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, No. 1, Pg. 8. 

a b j e c t :  ALT Mission Operations 

Recanmendation: 1, page 8 

Responsible Organizational Elenent: JX, LA14 

Recanmendat ion: 

"1. In the l i f t i n g  body f l i gh t s ,  the p i lo t s  were substantially 

The Panel i s  very impressed by both the simplicity and 

For ALT it is  understood that such a plot  is 

assisted by calls from the  control roan hhere a p i lo t  vas available 
showing the actual location of the  vehicle as canpared with the  planned 
locations. 
effectiveness of this 'modified GCA" in assis t ing the tusy p i lo t  on 
these short f l i gh t s .  
planned a t  Mission Control J9c. It appears prudent t o  maintain the 
same plot  a t  DFRC.as a bachp i n  the event of the highly unlikely 
ht sti l l  possible loss of voice communications between b u s t o n  and 
Edwards. The Panel lhonders what penalty the ALT m l d  encounter by 
including this already available backup systen." 

D iscu ss ion : 

We are maintaining the DFFX plo t  of predicted v s  actual ground 
track. 

We plan t o  use the DFRC plot  t o  track the a f t e r  separation and 
as a backup t o  the Mission Control Center in b u s t o n  PlCC-H) i n  main- 
taining the real time interface with the FAA fo r  a i r  space clearance. 

We do not plan t o  separate the Orbiter from the  SCA without f u l l  
data and voice communications with the MCC-H. After Orbiter separation, 
the rime p i lo t  a ids  for  spaceltime positioning of the Orbiter during 
f r e e h t  a re  onbard  cues (i.e. ? out the window visual and/or 
cmpter guidance and navigation displays). K C  -H assistance t o  the 
Orbiter crew a f t e r  separation i s  already a backup. A l l  data and voice 
lines t o  the MCC-H not only hwe backup l ines  and c r i t i c a l  coverage by 
the  cmercial  car r ie rs ,  ht also have diverse routing. The plot  
boards in the MCC-H a r e  a lso redundant. Therefore, the use of DFRC 
vectoring of OV-101 in free f l i g h t  would have t o  be considered as a 
second or  th i rd  order tackup. A l l  primary and backup operations must 
be covered in training and preflight simulations. Available time and 
resources do not allow u s  t o  include second and third order backups 
in our operational planning. 

Conclusion: Recammend t h i s  iten be closed. 



No. 2, Pg. 8 

s b j e c t :  ALT Mission Operations 

Recmendation: 2 ,  page 8 

Responsible Orgar.izationa1 Elenent: JX, LA14 

Recamnerdat ion: 

"2. The closest  actual experiences to  the  ALT f l i g h t s  are those 

We should not uverlook any opportunity t o  use t h i s  backqround 
tha t  w e r e  gained during the l i f t i n g  body and e a r l i e r  rocket a i r c ra f t  
f l i gh t s .  
wherever appropriate. For example, it is suggested tha t  l i f t i n g  body 
p i lo t s  be requested t o  f l y  the S A  and Orbiter simulators and provide 
c m e n t s  on the i r  f l i gh t  experiences. Similarly, it may be useful to  
have a general c r i t ique  of ALT mission plans by a grcup of experienced 
personnel WID have not been involved t o  date. This group might include 
such people a s  Chuck Yeager, Bob White, Eob Rushworth and lifting body 
engineers of AFFTC." 

Discussion: 

We intend t o  use a l l  the expertise available fran DFRC t o  the 
best advantage of the ALT program. 
more experience in the specific approaches t o  be florm in the ALT t h n d o  
DFRC p i lo t s .  
program have proven valuable in attaining this experiexe.  

We have been getting continued input and support from the enqi- 
neering group a t  AFFTC and I'm sure you a re  aware one of our ALT crcw 
canmanders is  an experienced X-15 p i lo t .  

JSC p i lo t s  currently have ccnsicierabiy 

bwever, techniques developed by D F X  in the X-24 ad similar 

Conclu s ion : 

Recomend this i tan be closed. 

/ 



No. 3 ,  Pg. 9 

I 

Sbjec t :  ALT Mission Operations 

Recmendation: 3 ,  p g e  9 

Responsible Organizational Element: JSC, LA14 

Recmenda t ion : 

"3. The Panel suggests that crew training might be enhanced by 
the use of additional existing simulators with capabi l i t ies  different  
frm simulators now being used. For example, the A i r  Force simulator 
(AFFTC Engineering Simulators) a t  Elbards AFB has proved very valuable 
for l i f t i n g  body training. The A i r  Force simulator is not a s  compre- 
hensive as other such training devices, but  changes in aerodynamic 
values a re  easy t o  accmplish and should be useful in p i lo t  training. 
Also, interaction between A i r  Force and NASA personnel Fiould be enhanced." 

Discussion: 

The AFFTC simulator a t  Edwards was designed as an engineering 
tool  rather than a crew training simulator. 
of updating the i r  simulator t o  the f i d e l i t y  of the OAS or diverting crew 
training time t o  smething l e s s  t'm optimum. In addition, we have 
cmpleted an e x t e n s i v e  s e t  of simulations using the &lES simulator hhich, 
among other engineering functions, investigated the p i lo t  interaction 
with the Orbiter handling qual i t ies .  
a minimum of 36 hours each. 

We can't afford the luxury 

Each crew member participated in  

Conclusion: 

Recmend this i tan  be closed. 



No. 4, Pg. 9 .  

I 

s b j e c t :  ALT Mission Operations 

Responsible Organizational Element: JSC, LA14 

Recamendat ion: 

"4. Experience in l i f t i n g  body simulator training and missions show $ 
that p i lo t s  are able t o  accomplish tasks a t  a higher r a t e  in the  
simulator thm in actual f l ights .  
training is one hay of insuring that the p i l o t  is not overburdened in  
f l i gh t .  
further cons idera t ion. '' 

Use of "fast time" simulators for  

It i s  recommended that the use of such a simulator be given 

Discuss ion : 

J S  pioneered the concept of f u l l y  cpalifying people for  f l i g h t  
using only simulation. Ke have found the use of fast-timing economical 
as training time in non-time c r i t i c a l  f l i g h t  phases. R e a l  time simula- 
t ion  is essential  for time critical f l i g h t  phases such as the t o t a l  ALT 
free f l i g h t  profile.  
achieved in "real time simulation" through the introduction of systen 
malfunctions during time critical phases. 

Results similar t o  'Yast time simulation" are 

Conclusion : 

Recanmend this i tan be closed. 
. .  



Subject: T h e  V e h i c l e s  f o r  ALT 

Recommendation: 1, page  1 4  

Respons ib le  O r g a n i z a t i o n a l  Element:  

N o .  1, Pg. 14 

JSC, MA 

Recommendation : 

"1. T h e  Pane l  acknowledges t h e  mass ive  and dedicated e f f o r t  
a p p l i e d  t o  the a v i o n i c s  system d u r i n g  l a s t  y e a r  and can o n l y  
recommend t h e  con t inued  u s e  of the  s i m u l a t o r s  and O r b i t e r  1 0 1  
t o  b u i l d  up the t e s t i n g  e x p e r i e n c e  hhe e x t e n t  of which i s  t h e  
o n l y  real  v e r i f i e r  of a hardware-sof tware system."  

Discuss ion  : 

T h e  o rb i t e r  p r o j e c t  concur s  w i t h  the  recommendation and 
r e c o g n i z e s  t h a t  c o n t i n u i n g  test exposure  i s  r e q u i r e d  t o  es- 
t a b l i s h  sys tem m a t u r i t y  as  w e l l  as t o  v e r i f y  compliance w i t h  
r equ i r emen t s .  Near c a p a c i t y  u t i l i z a t i o n  of S A I L  and ADL f o r  
OV-101 a v i o n i c s  t e s t i n g  h a s  been ma in ta ined  f o r  s e v e r a l  months 
and i s  p r o j e c t e d  t o  c o n t i n u e .  Remaining s i m u l a t i o n  and t e s t  
a c t i v i t i e s  p r i o r  t o  FAL i n c l u d e :  

S A I L  - 66 man-in-the-loop (MIL) s epa ra t ion - th rough- l and ing  runs 
( w i t h  a e r o  v a r i a t i o n s )  

ADL - . 7 2  MIL sepa ra t ion - th rough- l and ing  r u n s  

OV-101 Cap t ive  F l i g h t s  - Real t i m e  o b s e r v a t i o n  and p o s t - f l i g h t  
a n a l y s i s  of f l i g h t  d a t a  

OV-101 Combined Systems T e s t  - T h i s  is a subset of i n t e g r a t e d  
checkout  t o  be  run p r i o r  t o  FAL 

Conclusion:  

The o rb i t e r  p r o j e c t  a n t i c i p a t e s  t h a t  t h e  complet ion of these 
a c t i v i t i e s  p l u s  t e s t i n g  a l r e a d y  completed,  w i l l  s a t i s f y  t h e  
i n t e n t  o f  t h e  recommendation. 



Nu. 2 ,  Pg. 14 

Subject :  The Vehicles for ALT 

Recomendation: 2 ,  page 14 - 

Responsible O r g a n i z a t i o n a l  Element: JSC, MA 

, 

Recommendation: 

"2 .  I f  the modified actuator system i s  n o t  installed i n  time 
for the regularly scheduled t e s t s ,  a special thorough end to end 
integrated t e s t  o f  the hydraulic system should be required for 
cer t i f icat ion o f  f i  ightworthiness for ALT." 

Discussion: 

T h e  recommendation i s  valid and has been implemented w i t h o u t  exception. 

As a r e su l t  o f  the Orbiter CCB (Configuration Control Bozrd)  decision 
of October 18, 1976, the actuatar seals  were redesigned a n d  a hydraulic 
"super reservoi rl' was added to  OV-1 01 . These nicdi f ications were mad2 
t o  the vehicle i n  the November/December 1976 time franie. 

The same modifications were made t o  t h e  FCtiL (Fl ight  Control Hydraulics 
Laboratory) and  cer t i f ica t ion  t e s t s  w r e  completed. 
cation t e s t s  have been conducted on OV-101 
u s i n g  ground hydraul i c  power. 
se r ies  i s  i n  progress f o r  end to end system verif icat ion.  
se r ies  exercises the corIp1 e t e  f l i g h t  control/iiydraul i c  system and 
hydraulic system o u t  t e s t s  as well as a conplete mission prof i le  r u n .  
Th is  t e s t  se r ies  i s  scheduled f o r  completion during the week o f  June 5, 
1977. (APU hot fire t e s t  s u c c e s s f u l l y  completed June  7 . )  

During the ser ies  o f  "APU Hot  Fire" tes t s ,  hydraulic f l u i d  was f o u n d  
t o  be transferring froin hydraulic system 1 a n d  2 t o  hydraulic system 3 .  
The problem was f o u n d  t o  be associated w i t h  check valve osc i l la t ions  
(and thus leakage) i n  the  super reservoir system. The in t e r  connects 
a t  the super wservoir  were capped and the system reverif ied.  
the super reservoir i s  not operative f o r  f i r s t  captivelactive f l i g h t .  
T h i s  anonioly i s  i n  work a n d  ktill be  closed prior t o  f i rst f r ee  f l i g h t .  

Conclusion: 

The  integrated t e s t  and checkout program was restrcctured t o  incltid. 
co;:.?:.-.!icr;siLe cod t o  t;nd c c v t i l ' i c > t i c , i  and v c r i f i c a t i c n  f o r  f l i q h t  
\.;orthiness of  t bc  r; .cdif-;cd hardrvave. The i n t e n t  o f  the r'ecci.i:iendilticn 
i s  being w t  \ : i t b u t  exception and  t!ie item shoi11d be considzred closed. 

Extensive ve r i f i -  
d u r i n g  the integrated checkout 

A comprehensive "APU Hot Fire" t e s t  
This t e s t  

T h u s  

. 



Subject: The Vehicles for ALT 
No. 3 ,  Pg. 15 

Recornendation: 3,  page 15 

Responsible Organizational Element: JSC, MA 

I 

, I 
Rcccp!:rier;da t i on: 

t o  be acceptable in most modern a i r c r a f t  practice w i t h o u t  careful 
a t tent ion t o  isolat ion s y s t e m ,  and should be minimized or  eliminated 
i f  possible by provision of special power systems before the f i r s t  f r e e  
f l i g h t  o f  the Orbiter ( A L T ) .  I t  would appear t h a t  there are reasonzbly 
simple solutions for  a l l  such individaul systems (brakes, nose wheel 
s teer ing,  e t c . ) .  
the la rges t  expected leak. 

