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AERO-ASTRODYNAMICS LABORATORY 

BIMONTHLY PROGRESS REPORT 

I. ADVANCED STUDIES OFFICE 

A.  As trodynamics and Miss ion  Analysis Group 

1. Manned Plane tary  Flyby Missions Based on ~ a t u r n / A p o l l o  
Sys tem 

The th i rd -qua r t e r  review of t h i s  twelve-month s tudy  by 
North American Avia t ion  was held a t  MSFC on May 4, 1967. Approximately 
85 persons from the  var ious  NASA Centers a t tended  the  review. The con- 
t r a c t o r  i s  now i n  the  f i n a l  phase of the  s tudy ,  which w i l l  cover the 
complete d e s c r i p t i o n  of a  mission-system program. The mission system 
program w i l l  inc lude  design concepts f o r  the  va r ious  major hardware 
components and systems, a  genera l  mission p lan ,  and c o s t s  and schedules .  
The con t r ac to r  has made recommendations on launch veh ic l e s  and mission 
plans f o r  f u r t h e r  a n a l y s i s  during the  f i n a l  phase of the  s tudy.  The 
con t r ac to r  has been asked t o  provide cons iderable  backup da t a  s o  t h a t  
a  meaningful and t imely dec i s ion  may be made i n  regard t o  t h e i r  
recommendations. 

2 .  NASA-In-House P lane tary  J o i n t  Action Group 

As previous ly  repor ted ,  t he  p a s t  s e v e r a l  months' s tudy  by 
the  p a r t i c i p a t i n g  NASA Centers and Headquarters i s  now being assembled 
a t  NASA Headquarters i n t o  a  t o t a l  document. R-AERO-X was r e spons ib l e  
f o r  launch sequence and t ime l ines ,  a scen t  p r o f i l e s  and e a r t h  launch 
v e h i c l e  performance, i n t e r p l a n e t a r y  i n j e c t i o n  requirements and b a s e l i n e  
mission d e f i n i t i o n .  The R-AERO-X documentation was submitted t o  R-AS0 
on Apr i l  14,  1967. 

3 .  FY-67 OMSF Study Program 

Prel iminary work s tatements  have been received from R-AS0 
reques t ing  comments on the  fol lowing proposed s t u d i e s :  Systems I n t e -  
g r a t i o n  Study f o r  Manned Plane tary  ~ n c o u n t e r l ~ e  t r i e v a l  Miss i ons ,  O r b i t e r ,  
Lander and Surface Sample Probe Studies .  R-AERO-XA comments, which have 
been submitted t o  R-ASO, have been incorporated i n t o  the  work s ta tements .  
The work s ta tements  a r e  being s e n t  through headquarters  f o r  t h e i r  com- 
ments. A s tudy  covering Orbi t  Launch Vehicles f o r  manned i n t e r p l a n e t a r y  
missions i s  a l s o  a n t i c i p a t e d ,  b u t  a t  p resent  a  work s tatement  has no t  
been d r a f t e d .  



4 .  Contractor  

The mission support  con t r ac to r s ,  who have been assigned 
t a sks  under the  new c o n t r a c t ,  a r e  proceeding wi th  the  new assignments.  

B. F l i g h t  Mechanics and Performance Analysis Group 

The Three-Burn S-IVB U t i l i z a t i o n  Study has been completed and 
the  r e s u l t s  d i s t r i b u t e d .  

Prel iminary r e s u l t s  of an  i n v e s t i g a t i o n  of the  performance 
c h a r a c t e r i s t i c s  of the  5-2 and J-2s  have been achieved and a r e  being 
documented. The a n a l y s i s  a l s o  considers  the  uprated F-1 w i t h  t h r u s t  
t a i l  o r  ing . 

A memorandum e n t i t l e d  "High Energy Miss ion  Performance Obtain- 
a b l e  by a n  OLV Consis t ing of Three S-IVC Stages" i s  being prepared 
which summarizes the  r e s u l t s  a t t a i n e d  i n  support  of the  P lane tary  J A G  
s tud i e s  . 

A performance s tudy  f o r  tbe  260-inch SRM boosted S-IVB s t a g e  
has been i n i t i a t e d .  Two conf igura t ions  a r e  being inves t iga t ed :  the 
260-inch SRM/S-IVB, and the  260-inch ~ ~ ~ / S - 1 V B / ~ e n t a u r ,  Mission pro- 
f i l e s  inc lude  c i r c u l a r  o r b i t s ,  e l l i p t i c a l  o r b i t s ,  and escape m i s s  ion  
through a c i r c u l a r  parking o r b i t .  Resul ts  a r e  expected i n  approxi-  
mately two weeks. 

The f i n a l  r e p o r t  e n t i t l e d  " F e a s i b i l i t y  Study of Large Space 
Erec t ab le  Antennas," received from the  Convair Div is ion  of General 
Dynamics, i s  being reviewed. 

Proposals on the  t e l e v i s i o n  broadcast  s a t e l l i t e  s tudy  have 
been rece ived;  eva lua t ion  i s  t o  be completed by May 31, 1967. 

C.  Systems Analysis Group 

1. A s e t  of equat ions r e l a t i n g  t o  rendezvous of two veh ic l e s  
has been formulated and programmed f o r  use i n  prel iminary mission 
a n a l y s i s  t a s k s .  The procedure al lows one t o  determine a sequence of 
in te rmedia te  o r b i t s  which w i l l  p lace  the  f i r s t  launched v e h i c l e  a t  a 
s p e c i f i e d  po in t  i n  i ts  f i n a l  o r b i t  r e l a t i v e  t o  t he  launch po in t  a t  
s p e c i f i e d  o r  des i red  launch oppor tun i t i e s  of the  second veh ic l e .  Nodal 
r e g r e s s i o n  and provis ion  f o r  e a r t h  launch de lays  a r e  taken i n t o  account .  
The formulat ion is s l an t ed  toward so lv ing  the problem of rendezvous i n  
h igh  inc l ined  o r b i t s  where rendezvous must occur w i t h i n  some maximum 
time l i m i t  and one of the veh ic l e s  has no o r b i t a l  propulsion c a p a b i l i t y .  



Using t h i s  program, a  recommended miss ion  p r o f i l e  has 
been given t o  DAC f o r  use i n  preparing the  weightlperformance summary 
f o r  the  c l u s t e r  B work done under con t r ac t  NAS8-21064 ( U t i l i z a t i o n  of 
Spent S-IVB Stage i n  Support of Ear th  O r b i t a l  Missions) .  

2.  Work by DAC on the ex tens ion  t o  c o n t r a c t  NAS8-18032 has 
been i n i t i a t e d .  This ex tens ion  w i l l  i n v e s t i g a t e  the use of both 
cryogenic and space s t o r a b l e  s t ages  f o r  a  wide range of f l yby  and 
capture  missions t o  Mars and Venus. By using e l l i p t i c a l  depar ture  
o r b i t s  a t  e a r t h  and e l l i p t i c a l  o r b i t s  a t  the  t a r g e t  p l ane t  f o r  t he  
capture  miss ions ,  it i s  hoped t h a t  a  common s t a g e  (or  s t a g e s ,  i f  the  
space s t o r a b l e s  look promising f o r  t a r g e t  p l a n e t  ope ra t ions )  can be 
i d e n t i f i e d  and, i f  s o ,  conceptual designs prepared on each candidate .  
The r e s u l t s  of t h i s  s tudy a r e  t o  be used a s  t he  s t a r t i n g  po in t  i n  a  
proposed l a r g e  s tudy  from 1967 advanced s t u d i e s  funding. 

3. The f i r s t  q u a r t e r l y  review of NAS8-21051, "Use of Large 
Sol id  Motors i n  Booster Appl ica t ions ,"  was held a t  MSFC on Apr i l  4 ,  
1967. Prel iminary t r ade  s t u d i e s  t o  s e l e c t  a 156" SRM conf igura t ion  
f o r  d e t a i l e d  design and a n a l y s i s  a r e  complete, and a  4-motor, 3-segment 
con f igu ra t ion  has been chosen. This conf igura t ion  w i l l  y i e l d  a  payload 
i n  excess  of 100,000 l b s  i n t o  low e a r t h  o r b i t .  Desired chamber pres -  
s u r e  and t h r u s t  time h i s t o r i e s  have been s e n t  t o  the  propulsion sub- 
con t r ac to r ,  Lockheed Propulsion Co., who was s e l e c t e d  f o r  t h i s  purpose 
by DAC and approved by MSFC. 

The technica l  comparison of the  l i q u i d  i n j e c t i o n  TVC t o  
the movable nozzle  TVC f o r  a p p l i c a t i o n  t o  the  260" SRM v e h i c l e  based 
on a v a i l a b l e  d a t a  is complete and s l i g h t l y  favors  the  movable nozz le .  
I f  more d a t a  become: a v a i l a b l e  during the  s tudy  period,  i t  w i l l  be  
impacted on the  s tudy.  

The c o s t  d a t a  f o r  t he  TVC systems have been co l l ec t ed  and 
compiled t o r  the  s imp1 i f i e d  i n j e c t i o n  s y s  tem and the  movable nozzle  
system. These cos t s  a r e  being compared w i t h  corresponding cases  of the  
Phase I1 sys  tem. To make t h i s  comparison meaningful,  the  f i g u r e s  f o r  
t he  TVC system incorporated i n  the  Phase I1 260-inch design a r e  being 
modified t o  comply w i t h  the  p re sen t  s tudy ' s  ground r u l e s .  The s tudy  
i s  on schedule and DAC performance of t he  s tudy  has been very  s a t i s -  
f a c t o r y  t o  d a t e .  

4. Northrop Space Laboratory has begun work under a  t a sk  order  
on a c t i v i t y  scheduling f o r  pre l iminary  mission a n a l y s i s .  So f a r ,  a l l  
e f f o r t  has been expended on de f in ing  inputs  and des i r ed  outputs  t o  
the problem. 



5. Saturn V Improvement S tudies  - The base hea t ing  t e s t  program 
of the  Sa turn  V w i t h  four  120-inch SRM'S a t  Cornel l  Aeronaut ical  Labora- 
t o ry  is t o  commence i n  the  middle of August. A s t a r t  d a t e  i n  September 
was c a l l e d  ou t  i n  t he  l a s t  bi-monthly progress  r e p o r t .  F i r s t  prel iminary 
d a t a  a r e  t o  be de l ive red  t o  MSFC by mid-October. 

I 
6. Sakurn I Improvement S tudies  - Chrysler Corporat ion is now 

under c o n t r a c t ' t o  perform a more d e t a i l e d  s tudy  on t h e i r  con f igu ra t ion ,  
using zero ,   two^, and four  120-inch, 7113 segment SRM' s .  One of the  
major t a s k s  w i l l  be t o  impact the s t a b i l i t y  and loads d a t a  from the  
wind tunnel  t e s t s  run i n  the  14'' MSFC tunnel  by R-AERO-AD. Advanced 
Systems Of f i ce  has a l s o  provided CCSD wi th  pressure  da t a  from Ti tan  I I I C  
and M wind tunnel  t e s t s  . 

11. TECHNICAL AND SCIENTIFIC STAFF (J. von Puttkamer) 

1. Advanced Launch Vehicle i n  T ra j ec to ry  Research (Northrop 
Contract  S.0.26) 

a. Rocket Propulsion Models 

The f i n a l  v e r s i o n  of t he  r e p o r t  on the  HTO-Only, VTO-Only, 
and HTO-Sonic Boom Computer programs has been p r in t ed  and de l ive red .  
Modif icat ions and ref inements  of t he  models a r e  cont inuing.  

b. Ai rbrea ther  Propuls ion  Model 

The HTO Airbrea ther  program b a s i c  l o g i c  was completed and 
programmed i n  l a r g e  p a r t s .  Considerable s tudy  was expended on sophis-  
t i c a t i o n  of t he  program. Such items a s  opt ion  and c o n s t r a i n t  r equ i r e -  
ments and r ap id  convergence techniques were developed f o r  i nc lus ion  i n  
t he  program. The very  l a r g e  number of op t ions  and v a r i a t i o n s  i n  t he  
program has requi red  a d e t a i l e d  a n a l y s i s  of the  methods of op t imiza t ion  
i n  t he  i n t e r e s t  of computer economy a s  we l l  a s  accuracy. 

The computer deck has been modified f o r  use on t h e  SDS-930 
computer s o  t h a t  checkout of i t s  components can proceed more r a p i d l y .  
Two informal i n t e r im  memoranda documenting the  a c t i v i t i e s  and r e sea rch  
progress  have been prepared. 

The a i r b r e a t h e r  r o u t i n e  has progressed through the  energy 
opt imiza t ion ,  known a s  Minimum Fuel P r o f i l e  (MFP) phase. The MFP 
sys  tem is a  complex method f o r  de f in ing  the  drag requi red  f o r  maximum 
energy ga in  by use of a s imp l i f  l ed  ca lcu lus  of v a r i a t i o n s  fechnique,  and 
f ind ing  the  ang le  of a t t a c k  a s soc i a t ed  wi th  t h i s  optimum d r a g .  The con- 
vergence scheme requi red  t o  f i nd  the  proper ang le  of a t t a c k  has been 
developed t o  a h igh  degree of e f f i c i e n c y  and turned over t o  the  con- 
t r a c t o r  who has checked it ou t  on the  computer. 



The rout ine  is f i t t e d  with s u i t a b l e  cons t ra in t s  t o  prevent 
i t  from at tempting t o  optimize by diving i n t o  the  ground. It is  a l s o  
constrained t o  zero o r  higher angles of a t t a c k .  However, i t  is not  
prevented from diving t o  ga in  energy i f  i t  has s u f f i c i e n t  a l t i t u d e ,  
i f  t h a t  i s  the  optimum approach. Vehicles usual ly  exh ib i t  a  s trong 
tendency t o  do t h i s  i n  penet ra t ing  the  drag peak i n  the  v i c i n i t y  of 
Mach 1. The veh ic le  then climbs and acce le ra tes  i n  a  t radeoff  between 
climb and acce le ra t ion ,  maintaining a  constant  angle  of a t t a c k  u n t i l  it 
reaches the tropopause. Here it goes i n t o  a  s e r i e s  of zooms and dives 
i n  an e f f o r t  t o  continuously build up t o t a l  energy. 

2. In terplanetary  Trajectory Research 

a .  Low Thrust Trajectory Optimization Meeting wi th  
Prince ton 

A meeting was held with research  personnel from 
Princeton Universi ty.  J. Preston Layton and G. Hazelrigg from t h e  
Department of Aerospace and Mechanical Sciences gave a  review of t h e i r  
current  and pas t  work i n  low-thrust in te rp lane ta ry  t r a j e c t o r y  ana lys i s  
which i s  being conducted i n  support of NASA-OSSA. Both our and t h e i r  
i n t e r e s t s  i n  the in te rp lane ta ry  t r a j e c t o r y  optimizat ion f i e l d  were 
i l luminated by the ensuing discussions.  Addressing themselves both t o  
the h e l i o c e n t r i c  and the p lanetocent r ic  phases, they have developed two 
major computer decks, GORDON and ITEM. While GORDON uses a  2-body 
model f o r  optimum t r a n s f e r  analyses,  ITEM apparent ly  can include up t o  
seven g r a v i t a t i n g  centers  (Venus, Earth,  Moon, Mars, J u p i t e r ,  Sun + 
Mercury). It was es tabl i shed by M r .  v.  Puttkamer t h a t  Princeton w i l l  
r e l e a s e  both decks t o  us for  our use. R-AERO-G was contacted and asked 
t o  consider  a c q u i s i t i o n  and study of the decks. 

