this element and the need for 

high reliability. The development program on this element is now reaching 

the stage f o r  more intensive review. 

Several Solid Rocket Booster Quarterly Reviews were attended and, 

in addition, insight was gained by visits with the project management 

staff. Up to this date, contractor visits have not been made because 

of the early status of the project. The last contract for the assembly 

of the booster is about to be let as of the date of this report. 

Nevertheless, the latest issue of the JSC Report #/09990A published 

March 8, 1976, titled "Major Safety Concerns of Space Shuttle Program" 

lists two open safety concerns , INTG-11 and INTG-12Ypertaining to the 

Solid Rocket Booster. 

INTG-11 - "A Nozzle Extension Separation Failure'' w i l l  be dis- 

posed of prior to the first launch. 

INTG-12 - "Ignition Overpressure" Completion of a comprehensive 
study is scheduled for July 1976. It is evident that late adverse 

study results might have a considerable impact on cost, performance, 

and schedule. 
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I I. 0 BS ERVAT IONS 

Despi te  t h e  d i l i g e n t  a p p l i c a t i o n  of  a v a i l a b l e  exper ience  and 

d a t a ,  t h e  p r o j e c t  recognizes  major u n c e r t a i n t i e s  i n  des ign  c r i t e r i a .  

L i f t - o f f  loads ,  thermal environment and changes w i l l  have an impact 

on c o s t ,  schedule ,  and performance. Twelve concerns were recognized 

by p r o j e c t  management and d iscussed  i n  d e t a i l .  To  o b t a i n  a conclus ive  

p i c t u r e  of t h e  progress  made, it w a s  suggested by t h e  Panel  members 

t h a t  a t  fo l lowing  reviews, t h e  s t a t u s  of  t h e  above concerns,  as w e l l  as 

o t h e r s ,  be monitored. 

111. ASSESSMENT AND RECOMMENDATIONS 

A .  The a u x i l i a r y  power u n i t  supply ing  o i l  p re s su re  t o  t h e  ac tu -  

a t o r s  of  t h e  boos te r s  uses  as i t s  prime mover a hydrazine-dr iven t u r b i n e  

t o  ope ra t e  t h e  pumps. The exhaust  s t a c k s  of  a l l  fou r  u n i t s  l oca t ed  i n  

both  boos te r s  a l low t h e  e n t r y  of sea w a t e r  i n t o  the  c a t a l y s t  bed of t h e  

f u e l  system a f t e r  splashdown. 

tests of t he  u n i t  have been completed du r ing  which the  c a t a l y s t  bed 

w a s  exposed t o  s a l t  water f o r  t e n  (10) hours each cyc le .  A f t e r  r e t r i e v a l  

from the wa te r ,  t h e  bed w a s  f lushed  o u t  and s u c c e s s f u l l y  f i r e d  i n  a l l  

ca ses .  The "recondi t ioning" system m u s t  assure adequate  f l u s h i n g  is  

accomplished a f t e r  each and every s a l t  water exposure.  

To d a t e  e leven  (11) mission duty  cyc le  

B. A molded f i b e r - r e i n f o r c e d  p l a s t i c  cover  of adequate  s t r e n g t h  could 

be designed and produced t o  enc lose  t h e  e n t i r e  APU f o r  p r o t e c t i o n  a g a i n s t  

sea water duncking. The sav ings  i n  t h e  long run  could e a s i l y  o f f s e t  

t h e  i n i t i a l  c o s t .  

The Panel  w i l l  be devot ing  increased  a t t e n t i o n  t o  t h e  So l id  
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Rocket Booster system during the year ahead. Hazards associated with 

Shuttle system assembly i n  the VAB a t  KSC w i l l  be included i n  such 

surveillance. 
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