- -  _- 

" 3 .  Paras i t ic  uses o f  the main hydraulic power sys,tems are n o t  considered 

I t  i s  possible t h a t  on ALT the reservoir can handle 

Discussion: 

This recommendation has  previously been discussed i n  JSC TNX t o  bIH/ 
M. S. Nalkin, "Status and  Closeout of Recommendations of Dr. W. C .  Williams' 
Hydraul i c  Review," dated Nay 1 0 ,  1977. The present system provides 
isolat ion fron! auxi l lary Equiplent through valving. Separate power 
sources were considered and  were n o t  vrorth the additional we'iyht and 
conplcxity. These sys tem vere reassessed during a l a t e r  review and 
resu l t s  presented d u r i n g  the dual tandem actuator br ief ing,  Rockr.;ell 
Report SS!'77-'17, on Ap i - i l  1 , 1977. OV-102 has reduced the  nose and 
main landing gear uplocks t o  1 hydraulic system and u t i l i zed  pyro 
thrus te rs  as backup. 

Conclusion: 

N o  f u r t h e r  changes are considered necessary  and t h i s  a c t i o n  
item i s  considered closed f o r  ALT. 



SubJect: The Vehicles for  ALT 
No. 4 ,  Pg. 15 

' Recommendation: 4 ,  page 15 

Responsi b l  e Organi za t i  onal E l  emen t : JSC , MA 

Recommendation: 

" 4 .  The APU's are  on a very t i g h t  schedule b u t  t he i r  
thorough ccrti-fication nust n o t  be short  c i rcu i ted .  
suggests serious consideration of a backup source o f  hydraulic pokier and  
added fuel capacity so t h a t  s t a r t i ng  and stopping o f  the APU's  ill ac t ive  
ALT f l i g h t s  a r e  n o t  necessary. 

Further, the Panel 

Discussion: 

The recommendation expresses a valid concern w i t h  regard t o  -~ 
APU ce r t i f i ca t ion  a n d  h G t  r e s t a r t  d u r i n g  ALT f l i g h t s .  
complete ce r t i f i ca t ion  program a t  the APU subcontractor i s  being closely 
monitored by both Rockwell/SD and JSC technical personnel. Representatives 
o f  b o t h  organizations have been on s i t e  a t  the subcontractors since 
January 1977 t h r o u g h o u t  the en t i r e  ce r t i f i ca t ion  progrzm. Daily telecons 
have been held with JSC and Rockv;e11 technical and  project  o f f i ce  manage- 
ment t o  mair.tain close control of  the program. The ce r t i f i ca t ion  program 
consis ts  o f  one APU operating i n  the ITA (int2grated t e s t  a r t i c l e )  fo r  
20 hours, tv!o APU's operating t o  sinulated ALT mission duty cycles fo r  
20 hows each and turbine wheel burst containment t e s t s .  Additionally, 
separate l i f e  cycle tes t ing  i s  being conducted a t  Hydraulic Research cn 
the APU control valve. Potential problems such as the turbine wheel 
cracks t h a t  have been f o u n d  i n  c e r t i f i ca t ion  and p r o d u c t i o n  uni ts  have 
been fur ther  investigated by special t es t ing  as an additional p a r t  o f  
ce r t i f i ca t ion .  

The progress and  

The  h o t  f i r e  APU t es t jng  being conducted a t  D F R C  on OV-101 i s  a l so  b e i n g  
closely niani tored by JSC a n d  Rockvrell technical personnel. The JSC 
subsysten ixanager i s  on s i t e  for these t e s t s .  (APu hot f i r e  tests 
s u c c e s s f u l l y  completed June 7 . )  

T h e  APU restar t  requi rement  has been e l i m i n a t e d  from t h e  ALT 
f l i g h t s .  
7 4 2  *brake  release. 
does n o t  r e q u i r e  i n f l i g h t  APU res ta r t ,  a backup h y d r a u l i c  power 
sou rce  o r  added f u e l  c a p a c i t y  i s  not cons ide red  necessary .  

Conclussion:  

APU N o .  1 w i l l  be  s t a r t e d  in f l i g h t  30 minutes  a f t e r  
S ince  p r e s e n t  p lanning  f o r  a c t i v e  ALT f l i g h t s  

Recommend t h i s  i t e m  b e - c l o s e d .  ,/ 



No. 5 ,  Pg. 15. 

S u b j e c t :  The V e h i c l e s  f o r  ALT 

Reccmmendation: 5 ,  Page 1 5  

Respons ib le  Organiza t iur ,a l  Element:  J S C ,  EX/MA 

. 
Recommendation: 

" 5 .  g r b i t e r  s o f t w a r e  p r e s n t l y  l i m i t s  c o n t r o l  s u r f a c e  movement 
rate t o  20 p e r  second.  The P a n e l  recommends t h a t  changes i n  s o f t w a r e  
b e  c o n s i d e r e d  t o  p e r n i t  a n  i n c r e a s e d  ra te  o f  movement. Exper ience  i n  t h e  
X-15, X-24, YF 1 6  and B-1  g r a p h i c a l l y  i l l u s t r a t e d  t h a t  f l i g h t  c o n t r o l  
problems can r e s u l t  f rom r e s t r i c t i v e  ra te  l i m i t s .  I t  i s  unders tood  t h a t  
h y d r a u l i c  sys tem c a p a c i t y  may become a l i m i t i n g  f a c t o r  f o r  c o n t r o l  s u r -  
f a c e .  I f  s i m u l a t i o n  w i t h  h i g h e r  r a t e  c o n t r o l  s u r f a c e  movement s u g g e s t s  
any k i n d  o f  c a p a c i t y  r e s t r a i n t s  on t h e  c o n t r o l  of  t h e  O r b i t e r  a n  i n c r e a s e  
of c a p a c i t y  s h o u l d  b e  c o n s i d e r e d  a l o n g  w i t h  o t h e r  h y d r a u l i c  sys tems 
m o d i f i c a t i o n s  now b e i n g  contemplated ." 

D i s c u s s i o n :  

0 The o r b i t e r  s o f t w a r e  l i m i t s  t h e  e l e v o n  r a t e  t o  20 p e r  secogd f o r  
t h r e e  o r  two a u x i l i a r y  p r o p u l s i o n  u n i t s  (MU'S) o p e r a t i n g  and 10 p e r  second 
for one APU o p e r a t i n g .  T h i s  l i m i t  i s  n e c e s s a r y  t o  p r e v e n t  over-demanding of  
t h e  APU and t o  a l l o w  s u f f i c i e n t  f low t o  o t h e r  h y d r a u l i c  u s e r s  such as t h e  
r u d d e r  and speedbrake .  

S i n c e  t h e  e l e v o n  f u n c t i o n  i s  t o  t r i m  and c o n t r o l  t h e  o r b i t e r  i n  p i t c h  
( e l e v a t o r )  and r o l l  ( a i l e r o n )  a d e q u a t e  c o n t r o l  surface rate must be provided. 
The d e s i g n  case o c c u r s  i n  t h e  t r a n s o n i c  and s u b s o n i c  a r e a  where t h e  l o n g i -  
t u d i n a l  s t a b i l i t y  i s  minimum, w o r s t  c a s e  maneuvers are r e q u i r e d  and t u r b u l e n c e  
e f f e c t s  are  maximum. The f l i g h t  c o n t r o l  systerr,,  e l e v o n  p i t c h i n g  moment 
e f f e c t i v e n e s s ,  and h y d r a u l i c  sys tem t o g e t h e r  p r o v i d e  t h e  i n t e l l i g e n c e  and 
muscle t o  m a i n t a i n  c o n t r o l .  

0 The maximum p i t c h  r a t e  of  20 p e r  second w a s  a r r i v e d  a t  by e x t e n s i v e  
a n a l y s i s  and o n - l i n e  and o f f - l i n e  s i m u l a t i o n s .  T h i s  p i t c h  ra te  h a s  been  
shown t o  b e  adequate  t o  c o n t r o l  t h e  v e h i c l e  f o r  t h e  a u t o n a t i c  and manual 
c o n t r o l  modes a t  t h e  d e s i g n  f l i g h t  c o n d i t i o n s .  P a r a m e t r i c  s t u d i e s  of  t h e  
e f f e c t  o f  i n c r e a s e d  r a t e  have shown no a p p r e c i a b l e  g a i n  i n  c o n t r o l l a b i l i t v .  
The lower maximum ra te  of  10 /sec.  a s s o c i a t e d  w i t h  two MU'S o u t  h a s  been  shown 
to  b e  a d e q u a t e  a l t h o u g h  some r a t e  l i m i t i n g  w a s  observed .  

0 

Conclusion:  



Subjec t :  The V e h i c l e s  f o r  ALT N o .  6 ,  Pg. 16  

Recommendation: 6 ,  page 1 6  

Responsible Organ iza t iona l  Element: J S C ,  MA 

Recommendation : 

"6. E j e c t i o n  seat  tests ( s l e d  tests)  should be completed 
fo r  v e l o c i t i e s  up t o  release speeds b e f o r e  the f i rs t  manned 
f l i g h t  of t h e  O r b i t e r  1 0 1  on t h e  7 4 7 . "  

Discussion:  

I t  w a s  in tended  t o  complete t h e  s l e d  tes t  program p r i o r  
t o  f i r s t  manned c a p t i v e  f l i g h t ,  i n c l u d i n g  both  t h e  O V l O l  and 
OV102 conf igu ra t ions .  However, an e j e c t i o n  sea t /pa rachu te  
r e c o n t a c t  problem w a s  experienced du r ing  t h e  second dynamic 
t e s t ;  and t h e  e j e c t i o n  sequence t iming w a s  modified t o  reduce 
t h e  p o s s i b i l i t y  of r e c o n t a c t .  T h e  l a s t  t w o  s l e d  tes ts  and 
remaining hardware w e r e  used t o  s u c c e s s f u l l y  v e r i f y  t h i s  
sequence change a t  t h e  ALT f l i g h t  c o n d i t i o n s ,  i n c l u d i n g  
release. 

T h e  data  from t h e  sled tes t  program i s  a l s o  be ing  analyzed 
fo r  i t s  a p p l i c a b i l i t y  t o  t h e  OFT f l i g h t  envelope. Should 
t h i s  a n a l y s i s  i n d i c a t e  a d d i t i o n a l  tests are r equ i r ed  t o  
provide adequate d a t a  for  t h e  OFT e v a l u a t i o n ,  t h e  e j e c t i o n  
seats f r o m  t h e  completed program can be r e fu rb i shed  and 
tes ts  conducted i n  t i m e  t o  suppor t  the  OV102 program. This 
a n a l y s i s  should be complete and recommendations f o r  t h e  
approach t o  v e r i f i c a t i o n  of  t h e  OV102 escape system made 
by J u l y  1 9 7 7 .  

Conclusion: 

T h e  i n t e n t  of t h i s  recommendation has  been m e t .  



Subject: Landing 

S u b j e c t :  The Vehicles f o r  ALT 

Recommendation: 7 ,  page 16  

No. 7 ,  Pg. 16  

Respons ib le  O r g a n i z a t i o n a l  Element: JSC, MA 

Recomenda t i o n :  

" 7 .  The l a n d i n g  g e a r  s y s t e m  i s  c r i t i c a l  and sys tem ground tests are 
e s s e n t i a l  to  c o n f i d e n c e  i n  t h e  t i n e  and c e r t a i n t y  of  drop .  
t h a t  nose g e a r  s h i m y  i s  as  c r i t i c a l  as e x t e n s i o n .  
checked a t  t h e  c o n t r a c t o r  and N A S A ' s  Langley Research C e n t e r  b e f o r e  f r e e  
f l i g h t .  
q u a l i f i c a t i o n  tes t  w i t h  s t a t i c  l o a d s  and t h e  t e s t  o f  t h e  nose g e a r  door  
t h r u s t e r  on  t h e  s i n u l a t o r .  The P a n e l  recommendation is t h a t  management 
review t h e  requi rements  an? r e c u l t s  of  t h e  c e r t i f i c a t i o n  program." 

The Panel  f e e l s  
Nose g e a r  shimmy w i l l  b e  

The program f e e l s  a nore p r e s s i n g  concern  i s  t h e  c o a p l e t i o n  o f  t h e  

9 i s c u s s i o n :  

The O r b i t e r  l a n d i n g / d e c e l e r a t i o n  sys tem h a s  completed a l l  
c e r t i f i c a t i o n  r e q u i r e m e n t s  f o r  b o t h  FMCF and ALT. The s p e c i f i c  
s a f e t y  p a n e l  conce rns  a d d r e s s e d  were nose  l a n d i n g  g e a r  shimmy, 
s t a t i c  l o a d s  tests on t h e  s t r u t s ,  and  nose  g e a r  door  t h r u s t e r  
tes ts  conducted  on t h e  l a n d i n g  gear deployment s i m u l a t o r .  