M r .  v.  Puttkamer was invi ted  by Prof. Layton t o  a t t end  
the  Tra jec tory  Analysis and Optimization Theory Meeting organized by the  
Univers i ty  i n  Princeton on Apri l  26-27, 1967. M r .  Rowland E. Burns of 
R-AERO-G was asked t o  represent  AERO a t  the  meeting. 

b. Low Thrust Meeting with TRW 

A meeting was held with Dave Smith of TRW on mutual 
i n t e r e s t s  i n  solar-power work and l w - t h r u s t  t r a j e c t o r y  research.  TRW 
is developing a  low-thrust computer program f o r  JPL which apparent ly  
w i l l  maximize payload (or some cos t  function) from c i r c u l a r  o r b i t  t o  
c i r c u l a r  o r b i t ,  using m u l t i p l i e r s  f o r  the  patching and i t e r a t i n g  on the 
two-point boundary value problem. Smith i s  cu r ren t ly  experimenting with 
a  number of i t e r a t o r s .  The deck does not  include high thrus t l low t h r u s t  
combinations; i . e . ,  the  length  of the  high t h r u s t  por t ion  cannot be 
optimized. However, C3 can be optimized ( a t  departure from c i r c u l a r  
o r b i t )  both i n  d i r e c t i o n  and magnitude. 



Dave Smith discussed the  r e s u l t s  of a  s tudy  of a  con- 
t inuous ly  powered Venus swingby, which a f t e r  passage goes out  t o  5 A . U . ,  
based on minimized f l i g h t  time t o  t he  app ropr i a t e  aphel ion  v e l o c i t y  
passing by Venus. 

c .  Meeting on Tra jec tory  Research wi th  GD/C 

A m e e t i q  was held wi th  Fred Breuex and Me1 Smith of 
G ~ / ~ o n v a i r  on mutual i n t e r e s t s  i n  performance and t r a j e c t o r y  optimiza- 
t i o n  research .  Breuer and Smith have developed a  launch v e h i c l e  s i z i n g  
program (of q u i t e  conventional type, it seems) and a r e  a c t i v e  i n  low- 
t h r u s t  t r a j e c t o r y  s imula t ion  i n  support  of manned i n t e r p l a n e t a r y  miss ion 
s t u d i e s .  Their  goa l  appears  t o  be a  low-sophis t i c a t i o n  pre-design deck 
wi th  f a s t  running times t o  optimize t h r u s t  d i r e c t i o n  by COV, using 
Lagrange mu1 t i p l i e r s  , est imated by a  b a l l i s  t i c -der ived  approximation 
model. I n  the  hybrid t r a j e c t o r y  a r e a  (high th rus t l l ow t h r u s t  combina- 
t i o n s ) ,  they use the so-ca l led  "3-2 body" concept,  which c a l c u l a t e s  the  
h igh  t h r u s t  po r t ion  t o  and from the  sphere of in f luence  by conic geometry 
and matches these  por t ions  wi th  the  two-dimensional motion i n  h e l i o c e n t r i c  
space,  which uses COV t o  optimize both the t h r u s t  a t t i t u d e  and the t h r u s t  
switching time. 

Fur ther  d i scuss ions  centered on G D / C 1 s  work i n  r e e n t r y  
' 

t r a j e c t o r y  developaent used f o r  t h e i r  s y n e r g i s t i c  plane change ana lyses  
( t r y i n g  t o  f i n d  the  optimum i g n i t i o n  po in t  a t  per igee)  and s t u d i e s  of 
r e c a l l  of manned l i f t i n g  body v e h i c l e s ,  and on t h e i r  work i n  advanced 
launch v e h i c l e  t r a j e c t o r i e s ,  which appears t o  dea l  wi th  VTOHL w i t h  
f  lyback. 

3 .  Advanced Sys tems and Mission Studies  

a .  Burner I1 Presenta t ion  

M r .  Gene Seath of the  Boeing Company ( S e a t t l e )  was 
i n v i t e d  by M r .  v .  Puttkamer t o  g ive  a p re sen ta t ion  on Burner I1 t o  
Marshall  personnel .  The Burner I1 upper s t a g e  was developed f o r  i n i t i a l  
use on the  THOR SLV-2 boos ter  of the  A i r  Force and is r e a d i l y  adaptable  
f o r  use on o the r  boos ters  of the  THOR family,  t he  ATLAS and TITAN boos t e r s ,  
and a s  a  t h i r d  s t a g e  wi th  the  Improved Del ta ,  Agena, Centaur,  and TITAN 
Transtage,  a s  wel l  a s  on the  Sa turn  I B .  Primary propuls ion  i s  provided 
by a Thiokol TE-M-364-2 (Surveyor r e t r o )  s o l i d  p rope l l an t  rocke t  motor. 
It uses a  ho t -  and cold-gas r e a c t i o n  con t ro l  subsystem (H202 and N2) 
and a  preprogrammed strapped-down i n e r t i a l  guidance system. Tota l  weight 
a t  i g n i t i o n  i s  1806 l b s ,  w i th  a  mass f r a c t i o n  of 0.81. 

Boeing has r e c e n t l y  conducted a propulsion improvement 
s tudy  f o r  the  Burner I1 f o r  JPL, i n  which they looked a t  advanced s o l i d  
rocke t  motors,  both f o r  a synchronous e q u a t o r i a l  and a h igh  v e l o c i t y  



mission (escape from 100 n. mi . ) .  Optimum motor s i z e  was found t o  be 
r e l a t i v e l y  i n s e n s i t i v e  t o  s p e c i f i c  impulse and mass r a t i o ,  bu t  s e n s i t i v e  
t o  miss ion  a p p l i c a t i o n .  With the ATLAS SLV-3~1Centaur a s  launch v e h i c l e ,  
a  2300 l b s  p rope l l an t  weight w i l l  provide optimum synchronous payload 
c a p a b i l i t y  (2380 l b s )  and near-optimum h igh  v e l o c i t y  mission c a p a b i l i t y  
(50,660 f t l s e c  f o r  400 l b s ) .  

The Burner I1 i s  a l s o  of i n t e r e s t  f o r  t he  s o l a r / e l e c t r i c  
Mars photo miss ion using Saturn IB/Centaur. The c o s t  is around $400,000 
per copy. 

b. SAE 2nd Space Technology Conference 

The Second Space Technology Conference of t he  Socie ty  
of Automotive Engineers on low-cos t o r b i t a l  t r a n s p o r t a t i o n  w a s  he ld  a t  
Palo Al to ,  C a l i f . ,  co-sponsored by B r i t i s h ,  French, German and I t a l i a n  
rocke t  s o c i e t i e s ,  w i t h  about  200 a t tendees  from the  U.  S. and Europe. 
The 34 papers presented a t  the  conference were i n  gene ra l  of a  r e l a t i v e l y  
h igh  s tandard .  The main s e s s i o n ,  on Far Term Space Vehicle Concepts, 
introduced and chaired by J. v. Puttkamer, f ea tu red  a keynote paper by 
C.  Bui lder  on the l a s t  decade i n  s p a c e f l i g h t ,  a concept of a  "Saturn 
a p p l i c a t i o n  s i n g l e  s t a g e  t o  o rb i t "  b a l l i s  t i c  reusable  sys  tem by P h i l  
Bono e t  a l .  of Douglas, a  d e t a i l e d  survey of des ign  cons idera t ions  and 
development a spec t s  of o r b i t a l  t r a n s p o r t  systems by D. W. Fe l lenz  and 
C.  M. Akridge of MSFC-ASO, comparisons of f u l l y  reusable  VTOHL systems 
by R. A .  Nau of G ~ I c o n v a i r ,  and a  p a r t i a l l y  reusable  " t ip- tank" concept 
by R. Quest of McDonnell-Douglas. One of the  more outs  tanding cont r ibu-  
t i o n s  was a  paper on con t ro l  systems f o r  advanced launch v e h i c l e s ,  
authored by J i m  B l a i r  and J e r r y  Redus of R-AERO-G. 

c .  Study of S t r u c t u r a l  Weight S e n s i t i v i t i e s  

The f i n a l  review of t h e  s tudy of s t r u c t u r a l  weight 
s e n s i t i v i t i e s  f o r  l a r g e  rocke t  systems ( con t r ac t  NAS2-3811) was he ld  
on May 15,  1967, a t  the Ames Research Center .  Attendees from Marshall  
were D.  W. Fe l lenz ,  H. F. Wuenscher, E. E. Engler ,  and J. von Puttkamer. 

The s tudy  has been conducted by General E l e c t r i c  f o r  
t h e  p a s t  e i g h t  months wi th  the  ob jec t ive  t o  eva lua t e  s t r u c t u r a l  weight 
s e n s i t i v i t i e s  of l a r g e  rocke t  s t ages  (post-Saturn type) and t o  determine 
p o t e n t i a l  weight savings through a p p l i c a t i o n  of advanced ana lyses ,  
m a t e r i a l s ,  f a b r i c a t i o n ,  and design technologies .  Weight savings up t o  
11 percent  ( s t r u c t u r a l  weight only)  were noted f o r  reduct ions  i n  design 
c r i t e r i a ,  which included prelaunch and i n f l i g h t  winds, maximum acce l e ra -  
t i o n ,  maximum tank pressure ,  and s a f e t y  f a c t o r .  While r educ t ion  of pre- 
launch wind from 99.9 percent  and 95 percent  p r o b a b i l i t y  of occurrence 
did not  a f f e c t  the  s t r u c t u r a l  weight ,  v a r i a t i o n  of i n f l i g h t  wind p r o f i l e s  
from 95 percent  down t o  90 percent  showed up t o  2 percent  weight reduc- 
t i o n s ,  when winds a r e  va r i ed  a s  a  s i n g l e  v a r i a b l e .  Reducing the  maximum 
3cce le ra t ion  t o  2 g ' s  r e s u l t e d  i n  6 percent  weight sav ings .  



I n  the  a r e a  of unique design approaches t o  weight 
sav ing ,  GE inves t iga t ed  gimbaled b e l l  engines (as opposed t o  post-  
Sa turn  type plug nozzle  concepts) and front-end s t e e r i n g  (both aero-  
dynamic and propuls ive) .  Weight savings due t o  incorpora t ion  of 
gimbaled b e l l  e inges r e s u l t i n g  i n  reduced bending moments (over the 
d i f f e r e n t i a l  t h r o t t l i n g  f o r  TVC of the plug nozzle)  came a s  high a s  
3 percent ,  while  the  e f f e c t  of f r o n t  end s t e e r i n g  (considered a s  a  
s i n g l e  v a r i a b l e )  produced s t r u c t u r a l  weight savings of up t o  10 percent  
due t o  r educ t ion  i n  bending moments by a  f a c t o r  of about  3 .  The use of 
advanced i s o t r o p i c  ma te r i a l s  and wa l l  cons t ruc t ion  methods o f f e r s  reduc- 
t i ons  a s  high a s  50 percent ,  w i th  even higher  ga ins  (59 percent )  f o r  
f i lamentary  composites . Maximum poss ib l e  weight s av ings ,  combining the  
e f f e c t s  of lowest loads ,  l i g h t e s t  ma te r i a l s  and l i g h t e s t  cons t ruc t ion  
p re sen t ly  under development, was given a s  7 3  percent ,  which did no t  
inc lude  the  a d d i t i o n a l  weight of the  front-end s t e e r i n g  equipment 
(counted a s  "propulsion,"  no t  a s  " s t ruc tu re" ) ,  nor the  reduced weight 
of leaving the gimbal system ou t ,  nor pdss ib l e  changes i n  drag due t o  
t he  f r o n t  end s t e e r i n g .  Load r e l i e f  con t ro l  systems o the r  than f r o n t  
end s t e e r i n g  were not  invest igaged,  apparent ly  due t o  l ack  of informa- 
t i on .  GE and the OART-MAD coordinator  (Ed Gomersall) were urged by 
M r .  v .  Puttkamer t o  consul t  w i th  Aero Lab wi th  r e s p e c t  t o  t h i s  gap. 

d. Hypersonic A i r c r a f t  Technology 

1. SCRAMJET Meeting wi th  Marquardt 

A meeting was held wi th  Messrs. A 1  Golds te in  and 
P. A. Gaechter of the Marquardt Corporation t o  d iscuss  ~ a r q u a r d t '  s  
r e c e n t  t e s t s  of the  E jec to r  Scramjet.  These runs were made i n  a  Mach 
3 f r e e - j e t  f a c i l i t y  a t  Mach 1.6,  4.8  and 6.0,  where the  h ighe r  Mach 
numbers were s imulated by pre-heat ing the  a i r ,  r e s u l t i n g  i n  app ropr i a t e  
en tha lpy ,  pressure  and temperature l e v e l s .  T rans i t i on  was demonstrated 
a t  Mach 4.8. The engine has an  i n s i d e  diameter of 5.38" and i s  water-  
spray  cooled. The primary rocke t ,  s i t t i n g  i n  the  centerbody of t he  
i n l e t ,  i s  water-cooled and runs on gaseous hydrogen and oxygen. 

A 1  Golds t e i n  discussed a l s o  the  planned E jec to r  
Ramjet t e s t s .  This engine has 8 primaries  and i s  running on hydro- 
carbons ( JP ,  peroxide) .  Tests  a t  s ea  l e v e l ,  Mach 1 and Mach 3 condi- 
t i o n s  a r e  being prepared. It was a l s o  learned t h a t  the  AF Scramjet 
f l i g h t  t e s t  program, using a  Castor boos t e r ,  has been "scoped" a f t e r  
an  unsuccessful  "cold" f l i g h t  of a  dummy v e h i c l e ,  i n  which the  Scramjet- 
t h r u s t  was simulated by small  s o l i d  rocke ts  a t  the  Scramjet exhaus ts .  
Apparently v e h i c l e  and boos ter  had recontac ted  and co l l i ded  a f t e r  separa 
t i o n ,  lead ing  t o  l o s s  of s t a b i l i t y .  During h i s  l a s t  v i s i t  a t  the  
Marquardt Corp. i n  February 1966, M r .  von Puttkamer had emphat ical ly  
advised and warned Marquardt of t h i s  s t rong  p o s s i b i l i t y .  



2. Meeting on the Air turborocket  

M r .  A. Thatcher of Astrosystems, I n c . ,  gave a pre- 
s e n t a t i o n  on h i s  company's cu r r en t  work on the a i r - t u rbo - rocke t  f o r  the  
Army, the cyc le  of which was a l r eady  inves t iga t ed  (and d iscarded)  by us 
during the  r e c e n t  composite propulsion s tudy  (NAS7-377). 

3. Hypersonic Technology Conference 

MSFC/Aero was represented  a t  the  1967 NASA Conference 
on Hypersonic A i r c r a f t  Technology held a t  Ames on May 16-18, 1967. During 
the three-day ( c l a s s i f i e d )  conference, 32 papers of gene ra l ly  e x c e l l e n t  
q u a l i t y  were given by researchers  i n  the  a r e a s  of conf igura t ion  aero-  
dynamics, hypersonic viscous flow, propulsion,  s t r u c t u r e s  and m a t e r i a l s  , 
and mission s t u d i e s .  Of p a r t i c u l a r  i n t e r e s t  were papers on experimental 
aerodynamics and a n a l y s i s  of s t a g e  s e p a r a t i o n  of reusable  launch v e h i c l e s  
(Langley),  boundary l aye r  t r a n s i t i o n  on hypersonic c r u i s e  a i r c r a f t  
(Langley),  hypersonic i n l e t  technology (Ames), f u e l  i n j e c t i o n  and mixing 
i n  Scramjet combustors, a s  we l l  a s  i g n i t i o n  and chemical k i n e t i c s  i n  
hypersonic ramjets  (Lewis), and s t r u c t u r a l  m a t e r i a l s  f o r  hypersonic 
a i r c r a f t .  