The nose  l a n d i n g  g e a r  s t a b i l i t y  (shimmy) tests have been 
s u c c e s s f u l l y  completed a t  b o t h  Bendix,  on a dynamometer, and 
a t  Langley Research Cen te r  on t h e i r  f l a t  (runway s u r f a c e )  t r a c k .  
All r e s u l t s  i n d i c a t e  t h a t  t h e  nose  g e a r  i s  v e r y  s t a b l e ,  f ree  
o f  shimmy, and c a p a b l e  o f  damping o u t  a r t i f i c i a l l y  induced  
shimmy. 

Both t h e  nose  and main l a n d i n g  g e a r  s t r u t s  have been s u b j e c t e d  
t o  all s t a t i c  and dynamic d rop  tes t  l o a d  cases c e r t i f y i n g  them 
for ALT. Only two t e s t s  remain t o  be completed on t h e  main 
g e a r  f o r  OFT s t a t i c  and dynamic l o a d  c e r t i f i c a t i o n .  The nose  
g e a r  h a s  comple ted  OFT s t a t i c  and dynamic l o a d  c e r t i f i c a t i o n  
c o n d i t i o n s ,  b u t  OFT l i v e  ax le  r o l l i n g  l i f e  tes ts  remain t o  be  
completed.  

A l l  tes ts  u s i n g  t h e  nose  and main deployment g e a r  s i m u l a t o r s  have 
been completed c e r t i f y i n g  t h e s e  s t r u t s  and t h e  NLG pyro  t h r u s t e r  
f o r  ALT. The OFT deployment s i m u l a t o r  tests have n o t  s t a r t e d .  

Conclus ion:  

For  ALT t h e  r e q u i r e d  tests w e r e  s u c c e s s f u l l y  completed and t h e  gear 
i s  c e r t i f i e d .  



S u b j e c t :  V e h i c l e s  f o r  ALT 

Recornendat ion:  8, Page 16  

R e s p o n s i b l e  O r g a n i z a t i o n a l  Element: JSC, EX/MA 

Recommendation: 

"8. The P a n e l  h a s  c o n s i s t e n t l y  emphasized t h a t  a " t a i l  f a i r i n g  
Off" f l i g h t  i s  one of  t h e  most p e r s u a s i v e  r e a s o n s  f o r  t h e  ALT program. 
This t e s t  s h o d d  n o t  b e  scrubbed  f o r  t h e  r e a s o n  of f u r t h e r  need f o r  t h e  
1 0 1  v e h i c l e .  It s h o u l d  o n l y  b e  scrubbed  i f  i t  is de termined  t h a t  b u f f e t  
l eve ls  on t h e  747 are  t o o  h i g h  f o r  s a f e t y  and n o r a l t e r n a t i v e  method o f  
running  t h e  t es t  can b e  d e v i s e d .  

I n  t h i s  r e s p e c t  w e  a g a i n  n o t e  t h e  f a c t  t h a t  t h e  ALT t e s t  pro- 
gram i s  s o  s u c c e s s  o r i e n t e d  t h a t  any major  problem, c a u s i n g  d e l a y ,  might  
w e l l  s u g g e s t  c u r t a i l m e n t  of ALT. We r e a l i z e  t h a t  101 i s  t o  go t o  M a r s h a l l  
on  a t i g h t  s c h e d u l e ,  b u t  would b e  concerned i f  meet ing  t h a t  s c h e d u l e  ( o r  
o t h e r s )  r e s u l t e d  i n  c a n c e l l a t i o n  of t a i l c o n e - o f f  f l i g h t s  o r  t h e  scheduled  
t a i l c o n e - o n  f l i g h t s .  One s t e p  t h a t  can  b e  t a k e n  i s  t o  a s s u r e  immediate 
a n a l y s i s  of d a t a  a f t e r  each ALT f l i g h t  so  as t o  p e r m i t  r a t i o n a l  de- 
c i s i o n s  b e f o r e  t h e  n e x t  f l i g h t .  T h i s  may p e r m i t  c o n s o l i d a t i o n  of  t es t  
o b j e c t i v e s . o n  one  o r  more of  t h e  t a i l c o n e - o n  f l i g h t s ,  t h u s  p r o v i d i n g  
t i m e  f o r  t a i l c o n e - o f f  f l i g h t s .  Prompt d a t a  r e d u c t i o n  and a n a l y s i s  w i l l  
a l s o  p r o v i d e  o p p o r t u n i t i e s  f o r  t h e  crews tc  i n t e g r a t e  r e v i s e d  procedures  
i n  t h e  s i m u l a t o r  p r i o r  t o  n e x t  f l i g h t .  The p a n e l  u n d e r s t a n d s  t h a t  JSC 
is aware of and a d d r e s s i n g  t h i s  need." 

Discuss  i o n  : 

maximum e f f o r t s  t o  minimize e v a l u a t i o n  t i m e .  
a r e  a f i rm program requirement if 747 b u f f e t  l e v e l s  a r e  
determined t o  be acceptable  on CA-6. 

All a n a l y s i s  r e q u i r e d  between f l i g h t s  are b e i n g  p lanned  w i t h  
Tailcone-of f f l i g h t s  

Conclusion: 

The i n t e n t  of t h i s  recommendation i s  being m e t .  



Observa t ion :  3rd P a r a g r a p h ,  Page 20 

R e s p o n s i b l e  O r g a n i z a t i o n a l  Element:  JSC, EX/MA 

O b s e r v a t i o n s  I 
PaS-a. 3 ,  p g .  20 

! 

Be commend a t  i o n : 

"The JSC T e c h n i c a l  Assessment O f f i c e  h a s  p r e s e n t e d  a n  a n a l y s i s  of  
the c o n t r o l  c a p a b i l i t y  f o r  t h e  r e e n t r y  phase  of t h e  m i s s i o n  t h a t  shows 
a s u f f i c i e n t l y  n a r m w  rcargin o f  c o n t r o l l a b i l i t y .  The P a n e l  w i l l  f o l l o w  
c a r e f u l l y  a l l  f u r t h e r  a n a l y s e s  and  s u b s o n i c  c o r r e l a t i o n  of f l i g h t  d a t a .  
I f  acrodynamic c o n t r o l  margins  d e t e r i o r a t e  f u r t h e r  r e d e s i g n  may need t o  
be c o n s i d e r e d . "  

D i s c u s s i o n :  

1. JSC i s  aware of p o t e n t i a l  c o n t r o l l a b i l i t y  p r o b l e m  d u r i n g  e n t r y  
when t h e  c e n t e r  of g r a v i t y  extremes are combined w i t h  w o r s t  on w o r s t  
aercdynamic v a r i a t i o n s .  These problem a r e a s  have  r e c e i v e d  c o n s i d e r a b l e  
a t t e n t i o n  through b o t h  a n a l y s i s  and s i n u l a t i o n s .  These problems w i l l  
a l s o  b e  worked i n  manned s i n u l a t i o n s  p l a n n e d  f o r  August  1 9 7 7 .  
o f f - l i n e  s i m l a t i o n  work w i l l  p r e c e d e  t h e s e  .manned s i n u l a t i o n s .  

Z x t e n s i v e  

2. At t h e  i n i t i a l  OFT c e n t e r  of g r a v i t y  l o c a t i o n s  o f  66.25% b o t h  
a n a l y s i s  and s i n u l a t i o n s  i n d i c a t e  a d e q c a t e  c o n t r o l  w i t h  che aerodynamic 
v a r i a t i o n s .  However, i t  is  essent ia l  t h a t  a d e q u a t e  f l i g h t  t e s t  d a t a  b e  
o b t a i n e d  d u r i n g  t h e  f i r s t  few f l i g h t s  t o  v e r i f y  t h e  a e r o d y n s n i c  c h a r z c t e r -  
i s t i c s  b e f o r e  t h e  c e n t e r  o f  g r a v i t y  i s  moved from t h e  66.25% p o s i t i o n .  

3.  A number of  F i i g h t  T e s t  Requirements  (FTR's) h a v e  b e e n  s u b n i t t e d  
to obtain t e s t  d a t a  i n  t h e s e  c r i t i c a l  r e g i o n s .  D i s c u s s i o n s  are  underway 
w i t h  F l i g h t  O p e r a t i o n s  c o n c e r n i n g  t h e  v a l i d i t y  of  t h e s e  t es t  r e q u i r e s e n t s .  
I f  t h e  tests are  p e r x i t t e d ,  s u f f i c i e n t  i n f o m a t i o n  s h o u l d  b e  o b t a i n e d  t o  
v e r i f y  t h e  c o n t r o l l a b i l i t y  c h a r a c t e r i s t i c s  o f  t h e  o r b i t e r .  I f  i t  is 
d e t e r m i n e d  t h a t  t h e  p r e d i c t e d  aerodynamic c h a r a c t e r i s t i c s  a re  i n  e r r o r  by 
as nuch as t h e  v a r i a t i o n s ,  t h e n  e i t h e r  t h e  f o m a r d  o r  a c t  c e n t e r  of  
g r a v i t y  boundary m y  have  t o  b e  r e s t r i c t e d .  I n  a l l  l i k e l i ' n o c d  d 

r e s t r i c t i o n  on one  ex t reme w i l l  r e s u l t  i n  a n  e x p a n s i o n  a t  t h e  o t h e r  extreme. 
Thus, i t  i s  n o t  a n t i c i p a t e d  t h a t  t h e  t o t a l  c e n t e r  o f  g r a v i t y  e n v e l o p e  
s p r e a d  of 2 . 5 %  w i l l  b e  s i g n i f i c a n t l y  reduced o f  aerodynamic c h a r a c t e r i s t i c s .  

. 
Conclus ions  : 

This f t e n  w i l l  c o n t i n u e  t o  r e c e i v e  c l o s e  a t t e n t i o n  by t h e  a p p r o p r i 2 t e  
o r g a n i z a t i o n s .  The FTR docurxents t h e  problem and is t h e  rreans by which 
t h e  p r o t e n t i 2 1  t r i n  p r o b l e m  will b e  t r i icked .  



Subject:  OV-102 

Recommendation: No. 1 page 21 " ,  +* 

Responsible Organization Element: Orb i t e r  Project O f f i c e  
/' 

Rccomendation: 

The panel i s  p a r t i c u l a r l y  concerned t h a t  the  concept o f  p a r a l l e l  o r  
tandem mul t ip?e  chamber p is tons  f o r  elevon actuat ion be se r ious ly  
considered f o r  incorporat ion in  the  planned modification of t he  control  
system. I f  adoption of such a revised control  system should be e l ec t ed ,  
t h e  design and development program would need t o  be s t a r t e d  iinniediately. 

Discuss i o n  : 
I 

Trip1  e pera l l  el , tandem and dual paral  le7 ac tua tor  concepts have been 
evaluated for elevon ac tua t ion .  
concepts requi re  mjor redesign o f  t h e  v!ing. 
wing  s t r u c t u r e  m d i f i c a t i o n  due t o  the  increase i n  ac tua to r  l e n g t h .  
t r i p ?  e p a r a l  1 el m d  d u a l  paral 1 el c o x e p t s  have the disadvantage t h a t  
failure t o  bypass hydrzul i c a l  l y  locks  the  surface,  t h e  control  managenent 
nufst switch i n  a nelrl ac t ca to r  c r i t h  a f a i l u r e ,  z n d  t he  av ionics  impacts 
a r e  s o w h a t  g rea t e r  t h a n  with t h e  tanderr. concept. Each o f  t he  ccncepis 
required an increase i n  hydraulic power f o r  required r a t e s  and  increased 
p a r a s i t i c  losses  i n  leakage flow. The tanden ccrncept was se lec ted  for 
fu r the r  s t u d i e s  s ince  i t  minimized s ing le  point  f a i l u r e s  and had t h e  
l e a s t  i q a c t  t o  t h 2  program. 

The  t r i p l e  pa ra l l e l  and dval  pa ra l l e l  
The  tanden option requires 

T h e  

. b l i t h  a blay 1 ,  1977, ATP,  t h e  tandein ac tua to r  study schedule shows a 
schedule i y n c t  t o  OV-102 of 12 weeks. The weight impact i s  in  excess 
o f  800 lbs .  The cost  irn a c t  would be considerable.  Due t o  t h e  d i s -  

p o r a t e  tandem a c t u a t o r s  on OV-102. 
been sumar ized  i n  a br ie f ing  t o  K24S.9 Headquarters, Mr. J .  F.  Yardley, 
on April 1 ,  1977, and copies can be obtained from them. 

These r e s u l t s  have 
advantages,  t h e  S h u t t  P e Program O f f i c e  does n o t  p l an  t o  inco r -  

Wi th  respect  t o  t he  OV-102 ac tua to r s ,  a " fo r t r e s s "  ac tua to r  design has  
been itxplesented t o  eljrxinate SPF external  l e a k a g s  and minimize in te rna l  
SPF. 
i s  planned t o  va l ida t e  these design concepts f o r  100 mission l i f e  w S t h  
margin. T h i s  act t ia tor  wi l l  be b u i l t  by :he same cont rac tor  who bui lds  
the SSXE and SR5 TVC ac tua to r s .  

Conclusion: 

Improved des isn ,  s e a l s ,  assenbly,  and addi t ional  t e s t i n g  of hardvxre 

The p o s s i b i l i t y  o f  i n c o r p o r a t i n g  tandem a c t u a t o r s  f o r  
Opera t iona l  f l i g h t s  remains open. An independent assessment  of 
the  S h u t t l e  hydrau l i c  s y s t e m  by MDC is being  i n i t i a t e d .  

hydrau l i c  s y s t e m  for  o p e r a t i o n a l  vehicles ihc lud ing  tandem 

This 

assessment will provide recommendations r ega rd ing  changes t o  t h e  I 

a c t u a t o r s .  



S u b j e c t :  O r b i t e r  102 

Recornenda t ion :  2 ,  page 2 1  

R e s p o n s i b l e  O r g a n i z a t i o n a l  Element:  JSC,  MA 

Recommendation: 

"2 .  The r u d d e r / s p e e d  b r a k e  a c t u a t i o n  s y s t e m  d e s e r v e s  a tho rough  
review f o r  v u l c s r a b i l i t y  t o  s i n g l e  p o i n t  f a i l u r e .  For i n s t a n c e ,  a 
f a i l u r e  i n  one o f  t h e  motors  used t o  p o s i t i o n  t h e  r u d d e r  speed  b r a k e  
c o u l d  c a u s e  a n  o v e r l o a d  on an  a d j a c e n t  motor c a u s i n g  t h e  f a i l u r e  of a l l  
t h e  motors  i n  a z i p p e r  f a sh ion . "  

D i s c u s s i o n :  

The r u d d e r  speed b r a k e  and body f l a p  mechan ica l  a c t u a t o r  s y s t e m  h a s  
been  s u b j e c t e d  t o  i n t e n s i v e  d e s i g n  r e v i e w s  b y  JSC s p e c i a l i s t s  and s u p p o r t  
c o n t r a c t o r s ,  t h e  Wilkerson Conunittee and S A S A - H q s .  management. For  t h e  OV-101, 
t h e s e  systems have been  a d e q u a t e l y  q u a l i f i e d  and a c c e p t a n c e  t e s t e d  f o r  t h e  ALT 
program r e q u i r e n e n t s .  More s p e c i f i c a l l y ,  t h e  d e s i g n  p r o b l e m  a s s o c i a t e d  w i t h  
g e a r  t e e t h  l o a d i n g ,  s h a f t  l o a d i n g ,  and power-dr ive-uni t  p r e s s u r e  p u l s e s  have 
been  f i x e d  and c e r t i f i e d  i n  t h e  q u a l i f i c a t i o n  and a c c e p t a n c e  t e s t  f o r  t h e  ALT 
m i s s i o n  r e q u i r e n e n t .  

The re  are ,  h o v e v e r ,  some c o n c e r n s  on t h e s e  a c t u a t o r s  f o r  t h e  
OV-102 and s u b s e q u e n t  o p e r a t i o n a l  o r b i t e r s  re la ted t o  t h e i r  
t o t a l  m i s s i o n  r e q u i r e m e n t s  which w e r e  ra ised by t h e  v a r i o u s  
d e s i g n  review teams t h a t  are  s t i l l  a c t i v e l y  b e i n g  worked. 

R e f e r e n c e s :  
1. Rudder Speed Brake and  Body F l a p  Mechanica l  System Design 
' Assessment  SSV 77/7 d a t e d  2-9-77. 
2. Rudder Speed Brake  and  Body F l a p  A c t u a t i o n  Design Review, 

Wi lke r son  Committee Repor t  d a t e d  3-8-77. 
3 .  Follow-up Assessment  Repor t  by  J. Chamber l in ,  MDSTC, d a t e d  

A p r i l  1977.  
4 .  S i n g l e  F a i l u r e  P o i n t  (SSFT Review w i t h  J. Yard ley  on Broken 

Torque Shaf t -Rudder  Speed Brake ,  Body F l a p - H y d r a u l i c  Motors 
d a t e d  3-8-77 .)  

5 .  S i n g l e  F a i l u r e  P o i n t  (SSFT) fo l low-up w i t h  J. Yard ley  on  
4-15-77. 

Conc lus ion  : 

C l o s e o u t  o f  t h e s e  i s s u e s  are  e x p e c t e d  p r i o r  t o ,  o r  d u r i n g ,  
O r b i t e r  1 0 2  C r i t i c a l  Des ign  Review i n  August 1977.  I n  summary, 
the  i s s u e s  r e l a t e d  t o  your  c o n c e r n  are b e i n g  a d d r e s s e d  and  a 
f u r t h e r  r e p o r t  w i l l  be g i v e n  t o  you a t  a l a t e r  d a t e .  



Nb. 3 ,  Pg. 21' 

Subject: Orbiter 102 

Recommendation: 3,  page 21 

Responsible Organizational Element: JSC, MA 

Reconunenda t i  on : 

"3. Increasing the APU fuel capacity on Orbiter 102 should be 
seriously considered. 'I 

Discussion: 

lirninary assesscent o f  the worst OFT mission requi remnts .  
t a n k  was a n  off-the-shelf  tank t h a t  was u t i l i zed  on the Orbiter as a 
cost savings rrioasure ra ther  t h a n  develop an o p t i m r n  s i ze  t a n k  f o r  the 
vehicle mission requirecents.  
than 50 percent la rger  t h z n  the worst mission requirement. ees t  estimates 
today ind.icate t h a t  a l t h o u g h  the rzquirements have gram, the t a n k  i s  
s t i l l  capable of wceting OV-102 requirements. These present requi remnts  
are preliminary a n d  will  be fu r the r  assessed following ALT f l i g h t  analysis  
whSch i s  current ly  requiring f u l l  a t ten t ion  o f  the m i s s i o n  planning a n d  
analysis personnel. Should it becorz necesszry t o  enlarge the APU fuel 
supply, i t  will a l so  be necessary t o  enlarge the water bo i le r  water 
capacity. 

The recommendation i s  not valid based on the present pre- 
. _- 

The APU fuel 

The t a n k  capacity a t  t h a t  time was more 

Conclusion:  

P r e s e n t  b e s t  estimates are t h a t  APU f u e l  c a p a c i t y  on OV-102 i s  
adequa te .  Should more d e t a i l e d  a n a l y s e s  i n d i c a t e  t h a t  fuel 
c a p a c i t y  i s  i n s u f f i c i e n t ,  n e c e s s a r y  c o r r e c t i v e  a c t i o n  w i l l  be 
t a k e n .  
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RESPONSIBLE ORGAN I ZATI ONAL ELEMENT: JSC-LA2 
I 4 ,  Page 21 
1 .. 
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RECOMMENDATION: 

"4 .  The concept of hydraulic control of the main engines needs a 
c r i t i c a l  review both f o r  the e f f ec t  on the hydraulic system and 
t o  ascertain t h a t  the operation of the main engines i s  not sGb- 
j e c t  t o  shut down due t o  "service" system failures when the 
engine i t s e l f  i s  s t i l l  operable. Inherent i n  such a reassessmmt 
should be a review o f  the des i r ab i l i t y  and potential  methods for 
i so la t ing  the enqine control system a f t e r  the main engines have 
f u l f i l l e d  t h e i r  function. . 

'DISCUSSION: 

1. The Orbiter was or ig ina l ly  baselined t o  have switching valves 
and a redundant hydraulic silpply t o  each main enqine. On 
December 11, 1974, the Orbiter Configuration Change Board 
changed the design t o  the present s i n a l e  s t r ing  configuration 
including isolat ion valves i n  the supply and return l ines .  
Subsequently, an intensive review was rnade a t  Level 11, 
resulting i n  proqram requirements change board direct ive no. 
502707, dated July 9 ,  1976, which concurred w i t h  the ctirrent 
configuration and i n i t i a t e d  action to  expend program re- 
sources t o  imDrove the basic r e l i a b i l i t y  o f  the s ina l e  s t r ing  
concept f o r  the e n t i r e  Orbiter hydraulic system. 

2. During the review o f  a l te rna t ive  concepts t o  permit a redun- 
d a n t  hydraulic suoply f o r  SSPlE cont ro l ,  various e l e c t r i c a l ,  
pressure and f low oDerated switchinq/isolation valve cptions 
were considered as well as g a s l f l u i d  and f lu id / f lu id  n;otor 
pumo systems. Disadvantaqes attendant t o  the above a l t e r -  
natives were the a d d i t i o n  of accumulators, increase i n  software 
log ic ,  loss o f  hydraulic pressure t o  SSME for f i n i t e  time, 
additional instrunentat ion,  a n d / o r  w e i g h t  increase. ImprcDer 
operation o f  a switchina/isolation valve could cailse loss of 
the hydraulic f l u i d  of the redundant hydraulic supply system 
throuqh the same openinq t h a t  f l u id  may have been l o s t  i n  the 
primary system, resu l t ina  in the loss of two o f  the three 
hydraul i c sys terns. 

3. In l i gh t  o f  the various fa i lures  t h a t  have occurred d u r i n g  
recent AKI  t e s t s  a t  S u n s t r a n d  and  i n  the W-101 vehicle a t  
DFRC an i n t e n s i v e  review was conducted o f  the dec i s ions  and 
logic  c i ted  in paragraphs 1 and  2 .  
the SSPO PRCB elected t o  pursue two courses of  action. One, 
t o  p u t  more e f f o r t  i n t o  improving the design o f  the fuel 

? 

As a resu l t  of t h i s  review, 
Y 

pump, 
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4.  

5.  

Conclusion : 

and two, t o  look again, in d e t a i l ,  a t  the des i rab i l i ty  
o f  developing a simple two-system s w i t c h i n g  valve t h a t  would 
provide a redundant source of hydraulic power for the SSME 
control valves. A decision will be made in the near future 
regarding the correct baseline to  pursue w i t h  respect t o  
these issues. 

W i t h  reference t o  the Panel's d i rec t  recomnendation to  
review the need for isolat ion valves t o  the SSME's a f t e r  
they have f u l f i l l e d  the i r  mission (launch),  a decision was 
made i n  July of  1976 to  in s t a l l  isolation valves i n  the SSME 
supply and return l i nes ,  effect ive on Gv 102 and  subsequent 
vehicles including the chl 101 r e t r o f i t  for  orbi ta l  f l i gh t .  

An accumulator has  been added a t  t h e  hydrau l i c  
system/engine i n t e r f a c e  t o  p reven t  hydrau l i c  system 
t r a n s i e n t s  from i n a d v e r t e n t l y  s h u t t i n g  down an SSME. 

T h i s  i t e m  should remain open pending t h e  d e c i s i o n  on i t e m  3 and 
a review of t h e  d e c i s i o n  on i t e m  4 .  

, 
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I 

Responsible Organization Element: JSC, bL4. 

Recomenda t i on : 

w i t h  the double  density menory system be closely monitored 
so a s  t o  assure the maxinum cozpatabi l i ty  v i th  t h e  present 
hardware and  software. This will insure a backlog of 
experience from ALT t o  aid i n  the ver i f ica t ion  of the sof t -  

" 5 .  The Panel would recommend t h a t  the new computer development 

ware programs fo r  t h e  new coTputer. It 

Discussfon: 

J S C  r e c o g n i z e d ,  as d.id t h e  p a n e l ,  t h a t  t h e  development of 
t h e  double  d e n s i t y  memory f o r  t h e  s h u t t l e ' s  g e n e r a l  pu rpose  
computer r e q u i r e d  t h a t  j u d i c i o u s  p l a n n i n g  and c a r e f u l  and 
c o n c e r t e d  mon i to r ing  of  t h e  development p r o c e s s  would be  
n e c e s s a r y  t o  i n s u r e  t h a t  c o m p a t a b i l i t y  w i t h  t h e  p r e s e n t  hardware 
and s o f t w a r e  would be maximized. 