Attended by a t  l e a s t  500 people from NASA, A i r  Force, 
u n i v e r s i t i e s ,  and indus t ry ,  the  conference was q u i t e  succes s fu l  w i th  most 
of  t he  c r e d i t  belonging t o  the  e x c e l l e n t  organiza t ion  by ~ m e s '  top manage- 
ment and t o  the  chairmen respons ib le  f o r  the  informative papers.  

4. Voyager P r o j e c t  

The Voyager In te r im P r o j e c t  Off ice  (VIPO) a t  Pasadena, C a l i f . ,  
was v i s i t e d  by M r .  v. Puttkamer t o  conduct d i scuss ions  wi th  M r .  G. Robi l la rd  
and D r .  R .  Stephenson of MA&E concerning problems of Voyager t echn ica l  
management and the  ques t ion  of t echn ica l  cooperat ion between JPL/VIPO and 
Aero Laboratory. I t  appears t h a t  M&E cons iders  i t s e l f  under t i g h t  schedule 
pressure  and would l i k e  our p a r t i c i p a t i o n ,  provided it does no t  cause any 
hold-up i n  t h e i r  pace. 

If  I. AEROPHYS ICS DIVISION 

A. F lu id  Mechanics Research Off ice  

Hot Wire Measurement i n  Two-Dimensional Base Flow - The t e s t  
phase of the  base flow and sepa ra t ion  s tudy  has been completed by IITRI 
a t  the Aero-Hypersonic Laboratory of the Un ive r s i t y  of Minnesota. Ninety- 
e i g h t  runs were made during 14 days of t e s t i n g .  Hot-wire measurements 
were made near the  model base and i n  the separa ted  flow reg ion  a t  a Mach 
number of 3.0 over a Reynolds number range of 7 t o  40 x l o 6  w i t h  base 



temperatures between 200 and 500°R. Also f o r  t he  above condit ions mean 
pressure  measurements and h e a t  t r a n s f e r  da t a  were obtained on the  model 
base. 

B. Mechanical Design Off ice  

1. Slosh Force Measuring Device 

Design of a  balance system and d r i v e  mechanism t o  measure 
drag fo rces  on a  f l a t  p l a t e  s i n u s o i d a l l y  o s c i l l a t i n g  i n  a  l i q u i d  i s  
90 percent  complete. A Scotch Yoke dr iven  by a  v a r i a b l e  speed D.C. 
e l e c t r i c  motor w i l l  a l low o s c i l l a t i o n  from 0.5 t o  10 cps.  Forces 
w i l l  be measured by a  preloaded fo rce  t ransducer .  

2. Vacuum Research Chamber 

Drawings and s p e c i f i c a t i o n s  of t he  8- foot  diameter by 11.5- 
f o o t  long vacuum re sea rch  chamber have been forwarded t o  ME Lab wi th  a  
requested d e l i v e r y  da t e  of January 8,  1968. One end of t he  chamber has 
a n  e a s i l y  opera ted ,  f u l l  diameter hinged head. The o the r  end has a  head 
supported on a  roll-away c a r t .  

3 .  The fol lowing i s  a  p a r t i a l  l i s t  of a d d i t i o n a l  p r o j e c t s  and 
t h e i r  c u r r e n t  s t a t u s  : 

Modif i c a t i o n l ~ e - ~ e s  ign of Spec ia l  Tes t  
Sec t ion  14-Inch Wind Tunnel f o r  5" O.D. Design 
Base Flow Models 

5" O.D. Saturn V Base Flow Model wi th  
Pressure Instrumentat ion f o r  X-Beam - 
14'' Wind Tunnel 

Diaphragm Cu t t e r  Assembly f o r  the  
High Reynolds Assembly 

Four-Percent Sa turn  V Force Model - AEDC 

Remote Control Hardware f o r  Floor  and 
Cei l ing  Adjustment - TTS, 14" Wind 
Tunne 1 

Temperature - Mismatch Test  Sect ion 

Pressure  Probes and Support System - 
14" Wind Tunnel 

Design 

Design 

Draf t ing  

Draf t ing  

Dra f t i ng  

Fabr i ca t ion  



Five-Component, 112-inch O.D.  Balance Fabr ica t ion  

Variable  Po ros i ty  Walls f o r  TTS - 
14" Wind Tunnel 

Sa turn  V, Thin Skin Heat Transfer  Model - JPL 

Strap-On Booster f o r  S-IC Model 
(GAL Design) - CAL 

F l a t  P l a t e  Model (NSL Design) - AMES 

Mod i f  i c a  t i o n  of Five-Engine Model - CFD 

Boom and Clamps f o r  Meteorological  Test ing 
on 400-Foot RSA Tower 

Fins and Axisymmetric Body and Balance - 
14" Wind Tunnel 

Sa turn  I B  Forced O s c i l l a t i o n  Model and 
Balance - 14" Wind Tunnel 

Modif icat ion of S-IB Force Model - 
14" Wind Tunnel 

J i g s  f o r  Modif icat ion of Nike Motors - KSC 

Laser Doppler Turbulence Hardware - 
(Ray theon Des ign)  

0s c i l  l a t i n g  Wake Model (Lockheed Model) - 
14" Wind Tunnel 

Chart Readout Board wi th  Take-up-Rolls 

Free O s c i l l a t i n g  Balance and Model 
Assembly (Lockheed Des ign)  

Three-Cylindrical Models f o r  Low Densi ty 
Tes t ing 

Fabr ica t ion  

Fabr i ca t ion  

Fabr i ca t ion  

Fabr i ca t ion  

Delivered 

Delivered 

Delivered 

Delivered 

Delivered 

Delivered 

P a r t i a l  Del. 

Delivered 

Delivered 

Fabr i ca t ion  

Fabr i ca t ion  

C.  Aerodynamic Design Branch 

1. Sa turn  IB/LM Vehicle 

Load D i s t r i b u t i o n s  - The d i s t r i b u t e d  s t a t i c  aerodynamic 
loads f o r  the  Saturn IB/LM conf igura t ion  have been documented i n  
CCSD TB-AP-67-94. These d a t a ,  which supersede the  pre l iminary  d a t a  i n  
R-AERO-AD-66-31, a r e  enclosed i n  R - A E R O - A D - ~ ~ - ~ ~ .  



2. Sa turn  IBIAAP Vehicle 

a. S t a t i c  Aerodynamics 

Three- and s i x - f o o t  c y l i n d r i c a l  extensions have been 
proposed f o r  t he  Sa turn  IB/L,M ex te rna l  conf igura t ion  f o r  adap ta t ion  t o  
AAP v e h i c l e  payloads. The s t a t i c  aerodynamic s t a b i l i t y  and load charac- 
t e r i s t i c s  f o r  these  modified veh ic l e s  have been determined and a r e  
presented i n  RrAERO-AD-67-31. 

b. Compartment Venting 

I n - f l i g h t  compartment vent ing  ana lyses  have been con- 
ducted f o r  t he  payload compartment of the  AAP-2 O r b i t a l  Workshop v e h i c l e  
and the  AAP-4 v e h i c l e  (3-foot ex tens ion  ve r s ion ) .  The r e s u l t i n g  i n t e r n a l  
pressure  bands a r e  presented i n  R-AERO-AD-67-50 and R-AERO-AD-67-30, 
r e spec t ive ly .  

3. A p o l l o / ~ a t u r n  I B  Lif t -Off  Aerodynamics 

L i f t - o f f  aerodynamic c h a r a c t e r i s t i c s  were defined f o r  
~ p o l l o / ~ a t u r n  I B  veh ic l e s  t o  support  l i f t - o f f  a n a l y s i s .  These d a t a  
were defined f o r  use during the  f i r s t  t e n  o r  f i f t e e n  seconds of f l i g h t  
where non-uniform v e l o c i t y  p r o f i l e s  a r e  assumed t o  be a c t i n g  over the  
v e h i c l e .  The l o c a l  ang le  of a t t a c k  over the  v e h i c l e  a f t e r  l i f t - o f f  
v a r i e s  w i t h  a  h igher  angle  of a t t a c k  over the forward po r t ion  of the 
v e h i c l e  than the  a f t  por t ion .  The l o c a l  dynamic pressure  is  a l s o  
g r e a t e r  f o r  the  forward po r t ion  of the  veh ic l e  which y i e l d s  a  more 
forward cen te r  of pressure  than f o r  the  uniform v e l o c i t y  p r o f i l e  case .  

The t o t a l  normal f o r c e  c o e f f i c i e n t  and cen te r  of p re s su re  
were def ined  f o r  the  case of a uniform v e l o c i t y  p r o f i l e .  Local normal 
fo rce  c o e f f i c i e n t  d i s t r i b u t i o n s  f o r  angles  of a t t a c k  of 30, 50, 70 and 
90 degrees were defined by modifying s tandard v iscous  cross-f low normal 
fo rce  d i s t r i b u t i o n s  f o r  t he  t o t a l  i n t eg ra t ed  fo rce  and cen te r  of pres-  
s u r e  t o  match the t o t a l  da ta .  To apply  these  d a t a  t o  the  case  of a  non- 
uniform v e l o c i t y  d i s t r i b u t i o n  (va r i ab l e  angle  of a t t a c k  along the  v e h i c l e ) ,  
t he  d i s t r i b u t i o n s  a r e  presented a s  a  percentage of t he  t o t a l  va lue .  Thus, 
once the  l o c a l  ang le  of a t t a c k  i s  determined by coupling the  known 
v e r t i c a l  v e l o c i t y  component w i t h  the  ho r i zon ta l  wind v e l o c i t y  component, 
the  l o c a l  normal fo rce  c o e f f i c i e n t  a t  any s t a t i o n  can be obtained by 
mul t ip ly ing  the  percentage by the t o t a l  normal fo rce  c o e f f i c i e n t  f o r  
t h a t  ang le  of a t t a c k .  The normal fo rce  c o e f f i c i e n t  f o r  t he  f i n s  p lus  
shrouds and command module plus  launch escape system a r e  defined a s  con- 
cen t r a t ed  percentage fo rces .  These da t a  a r e  published i n  R - A E R O - A D - ~ ~ - ~ O .  



4, Saturn V Lift-Off Aerodynamics 

A p r e t e s t  conference was held a t  LTV t o  discuss I 

coming t e s t  which w i l l  determine t o t a l  s t a t i c  loads f o r  the AF 
Saturn V launch veh ic le  due t o  simulated'ground winds i n  the  p 
of the launch complex with simulated engines on and o f f .  LTV i 
furnished preliminary model design which have been approved. L 
mina t ion of correc t .  engine plume s imula t ion  parameters continue 
be a problem. ~ e s t s ' w i l l  be conducted a s  soon a s  hardware can 
designed and fabr ica ted  (July 1967 estimated). 

5. Apollo/Saturn V S-IC/S-11 In te r s t age  Aerodynamics 

Discrepancies between the data  obtained from the s i c  
mounted and sting-mounted t e s t  models a r e  s t i l l  being analyzed. 
t e s t i n g ,  using both methods along wi th  pressure measurements, .is , 

i n  the  MSFC 14" TWT a s  soon a s  the  schedule w i l l  permit. These ti 

should shed some l i g h t  onto the  problem. 

6. Venting Analysis f o r  the  Apollo/Saturn V S-II/S-IVB 
I n t e r s  tage 

I n - f l i g h t  venting c r i t e r i a  f o r  the  S-111s-IVB i n t e r s t a ,  
were es tabl i shed based on a typica l  Saturn V design t r a j e c t o r y  i n  
1964 (R-AERO-AD-64-89). These data  have been updated t o  r e f l e c t  the 
d i f fe rences  between the AS-501, 503 and 504 t r a j e c t o r i e s .  The analy 
a l s o  r e f l e c t s  l a t e s t  experimental external  pressure d i s t r i b u t i o n s  fo: 
angles of a t t a c k  from 0" - 12" a s  developed from AEDC 4 percent S a t u ~  
t e s t  r e s u l t s .  The r e s u l t s  of the  study a r e  being published. 

7. Range Safe ty  Aerodynamics f o r  Apollo/Saturn V 

The high angle-of-attack aerodynamic c h a r a c t e r i s t i c s  of 
the  ~ p o l l o / S a t u r n  V vehic les  f o r  range s a f e t y  and emergency de tec t ion  
system s t u d i e s  were defined. Normal force  c o e f f i c i e n t ,  a x i a l  force  
c o e f f i c i e n t ,  and center  of pressure were defined f o r  f i r s t ,  second, 
and t h i r d  s t age  f  1 igh t  configurat ions f o r  power-on and power-of f  a t  
various Mach numbers (0 - 8.0) a s  a  function of angle of a t t a c k  (0" - 
180"). These data  were a l s o  defined f o r  the  S-IC s t age  f o r  power-off. 
Drag c o e f f i c i e n t s  fo r  various s t ages ,  in t e r s t ages ,  components and 
combinations of s tages  and components were defined a s  a  function of 
Mach number a t  angles of a t t a c k  of 0°,  90°, 180°, and tumbling. For 
emergency de tec t ion ,  system s tud ies ,  l o c a l  normal force  c o e f f i c i e n t  
d i s t r i b u t i o n s  a t  high angles of a t t a c k  (20" 6 a S 40") were defined 
f o r  Mach numbers 0.2 t o  7.0. These da ta  a r e  published i n  NASA 
TM X-53599, Apri l  21, 1967. 



AS-501, 502, and 503 F-1 Engine Aerodynamic Hinge Moments 

The aerodynamic hingemoments f o r  the  F-1 engines were 
defined by the  Boeing Company f o r  nominal and 30 r i g i d  body excursions 
i n  ang le  of a t t a c k  and engine d e f l e c t i o n s  f o r  each veh ic l e .  These da t a  
were generated i n  the  50 t o  110 seconds of f l i g h t  time range,  thus 
encompassing the  s i g n i f i c a n t  dynamic pressure  po r t ion  of f l i g h t .  The 
bands were obtained by s e l e c t i n g  the  a c t u a t o r s  wi th  the  g r e a t e s t  t e n s i l e  
and corn~ressiZre loading f o r  both the nominal and 30 v a r i a t i o n s  i n  ang le  
of a t t a c k  and engine d e f l e c t i o n .  These da t a  a r e  published i n  memorandum 
R - A E R O - A D - ~ ~ - ~ ~ ,  A p r i l  20, 1967. 

9. ~ p o l l o / ~ a t u r n  V Secbnd Stage S t a t i c  S t a b i l i t y  and 
Drag C h a r a c t e r i s t i c s  

The s  t a t i c  s t a b i l i t y  and drag cha rac t e r  i s  t i c s  of t he  second 
s t a g e  conf igu ra t ion  of t he  A p o l l o / ~ a t u r n  V v e h i c l e  have been published 
f o r  t he  normal f l i g h t  Mach range of 5.0 - 10.0 (R-AERO-AD-65-18). To 
suppor t  t he  p o s s i b i l i t y  of low a l t i t u d e  opera t ion  of t he  second s t a g e  
conf igu ra t ion  ( i n  the event  of S-IC malfunct ion)  t he  s t a t i c  s t a b i l i t y  
and a x i a l  f o r c e  c h a r a c t e r i s t i c s  of the v e h i c l e  f o r  Mach numbers 0  - 5.0  
have been e s t ab l i shed .  These da t a  a r e  being prepared f o r  pub l i ca t ion .  

10. Apollo/ Sa tu rn  V Third Stage F l i g h t  Configurat ion S t a t i c  
S t a b i l i t y  and Axial  Force Character i s  t i c s  

The aerodynamic c h a r a c t e r i s t i c s  of the  t h i r d  s t a g e  f l i g h t  
con f igu ra t ion  of t he  Apollo/Saturn V v e h i c l e  were defined wi th  and with-  
o u t  launch escape system. The normal fo rce  c o e f f i c i e n t ,  c en te r  of pres-  
s u r e  and a x i a l  fo rce  c o e f f i c i e n t  were obtained f o r  Mach numbers of 6 .5 
and g r e a t e r  a s  a  func t ion  of ang le  of a t t a c k .  These d a t a ,  def ined t o  
suppor t  s t u d i e s  of launching the S-IVB s t a g e  of the  S- I1  s t a g e  i n  case  
the  S - I1  s t a g e  f a i l s  t o  i g n i t e ,  a r e  published i n  R-AERO-AD-47-47, May 10,  
1967. 

11. Aerodynamic C h a r a c t e r i s t i c s  of a Bent ~ p o l l o / ~ a t u r n  V 
Configurat ion 

Aerodynamic normal fo rce  c h a r a c t e r i s t i c s  of the    pol lo/ 
Sa turn  V v e h i c l e  a t  a  f l i g h t  Mach number of 1 .20,  angle  of a t t a c k  of 8", 
have been developed t o  support  e l a s t i c  body ana lyses  f o r  the  veh ic l e .  
These aerodynamic c h a r a c t e r i s t i c s  were developed f o r  the  veh ic l e  center -  
l i n e  bent  a s  descr ibed by a  f i f t h  order  curve. The development of the  
aerodynamics f o r  t h i s  case predica ted  the e s  tab1  ishment of a  computer 
program us ing  l i n e a r i z e d  theory t o  f a c i l i t a t e  genera t ing  the da t a .  The 
computer technique i s  now ope ra t iona l  and subsequent d a t a  of t h i s  type 
can be generated more economically. 



12.  Saturn  V Control Factor Var ia t ion  Analyses 

The c o n t r o l  f a c t o r s  and corresponding v a r i a t i o n  ana lys  i s  
f o r  ~ p o l l o / S a t u r n  V veh ic l e s  501-503 have been published i n  o f f i c e  
memorandum R-AERO-AD-57-41. The da t a  are accepted as design c r i t e r i a .  

13. Sa turn  V S trap-On Aerodynamics 

The s t a t i c  aerodynamic c h a r a c t e r i s t i c s  of a two-stage, 
thrust-augmented Saturn V v e h i c l e  have been published i n  o f f i c e  memo 
R-AERO-AD-67-46. The v e h i c l e  cons is ted  of two s t a g e s  w i th  four  seven- 
segment 120-inch s o l i d  motors a t tached  t o  the  f i r s t  s t a g e  booster  . 

The aerodynamic d a t a  presented cons i s  ts of t he  normal f o r c e  
c o e f f i c i e n t ,  cen ter  of pressure  and a x i a l  fo rce  c o e f f i c i e n t  f o r  bo th  
t h e  f ins -on  and f in s -o f f  conf igura t ions .  No d i s t r i b u t e d  aerodynamics 
a r e  presented i n  t h i s  memorandum. 

14. O r i f i c e  Flow Coef f i c i en t  Study 

The cor rec ted  s e t  of d a t a  obtained from the  o r i f i c e  flow 
c o e f f i c i e n t  s tudy  conducted i n  t he  Ames 6-foot  supersonic  wind tunnel  
i n  suppor t  of the  Sa turn  V vent ing  program has been analyzed. Inac- 
cu rac i e s  and d iscrepancies  a r e  s t i l l  ev ident .  It has been determined 
t h a t  d a t a  measurement inaccurac ies  caused very  poor r e s u l t s  i n  t he  a r e a  
of low v e n t  j e t  mass flows. To c o r r e c t  t hese  problems along w i t h  model 
problems which occurred during the  f i r s t  i n v e s t i g a t i o n  because of poor 
f a b r i c a t i o n ,  a follow-on t e s t  i s  planned f o r  August 15. Pas t ,  p r e sen t  
and a n t i c i p a t e d  f a b r i c a t i o n  problems may f o r c e  a s l i p  i n  t he  t e s t  d a t e  
of two t o  t h ree  weeks. 

Because of t he  de lay  of going out  on b ids  t o  choose a con- 
t r a c t o r  t o  f a b r i c a t e  the model and then ob ta in ing  an  est imated model 
d e l i v e r y  d a t e ,  the p r e t e s t  conference planned f o r  Apr i l  a t  Ames was 
postponed u n t i l  June 2. 

15. Body of Revolution Viscous Cross-Flow I n v e s t i g a t i o n  

Addi t iona l  fo rce  t e s t i n g  i n  t he  h igh  angle  of sck range 
was completed Apr i l  17, 1967, i n  the  MSFC 14" f a c i l i t y  and being 
p l o t t e d  f o r  eva lua t ion .  This completed Phase I a  and I I a  of  t he  viscous 
cross-f low study.  

The cos t  of pressure  model f a b r i c a t i o n  i n  the  proposal  
submitted by LTV t o  RFQ DCN 1-7-75-20132 w a s  cons iderably  higher  than 
expected and would have r e s u l t e d  i n  reducing the  number of wind tunnel  
hours a v a i l a b l e  f o r  t h a t  po r t ion  of t he  viscous cross-f low study.  It 
was decided t o  f a b r i c a t e  the  pressure  model a t  MSFC and t o  r e -nego t i a t e  
w i th  LTV on wind tunnel  t e s t  hours only. The r e s u l t s  of t h i s  approach 
a r e  no t  y e t  a v a i l a b l e .  
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16. Orb i t a l  Aerodynamics 

During t h i s  r epo r t ing  period,  Lockheed personnel ,  working 
under Schedule Order No. 83, have ca l cu la t ed  o r b i t a l  aerodynamics f o r  
s eve ra l  updated Orb i t a l  Workshop and LM/ATM c l u s t e r  conf igura t ions .  
These da t a  are .  presented i n  t he  follbwing memorandums: 

a .  "Orbi ta l  Aerodynamic Character  i s  t i c s  f o r  t he  Apollo 
Command and Serv ice  Module (CSM) wi th  the  Docked Lunar Mapping and 
Survey System (LM&SS)," R-AERO-AD-57-36, Apr i l  13, 1967. 

b.  "Orbi ta l  Aerodynamic ~ h a r a c t e r i s t i ~ c s  f o r  a Prel iminary 
Configurat ion of t he  Clus te r  Arrangement of the  O r b i t a l  Workshop wi th  
the LM/ATM Extended 100 Feet ,"  R-AERO-AD-67-37, Apr i l  19, 1967. 

c. "Orbi ta l  Aerodynamic Character i s  t i c s  f o r  t he  O r b i t a l  
Workshop wi th  the Docked Mapping and Survey System wi th  and Without 
the  Docked Command and Serv ice  Module (MSFC Drawing SK10-7298, Revi- 
s i o n  D)," R-AEkO-AD-67-48, May 22, 1967. 

d . "Orbi ta l  Aerodynamic Character  i s  t i c s  f o r  the  O r b i t a l  
Workshop (OWS) With and Without the  Docked Command and Serv ice  Module 
(CSM) (MSFC Drawing SK10-7 298, Revis ion D) ," R-AERO-AD-47-49, May 22, 
1967. 

Some d a t a ,  contained i n  t he  following memorandum, have 
a l s o  been generated in-house wi th  a "shadow method." 

e .  "Orbi ta l  Aerodynamic Data f o r  the  LM/ATM Clus t e r  Con- 
f i g u r a t i o n  of the  Orb i t a l  Workshop (MSFC Drawing SK10-7298, Revis ion  D) ," 
R-AERO-AD-47-42, 3,  1967. 

D. Experimental Aerophysics Branch 

1. Thermal Acoustic J e t  F a c i l i t y  

The Cold Flow Duct was i n a c t i v e  t h i s  per iod ,  only minor 
maintenance and f u t u r e  t e s t  p repara t ion  being performed. Test ing w i l l  
commence about  mid-June and cont inue i n t e r m i t t e n t l y  through September 
on f u r t h e r  cross-beam c o r r e l a t i o n  s t u d i e s .  The modi f ica t ion  on the  
Helium Heater i s  progressing s a t i s f a c t o r i l y  w i t h  d e l i v e r y  t e n t a t i v e l y  
scheduled f o r  l a t e  summer 1967. 

2. 14 x 14-Inch Tr i son ic  Wind Tunnel 

The following t e s t s  were conducted during Apr i l  and May: 

a .  Conclusion of the  i n v e s t i g a t i o n  f o r  R-AERO-AD t o  s tudy  
the  v iscous  cross-flow e f f e c t s  on bodies of r evo lu t ion  a t  high angles  of 
a t t a c k .  Tota l  runs:  223. 



b. An inves t igat ion fo r  R-AERO-AF in to  the flow 
of the Special Test Section of the TWT. This was the second in  
of t e s t s  i n  preparat ion f o r  de ta i l ed  cross-beam cor re la t ion  exD 
Pressure surveys and high speed sch l i e ren  movies were made. To 
45. 

c. An inves t igat ion by LMSD fo r  R-AERO-AU t o  d e t e r  
the  e f f e c t  of an o s c i l l a t i n g  wake source on the aerodynamic chari 
i s t i c s  of the Saturn IB and V Apollo command modules submerged i r  
wake. This t e s t  was a continuation of an e a r l i e r  one t h a t  was pl 
by mechanical break-downs of the model o s c i l l a t i n g  mechanism. So 
d i f f i c u l t i e s  were s t i l l  encountered during t h i s  phase, but  the te: 
was completed. Total runs: 174. 

d. An inves t igat ion performed by I IT Research I n s t i t  
under \contrac t  t o  R-AERO-AF. The object ive  of t h i s  t e s t  phase was 
measure the turbulent  f i e l d  around (1) a base flow model, (2)  a £01 
facing s t e p ,  and (3) a rearward-facing s t e p  i n  a supersonic stream. 
Dual l a s e r s  were used i n  the cross-beam cor re la t ion  technique. A 
t r a c e r  of powdered t e f l o n  was in jec ted  in to  the airstream. Total r 
84. 

Because of the heavy schedules of the 14" TWT, two 
d a i l y  s h i f t s  had to  be run f o r  the l a s t  two weeks i n  May. This w i l l  
continue a s  required and a s  ava i l ab le  manpower permits. The f a c i l i t :  
is current ly  scheduled through July 1968. 

Additional s tud ies  a r e  i n  progress t o  obta in  adequate va 
screen r e s u l t s  f o r  flow v i sua l i za t ion .  These s tud ies  w i l l  continue a: 
scheduling permits. 

3. Impulse Base Flow F a c i l i t y  

The acoust ic  t e s t i n g  of the p i l o t  model high Reynolds 
number equipment was continued i n  the IBFF. The t e s t  set-up was the 
same as  reported l a s t  period; however, a sphere having a thinner wall 
was used t o  more c lose ly  simulate the s c a l e  thickness of the 50-foot 
diameter f u l l - s c a l e  sphere. Measurements indica te  140 db, 2 f e e t  away 
from the scaled sphere. This would be the l eve l  expected 50 f e e t  away 
from the  l a rge  sphere. Data indicate  l e s s  energy radia ted  t o  s ides  of 
the sphere than from the end opposite the supply tube. Continued 
measurements a r e  being made i n  t h i s  area  t o  map t h i s  nonsymmetrical 
energy pat tern .  

Other sphere sound damping p o s s i b i l i t i e s  a r e  being s tudied,  
such a s  coating the sphere with an epoxy plus a sound absorbing m a t ,  and 
covering the sphere with d i r t  or sand. A r epor t  presenting a l l  acous t i c  
data  with recommendation w i l l  be wr i t t en  a t  the completion of the t e s t .  



Following the  a c o u s t i c  t e s t ,  the  IBFF is scheduled f o r  the  
three-engine parametr ic  model. Several  ques t ionable  a r eas  concerning 
the  ho t  flow model h e a t  t r a n s f e r  and pressure  d a t a  a r e  t o  be s tud ied .  
Cryogenic absorp t ion  o r  capture  of t he  model s t a r t i n g  b l a s t  wave w i t h i n  
the  a l t i t u d e  chamber w i l l  a l s o  be considered. 

An Impulse Base Flov F a c i l i t y  r e p o r t  f o r  u se r s  of t h e  
f a c i l i t y  shou ld  be completed during the  next  r epo r t ing  period.  

* 

4. Low Density Wind Tunnel 

Tests  have continued i n  t he  Low Densi ty Wind Tunnel i n  
measuring drag fo rces  on 1-inch t o  3-inch diameter spheres  and d i sks  
and 1-inch t o  2-inch diameter cones wi th  9' ha l f -angles .  These d a t a  
a r e  be ing  converted t o  drag c o e f f i c i e n t s  f o r  comparison w i t h  publ ished 
d a t a  from s i m i l a r  experiments. With the  drag balance number 220, 
measured drag forces  have ranged from 0.015 grams t o  2.0 grams from 
the  va r ious  models; however, f o r  fo rces  l e s s  than 0.200 grams t h e  
accuracy of the balance is considerably reduced. Arrangements a r e  
being made t o  ob ta in  a balance which w i l l  a c c u r a t e l y  measure fo rces  
from 0.001 gram t o  1.0 gram. 

' 5 .  Heat Transfer  Instrumentat ion 

Fur ther  contac ts  have been made w i t h  Ames Research Center 
regard ing  th in - f i lm  h e a t  t r a n s f e r  gauges and shock tube-tunnel  type 
p re s su re  instrumentat ion.  We have l e n t  them pressure  ins t rumenta t ion  
i n  add it ion  t o  the  h e a t  t r a n s f e r  gauges. 

No f u r t h e r  e f f o r t s  a r e  being put  i n t o  th in - f i lm  h e a t  t r ans -  
f e r  gauges. While many a r e a s  need a d d i t i o n a l  s tudy ,  l o c a l  f u t u r e  
requirements can e a s i l y  be s a t i s f i e d  wi th  e x i s t i n g  technology. Since 
comtnercial sources a r e  now a v a i l a b l e ,  in-house f a b r i c a t i o n  i s  no nonger 
needed. 

6 .  Orb i t a l  Aerodynamic Scanner Sys tem 

The h igh  speed d i g i t a l  T.V. scanner  system i s  undergoing 
a second phase of development. The new system w i l l  

( a )  provide measurements of moment about  two a x i s ,  

(b) provide a n  image on the  T.V. monitor r e p r e s e n t a t i v e  
of t he  a r e a  being d i g i t i z e d ,  

( c )  provide alignment referenced axes ,  



(d) e l imina te  the  use of t he  shock tunnel da t a  acqu i s i -  
t i o n  system, and 

(e )  provide the  i n t e r f a c e  f o r  use of an  on-l ine computer. 

Design of t he  system has been completed and the  system 
f a b r i c a t i o n  i s  80 percent  complete. 

The second system, based on shadow p r o j e c t i o n  and photo- 
c e l l  scanning and counting, i s  being wired. Some of t he  con t ro l  wi r ing  
is t o  be done by R-ME, the  r e s t  by R-AERO-AE. A l l  mechanical f ab r i ca -  
t i o n  i s  complete and e l e c t r i c a l  i s  10 percent  complete. 