To t h i s  end  t h e  f o l l o w i n g  a c t i o n s  have  been p u t  i n t o  e f f e c t  
d u r i n g  t h e  p l a n n i n g ,  development ,  manufac tu r ing ,  and t e s t  
stages of t h e  doub le  d e n s i t y  memory: 

1) U t i l i z a t i o n  of t h e  ALT t y p e  o r  ALT improved t y p e  components 
i n  t h e  f a b r i c a t i o n  o f  t h e  new memory sys tem.  

2 )  U t i l i z a t i o n  of t h e  ALT mechanica l  mounting and the rma l  
d e s i g n .  

3 )  U t i l i z a t i o n  of t h e  ALT m u l t i l a y e r  boa rd  t echno logy .  

4 )  U t i l i z a t i o n  of t h e  ALT automated c o r e  m a t  assembly and 
a c c e p t a n c e  t es t  program. 

5 )  The c o n d u c t i n g  of d e t a i l e d  d e s i g n  r ev iews  and d e s i g n  a u d i t s .  

6 )  The c o n d u c t i n g  o f  e x t e n s i v e  development t e s t i n g  a t  t h e  
subassembly and assembly l e v e l .  I 

7)  The c o n d u c t i n g  o f  a d e l t a  q u a l i f i c a t i o n  t e s t  program t o  
c e r t i f y  fo r  O r b i t a l  F l i g h t  T e s t  ( O F T ) .  
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In 

The p r i o  i t i z i n g  of t h e  double-densi ty  memory r e t r o f i t t e c  
g e n e r a l  purpose computers t o  the Software Debeloprnent 
Laboratory (SDLJ and Avionics Development Labora to r i e s  t o  
suppor t  e a r l y  i n t e g r a t i o n  and checkout of  t h e  OFT s o f t w a r e  
w i t h  OFT hardware systems. 
accomplished on A p r i l  1, 1 9 7 7 . )  

(This  f i r s t  SDL d e l i v e r y  w a s  

summary, J S C ,  i n  recogniz ing  t h e  need fo r  d e s i s n  ma tu r i ty  
of t h e  gene ra l  purpose computers du r ing  t h e  OFT development- 
and v e r i f i c a t i o n  phase,  has  r e q u i r e d  t h a t  t h e  double d e n s i t y  
memory system development u t i l i z e ,  t o  maximum e x t e n t  p o s s i b l e ,  
t h e  exper ience  and ma tu r i ty  gained du r ing  t h e  ALT development 
p rocess  i n  an a t t empt  t o  minimize t h e  i n c o m p a t i b i l i t y  
between t h e  new memory and e x i s t i n g  hardware and sof tware .  

Conclusion: 

J S C  b e l i e v e s  t h a t  t h e  p lan  i n  process  i s  adequate t o  f u l f i l l  
t h e  i n t e n t  of t h e  recommendation and t h a t  t h e  completion of 
t h e  de l t a  q u a l i f i c a t i o n  t e s t  program w i l l  e s t ab l i sh  t h e  f a c t  
t h a t  hardware/software c o m p a t i b i l i t y  has  been f u l f i l l e d .  
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- Responsible . O r g a n i z a t i o n  Element: JSC, MA 

Recommendation: 

"6. Currently there i s  very l i t t l e  experience t o  predict  the behavior o f  the 
thermal protection syst!m in hypersonic flow and therefore the s y s t e m  
cannot be ce r t i f i ed  by simularity o r  analysis.  
are par t icu lar ly  unpredictable are:  

Among the areas tha t  

a. The  gap configurations i n  width, i t s  direct ion with regard t o  
the surface flow. 

b. The s teps  between t i l e  and  i t s  tr ipping influence on the 
boundary layer into turbulence. 

c. Flow in door  seal cav i t ies  and gaps. There will  be a mu1 t i tude  
o f  sub-size t i l e s  interfacing the HRSI w i t h  the RCC of the nose-cap arid 
the leading edge segnents. These t i l e s  will  probably behave d i f f e ren t ly  
from the standard s ize  t i l e s  i n  the airflow. Therefore, the behavior o f  
the patchwork surface and  the e f fec ts  o f  surface condition, g a p s ,  or 
s teps ,  e tc .  s t i l l  appear t o  need t e s t  exposure t o  the environnient fo r  
val id  cer t i f ica t ion ."  

Discussion: 

The f i r s t  p a r t  o f  the reconnendation i s  not valid.  The d i f f i cu l ty  l i e s  
i n  the accuracy of extrapolations o f  aero-iherir.odynamic d a t a  from win3 
tunnel t e s t s  t o  f l i g h t  conditions a n d  not i n  the a b i l i t y  t o  predict  the 
behavior o f  the TFS. I f  the environnlent i s  kncwr, then the behavior 
o f  the TPS can be accurately detemiinsd; The program has adopted the 
approach o f  u s i n g  conservative extrapolations of  wind  tunnel aero- 
thermodynamic d a t a  t o  f l i g h t  conditions in order t o  prov.ide sa t i s fac tory  
TPS designs. 
steps and  gaps throushout  developrrent. T h i s  area i s  n o t  considered a 
technical problem by the program, 

Careful and conservative at tent ion has been p a i d  t o  t i l e  

The remainder o f  the recommendation h a v i n g  t o  do w i t h  interfacing of t i l e s  
w i t h  R C C  has some va l id i ty ,  b u t  n o t  because of  subsize t i l e s .  As recon- 
mended, t e s t  exposures of in te r faces ,  seals  and gaps are  planned t o  
c e r t i f y  the designs. 

Assessing the influence of h o t  gas  f l o w  t h r o u g h  TPS t i l e  g a p s ,  i n  door  
seal cav i t ies ,  and  control surface hinge areas i s  a d i f f i c u l t  problein t o  
analyt ical ly  solve in gencral because of the 3-dimensional con:plex geom- 
e t r i e s  a n d  phenomena i n v o l v e d .  
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these problems resulted from the elevon cove 
the JSC 10:4l a rc  t u n n e l  f a c i l i t y .  

Considerable insight  i n t o  
seal tes t ing performed in 

Related tes t ing i s  planned t o  measure the response of  v a r i o u s  other  seals  
t o  simulated thermal, acoustic,  and s t ruc tura l  loads. These include body 
f l a p  hinge sea l ,  elevon w i n g  s e a l ,  rudder upper edge and sea l ,  in terfaces  
betvreen RCC and RSI, d o o r  thermal ba r r i e r s ,  RSI g a p  configurations and  
gap  f i l l e r s ,  pressure gradient e f f ec t s ,  e tc .  Also,  system tes t s  o f  the 
elevon cove seal and redundant seal a re  planned. 

The influence of g a p  heating i n  zero pressure gradient regions i s  accounted 
for i n  the design sizing o f  the TPS t h r o u g h  analysis andcor re l a t ion  of a rc  
j e t  t e s t  d a t a .  I n  areas where there a re  large pressure gradients,  e .g . ,  
chine, wing-glove and t r a i l i n g  edges of elevons and body f l a p ,  t e s t s  a r e  
underway arid analysis a re  i n  preparation t o  determine the e f fec t  of 
pressure gradients on gap heating a n d  t o  c e r t i f y  t h a t  the  designs a re  s a t i s -  
factory . 

Conclus ion:  .. 

The p lanned  t e s t i n g  i s  t o  c o n f i r m  t h a t  t h e  d e s i g n  approach  for  
t i l e  gap and s t e p  as w e l l  as seals is s a t i s f a c t i o n .  I f  t es t  
and  a n a l y s i s  i n d i c a t e s  a concern  t h e n  corrective a c t i o n  w i l l  
be t a k e n .  

I 
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RECOI'JIENDATION : 7 , Page 22 

RESPONSIBLE ORGGNI ZATION ELEPlEfIT: JSCJLAS 

RECO RIEN OAT I ON : 

"'7. The HRSI insulated umbilical doors are  exposed t o  the f l i g h t  
environment on ascent. 
There i s  no inspection mode or access planned to  assure a proper closur?. 
Consideration should be given t o  an on-orbit inspection and repair  of the TPS 
and par t icu lar ly  the umbilical door sea ls  t o  assure a safe  entry." 

After separation, the door; will  be closed. 

D IS CUS S I ON : 

The concern of  the panel i s  val id  i n  terms of TPS and ET umbilical 
door performance uncertaint ies .  
eventual EVA capabi 1 i t y  t o  perform external vehicle i nspecti on / repa i  r 
operations and has ,  therefore ,  continued t o  review hut! we m i g h t  achieve 
this technillosy. 
being fur ther  reviewed. 

JSC does not question the desirsbi! i t y  o f  

As a r e s u l t ,  several concepts have developed and a r e  
Among these are:  

1. Inf la tab le  EVA t rans la t ion  a ids .  

2. A free f lying maneuverable te levis ion system fo r  inspection 
purposes. 

3 .  Heat r e s i s t an t  materials which m i g h t  be used f o r  temjJorary TPS 
t i l e  damage repairs .  

These actions have n o t ,  however, eliminated the three main concerns w i t h  
EVA a c t i v i t i e s  of  t h i s  type. These are,darriage to  the TPS as a r e su l t  of  - 
the EVA a c t i v i t i e s  themelves rather  t h a n  from normal f l i g h t  loads; the need 
f o r  penetrations o f  the TPS and increased mechanism complexity t o   all^ E'IA 
door  closure;  and  the problem ar i s ing  from EVA conduct while only tbro cremcn 
are  on-board d u r i n g  ear ly  OFT f l i g h t s .  
has  taken a c t i o n  t o  assure f l i g h t  safety i n  these areas by insuring p r o p i t r  
systems performance a n d  p r o v i d i n g  large design margins .  
actions have been taken in this  regard: 

As a r e su l t  o f  these f ac to r s ,  ; S C  

The following 

a. Increased door  s t ruc tura l  s t i f f n e s s  to  reduce TPS load. 

b.  Provide dual hinge bearings and  actuators t o  increase door 
closing forces.  

c .  Instal led a second open door  center l ine latch t o  provide large 
margins over expected ascent loads. 



d.  
closure . Provided a door posit ion indicator  t o  be monitored d u r i n g  d o o r  

e. Increased the number of  door  closed indicator  switches. 

The ET urnbilical door basic design u t i l i z e s  multiple redundant drive and  
la tch systems, i s  considerably over designed i n  terms o f  expected loads, 
and has a large degree of f a i l u r e  tolerance.  

CONCLUSION: 

These actions a re  believed adequate t o  s a t i s f y  the ASAP f l i g h t  safety 
concern on the ET d o o r ,  and we inv i t e  an ear ly  ASAP review of  the current 
systems design. 
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' Subject: Orbiter 102 

NO. 8, Pg. 23.  

Recommendation: 8, page 23 
I I 

Responsible Organization Element: JSC, /IA 

Reconmenda t i on: 

"8. ,The currently developed engineering c r i t e r i a  for TPS coating erosion 
and inspection method should include access f e a s i b i l i t y  s tudies ."  

Discussion: 

This recommendation pertains t o  the inspcctabi l i ty  o f  the TPS between 
f l i g h t s ,  and in par t icu lar ,  the abi ' l i ty t o  b r i n g  mcn a n d  equipment 
c lose enough t o  perform an e f fec t ive  inspection. Current rncthods of 
inspection have proved useful f o r  laboratory operations b u t  require 
inspector s k i l l ,  considerab12 time, and have n o t  been constrained by 
d i f f i c u l t  access. 
e f fec t ive  inspection require development and continued at tent ion as 
recomnendation number 8 discusses. 

The c r i t e r i a  a n d  methods t o  perform a practical  and 

The present plan i s  t o  inspect those TPS t i l e s  a f t e r  each f l i g h t  t h a t  
a re  potent ia l ly  exposed t o  damage (i . e . ,  impact damage, h i g h  h z a t i n g ,  
large panel def lect ions)  before Orbiter i s  configured for launch. 

Conclusion: 

This _recommendation will be followed. . -  



Subject: Orbiter 702 
' , I  

No. 9, Pg. 2 3 .  

Reconmendation: 9, page 23 

- Responsible Organization Element-: 

Recommends t ion: 

JSC, MA 

"9. The i n t e g r i t y  of t h e  aluminum s t r u c t u r e  a f t e r  any f l i g h t  depends o n  
the cooling cfficiency o f  the GSE equipment after landing and the novel 
design of cooling ducts to prevent the o r b i t e r  structure f r m  excessive 
temperatures. 
system has n o t  yet been certified by a total system test and should be." 