7 .  Crossed-Beam Test ing 

A van-type t ruck  has been reworked t o  s e rve  a s  an i n s t r u -  
mentat ion t ruck  f o r  the  atmospheric crossed-beam program both  a t  MSFC 
and Colorado S t a t e  Univers i ty .  This v e h i c l e  may be used f o r  d a t a  
a c q u i s i t i o n  and recording f o r  any t e s t i n g  a s  the  ins t rumenta t ion  equip- 
ment can e a s i l y  be changed t o  meet almost any requirement.  The van is 
hea ted  and a i r - cond i t i oned  and w i l l  be completely se l f -conta ined  w i t h  
the  a d d i t i o n  of a  gaso l ine  power genera tor .  

The two te lescope  t r a i l e r s  f o r  the  atmospheric crossed-  
beam program have been overhauled and painted.  Covers a r e  being 
f a b r i c a t e d ,  cab le  racks i n s t a l l e d ,  and te lescope  mounting p l a t e s  
designed. The anemometer booms and cables  have been i n s t a l l e d  on the 
AMICOM 400-foot tower. The anemometers w i l l  be i n s t a l l e d  and a l igned  
i n  e a r l y  June. 

8. General 

A s l i g h t l y  used 14-channel wideband asymmetric t ape  
r eco rde r  was obtained as surp lus  from d e a c t i v a t i o n  of t he  Douglas 
S-IVB s t a g e  s imula tor .  This r eco rde r ,  worth $80,000, i s  a  d u p l i c a t e  
of those used on our mu l t ip l ex  systems f o r  t h e  4-percent a c o u s t i c s  
model and the  crossed-beam s t u d i e s .  It is planned t o  bu i ld  a  sma l l e r  
mu l t ip l ex  system of 20-30 wideband channels around t h i s  recorder  f o r  
use  i n  t e s t s  where many channels of unsteady pressures  a r e  t o  be 
recorded and phase r e l a t i o n s h i p s  maintained f o r  c o r r e l a t i o n  a n a l y s i s .  

9. Data Reduction 

A l l  a c o u s t i c  d a t a  from the  t r anson ic  phase of t he  4-percent 
Sa turn  V a c o u s t i c s  t e s t  have been reduced t o  RMS l e v e l s  and t abu la t ed .  
The d a t a  a r e  now being cor rec ted  f o r  va r ious  e r r o r s  i n  a few channels 
and w i l l  nex t  be p l o t t e d .  The da t a  from the  second (supersonic)  phase 
have n o t  been processed by R-AERO-AE. The 122-channel ins t rumenta t ion  
system and the model (with t ransducers  and a m p l i f i e r s  i n s i d e )  a r e  being 
held i n t a c t  f o r  a poss ib l e  t e s t  w i th  the  Voyager conf igura t ion .  



Fi f ty - fou r  thousand cards were rece ived  by General Dynamics, 
San Diego, conta in ing  Sa turn  V wind tunnel  da ta .  Af t e r  considerable  
e f f o r t  t o  prepare these  d a t a  f o r  p l o t t i n g ,  i t  was discovered t h a t  the  
card format was nonstandard, and a l l  cards had t o  be cor rec ted .  The con- 
v e r s i o n  was accnmplished on the  CDC 3200 wi th  the  he lp  of M r .  Jandebeur 
and R-COW. 

10. High Reynolds Number Tes t  Equipment 

Design of the  t e s t  equipment by FluiDyne is e s s e n t i a l l y  
complete. FY-67 funds i n  the  amount of $200,000 have been provided by 
R&DO f o r  t h r e e  items t o  be purchased competi t ively:  t he  supply tube,  
t he  s e t t l i n g  chamber, and the  r ece ive r  sphere.  Bids on these  items 
w i l l  be rece ived  i n  e a r l y  June and awards made be fo re  June 30. The 
o t h e r  items w i l l  be f ab r i ca t ed  through ME Lab and t h e i r  mission suppor t  
con t r ac to r  w i th  funding from FY-68 money. 

E. Thermal Environment Branch 

1. Saturn  IB 

a .  F l i g h t  Evaluat ion 

The SA-203 f i n a l  r e p o r t  on i n f r a r e d  spectrometer  f l i g h t  
d a t a ,  published a s  TN-AP-67-161, presents  plume r a d i a t i o n  s p e c t r a l  d a t a  
t r ansmi t t ed  from a spectrometer  mounted on the  base h e a t  s h i e l d  and 
exposed t o  the  H-1 engine plume r a d i a t i o n .  

b.  Base and Aerodynamic Heating 

Predic ted  SA-205 launch v e h i c l e  thermal environments 
were pub1 ished i n  TN-AP-67-274. 

Because of a mission change and corresponding t r a j e c -  
t o r y  mod i f i ca t ions ,  the  previous ly  proposed SA-204 launch v e h i c l e  thermal 
environments (TN-AP-66-79) a r e  being reviewed. Ind ica t ions  a r e  t h a t  the  
aerodynamic and base reg ion  thermal environments f o r  the  r ev i sed  t r a j e c -  
t o r y  w i l l  be l e s s  severe  than proposed i n  TN-AP-66-79. 

Environmental a l t e r a t i o n s  involving the  base r eg ion  
recovery temperatures a r e  s t i l l  being considered. I f  t h e  recovery 
temperature i s  increased,  independent of h e a t  t r a n s f e r  c o e f f i c i e n t ,  t o  
correspond wi th  the  recorded gas temperature,  then  a more conserva t ive  
environment would be r e a l i z e d .  However, i f  the  h e a t  t r a n s f e r  c o e f f i c i e n t s  
a r e  modified a long  wi th  the  recovery temperature i nc rease  s o  a s  t o  main- 
t a i n  a t o t a l  hea t ing  r a t e  c o n s i s t e n t  w i th  recorded d a t a ,  then an  impos- 
s i b i l i t y  a r i s e s ,  i . e . ,  nega t ive  h e a t  t r a n s f e r  c o e f f i c i e n t s .  A b r i e f  
experimental program w i l l  be proposed i n  the  near  f u t u r e  t o  a i d  i n  
de f in ing  the  recovery temperature that should be used. 



c .  Thermal Data Cor re l a t ion  

Work i s  cont inuing i n  checking the  a n a l y t i c a l  models 
t h a t  a r e  used t o  produce the  base thermal environments f o r  c o r r e l a t i o n  
wi th  v e h i c l e  f l i g h t  da t a .  S t a t i c  t e s t  d a t a  a r e  being used t o  compare 
the  r a d i a t i o n  a n a l y s i s  model r e s u l t s  f o r  l i f t - o f f  condi t ions .  The 
convective base hea t ing  program i s  being checked w i t h  S-IV model d a t a  
recorded during s h o r t  du ra t ion  t e s t s  a t  Cornel l  Aeronaut ical  Laboratory. 

S-,IVB u l l a g e  and r e t r o  plume impingement hea t ing  
s t u d i e s  a r e  cont inuing.  An S-IVB u l l a g e  motor plume has been ca l cu la t ed  
using an  updated ve r s ion  of t h e  Lockheed method-of -charac te r i s t ics  
program. A subrout ine  f o r  computing abso lu t e  v i s c o s i t y  and thermal 
conduc t iv i ty  of a  gaseous mixture a s  a func t ion  of temperature and 
entropy (pressure)  i s  being checked out .  The p rope r t i e s  a r e  requi red  
i n  impingement hea t ing  ana lyses  . 

d. J e t  Mixing wi th  Af te rburn ing  

The j e t  mixing w i t h  a f t e rbu rn ing  program i s  being used 
to  gene ra t e  flow f i e l d  p rope r t i e s  f o r  the H-1 engine a t  s e a  l e v e l  con- 
d i t i o n s  f o r  use i n  comparison wi th  s t a t i c  t e s t  r a d i a t i o n  da t a .  This 
program i s  being rev ised  f o r  e f f i c i e n t  opera t ion .  A r e p o r t  documenting 
r ecen t  j e t  mixing program r e s u l t s  i s  planned f o r  the near  f u t u r e .  

e  . Computer Programs 

The l a t e s t  ve r s ion  of the plume r a d i a t i o n  program has 
been received from Hayes I n t e r n a t i o n a l  Corporation and placed i n t o  pro- 
duc t ion .  This program i s  capable of c a l c u l a t i n g  plume r a d i a t i o n  emanating 
from CO, C02, H20, and s o l i d  carbon spec i e s  e x i s t i n g  i n  an  a x i a l l y  sym- 
me t r i c  plume. Various r a d i a t i o n  c a l c u l a t i o n s  a r e  being conducted wi th  
t h i s  program f o r  comparison wi th  s t a t i c  t e s t  da t a .  

Documentation of IBM 7094 computer program 0 0 0 6 3 ,  
e n t i t l e d  "The Determination of Geometric Configurat ion and Form Factors  
f o r  Radia t ion  Interchange Between Plane and Sol id  Surfaces,"  i s  complete. 
This program i s  a  modi f ica t ion  of CONFAC I1 (C00054) w i t h  numerous 

+improvements. The f in i shed  document: i s  t o  be r e l ea sed  a s  TN-AP-67-196. 

2 .  S-IC 

a .  Design Assurance 

S - I1  main engine and u l l a g e  plume impingement fo rces  
a c t i n g  on the  S-IC s t a g e  were repor ted  i n  Coordinat ion Sheet  ATT-H-038. 



A general  a n a l y s i s  of the exhaust plume hea t ing  environ- 
ments during Sa turn  V l i f t o f f  is cont inuing.  Radiat ion hea t ing  environ- 
ments a t  va r ious  pos i t i ons  ou t s ide  the plume have been repor ted  i n  
Coordinat ion Sheet  AT-H-062. The determinat ion of convect ive hea t ing  
r a t e s  f o r  exhaust plume impingement a g a i n s t  a f l a t  p l a t e  and var ious  
s i z e s  of cy l inde r s  and spheres  is near ing  completion. 

Circumfefent ial  p ressure  v a r i a t i o n s  on the  S-IC/S-I1 
i n t e r s t a g e  and S-IC forward s k i r t  r e s u l t i n g  from S-I1  u l l age  motor 
f i r i n g  during Sa turn  V f i r s t  plane sepa ra t ion  were repor ted  i n  Coordina- 
t i o n  Sheet ATT-H-040. 

The thennal environments f o r  t he  S-IVB a n t i - f  l u t t e r  
h e a t  s e c t i o n s  and surrounding S-IVB forward s k i r t  a r e a  have been d e t e r -  
mined and prel iminary copies of t h i s  environment have been t ransmi t ted  
t o  t he  Environmental Control Group f o r  use i n  eva lua t ing  s t r u c t u r a l  
temperatures .  A coord ina t ion  s h e e t  is being'  prepared t o  r e p o r t  t h i s  
environment. 

Work i s  cont inuing on de f in ing  the  models and run 
schedule f o r  the  Langley protuberance t e s t .  Protuberance model . 
mounting ske tches  a r e  being r ev i sed .  The p re sen t  proposed mounting 
w i l l  use t he  backing p l a t e  t o  support  the  models. Model instrument  is 
t o  be c a r r i e d  i n  channels c u t  i n  t he  backing p l a t e .  A p r e - t e s t  planning 
t r i p  i s  planned f o r  May 24 and 25 t o  d i scuss  t he  t e s t  w i t h  Robert S t a l l i n g s  
a t  Langley Research Center.  

b. Operat ional  Thermal Environment 

D5-15542-2, "Saturn V Launch Vehicle F i n a l  Thermal 
Environment, SA-502," was re leased .  Revis ion A was r e l ea sed  t o  c o r r e c t  
the  o r d i n a t e  s c a l e  of the  aerodynamic hea t ing  curves.  

c .  F l i g h t  Evaluat ion 

The Thermal Analysis F l i g h t  Evalua t ion  p lan  was 
published i n  Coordination Sheet  ATT-H-041. The proposed f i g u r e s  f o r  
t he  20-day r e p o r t  a r e  prepared and w i l l  be r e l ea sed  i n  a coord ina t ion  
s h e e t .  

d. Other 

P r e - t e s t  coord ina t ion  is cont inuing i n  suppor t  of t he  
Thermal Analysis  Branch of MSFC on the  Sa turn  V Sol id  Strap-On Tes t  
Program. Des ign modi f ica t ions  ,on the  b a s i c  S-IC model con f igu ra t ion  
t o  i nco rpora t e  t he  s t rap-on  rockets  were completed by Corne l l  Aeronaut ical  
Laboratory during t h i s  r epo r t ing  period.  With the concurrence of MSFC, 
the  Phase 111 LUT hea t ing  f e a s i b i l i t y  t e s t s  a r e  being rescheduled ahead 



of the Phase I1 t r anson ic  wind tunnel  t e s t s .  Information i s  being 
suppl ied t o  Cornel l  Aeronautical Laboratory t o  implement the  model 
LUT des ign .  

The SSR No. 136, "Analysis of t he  LUT Heating and 
Pressure  Tests  ," has been e s t ab l i shed  and work was i n i t i a t e d  May 15. 
Working r e l a t i o n s h i p s  and channels of da t a  a c q u i s i t i o n  were e s t ab l i shed  
a t  a  meeting on May 18 wi th  R-AERO and Test  Div is ion  personnel .  

F. Unsteady Aerodynamics Branch 

1. Inf  l i g h t  F luc tua t ing  Pressure  and Acoustic Environments 

a .  The supersonic phase (M-1.6 t o  3.0) of t he  4 percent  
Sa turn  V f l u c t u a t i n g  pressure  t e s t  t h a t  was conducted i n  the  AEDC 16- 
f o o t  wind tunnel  has been completed. Data reduct ion  f o r  t h i s  phase of 
the  s tudy has been i n i t i a t e d .  

b. Reduction of the f l u c t u a t i n g  p re s su re  da t a  from the  
t r anson ic  po r t ion  of the AEDC experiment is a t  the  following s t ages :  
(1) o v e r a l l  sound pressure  l e v e l s  have been computed and a r e  being 
p l o t t e d ;  ( 2 )  spectrum a n a l y s i s  of the  a v a i l a b l e  da t a  i s  beong con- 
t inued;  and ( 3 )  a con t r ac t  w i th  Baganoff Assoc ia tes ,  Inc .  t o  perform 
the c o r r e l a t i o n  a n a l y s i s  of the AEDC da ta  i s  being negot ia ted .  

2. Launch S i t e  Acoustic Environments 

a .  The noise-source c h a r a c t e r i s t i c s  experiment being 
performed under the Wyle Contract  NAS8-21060 ( Inves t iga t ion  of the  
Noise Generation Mechanisms of Deflected and Undeflected Supersonic 
Rocket Exhaust) has been completed. Data r educ t ion  and a n a l y s i s  of 
t he  a c o u s t i c  d a t a  a r e  i n  progress .  

b .  Acoustic d a t a  from AMTF on the  be l l -cone  engine nozzle  
t e s t s  have been de l ivered  and a r e  being analyzed t o  determine the  
e f f e c t s  of t he  nozzle expansion d i f f e rences  on the  a c o u s t i c  environment. 
The a d d i t i o n a l  t e s t s  were completed and now make up a  complete s e t  of 
d a t a  a s  reques ted .  

c. F u l l  s c a l e  5-2 (LOX-LH2) h o r i z o n t a l ,  undeflected flow, 
engine tasks  have begun a t  CTL (Test  Lab. ) . Short  du ra t ion  runs a r e  
s e rv ing  a s  check-out cases  f o r  t h e  system. The a c o u s t i c  d a t a  program 
requested has been i n i t i a t e d .  Poles f o r  mounting the  microphones have 
been acqu i r ed ,  and the  survey f o r  l o c a t i o n  has been completed. Data 
a c q u i s i t i o n  from these  s t a t i o n s  i s  expected i n  s e v e r a l  weeks when the 
f u l l  du ra t ion  s e r i e s  of t h r o t t l a b l e  t e s t s  begins .  Meteorological  d a t a  
s pport  has a l s o  been requested,  and arrangements f o r  ins t rumenta t ion  Y 



s e t u p  have a l r eady  been made f o r  the i m e d i a t e  a r e a  of a c o u s t i c  d a t a  
a c q u i s i t i o n .  There appear t o  be no problems i n  obta in ing  these  d a t a  
throughout the  t e s t s  concerning the  t h r u s t  range from 200,000 l b s  t o  
50,000 l b s  and expansion r a t i o s  of 14: 1, 27.5:1, and 40 : l .  

d. Data from the  planned c l u s t e r  t e s t s  have not  y e t  been 
received because of Test  Laboratory scheduling problems. This informa- 
t i o n  i s  expected wi th in  two months t o  a l low a more thorough eva lua t ion  
of the  e f f e c t s  of engine flow ,proximity. Also a c o u s t i c  d a t a  from s i n g l e  
engine t e s t s  w i t h  the  e x i t  p ressure  a s  a v a r i a b l e  have not  y e t  been 
acquired.  

e .  The 1120th s c a l e  model of t he  Sa turn  V involving pirase 
c o r r e l a t i o n s  f o r  the  simulated veh ic l e  s k i n  i s  complete and i s  awai t ing  
ins t rumenta t ion  checkout. The microphones, j u s t  received from LTV, had 
n o t  r i g i d l y  met s p e c i f i c a t i o n s  because they were more s e n s i t i v e  t o  v i b r a -  
t i o n  than  expected. This problem i s  being cor rec ted  and t e s t s  a r e  
expected wi th in  s e v e r a l  months. 

f .  The j e t  impingement t e s t  d a t a  have been requested f o r  
th i rd-oc tave  band s p e c t r a l  a n a l y s i s  and. time h i s  t o ry  p re sen ta t ion .  
Several  t e s t s  a r e  lacking f o r  completion of the program. The de lay  has 
not  been explained.  

g.  Tes t  Lab has been requested t o  perform t e s t s  on 1120th 
s c a l e  model Sa turn  V Modified Launch Vehicle (MLV) f o r  a c o u s t i c  d a t a  
a c q u i s i t i o n  purposes. This t e s t  i s  i n  support  of Kennedy Space Center 
who now is funding 1158th s c a l e  model t e s t s  a t  CTL. The reasons f o r  the  
1120th s c a l e  a r e  a s  follows: 

(1) The S-IC base l ine  1/20 s c a l e  model is a v a i l a b l e  
f o r  use - base l ine  d a t a  w i l l  be a v a i l a b l e .  

(2) 1158th s c a l e  d a t a  a r e d i f f i c u l t  t o  s c a l e  t o  t he  
needed frequency range. 

(3)  KSC has expressed a d e s i r e  f o r  l a r g e r  s c a l e  t e s t s  
t o  v e r i f y  the  new flow condit ions a t t r i b u t e d  t o  the  s o l i d  s t rap-ons .  

(4) The a n t i c i p a t e d  environments caused by the  s o l i d  
flow coalescence wi th  the  S-IC flow a r e  more severe  than have been 
expected a s  ind ica ted  i n  s i m i l a r  s t u d i e s  involving c l u s t e r  s i z e  and 
geometry a s  a v a r i a b l e .  Current ly,  t he  funding i s  t he  main drawback i n  
t h i s  program because of the  s o l i d ' s  c o s t .  Other t echn ica l  i tems a r e  
appa ren t ly  no problem. 



h. The High Reynolds Number f a c i l i t y  model work is con- 
t inuing.  Several severe problems were noted i n  the o r ig ina l  instrumenta- 
tion: 

(1) Low frequency response i n  the output model 
(visicorder)  . 

(2) D i f f i c u l t y  i n  a t t a i n i n g  adequate t r igger ing of 
the s igna l  f o r  wave form photographs from the osci l loscope and s h o r t  
time h i s to ry  from the  scope. 

(3) Excessively low resonance fo r  the previously used 
K i s  tl e r  instrumentation. 

( 4 )  Extreme v ib ra t ion  s e n s i t i v i t y  of the K i s t l e r  
apparently in ter rupt ing the  r e a l  da ta  s igna l  from the shock wave. 

(5) D i f f i c u l t y  i n  mounting the microphones i n  a 
region where transducer t r a n s l a t i o n  due t o  the pressure waves was 
observed. The small microphone stands were d i f f i c u l t  t o  hold s tay  
t ionary  during the shock wave passage. 

A more adequate transducer was borrowed (200,000 HZ 
plus resonance) t o  acquire data  from the "scaled" sphere; however, only 
two transducers were ava i l ab le  f o r  interrupted periods. These ins t ru -  
ments have been used t o  acquire the pressure f i e l d  about the sphere i n  
order t o  determine the shock wave d i r e c t i v i t y  c h a r a c t e r i s t i c s  through 
the  sphere. This should permit a more r e a l i s t i c  evaluation of the 
systems environment, both shock and flow noise,  i n  regard t o  locat ing 
the  prototype i n  the  present ly  se lec ted  area .  Also a study has been 
conducted on the  impulse noise c r i t e r i a  f o r  such a system. A s  soon a s  
these da ta  analyses f o r  the d i r e c t i v i t y  a r e  completed, other t e s t s ,  
using sand as an insula t ion,  w i l l  be undertaken t o  simulate the sphere 
underground t o  reduce the noise i n  case the sphere must be t rea ted  i n  
such a manner. 

i. A l l  vehic le  f l i g h t  data (AS-201, 202, and 203) have 
been requested t o  be re-run because of a c a l i b r a t i o n  s ignal  misunder- 
standing. Two ca l ib ra t ions  e x i s t  on the  tape: one c a l i b r a t i o n  has 
been run through the complete system with t h e  exception of the  t rans-  
ducer; the other c a l i b r a t i o n  did not go through the transducer or  the 
onboard s igna l  conditioning equipment and is therefore  not usable i n  
pract ice .  It is  known t h a t  severa l  measurements w i l l  be a f fec ted ;  the  
extent  i s  not known exactly,  but w i l l  be obtained i n  the re-run. It is 
f e l t  that t h i s  and other s imi la r  problems a r i s e  because of the  lack of 
documentation of f l i g h t  da ta  acqu i s i t ion  p rac t i ces ,  and the ana lys i s  
processes along with the d i s t r i b u t i o n  procedure and lack of documenta- 
t ion. 



3.  Aeroe la s t i c  C h a r a c t e r i s t i c s  of Sa turn  I B  and V 

a .  P i t c h  Damping 

The t e s t  d a t e  f o r  t he  aerodynamic p i t c h  damping of 
t h ree  cone-cylinder bodies has been moved back t o  August 1967 because 
of rescheduling of s e v e r a l  o the r  wind tunnel  t e s t s :  Arrangements have 
been made t o  have the  da tg  reduced by LMSC under a n  e x i s t i n g  suppor t  
con t r ac t .  The. t e s t  hardware is ready f o r  use ,  except  f o r  minor modi- 
f i c a t i o n s  and da l  i b r a t i o n .  Present ly ,  t e s t s  on SA-203 and 206 f orebody 
conf igura t ions  a r e  scheduled t o  begin on June 19,  1967, i n  t h e  MSFC 
14-inch tunnel .  

b. Quasi-Steady O s c i l l a t i n g  Wake Study 

The t h i r d  phase of t e s t s  was completed on May 17, 1967. 
.ockheed is now reducing the  d a t a  from t h i s  s e r i e s  plus  the  e a r l i e r  
a e r i e s  of t e s t s  . Addit ional  t e s t s  using a f r e e - o s c i l l a t i o n  balance a r e  
p re sen t ly  scheduled f o r  J u l y  1967. 

4. Panel F l u t t e r  

An i n v e s t i g a t i o n  of nonl inear  o s c i l l a t i o n s  of a th ree-  
dimensional f l u t t e r i n g  p l a t e  is under way, using the  E. H. Dowell 
a n a l y t i c a l  method, f o r  Sa turn  IB v e h i c l e s  204 t o  207. The problem of 
two- and three-dimensional p l a t e s  i n  a supersonic  flow undergoing l i m i t  
o s c i l l a t i o n s  has been . s tud ied  by Dowell over a cons iderable  range of 
Mach number, a i r - t o -p l ane  mass r a t i o  and p l a t e  length-to-width r a t i o .  
The p re sen t  s tudy  involves the  a p p l i c a t i o n  of the  nonl inear  p l a t e  theory 
and f u l l  l i n e a r i z e d  aerodynamic theory of   ow ell's method t o  l a r g e r  
c h a r a c t e r i s t i c  va lues  which e x i s t  f o r  the  Sa turn  I B  veh ic l e .  

5. Sa turn  V Ground Winds 

Prel iminary da t a  reduct ion  and ana lyses  f o r  the fue led  
weight condi t ion  (assuming f i r s t  can t i levered  mode only)  have been 
completed and repor ted .  This information was requested by P&VE t o  be 
used i n  qua l i fy ing  the  damper reconnect  c a p a b i l i t y .  

Reduction and a n a l y s i s  of t he  higher  frequency components 
(prev ious ly  r epo r t ed )  from the  upper model measurement s t a t i o n  i s  con- 
t i nu ing ;  however, some da t a  r educ t ion  problems have been encountered. 
Hopefully,  t hese  problems w i l l  be solved i n  t he  near  f u t u r e .  

P re sen t ly ,  a t h ree -pa r t  t e s t  program is underway i n  the  
16-foot  t r anson ic  wind tunnel  a t  Langley on a model of t he  KSC MET tower, 
t he  Mobile Serv ice  S t ruc tu re ,  and the  Sa turn  V ground winds model. Tes ts  
on the  MET tower have been completed, and a t  t he  p re sen t  time, a g r i d  i s  



being i n s t a l l e d  i n  the  tunnel  t o  produce a  l a r g e  s u i t a b l e  boundary 
l a y e r  p r o f i l e  f o r  t e s t i n g  the  MSS mode. Af t e r  t he  MSS model t e s t s ,  
t e s t s  w i l l  be conducted on the ground winds model t o  i n v e s t i g a t e  
i t s  response under the s imulated wind p r o f i l e  f o r  comparison wi th  
p a s t  t e s t  r e s u l t s .  from the  uniform wind p r o f i l e .  A t  the  r eques t  of 
Langley, four  MSFC and Boeing personnel w i l l  a s s i s t  Langley during the  
Sa turn  V ground wind t e s t s .  These t e s t s  a r e  scheduled f o r  June 12,  
1967. 

I V .  ASTRODYNAMICS AND GUIDANCE THEORY DIVISION 

A. Astrodynamics Branch 

1, I n t e r p l a n e t a r y  T r a n s i t  S tudies  (In-House) 

a .  Since the  1973 launch oppor tuni ty  f o r  Mars i s  q u i t e  
l a r g e ,  nine t r a j e c t o r i e s  w i l l  be published ins tead  of t he  t h r e e  
o r i g i n a l l y  planned. These t r a j e c t o r i e s ,  intended f o r  use i n  the  pre- 
l iminary  des ign  work f o r  t he  Voyager program, were s e l e c t e d  i n  a n  
e f f o r t  t o  show maximum v a r i a t i o n s  i n  launch, t r a n s f e r  , and a r r i v a l  
geometr ies  which might be expected. Since an  a t tempt  was made t o  
r e p r e s e n t  extremes, the  t r a j e c t o r i e s  themselves do not  n e c e s s a r i l y  meet 
a l l  of the  gu ide l ines  o r  genera l  s p e c i f i c a t i o n s  s e t  f o r  t he  1973 launch 
oppor tuni ty .  I n  p a r t i c u l a r ,  they a r e  meant t o  r ep re sen t  only the  a s c e n t  
and h e l i o c e n t r i c  t r a n s f e r s ,  and a s  such do not  consider  any c o n s t r a i n t s  
which may be imposed upon the  launch and trans-Mars i n j e c t i o n  by a 
des i r ed  o r b i t  about  Mars. Some of the  t r a j e c t o r i e s  have h igher  a r r i v a l  
v e l o c i t i e s  than  the mission s p e c i f i c a t i o n s  c a l l  f o r ,  and one t r a j e c t o r y  
r e q u i r e s  a  C j  a t  i n j e c t i o n  of g r e a t e r  than 38 km2/sec ( r ep re sen t ing  a  
poss ib l e  10 percent  performance inc rease ) .  Work i s  w e l l  under way, and 
p u b l i c a t i o n  i s  expected soon. 

b. A memo has been published which provides f o r  an easy 
de termina t ion  of del ta-V's  (impulsive t r a n s f e r s )  needed f o r  achiev ing  
two s p e c i f i e d  o r b i t s  about  Mars f o r  a l l  launch and a r r i v a l  da t e s  i n  
the  1973 launch oppor tuni ty .  The two o r b i t s  f o r  which the  p e r i a p s i s -  
t o -pe r i aps i s  t r a n s f e r s  were ca l cu la t ed  were a  1000 x  20,000 km ( a l t i t u d e )  
and an  1100 x  10,000 km ( a l t i t u d e ) .  Since i t  may be necessary t o  r o t a t e  
the  l i n e  of nodes of the  o r b i t  a t  the  time of i n j e c t i o n ,  two a d d i t i o n a l  
l i n e s  a r e  given which show how much a d d i t i o n a l  del ta-V i s  requi red  f o r  
a  20' r o t a t i o n  ( a t  time of i n j e c t i o n )  of both o r b i t s .  

c. Work i s  cont inuing on the  genera l  mission a n a l y s i s  
s t u d i e s  . P l o t s  showing the  Earth-Sun-Mars geometries f o r  the  expected 
a r r i v a l  da t e s  of the 1973, 1975, 1977, and 1979 launch oppor tun i t i e s  
have been completed. The pos i t i ons  a r e  a l s o  shown f o r  6 months p a s t  
:he l a s t  a r r i v a l  d a t e  t o  cover the o r b i t a l  opera t ions  phase of t he  



mission.  The pos i t i ons  a r e  p lo t t ed  t o  s c a l e  s o  t h a t  d i s t ances  a s  we l l  
a s  angles  may be read o f f  the cha r t s .  P l o t s  have a l s o  been completed 
showing t h r e e  t r a n s f e r  t r a j e c t o r i e s ,  drawn t o  s c a l e ,  from t h e  1973 
launch oppor tuni ty .  The th ree  t r a j e c t o r i e s  were s e l e c t e d  t o  show the  
v a r i a t i o n  i n  t r a n s f e r  geometry f o r  e a r l y  and l a t e  launch and a r r i v a l  
da t e s .  Parametr ic  s t u d i e s  a r e  being made and analyzed i n  an  e f f o r t  
t o  determine v a r i a t i o n s  and limits on such th ings  a s  look angles  f o r  
naviga t ion  communication and power requirements ,  r e l a t i v e  speeds of 
the  s p a c e c r a f t ,  and the  impact of o r b i t a l  requirements upon the  launch 
oppor tuni ty  s e l e c t i o n .  These r e s u l t s  w i l l  be published i n  memo form 
a s  they become a v a i l a b l e  s o  t h a t  they may be used i n  t he  Voyager sys  tem 
des ign  s t u d i e s .  The main a r e a  of concent ra t ion  is on the  1973 launch 
opportuni ty.  

d. A program designed t o  c a l c u l a t e  coas t  angle  a s  a func- 
t i o n  of launch azimuth and d e c l i n a t i o n  of ohtgoing asymptote has been 
formulated and coded f o r  use on the  IBM 1130. Data f o r  launch azimuths 
ranging between 50" and 110" and asymptot ic  d e c l i n a t i o n  ranging between 
-40" and +40° have been generated on t h i s  program and prepared g r a p h i c a l l y  

2. I n t e r p l a n e t a r y  Trans i t  Studies  (Support Cont rac tor )  

a .  Work was performed on the  g raph ica l  p re sen ta t ion  of 
d a t a  de f in ing  the  e a r t h  launch windows and the  e a r t h  o r b i t a l  coas t  t imes 
f o r  t he  1973, 1975, 1977, and 1979 Mars launch oppor tun i t i e s .  

b. Studies  a r e  underway t o  determine r e l a t i o n s h i p s  between 
parameters of a n  o r b i t  around Mars and the  o c c u l t a t i o n  by Mars of t he  
e a r t h ,  t h e  sun, and Canopus. The requi red  equat ions have been formulated,  
and a  computer program has been coded and is being debugged. 

c. A s tudy  has been i n i t i a t e d  t o  determine the  advantages 
and/or  disadvantages of broken-plane i n t e r p l a n e t a r y  f l i g h t s  over s i n g l e -  
plane t r a n s f e r s  . 

d. Inves t iga t ions  a r e  being made t o  determine opt imal  
o r b i t a l  t r a n s f e r  from a n  incoming hyperbol ic  o r b i t  t o  a n  e l l i p t i c  one 
about  Mars wi th  the  c o n s t r a i n t  t h a t  t he  p e r i c e n t e r  of t he  e l l i p t i c  
o r b i t  be w i t h i n  k15O of the terminator .  The equat ions have been 
formulated and a r e  being coded f o r  d i g i t a l  computation. 