Discussion: 

The design and implerentation o f  such a cooling duct 

Post- landing coo l ing  provides  ove rhea t  p r o t e c t i o n  b a s i c a l l y  for 
e l e c t r o n i c s  and f o r  cabin  a i r  b u t  n o t  f o r  any s t r u c t u r e .  
a lso provides  f o r  humidity and hazardous g a s  c o n t r o l .  

Conalusion: 

It  

None of  t h e  s t r u c t u r e  temperature  c o n t r o l  i s  dependent upon t h e  
coo l ing  system, d u c t s ,  o r  GSE. 

" B a s i c  aluminum s t r u c t u r e  i n t e g r i t y  is assu red  by l i m i t i n g  
t h e  backface temperature  t o  350°F - done by TPS des ign  and 
e n t r y  planning.  'I 

' 

, 



- *  , .  Subject: Orbiter 102 

Reconiienda t i on : 10, page 2 3  

Responsible - O s m i z a t i o n  __ - - - . ,Element: JSC, MA 
1. 

\ I 

Rcc ommenda t i on : 

"10. It appears  t h a t ,  as a r e s u l t  of a good r e l i a b i l i < y -  h i s t o r y ,  the mainter 
ance o t  cabin ztriiosphere in tegr i ty  has been based on a ''two engine" 
concept. This has the practical  r e s u l t  t h a t  any f a i l u r e  w i l l  cause the 
termination of a mission i n  order t o  protect  the crew from a subsequent 
s ingle  f a i lu re .  This suggests t h a t  sys tem which must l a s t  t h r o u g h  the 
to ta l  time of a mission probably should be augrnented so  t h a t  such s ingle  
f a i lu re s  do n o t  force mission terniination fo r  sa fe ty ,  f t  

Discussion: - -  

The above t ex t  re la tes  t o  a n  ear ly  " f a i l  op/fai l  safe" concept applicable 
t o  the Orbiter Air Revitalization Subsystev (ARS). The ARS was subse- 
quently modified (e.g., delet icn o f  one cabin f a n )  t o  implement a f a i l  
s a fe  philosophy - consistent with other o rb i t e r  vehicle subsystems. 
All c r i t i c a l  ARS components a re  backed by redundant hardware rri t h  
identical  functional capsb i l i t i e s .  GRS component l i f e  t e s t s  as well as 
in t eg ra t ed  sys tem t e s t s  have shown a sa t i s fac tory  performnce history 
su f f i c i en t  t o  assure a safe  and successful mission completion. 

Conclusion: 

The f a i l s a f e  concept involves only cer ta in  highly r e l i ab le  components. 
I n  general, the design includes multiple redundancy. 
of the  two cabin fans include Kultiple controls and  power supplies. 
Thus m o s t  f a i lu re s  a re  n o t  " f a i l s a fe"  only and  would not r e su l t  i n  a 
m i s s i m  termination. The item should be closed based on the overall 
system adequacy for  the intended function. 

For example, each 

t 
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Subject: Orbiter 102 

Recon?mendation: 1.1, page 23  

Responsible Crganization Element: JSC, MA 

Recoxenddtion: 

'I 11. The flash evaporator used to supplement radiator  cooling i s  o f  the 
" f a i l  safe" var ie ty  l i ke  the environmental systein where a s ing le  fa i l l i re  
tr i l l  a b o r t  t h e  r;iission i n  order to  maintain safety.  A policy should be 
considered t o  insure t h z t  such system fa i lu re s  will  n o t  a b o r t  extensive 
missions in the name of safety.  

Discussion: 

A recent modification t o  the Flash Evaporator Subsystem (FES)  cont ro l le r  
allows a safe  return and entry should e i the r  evaporator f a i l  p r o v i d i n g  
the orb i te r  avionics has been powred down t o  a "s ingle  f a i l u r e  tolerznt"  
configuration. !?lith this change, the FES ROW provides a m i n i m u m  f a i l  
sa fe  capabili ty.  
December 1977 - followed by integrated t e s t s  w i t h  the radiator  sub- 
system a b o u t  September- 1978. JSC t e s t s  will include FES performance, 
exhaust ductlnorzle heater s iz ing,  nozzle plune t e s t s ,  e tc .  The r e su l t s  
o f  these t e s t s  should provide su f f i c i en t  confidence i n  the adequacy o f  
the FES heat rejection concept. 

The FES will  be tes ted in the JSC Chamber A beginning 

Conclusion : 

Procedures are be ing  developed which w i l l  permit  eva lua t ion  
of  f a i l u r e  modes and t h e i r  impact,  i f  any, on mission con- 
t i n u a t i o n .  



R e c o m m e n d a t i o n :  1 ,  page 27 

No. 1, Pg. 2 7  . 
1 of 2 

1 

Respons ' ib le  O r c a n i z a t i o n  E l e m e n t :  MSFC, SA51'  - I 

R e c o m m e n d a t i o n :  "1. There are no s p e c i f i c  recommendations at this time on 
r e s o l v i n g  the  e x i s t i n g  p r o b l e m  s i n c e  t h e  e n g i n e  dcve!opment p r o b l e m s  a r e  
we l l  r c c o g n i z e d  by the  p r o p e r  l e v c l s  of m a n a g e m e n t  and  s o l u t i o n s  a r e  be ing  
s o u g h t  and  eva lua ted .  H o w e v e r ,  t h e  d e a d l i n e  is n c a r  when s u s t a i n e d  eng ine  
runn ing  t i m e  a t  r a t e d  p o w e r  l e v e l s  and  s t a r t  t r a n s i e n t s  t o  a l l  high  p o w e r  
l e v e l s  m u s t  b e  a t t a i n e d  if c u r r e n t  m i l e s t o n e s  f o r  m a j o r  t e s t s  and  the  c e r t i -  
f i ca t ion  for  f i r s t  o r b i t a l  f l igh t  a r e  t o  b e  m e t .  
s e a l  p r o b l e m s  m u s t  b e  s o l v e d  qu ick ly  so that  l o n g - d u r a t i o n  r u n s  m a y  b e  
' a ch ieved  o v e r  the  r a n g e  of p o w e r  l e v e l s .  
m e e t i n g  t e s t  o b j e c t i v e s  and  c o n s i s t e n c y  o f ' p e r f o r m a n c e  f rom eng ine  to eng ine  
m u s t  be d e m o n s t r a t e d  wi th in  the  n e a r  t e r m  i n  o r d e r  to  not  i m p a c t  t h e  o v e r a l l  
Shu t t l e  s c h e d u l e .  I' 

T h e . s t a r t u p  and  t u r b i n e  t i p  

R e p e a t a b i l i t y  of p e r f o r m a n c e  i n  

I 

D i s c u s s i o n :  
r e c o g n i z e s  the  need  f o r  eng ine  t e s t  r e p e a t a b i l i t y  and  p e r f o r m a n c e  c o n -  
s i s t e n c y  d e m o n s t r a t i o n .  

The P a n e l  a s s e s s m e n t  is a c c u r a t e  a n d  t h e  S S M E  P r o j e c t  

Conc lus ion :  
P r o j e c t  planning.  
and  s t a r t  t r a n s i e n t  t e m p e r a t u r e  s p i k e  p r o b l e m s  t h a t  h a v e  r e s t r i c t e d  eng ine  
test p r o g r e s s  t o  d a t e  and  the P r o j e c t  e x p e c t s  t 'est  r e p e a t a b i l i t y  t o  i m p r o v e  
i n  the  i m m e d i a t e  f u t u r e .  T h e  s t a t u s  of o v e r a l l  t e s t i n g  is r e p o r t e d  mon th ly  
in  t h e  Month ly  D i r e c t o r ' s  R e v i e w  a s  w e l l  a s  o t h e r  r e v i e w s ,  and  t h e  capab i l i t y  
of the  P r o j e c t  t o  a c c o m p l i s h  the  "Accumula t ed  Eng ine  Run  Dura t ion"  p lan  
( a t t a c h e d )  in  f u t u r e  m o n t h s  s h o u l d  b e  t r a c k e d  a s  a n  i n d i c a t o r  of p r o g r e s s  
t o w a r d  a d d r e s s i n g  t h e  s u b j e c t  a s s e s s m e n t .  . 

T h e  t h r u s t  of the  a s s e s s m e n t  i s  r e c o g n i z e d  wi th in  t h e  SSXE 
' P r o g r c s s  h a s  b e e n  m a d e  in  r e s o l v i n g  t h e  t u r b o m a c h i n e r y  . 

. .  I 
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I 
' Subjcct: Main  Engine 

R e c o m m c n d a t i o n :  2 ,  page 27 

Responsible O r g a n i z a t i o n  E l e m e n t :  M S F C ,  SA51 - 

R e c o m m c n d a t i o n :  "2 .  
t h e  p r o g r a m  wi l l ,  of c o u r s e ,  f a c e  i m p o r t a n t  j u d g m e n t s  a s  to how to  g u a r a n t e e  
t h e  n e c e s s a r y  t e s t  t ime Lo c e r t i f y  t h e  e n g i n e s  fo r  m a n n e d  o r b i t a l  f l ight .  
no ted  in  l a s t  y e a r ' s  Annua l  R e p o r t ,  t h e  p lanned  t e s t  p r o g r a m  c a l l e d  fo r  
f i f t y - s i x  h o u r s  of eng ine  t e s t i n g  i n  F i n a l  F l i i h t  Conf igu ra t ion  which c o m p a r e s  
f a v o r a b l y  with t h e  t e s t  t i m e  a c c u m u l a t e d  on  t h e  S a t u r n  F-1 and  F - 2  en,' mines. 
Con t ingency  o r  r e c o v e r y  p lanning  m u s t  p r o v i d e  m a n a g e m e n t  e i t h e r  the  
r e a l i s t i c  s c h e d u l e  t o  m e e t  s u c h  a n  o b j e c t i v e  or t h e  s i g n i f i c a n c e  of a n y  
d e v i a t i o n s  f r o m  tha t  goal in t e r m  of t h e  
the f l i g h t r c a d i n e s s  of t h e  engine .  I '  

If  t h e s e  requi rements  are no t  m e t  i n  a t imely  fashion 

A s  

e f fec t  on t h e  b a s i s  for  conf idence  i n  

1 

D i s c u s s i o n :  T h e  P a n e l  a s s e s s m e n t  is a c c u r a t e  a n d  the SSME P r o j e c t  is 
a w a r e  of t h e  n e e d  for eng ine  m a t u r i t y  d e m o n s t r a t i o n  p r i o r  to m a n n e d  f i ight .  

Conc lus ion :  'SSME t e s t  p lanning  h a s  b e e n  a d j u s t e d  to  a c c o m p l i s h  the  n e c e s  - 
s a r y  g o a l s  p r i o r  t o  F i r s t  Manned  O r b i t a l  F l i g h t  ( F h I O F )  a s  w e l l  a s  F i n a l  
F l i g h t  C e r t i f i c a t i o n  ( F F C ) .  A n  " A c c u m u l a t e d  R u n  D u r a t i o n ' '  p lan  ( a t t a c h e d )  h a s  
b e e n  e s t a b l i s h e d  and P r o j e c t  p r o g r e s s  i s  r e v i e w e d  with h lSFC C e n t e r  M a n a g e -  
m e n t  a n d  S p a c e  S h u t t l e  P r o g r a m  M a n a g e m e n t .  In p a r t i c u l a r ,  t h e  t e s t  . 

p r o g r e s s  is r e p o r t e d  mon th ly  i n  t h e  Month ly  D i , r e c t o r ' s  Rev iew t o  D r .  h la lk in  
and the p r o g r e s s  of t h e  SSME P r o j e c t  a g a i n s t  t h i s  p l an  shou ld  b e  u s e d  t o  
a s s e s s  t he  p r o g r e s s .  

i 

I 

. .  
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SUBJECT: Solid Rocket Booster 

RECOWEMDATICN: 1, Page 32 

RESPONSIRLE ORGANIZATIOt4 ELEVENT: JSC-LA2, 

I 

i :  RECOr4MENDATI CN : 
! /  

"1. m e  SRM, as i n  other areas of the SRB t o t a l  assembly, are  affected 
by the system aerothermod.ynamic loads. These l a t e s t  d a t a  rriust be 
factored i n t o  the analysis and t e s t  as soon as practical  t o  assure 
proper margins are maintained i n  the s t ructures  and  other c r i t i c a l  
areas. 'I 

D1 SCUSSION : 

The aerothermodynamic environment i s  planned t o  be updated as the 
desiqn o f  the SRR and the ascent f l i a h t  system dispersion analysis 
proqresses. Recently, the c r i te r ion  has been revised chanainq the 
method o f  combinins variables t o  be consistent w i t h  otner ascent 
analyses and includes an uDdate of  the desiqn case thermal 3 n v i r o n -  
rnent. The thermal analysis associated w i t h  determining the zero- 
thermodynamic l o a d s  and thermal protection required i s  an i t e r a t i v e  
process tha t  has  been t h r o u a h  several i t e r a t ions  and  will  be updated 
t h i s  year t o  support the SRB Thermal Protection System Cr i t ica l  
Design Review. 