, e .  Various f l i g h t  parameters f o r  Type I1 Earth-Mars tra- 
j e c t o r i e s  i n  t he  time period from 1973-1979 have been determined. These 
parameters were documented i n  the  form of overlays placed over base 
p l o t s  of cons tan t  depa r tu re  energ ies .  

f .  T r a j e c t o r i e s  a r e  now being run  i n  order  t o  o b t a i n  com- 
p l e t e  constant-energy'  p l o t s  up t o  a n  energy l e v e l  of 40 km2/sec. The 
f l i g h t  parameters f o r  these  t r a j e c t o r i e s  a r e  being cons t ruc ted  over 
these  cons tan t  energy l i n e s .  



B. Guidance Theory Branch 

1. Support Contract  Studies  

a .  Power S e r i e s  So lu t ion  f o r  I n i t i a l  Lagrange M u l t i p l i e r s  

A numerical s o l u t i o n  of the nonl inear  a l g e b r a i c  equa- 
t i ons  i n  t he  unknown Lagrange m u l t i p l i e r s  was at tempted.  Solu t ions  t o  
these  equat ions were obtained,  bu t  they were seve ra l  o rders  of magnitude 
from the known va lues  f o r  t he  m u l t i p l i e r s .  Apparently,  terms beyond the  
t h i r d  order  w i l l  be requi red  i n  the  Taylor -ser ies  expansion of the 
terminal  func t ions  i n  order  t o  o b t a i n  accu ra t e  va lues  f o r  the  m u l t i p l i e r s .  

b. Voyager P r o j e c t  Support S tudies  

A modified form of the  lunar  hypersurface i s  s t i l l  
being s tud ied  f o r  poss ib le  a p p l i c a t i o n s  t o  the  Voyager mission.  It was 
found t h a t  the  outgoing asymptote of the  hyperbol ic  conic  can be used 
f o r  t he  aim v e c t o r .  I n i t i a l  p o s i t i o n  pe r tu rba t ions ,  t h r u s t  v a r i a t i o n s ,  
and Isp v a r i a t i o n s  have l i t t l e  e f f e c t  on the RCA ( rad ius  of c lo se  
approach) a t  Mars. 

A Voyager midcourse guidance s tudy has been i n i t i a t e d  
t o  determine the  del ta-V needed t o  c o r r e c t  f o r  S-IVB i n j e c t i o n  e r r o r s .  
This s tudy  should a l s o  determine the aim po in t  b i a s  t h a t  w i l l  be  neces- 
s a r y  t o  a s s u r e  t h a t  S-IVB w i l l  not  impact t he  p l ane t .  

c. Quasi-Optimal Guidance Study 

Using the  genera l ized  secan t  method, example cases  of 
t he  following s i x  terminal  su r f aces  have been simply and r a p i d l y  solved:  
( r , v , e ) ,  ( r , v , e , i ) ,  ( r , v , e , i , R ) ,  (c3),  (c1,c3), (c1,c3,i) .  A guidance 
implementation and comparison wi th  in t eg ra t ed  ca l cu lus  of v a r i a t i o n s  
t r a j e c t o r i e s  a r e  now being undertaken. 

2 .  Contracts  

a .  Lockheed-Rendezvous Guidance 

The c o n t r a c t  has been renewed and work i s  under way. 

b. Vanderbi l t  Univers i ty  

The work completed during t h i s  r e p o r t i n g  period is an  
expansion of e f f o r t s  by Bryson and Denham t o  adapt  dynamic programming 
techniques t o  the  mu1 t i s  tage problem. The s tudy ,  i n i t i a t e d  some months 
ago, i s  nea r ly  completed. The con t r ac to r  i s  a l s o  cont inuing e f f o r t s  t o  
develop s u f f i c i e n t  condi t ions which a r e  usable  i n  a  computational sense .  
However, many d i f f i c u l t i e s  a r e  being experienced i n  t h i s  a r e a .  



c. General Precision,  Inc. 

For the low t h r u s t  problem both the range angle and the 
energy a t  the end of the s p i r a l  a r e  now being constrained. This has 
necess i ta ted  some modifications i n  the method for  determining the 
i n i t i a l  conditions f o r  the matr ix-Ric ia t t i  equation which i s  integrated 
t o  give the feedback gains a s  a function of time. 

The e f f o r t  t o  uprate the IGM guidance mode is s t i l l  i n  
the computer programming stage.  

3 .  In-House Studies 

a.  Voyager Studies 

A study t o  determine the  impact of capsule growth (from 
5000 l b s  t o  7000 l b s )  on the Voyager mis'sion p r o f i l e  was completed during 
t h i s  repor t ing period . 

An evaluation of the NAA proposal has been completed. 
The r e s u l t s  were presented t o  M r .  Newby. 

A new performance study t o  determine the payload 
capab i l i ty  of the Saturn VIVoyager vehic le  is under way. This s tudy 
w i l l  use the  l a t e s t  Saturn V weight data  a s  opposed t o  f u t u r i s t i c - t y p e  
weight data  previously used. 

b. The generalized secant  method has been used t o  solve 
s e t s  of nonlinear equations. . It has a l s o  been incorporated i n t o  a com- 
puter  program which in tegra tes  the equations of motion and the Euler- 
Lagrange equations and which s a t i s f i e s  the COV necessary conditions. 
While i s o l a t i o n  is f a s t  over a wide range of s t a r t i n g  condit ions,  
c e r t a i n  modifications a r e  being undertaken t o  f u r t h e r  increase i t s  
speed. 

c. A subroutine t o  obtain closed-form solut ions  fo r  the 
s t a t e  va r iab les  and the Lagrange mul t ip l i e r s  across a coast  a r c  ( i n  the 
v i c i n i t y  of a  s ing le  g rav i t a t iona l  f i e l d )  has been w r i t t e n  and is now 
operat ional .  This program uses Cartesian coordinates and universal  
va r i ab les  f o r  the two-body problem s o  t h a t  there '  a r e  no s ingular  i t i e s  
with respect  t o  the energy of the conic. 



C .  Optimization Theory Branch 

1. Appl ica t ion  of Optimal Control Theory t o  Launch Vehicles 

F i f t e e n  proposals were received i n  response t o  RFQ-DCN-1- 
7-75-20063 on the a p p l i c a t i o n  of optimal con t ro l  theory t o  launch 
veh ic l e s .  The l e v e l  and d i v e r s i t y  of the proposals r e f l e c t  the grow- 
ing ma tu r i t y  i n  t he  p r a c t i c a l  u t i l i z a t i o n  of advanced con t ro l  concepts 
f o r  aerospace veh ic l e s  which has a r i s e n  a s  a  consequence of government 
and company research  i n  t h i s  f i e l d .  

Honeywell, Inc .  was recommended f o r  performance of the  
r e s u l t i n g  s tudy  because they were the  only ones proposing d i r e c t  
incorpora t ion  of a  performance index c l o s e l y  conforming t o  a c t u a l  con- 
t r o l  ob jec t ives .  This performance index was f i r s t  i nves t iga t ed  under 
c o n t r a c t  t o  R-AERO-DCA. 

The r e s u l t i n g  c o n t r a c t  has been negot ia ted  and work i s  t o  
beg i n  on June 1. 

2.  Load Rel ie f  F l i g h t  Control of the  Saturn ~ / ~ o y a g e r  

I n  response t o  RFQ-DCN-1-7-75-20136, Honeywell, Inc .  has 
proposed a  s tudy  t o  improve the  performance of t he  load r e l i e f  con t ro l  
sys  tem f o r  t he  Sa turn  V/Voyager previously designed by t h a t  company 
under NAS8-11206. The proposed e f f o r t ,  which w i l l  use da t a  f o r  the  
cu r r en t  v e h i c l e  conf igura t ion ,  w i l l  modify the  previous system t o  
reduce s e n s i t i v i t y  of performance t o  engine misalignments and t o  
reduce the  terminal  angle  of a t t a c k .  

Proposed cos t s  a r e  i n  excess of those  expected,  and e f f o r t s  
a r e  now being d i r ec t ed  toward secur ing  the  a d d i t i o n a l  needed funds. 
These e f f o r t s  a r e  expected t o  be succes s fu l .  

3. In-House Saturn V/Voyager Shroud Design Study 

A memorandum, R-AERO-G-6-67, documenting pre l iminary  r i g i d  
body con t ro l  responses and a s soc i a t ed  bending moments f o r  the  Sa turn  V/ 
Voyager (45-foot c y l i n d r i c a l  payload) w i th  a t t i t u d e  con t ro l  system, was 
published May 12. 

A memorandum giv ing  prel iminary launch p r o b a b i l i t y  f o r  
Sa turn   voyager v e h i c l e  using an a t t i t u d e  con t ro l  system i s  nearing 
completion. The launch p r o b a b i l i t y  i s  based on the  time during a  
given launch period that a n  al lowable wind speed w i l l  no t  be exceeded. 
The a l lowable  wind has been determined a s  a  func t ion  of shroud l eng th ,  
and the Aerospace Environment Div is ion  i s  supplying the  necessary wind 
p r o b a b i l i t y  information t o  complete the s tudy .  



4. Voyager A t t i t u d e  Control Sys tem 

A parametr ic  s tudy  d i r ec t ed  toward prel iminary func t iona l  
design f o r  t he  Voyager spacec ra f t  a t t i t u d e  con t ro l  system (unpowered 
f l i g h t )  has been completed. The r e s u l t s  a r e  being documented. 

5. Analy t ic  Reduction of Optimal T ra j ec to ry  Problem 

A computer program has been developed f o r  t he  s o l u t i o n  of 
the  vacuum f l i g h t  t r a j e c t o r y  opt imiza t ion  problem using a  s e t  of twelve 
d i f f e r e n t i a l  equat ions.  This program i s  t o  be used f o r  two purposes.  
The f i r s t  of these  i s  t o  check the  accuracy of the  transformed problem 
which r equ i r e s  the  i n t e g r a t i o n  of only nine f i r s t  o rder  d i f f e r e n t i a l  
equat ions .  Secondly, the  program w i l l  be used t o  make running-time 
comparisons between the  two systems. 

The i s o l a t i o n  scheme used i n  both sys tems was found t o  con- 
t a i n  an  e r r o r ,  which has s i n c e  been cor rec ted .  This accounts ,  i n  p a r t ,  
f o r  d i f f i c u l t i e s  repor ted  previously.  A second e r r o r  i n  the  program, 
a n a l y t i c a l  i n  na tu re ,  has been discovered.  This a rose  because the  
Hamiltonian which i s  normally used i n  the  s tudy of t r a j e c t o r y  optimiza- 
t i o n  i s  no t  canonical  i n  t he  con t ro l  v a r i a b l e s .  Those por t ions  of 
t he  transformed problem which involve these  con t ro l  v a r i a b l e s  appa ren t ly  
con ta in  an  e r r o r .  The method chosen t o  c o r r e c t  t h i s  d i f f i c u l t y  i s  a  
d i r e c t  t ransformat ion  of coordinate  sys  tems . This method, which is 
extremely tedious from the a l g e b r a i c  viewpoint ,  r equ i r e s  a  cons iderable  
expenditure  of time. It i s  exac t ,  however. 

6 .  S a t e l l i t e  wi th  Fixed-Force Pe r tu rba t ion  

I n i t i a l  i nves t iga t ions  were made i n t o  a  method of ob ta in-  
ing a n a l y t i c a l  expressions f o r  the motion of a  Kepler ian s a t e l l i t e  which 
is subjec ted  t o  a  p lanar  force  (such a s  r a d i a t i o n  p re s su re ) .  It has 
been found t h a t  an  a n a l y t i c  s o l u t i o n  i s  a v a i l a b l e  i n  the  form of the  sum 
of two e l l i p t i c  i n t e g r a l s .  There i s  a l s o  a  p o s s i b i l i t y  of extending 
t h i s  s o l u t i o n  t o  a  v a r i a b l e  mass body. 

7 .  Northrop Schedule Order No. 32 

During t h i s  r epo r t ing  per iod ,  experiences w i th  the  numerical 
s o l u t i o n s  of boundary va lue  problems led t o  s e v e r a l  modi f ica t ions  of pre- 
v ious ly  developed programs. Furthermore, con t ro l s  t o  au toma t i ca l ly  
choose optimal i n t e g r a t i o n  s t e p  s i z e  and au toma t i ca l ly  choose the  o rde r  
of i n t e g r a t i o n  t o  be used have been in se r t ed  i n  the  program. The method 
has been appl ied  t o  r e l a t i v e l y  i l l -behaved problems of o r b i t a l  i n j e c t i o n .  
The cases ,  based on i n i t i a l  va lues  of the Lagrange m u l t i p l i e r s  chosen a t  
random, converged i n  about  f i f t e e n  i n t e g r a t i o n s .  The i n i t i a l  documenta- 
t i o n  of t h i s  s tudy ,  e n t i t l e d  "Conversion of Boundary Value Problems i n t o  
Problems of Numerical In t eg ra t ion , "  has been received i n  rough d r a f t .  



8. Northrop Schedule Order #45 

a .  Shroud Separa t ion  Study 

Objective: Determination of t he  t r a j e c t o r y  of the 
forward shroud fol lowing sepa ra t ion  i n  e a r t h  o r b i t  t o  i n su re  t h a t  i t  
does not  subsequent ly c o l l i d e  wi th  the v e h i c l e  e i t h e r  i n  e a r t h  o r b i t  
or  when the  S-IV~/Voyager i s  t r a n s f e r r i n g  ou t  of e a r t h  o r b i t .  

This s tudy  ,has been completed and the r e s u l t s  summarized 
i n  Northrop memorandum M-792-7-183 dated May 25, 1967. This memo, cur- 
r e n t l y  being d i s t r i b u t e d ,  demonstrates t h a t ,  f o r  the  range of s e p a r a t i o n  
v e l o c i t i e s  considered (3-7 f  t / s e c )  and minimum coas t  times considered 
( i n  excess of s i x  minutes) ,  t he re  is no s i g n i f i c a n t  danger of c o l l i s i o n  
a f t e r  i n i t i a l  c learance  of the  shroud over the  payload. 

b. Spacecraf t  Thrust  Vector Control  Sys tem 

Object ive:  To design and a s s e s s  the  performance of 
t h r u s t  vec to r  con t ro l  systems f o r  the  Voyager which ope ra t e  during pro- 
puls  i ve  maneuvers. 