CONCLUSIOV: 

Any chanaes i n  the thermal environment will  be factored into the 
analysis and t e s t  t o  determine i f  the ex is t inq  design i s  ad,q 0 uace 
and t ha t  the prooer safety factors  are maintained. 
chanqes t h a t  are made will  be reassessed t o  determine t h e i r  e f f ec t  
on the aerotherrnodynamic environment. 

Any design 
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No. 2,  P e .  32 

Subject: SRB 

Recomrncndation: 2 ,  page 32 

Respoiisibile Organization Element: MSFC, SA41 

Recommendation: "2 .  The n o z z l e  b e a r i n g  b o o t ,  a l t h o u g h  i t  has PasTed 
some tes ts ,  is not out of the woods as yet. 
r ega rd  to assur ing that maximum mater ia l  temperatures  a r e  not 
exceeded during the f i r ins  t i m e  and t h a t  no splits o r  openings 
occur a l lowing  h o t  gas f l o w  i n s i d e  t h e  bear ing ."  

I 

There  a r e  concerns with 

Discussion: The concern over  the nozzle flex bearing flexible boot 
was and is shared  by the SRB Project .  .The boot has  been thickened 
f r o m  an original thickness of 3 k ' t o  2" through severa l  design i t e r a -  
tions. 

Conclusion: 
tective boot centers  around the ra te  a t  which the char f ' s loughs" a s  
the boot is flexed during the vectoring of the nozzle. 
velopment firing will  provide a measure  of the loss  of protective boot 
mater ia l  during the firing. 
safety factor of 2. 0. The boot is also instrumented to a t tempt  to 
measu re  the mater ia l  l o s s  ra te  as a function of time. 
should be closed when development fir ings have demonstrated an 
effective protective boot. 

The concern over the survivability of the flexible pro-  

The f i r s t  d e -  

The boot is designed to survive with a 

The i tem 

fi. 



I 

Recommendation: 3 ,  page 32 

Responsible Organization Element:  MSFC, SA41/SRB 

Recommendation: "3. The Auxiliary Power Unit has experienced some 
"under per formance"  t e s t s  which r equ i r e  a reexaminat ion and review 
to define the manner  in  which the per formance  and rel iabi l i ty  of these 
impor tan t  units can be upgraded. ( I  

Discussion: The "under performance" t e s t s  of the APU w e r e  con- 
ducted with deficient fuel  pumps. 
fuel pump indicate that per formance  of the A P U  is now passing 
specification values. 

Recent  t e s t s  with a redesigned 

Conclusion: 
of the APU a r e  successfu l ly  completed and specification performance 
demonstrated.  

The i t e m  should r e m a i n  open until  qualification tes t s  

,/- 



a t :  Sol,. Rocket Booster 

No. 4 ,  Pg. 32 

I 

Recommendation: 4 ,  page 32 i 
I Responsible Organization Element: MSFC, SA41 

Recommendation: " 4 .  The use of the RDX l inear  shaped charge t o  sever 
the a f t  end of the SRM nozzle is a concern f r o m  the viewpoint of p re -  
ma tu re  ignition. The tempera tures  and their  duration would suggest 
that this i t em might be c lassed  as a Category 1 hazard and t rea ted  
accordingly." 

Discussion: The SRB Pro jec t  has  some concern about premature  ignition 
and has  insulated the charge with sufficient insulation to keep the charge 
at 100°F well below the auto-ignition tempera ture  of 430°F for  RDX. 

Conclusion: While the conern i s  valid,  the s o l u t i o n  of insulating the 
charge is straightforward. During ground firings the charge will be 
instrumented to measure  the tempera ture  experienced a s  the f i r ing 
p rogres ses .  This i t em will  be c lassed  as a Category I hazard  until 
rationale is provided to remove i t  f r o m  this category. 



No. 5 ,  Pg. 33 

Subject: Sol i d  Rocket B o o s t e r  

Recommendation: 5 ,  page 33 
._ . 

Responsible Organization Element:  MSFC, SA41. 
/ -  

Recommendation: "5. The data returned from the f i rs t  O r b i t a l  F l i g h t  
T e s t  mission, the f i r s t  t ime the total  SRB s y s t e m  will  be tes ted as 
part of a total  Shuttle sys t em,  will  be c ruc ia l  in  defining the marg ins  
the SRR makes available to the total  sys tem.  
work each  and e v e r y  time, the flight t e s t  instrumentat ion,  i t s  location, 
e tc ,  must be thoughtfully considered. Where t r ansduce r s  a r e  placed 
into bosses  the>- must  be fail-safe.  
be thought of as s imply an  "add-onrf subsystem. 

Since the SRB's  must  

In other words  the D F I  must  not 

Discussion: The concern for  D F I j s  sha red  by the SRB Projec t .  The 
location and numbers of  DFI have been reviewed i n  d e t a i l  several  times. 
A r ecen t  analysis  was  made of all D F I  located in  bosses  o r  o ther  
locat ions where  a p r e s s u r e  s e a l  is required.  
and, where possible, a pressure check of those seals i s  scheduled. 

Dual s e a l s  a r e  provided 

Conclusion: I t  is recommerided that this i t e m  be closed on the bas i s  of 
the above information. 

/- 



. I  . .  No. ,l, Pg. 35' 
1 od, 2 

I Subject: External Tank 

Recommendation: ' l., page 35 

Responsib!c Organizational Element: MSFC, SA3 1 ~ 

Recommendation: "1. Consideration should be given to contingency planning 
or s u c c e s s  assurance .  
machined over.  What then would be done with a n  application that is too 
thick f o r  the spec because  of a breakdown of a spray gun or blockage-of 

The spray-on insulztion i s  not e q e c t e d  to be  

the nozzles.  " 

Discussions : 

1. The spray-on foam insulation (SOFI) application p a r a m e t e r s  ar,d 
techniques have undergone considerable  develo9ment and t e s t  to  i n su re  
that the des izn  thickness to le rances  czn be met. P r i o r  t c  init ial  appli- 
cation of the SOFI onto t e s t  hardware  extensive runs a r e  made  on Kr.=ft 
pape r  to ve r i fy  the tooling settiEo,s. 
operat ion is continuously monitored by a control  compcter  which will 
shut  down the operations i f  c r i t i ca l  l imits  a r e  exceeded. 
ing of these  c r i t i ca l  l imi t s  is also provided a s  a backup to  the computer.  

The complete foam application 

Manual monizor- 

2. Therefore ,  it is unlikely that overly thick SOFI will be  applied, 
however, in the event that  a. maliuncticn of this  na ture  occurs  the TPS 
application facil i t ies and tooling a r e  corn-igured to pe rmi t  manual  sandizg 
of the ."high spots" on a case-by-case  bas i s .  LVork p la t forms  for a c c e s s  
and  vacuum sys t ems  for  dus t  collection a r e  available. 

Should the need for manual  s a d i n g  become a recur r ing  requi re -  
ment ,  with the incident high labor cost ,  the following contingency plarming 
has been  completed. 

(a) Development effort  has  been completed to define the tool 
design requi rements  for an  automatic machining capability. , 

, 

I 



No. 11 Pg. 35 

I 

2 of 2 \ - 
I (b) The facilities have been built with the capability of adding 

automatic machining i f  required. 

(c)  Automatic machir?izz is  currently being used on the feed 
ducts so cutter technology is available. 

Conclusion: 

Contingency planning, a$  recommended, has taken place. A manual 
repair  (sanding) capability exists for an occasional out of tolerance 
conditions. Only if the cost of the manual repair  becomes excessive 
is i t  considered feasible to make the investment necessary to implement 
an automatic machining capability. 
this cost is justifiable. 

' 

Activities to date do not show that 

It is recommended that this item be closed because contingency planning 
is in existence. 



Subject:  ET-Orbi ter  Separation In te r face  

Recornendation: 2-Page 36 

Responsible Orcpnization Elerrent: 

No. 21 Pg. 36 

. Recommendation: 
"2. Addi  t ional management control shoul d be considered f o r  

the  ET-Orbiter i n t e r f a c e .  
separa t ion  t e s t  w i t h  3 cor,plete h i - f i d e l i t y  rcockup. 
concern t h a t  needs additioRa1 z s s e s s r e n t  i s  the possible  
damage t o  the t a n k  caused by the  s e p r a t i c n  dynamic impact 
loads and subsequent endansering of  the Orbi ter .  " 

There is no plan f o r  a mockup o r  
Another 

Discussion: 

1. 

2. 

3. 

4 .  

The reconmendations a r e  va l id  and have been recogniz2.d and plznrted 
for or inves t iga ted  by the prosram. 
i n g  these  recomrendztions was presented t o  NASA Headquarters on 
Nay 6 ,  1977. 

A d e t a i l e d  presentat ion cover- 

A d d i t i o n a l  management c o n t r o l  shou ld  be c o n s i d e r e d  f o r  
t h e  ET-Orbi ter  i n t e r f a c e .  
The c o n t r o l s  e s t a b l i s h e d  w e r e  cove red  i n  t h e  May 6 ,  1 9 7 7 ,  
Headquar t e r s  b r i e f i n g  and are c o n s i d e r e d  s a t i s f a c t o r y .  
No management c o n t r o l  a r e a s  were c o n s i d e r e d  i n  t h e  
r e s u l t i n g  a c t i o n s  from Headquar t e r s .  

There i s  no p l a n  f o r  a mockup o r  s e p a r a t i o n  tes t  w i t h  a 
complete  h i - f i d e l i t y  mockup. 
A t e s t  u t i l i z i n g  a h i - f i d e l i t y  ET a f t  i n t e r f a c e  t o o l  h a s  
been added t o  t h e  program. A s t u d y  i s  b e i n g  conducted  
t o  d e f i n e  s c h e d u l e ,  t e s t ,  and c o s t  t o  add a f u l l - s c a l e  
Orbi te r -ET and ET-SRB s e p a r a t i o n  t es t  w i t h  MVGVT. 
i t e m s  w e r e  covered  i n  t h e  May 6 ,  1 9 7 7 ,  b r i e f i n g  and as 
a c t i o n s  from Headquar t e r s .  C l o s u r e  o f  t h e s e  a c t i o n s  i s  
a n t i c i p a t e d  f o r  l a t e  J u l y  1 9 7 7 .  

Another  concern  t h a t  needs  a d d i t i o n a l  a s s e s s m e n t  i s  t h e  
p o s s i b l e  damage t o  t h e  t a n k  caused  by t h e  s e p a r a t i o n  
dynamic impact  l o a d s  and subsequen t  endange r ing  of t h e  
O r b i t e r .  
T h i s  concern  w a s  a d d r e s s e d  i n  t h e  May 6 ,  1 9 7 7 ,  b r i e f i n g  
and  t h e  a n a l y s i s  showed t h e  need f o r  a n  a d d i t i o n a l  t e s t  
c o v e r i n g  ET t a n k  p r o p e l l a n t  movement a t  s e p a r a t i o n .  
T h i s  t e s t  h a s  been added t o  t h e  program. 

These 

Conclus ion:  

I t  i s  recommended t h a t  t h i s  a c t i o n  be  c l o s e d  on t h e  b a s i s  of 
t h e  May 6 ,  1 9 7 7 ,  b r i e f i n g ,  t h e  added tes ts ,  and t h e  r e s u l t i n g  
a c t i o n s  from NASA Headquar t e r s  i n  acco rdance  w i t h  t h e i r  l e t t e r  
date'd May 2 0 ,  1 9 7 7 .  
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Subject: Externa l  Tank 

Recommendation: 3 . ,  Page  36 

No. 3,  bg.  36 ' 
e 
? 

I i 

Responsible Or,s;anizational Element:  MSFC, SA31 

0. 

Re.-ornrnendation " 3 .  A d d i t i o n a l  e f f o r t  t o  d e t e r m i n e  t h e  adequacy of  t h e  
p r e s e n t  ET/STI3 at tachment  s t r u t s  m a y  b e  warrsrt tcd if p re sen t  s t r u t s  
.do not attenuate pyro  separat ion impact  loads. 

- 
There  a r e  no shock 

absorpt ion devices  on the  ET-s ide  of the interface.  /i 

Discussion: 

The  recommendat ion is valid. 
act ively making a 2esign change because  loads changes have inc reased  
bol t  separat ion loads and requi re  the incorporation of attenuation de\-:ces 
to prevent  ET damage from separa t ion  shock loads. 

The MSFC design organization is 

The new design for the ET/SRB aft s t r u t  is e-xpected to  sat isfy all safety 
and engineering requi rements  for the flight vehicle. 

Conclusion: This  i tem should b e  closed because  the design is being 
c hang e d. 

! 

i 

p 

I 
i 

t :  



No. 1, Pg.  40 

Sub jec t :  RISK MANAGEMENT 

Recommendation: 1, page 4 0  

Responsible Organiza t ion  E l e m e n t :  J S C ,  NA 

Recommendation: 

1. "The Panel recognizes  the  accomplishments of both 
s e n i o r  program and Sa fe ty ,  R e l i a b i l i t y ,  and Q u a l i t y  Assurance 
management and t h e i r  con t inu ing  e f f o r t s  t o  d e f i n e  and determine 
aggrega te  r i s k  i n  a manner m o s t  u s e f u l  t o  s e n i o r  management. 
The c u r r e n t  system provides  a g r e a t  d e a l  of r i s k  informat ion ,  
b u t  t h e  cha l lenge  i s  t o  a s s u r e  it i s  a u s e f u l  too l  f o r  t h e  
decision-makers on t h e  S h u t t l e  Program. Mission hazard 
ana lyses  w e r e  made on p r i o r  manned space missions t o  show 
t h o s e  s a f e t y  concerns which would c o n s t r a i n  a mission u n t i l  
reso lved .  I n  t h i s  way they  w e r e  p rovid ing  t h e  ag rega te  r i s k  
based on t h e  best a v a i l a b l e  informat ion  which w a s  examined 
f r o m  o b j e c t i v e  and s u b j e c t i v e  viewpoints .  The  ALT p r o j e c t  
assessment r e p o r t  has e s s e n t i a l l y  done t h i s  as noted  by t h i s  
s ta tement  "The J S C  Sa fe ty  Div is ion  cons ide r s  t h e  aggrega te  
r i s k  accep tab le ,  based on t h e  assessment of s a f e t y  concerns 
t o  d a t e ,  cons ide r ing  t h e  accepted r i s k s  and t h e  a c t i o n s  be ing  
accomplished t o  r e s o l v e  open i t e m s . "  Perhaps w h a t  i s  needed 
are d e t a i l e d  p r e s e n t a t i o n s  t o  management by p r o j e c t  and 
subsystem eng inee r s  as  w e l l  as s a f e t y ,  r e l i a b i l i t y , 8 . a n d  
q u a l i t y  assurance  eng inee r s  so t h a t  s t a t emen t s  m a d e  i n  mission 
s a f e t y  ana lyses  allow management t o  s e l e c t i v e l y  review t h e  
background f o r  s p e c i f i c  S h u t t l e  f l i g h t s .  'I 

Discussion:  

The sugges t ion  t o  involve  p r o j e c t  and subsystem eng inee r s  i n  
r e l i a b i l i t y  and s a f e t y  i s  endorsed by t h e  program and has 
been implemented. A d e t a i l e d  review of c r i t i ca l  s i n g l e  f a i l u r e  
p o i n t s  i n  t h e  h y d r a u l i c s  system w a s  conducted w i t h  t he  
Assoc ia te  Adminis t ra tor  f o r  Space F l i g h t  t h i s  p a s t  w i n t e r .  A s  
an  i n d i c a t i o n  of t h e  l eve l  of d e t a i l  involved,  t h e  reviews 
w e r e  t i t l e d  l and ing  gea r  a c t u a t o r ,  broken sha f t s ,  jammed gear 
boxes, clogged f i l t e rs ,  and jammed spools. I n  t h e  s p r i n g  o f  
t h i s . y e a r ,  a review of t h e  FMEA's for a l l  subsystems was 
conducted by t h e  Program Manager w i t h  h i s  subsystem managers 
making t h e  p r e s e n t a t i o n s .  
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S u b j e c t :  Risk Management 

Recommendation: 3 ,  page 4 1  

R e s p o n s i b l e  O r g a n i z a t i o n a l  Element:  JSC, LA3 

Recommend a t  i o n  : 

"3 .  The e f f e c t i v e n e s s  o f  c o n f i g u r a t i o n  management depends upon t h e  
im7lementa t ion  of  the. sys tem as d e s c r i b e d  t o  t h e  P a n e l .  Thepefore ,  t h e  
P a n e l  recommends t h a t  a u d i t s  of t h e  o p e r a t i o n  o f  t h e  sys tem c o n t i n u e  t o  
b e  b r o u g h t  t o  management's a t t e n t i o n  d u r i n g  t h i s  p e r i o d  of development 
t e s t i n g ,  checkout  t o  a s s u r e  t h e  " a s - b u i l t "  and " a s - t e s t e d "  r e f l e c t s  t h e  
"as-designed" sys tems.  T h i s  a p p l i e s  t o  b o t h  hardware and sof tware ."  

D i s c u s s i o n :  

Program are  d e f i n e d  i n  J S C  07700, Volune I V ,  Appendix G .  The r e s u l t s  c f  
t h e  a u d i t s  conducted t o  d a t e  have been  reviewed a t  t h e  Program Manager 's  
I n t e g r a t i o n  Review (PPTR) , a monthly management review c h a i r e d  by t h e  
Program Nanager w i t h  p a r t i c i p a t i o n  by t h e  key program and p r o j e c t  p e r s o n n e l .  
A d e t a i l e d  review p l a n  and s c h e d u l e  f o r  f u t u r e  a u d i t s  i s  c u r r e n t l y  b e i n g  
developed by JSC-SSPO, LVIManagement Systems O f f i c e .  

Requirements f o r  c o n f i g u r a t i o n  management a u d i t s  on t h e  Space S h u t s l e  

Conclusion : 

JSC concurs  w i t h  t h e  P a n e l ' s  recommendation t o  c o n t i n u e  t o  conduct  
a u d i t s  of  t h e  Space S h u t t l e  Program C o n f i g u r a t i o n  Management System d u r i n g  
DDT&E and p r e s e n t  t h e  r e s u l t s  of  t h e  a u d i t s  t o  program management. 



Subject: RISK MANAGEMENT 

Recommend? ti on  : 

Responsible Orgavization Element: JSC, f$!A 

4 ,  page 42 

No.4, Pg. 42  

I 

Recomrendati on : 

4. "The Panel agrees w i t h  the program investigation t h a t  the 
qual i ty  of small e lectronic  par ts  i n  the Shuttle i s  adequate, and  
would su?gest  t h a t  i n  the procurement o f  t h i s  c lass  of  parts t h a t  
re1izn:e b2 placed on the performance specif iczt ion rather than 
brand name. 'I 

Discussion : 

JSC Rel iabi l i ty  agrees w i t h  the recomendation as  s t a t ed ,  b u t  
f a i l s  t o  recognize any issue t o  be resolved. The EEE ( s l e c t r i c a l ,  
e lec t ronic ,  a n d  ele~trorr~echanical ) parts  used on the space shu t t l e  
are  procured t o  sp2cifications withotit regard t o  brand  names. 
contractual requi rener;t f o r  specification procurement i s  very 
detailed in p a r a g r a p h  1D301.8 of F.!HB 5300.4(1D-l) , Safety, 
Rel iab i l i ty ,  Raintainabi l i ty ,  and QLtality Provisions f o r  the Space 
Shuttle Program, which i s  a p o r t i o n  of a l l  o f  the space shil t t le 
contracts except f o r  the space shut t le  main engine. Further, the 
design baseline goals of  the progran a re  t o  use JANTXV level 
semiconductors, level B integrated c i r c u i t s ,  next t o  hiShest level 
established r e l i a b i l i t y  r e s i s to r s  and capacitors,  and mil-spec 
level parts fo r  such devices as switches, c i r c u i t  breakers a n d  relays. 
These g o a l s  are  reflected i n  the Level I1 Program Cefinition a n d  
Requirexnts ,  Volume V ,  Space Shuttle Program Information Management 
Requi renents. 

This 

Conclusion: 

The recommendation has been acconpl ished. 
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Scheduled f o r  t h e  summer months i s  a review of t h e  hazards  
a s s o c i a t e d  w i t h  a l l  phases  of f l i g h t ,  commencing du r ing  the  
prelaunch count  down and conluding w i t h  l anding .  T h i s  reivew 
w i l l  be p resen ted  by Engineer ing t o  management up t o  t h e  
Assoc ia te  Adminis t ra tor  for  Space F l i g h t .  

Conclusion: 

The Program Manager concerns wi th  t h e  Pane l ’ s  recommendation 
and has  implemented t h e  des i r ed  philosophy of involvement of 
eng inee r ing  w i t h  s a f e t y  a t  t h e  h i g h e s t  l e v e l s  of management. 
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Subjec t :  Risk Management 

Recommendation: 2 ,  page 41 

Responsible  Organ iza t iona l  Element: JSC,  LA3 

Recommendation: 

"2. A s  noted t h e  t e c h n i c a l  assessment  group a t  JSC is of i t o  a 
good s t a r t  and shows t h a t  i t  can make a s i g n i f i c a n t  c o n t r i b u t i o n  t o  
r i s k  management. S ince  t h e i r  cont inued e f f e c t i v e n e s s  now depends upon 
t h e  l e v e l  of suppor t  and d i r e c t  i n t e r e s t  by s e n i o r  program management 
t h e  Panel  makes a p o i n t  of  recommending such pe r sona l  a t t e n t i o n . "  

Discussion:  

The S h u t t l e  Program Assessment Groups have been e f f e c t i v e  i n  i d e n t i f y i n g  
a number of c r i t i c a l  ayeas i n  t h e  des ign  and v e r i f i c a t i o n  of  t h e  S h u t t l e  
system. Represen ta t ive  items r e p o r t e d  are t h e  o p e r a t i o n  and c r e w  d i s p l a y s  
f o r  t h e  O r b i t e r  doors cover ing  t h e  ET umbi l i ca l  r e c e p t a c l e s ,  t h e  adequacy 
of t h e  O r b i t e r  f l a s h  evapora tor ,  and t h e  need f o r  i nc reased  emphasis on 
i n t e g r a t e d  hardware lsof tware  v e r i f i c a t i o n  p lannicg  and management. These 
i s s u e s  have been reviewed w i t h  t h e  Program Manager and d i r e c t i o n s  f o r  
c o r r e c t i v e  a c t i o n s  have been i s s u e d  t o  t h e  c o n t r a c t o r s .  Other i s s u e s  have 
a l s o  been f lagged by t h e  assessment  groups,  and t h e i r  recommendations on 
these  issues are p r e s e n t l y  being reviewed w i t h i n  t h e  program o f f i c e .  
d e t a i l e d  procedure h z s  been e s t a b l i s h e d  f o r  reviewing and responding t o  t h e  
program assessment  r e p o r t s ;  however, t h e  complexity of s e v e r a l  of t h e  i s s u e s  
a s ses sed  has  l e d  t o  s p e c i a l  i n v e s t i g a t i o n s  and b r i e f i n g s  t o  t h e  Program 
Manager. An A s s i s t a n t  t o  t h e  Manager f o r  Management I n t e g r a t i o n  has  been 
ass igned  s p e c i f i c  r e s p o n s i b i l i t y  f o r  a s s u r i n g  t h a t  a proper  and adequate  
response  i s  made for each assessment  r e p o r t .  
is r epor t ed  a t  t h e  Gieekly program s t a t u s  - review w i t h  t h e  Program Manager. 

A 

The p rogres s  of t h e s e  responses  

Conclusion: 

The Program Manager ag rees  w i t h  t h e  P a n e l ' s  recommendation and i s  
g iv ing  personal  a t t e n t i o n  t o  t h e  recommendations from the  Program Assessment 
Groups. Procedures  have been e s t a b l i s h e d  and i n d i v i d u a l s  have been 
s p e c i f i c a l l y  ass igned  t o  a s s u r e  t h a t  program assessment  r e p o r t s  are 
i n v e s t i g a t e d  and proper  a c t i o n s  are taken.  
is e f f e c t i v e  and is cont inuing .  

The program assessment  a c t i v i t y  

I 