Prel iminary r e s u l t s  have been obtained from which two 
conclusions can be reached: (1) S losh  dynamics do not  appear t o  be a  
s e r i o u s  problem f o r  the  l iqu id- fue led  s p a c e c r a f t  during propuls ive  
maneuvers, and (2) simple a t t i t u d e  con t ro l  ( a t t i t u d e  and a t t i t u d e  r a t e  
feedback) w i l l  not  meet the  e r r o r  requirements a t  the  end of each maneuver. 
I n t e g r a l  a t t i t u d e  e r r o r  information and/or  t r a n s l a t i o n  information w i l l  
a l s o  need t o  be sensed and employed i n  the  con t ro l  t o  achieve  the  r equ i r ed  
accuracy.  

c .  Load Rel ie f  Control  

Object ive:  To determine the  Sa turn  ~ / ~ o y a g e r  s t r u c t u r a l  
load r e l i e f  p o t e n t i a l  of the SMCC and AVAC con t ro l  systems developed by 
D r .  S e l t z e r  of R-ASTR. 

Trans ien t  response d a t a  were obtained f o r  r igid-body 
f i r s t  s t a g e  f l i g h t  using SMCC con t ro l .  This sys  tem i s  c u r r e n t l y  used 
on the  S-IVB t o  reduce t h r u s t  misalignment. Work w a s  i n i t i a t e d  on 
obta in ing  s imi l a r  in£ ormation f o r  AVAC con t ro l .  

9. North Arner ican  Aviat ion (NAS8- 21 077) 

Object ive:  To develop methods of f i n i t e  t h r u s t  optimal 
t r ans  f e r  . 



Work has proceeded on the  development of a  th ree-  
dimensional quas i - l i n e a r i z a t i o n  o r b i t a l  t r a n s f e r  program. The s t e e p e s t  
descent  technique which provides i n i t i a l  condi t ion  e s t ima te s  f o r  quas i -  
l i n e a r i z a t i o n  was modified and r e w r i t t e n  t o  Fo r t r an  H on the IBM 360165 
computer. D i f f i c u l t i e s  a s soc i a t ed  wi th  the  conversion t o  a  new computer 
sys  tem have been encountered, b u t  such problems a r e  normal. 

Work on phe modi f ica t ion  of the twowmass cen te r s  problem 
has been i n i t i a t e d .  This po r t ion  of the  program i s  behind schedule 
because of the  i l l n e s s  of the  p r i n c i p a l  i n v e s t i g a t o r .  It i s  expected 
t h a t  t h i s  l a g  w i l l  soon be cor rec ted .  

10. Honeywell (NAS8-11206) 

Objective: To develop c o n t r o l l e r s  which maximize the  
to l e rance  t o  v e h i c l e  and environmental parameter v a r i a t i o n s  . 

A c t i v i t y  on t h i s  con t r ac t  w i l l  be  brought t o  a  c lo se  when the  
con t r ac to r s  f i n a l  r e p o r t  i s  d i s t r i b u t e d  wi th  a  cover memo o u t l i n i n g  the  
r e s u l t s  of the s tudy.  

11. Boeing (NAS8-21070) 

Object ive:  To s tudy  the  a p p l i c a t i o n  of t he  Sa turn  ~ I V o y a g e r  
load r e l i e f  system and o the r  load r e l i e f  systems t o  t h e  Sa turn  ~ / A p o l l o .  

The requi red  input  da t a  have been assembled, and pre l iminary  
c a l c u l a t i o n s  a r e  nea r ly  complete. No r e s u l t s  have y e t  been obtained.  
A l l  necessary hybrid s imula t ions  w i l l  be  done on a s i n g l e  system r a t h e r  
than make a  t r a n s i t i o n  from the  cu r r en t  hybrid computer system t o  a new 
one now being i n s t a l l e d .  This w i l l  r e q u i r e  reschedul ing  some e f f o r t ,  
which w i l l  pos s ib ly  cause some de lay  i n  t he  program b u t  no change i n  
t o t a l  work. 

1 2 .  Cornel l  (NAS8-18054) 

Objective: To determine the  f e a s i b i l i t y  of applying opt imal  
con t ro l  theory t o  t he  syn thes i s  of launch v e h i c l e  con t ro l  systems. 

Primary e f f o r t  during t h i s  per iod has been devoted t o  pre- 
p a r a t i o n  of the f i n a l  r e p o r t .  Some e f f o r t  has been spent  a l s o  on 
numerical examples t o  demonstrate the  a p p l i c a t i o n  of two techniques 
developed under t h i s  con t r ac t  dea l ing  wi th  s t o c h a s t i c  optimal con t ro l  
and w i t h  minimizing s e n s i t i v i t y  of performance t o  u n c e r t a i n t i e s  i n  the  
v e h i c l e  d e s c r i p t i o n .  



V. AEROSPACE ENVIRONMENT DIVISION 

1. Recent meetings between R-AERO-YE and the l o c a l  Boeing Company 
personnel (MesSrs. R.  McCurdy, J. Hathorne, R. Chi ld)  were held t o  
d i scuss  progress  on a n  M S F ~ / ~ o e i n g  inhouse i n v e s t i g a t i o n  of the problem 
of tower i n t e r f e r e n c e  t o  winds. I n  p a r t i c u l a r ,  t h i s  s tudy  i s  being con- 
ducted t o  determine the tower shadowing e f f e c t s  a s soc i a t ed  wi th  NASA's 
150-meter meteorological  tower a t  KSC, F lo r ida .  Spec ia l  magnetic tape 
recorded wind p r o f i l e  da t a  a r e  being acquired and s e n t  t o  the  l o c a l  
Boeing Company f o r  a n a l y s i s .  Boeing i s  t o  provide a  r e p o r t  on p o t e n t i a l  
flow theory of f l u i d s  about  t r i a n g u l a r  s t r u c t u r e s  t h i s  month (June 1967).  
Subsequently, Boeing i s  t o  have a  f i n a l  r e p o r t  prepared by October 1967 
on the  s e v e r i t y  of the shadowing e f f e c t s  a s soc i a t ed  wi th  the  tower. 

2. The National  Weather Records Center ,  Ashevi l le ,  N. C . ,  has 
r e - ed i t ed  the i n i t i a l  s i x  months (December 1965 through May 1966) of 
d a t a  they reduced from paper s t r i p  c h a r t  records  of da t a  acquired a t  
NASA's 150-111 meteorological  tower f a c i l i t y .  A magnetic tape record of 
t hese  da t a  i s  being analyzed by the  MSFC Computation Laboratory f o r  
R-AERO-YE. Data f o r  June 1966 through January 1967 a r e  ready f o r  f i n a l  
e d i t i n g  and should be received from NWRC i n  t he  very  near f u t u r e .  Addi- 
t i o n a l  lower atmospheric da t a  t o  be recorded a t  the  tower s i t e  a r e  
r a d i a t i o n  (2-meter l e v e l )  and dew p o i n t  temperature p r o f i l e  d a t a  (3, 
60 and 150-m l e v e l s ) .  Equipment and sensors  t o  acqu i r e  t hese  d a t a  a r e  
now being i n s t a l l e d  . 

3. The FPS-16 r a d a r / ~ i m s p h e r e  temperature s enso r / t e l eme t ry  package 
i s  t o  be  f l i g h t  t e s t ed  aga in  i n  t he  very  near  f u t u r e  a t  Bedford, Mass., 
and a t  Cape Kennedy (KSC), F lo r ida .  These t e s t s  a r e  t o  be conducted by 
the GCA Corporat ion personnel r e spons ib l e  f o r  developing the  temperature 
sensor  sys  tem. M r .  Dennis Camp (R-AERO-YE) , who i s  t echn ica l  monitor 
(COR) of t h i s  program, i s  a l s o  completing a n  inhouse i n v e s t i g a t i o n  of 
humidity and pressure  sensors  which may be adapted f o r  use wi th  the  
Jimsphere temperature system t o  acqu i r e  a d d i t i o n a l  da t a .  

4. Memorandum R-AERO-YE-29-67, on "Study of t he  Land and Sea Breeze 
Regimes a t  Cape Kennedy, F lo r ida ,  from May 23 through September 1966," 
dated Apr i l  3 ,  1967 has been prepared by M r .  Kelly H i l l .  The frequency 
and time of occurrence,  e f f e c t s  on l o c a l  wind speed and d i r e c t i o n s ,  and 
the  s i g n i f i c a n c e  t o  l o c a l  climatology a r e  d iscussed .  This work i s  con- 
t i nu ing  wi th  s p e c i a l  emphasis on r e l a t i o n s h i p s  between the  sea  and land 
breezes and the development and movement of thunderstorms a t  KSC. 

5. Eighty-eight  s e t s  of ground wind d a t a  have been analyzed f o r  
M r .  G .  A.  K r o l l ,  R-P&VE-S, a s  input  t o  the Saturn V (500F) v e h i c l e  
s t r u c t u r e  wind loads program which was conducted on Launch Complex 39A 
a t  Cape Kennedy during 1966. The most r ecen t  con t r ibu t ion  of wind d a t a  
by R-AERO-YE t o  t h i s  program was presented i n  R-~ERo-yE-47-67, "Memo- 
randum $14 on Wind Data Measured a t  Cape Kennedy during the  Saturn V (500F) 



Ground Winds Tes t , "  dated May 24, 1967. These da t a  r e l a t e  r e p r e s e n t a t i v e  
averages and peak wind condit ions over 40-second periods along the 
Saturn V (500F) v e h i c l e  while  it stood on pad a t  LC-39A. 

6.  The following documents have been published: 

a .  Off ice  Memorandum R-AERO-YT-10-67, "Summary of Surface 
Atmospheric Data Observations During Previous Sa turn  Vehicle Launches," 
dated Apr i l  18, 1967. 

b. Off i c e  Memorandum R-AERO-YT-13-67, "Selected Atmospheric 
Observations f o r  Thi r teen  Saturn I/IB Vehicle Launches , ' I  dated Apr i l  26, 
1967. 

c .  NASA Contractor  Report CR-61170, "The P r e d i c t a b i l i t y  of 
Wind and Vi r tua l  Temperature P r o f i l e s  f o r  F l i g h t  and S t a t i c  Tes t  Opera- 
t i o n s , "  The ~ r a v e l e r s *  Research Center ,  I n c . ,  F ina l  Report,  May 4, 1967. 

d. Off ice  Memorandum R-AERO-YT-18-67, "Prel iminary Wind Sta-  
t i s t i c s  f o r  Apollo Spacecraf t  Abort Studies ,"  dated May 29, 1967. 

7 .  Graphs have been completed which g ive  the  p r o b a b i l i t y  of s u r f a c e  
peak wind encountered f o r  exposure periods from one hour t o  90 days f o r  
Cape Kennedy. These graphs w i l l  be published i n  a Technical Memorandum. 

A r e v i s i o n  and ex tens ion  of Off ice Memorandum R-AERO-Y-136-66, 
"Frequency Dis t r i b u t i o n s  of the Largest  Monthly and the  Largest  Yearly 
Mean Re la t ive  Sunspot Number," i s  being prepared. 

V I .  DYNAMICS AND FLIGHT MECHANICS DIVISION 

A. Mul t i -Pro jec ts  

1. Guidance 

a .  Rendezvous Guidance 

A d e l t a - v e l o c i t y  and time-phasing a n a l y s i s  has been 
completed f o r  a p u r s u i t  v e h i c l e  depar t ing  from a n  o r b i t a l  workshop 
(300 NM c i r c u l a r )  t o  rendezvous wi th  a pass ive  payload on a p o s i t i o n  
rendezvous course and a r e t u r n  rendezvous wi th  the  workshop. A v e h i c l e  
performance a n a l y s i s  w i l l  be i n i t i a t e d  t o  determine the payload t rade-  
o f f  f o r  ob ta in ing  a launch window a g a i n s t  the  t r a d i t i o n a l  co -c i r cu l a r  
rendezvous approach. (DG/No~ throp)  



b. Dual Rendezvous of Spacecraft  

A study has been i n i t i a t e d  t o  def ine  i n  d e t a i l  methods 
f o r  performing a dual rendezvous of spacecraf t .  A space s t a t i o n  i n  a 
given o r b i t  and two resupply vehic les  (one manned and one unmanned) 
awaiting launch a r e  ava i l ab le .  The o r b i t a l  parameters of both the 
manned and unmanned vehic les  a r e  t o  be se lec ted  such t h a t  the manned 
resupply veh ic le  w i l l  f i r s t  rendezvous with the unmanned resupply 
vehic le ,  pick up the supply items s tored  i n  the unmanned resupply veh ic le ,  
and t r ans fe r  them t o  the  space s t a t i o n .  It i s  des i red  t o  maximize the  
t o t a l  amount of resuppl ies  del ivered t o  the space s t a t i o n  wi th in  launch 
veh ic le  and o ther  system cons t ra in t s .  A launch window w i l l  be defined 
by payload off loading and the  use of e l l i p t i c  phasing o r b i t s .  A two- 
body s o l u t i o n  t o  the  problem has been found with a very small launch 
window. Further work i s  i n  progress t o  increase the launch window. 
(DAO/Nor throp) 

c. Earth Orbi ta l  Rendezvous Targeting 

The procedures by which the  guidance p rese t t ing  can 
be determined t o  achieve a pos i t ion  rendezvous across  a given launch 
window f o r  a t a r g e t  veh ic le  of a known ephemeris a r e  being programmed 
f o r  the CDC 3200 computer. The computer program w i l l  cons i s t  of an  
a n a l y t i c a l  model t h a t  takes a general  e l l i p t i c a l  t a r g e t  o r b i t a l  ephemeris 
and app l i e s  Keplerian motion equations t o  so lve  f o r  a pursu i t  e l l i p s e  
t h a t  w i l l  i n t e r s e c t  the t a r g e t  o r b i t  and permit a pos i t ion  rendezvous 
i n  a given number of revolut ions  of the pursu i t  o r b i t .  The a n a l y t i c a l  
s o l u t i o n  is used a s  a f i r s t  guess on a de ta i l ed  in tegra ted  o r b i t  compu- 
t a t i o n  i n  which atmospheric drag, regress ion  of the  l i n e  of nodes due t o  
the  e a r t h  obla teness ,  and propulsion venting may be considered a s  o r b i t  
per turbat ions .  The required pursu i t  veh ic le  t a rge t ing  b ias  t o  insure  a 
pos i t ion  rendezvous i s  then determined numerically and pr in ted  i n  tabular  
form i n  terms of time i n  the launch window. The computer program then 
takes t h i s  t abu la r  form and processes the  da ta  through a l e a s t  square 
curve f i t  subroutine t o  produce the  guidance p r e s e t t i n g  required t o  
achieve pos i t ion  rendezvous. It is f e l t  t h a t  a complete s e t  of t a rge t -  
ing can be derived i n  a matter  of minutes on the  high speed d i g i t a l  
computers. (DG) 

d. Axisymmetric Propel lant  Motion i n  Low "g" 

A d i g i t a l  program f o r  determining the longi tudinal  
(axisymmetric) motion of an enclosed l iqu id  under low g condit ions has 
been secured fromMartin,  Denver. The program is being adopted f o r  our 
use; when completed i t  should be useful  f o r  predic t ing  the l iqu id  
dynamics during docking maneuvers. (DDS) 



e .  Low "g" Sloshing Research 

The low "g" s l o s h  t e s t i n g  being performed by Southwest 
Research I n s t i t u t e  i s  cont inuing.  Improvements have been made i n  t he  
experimental se t -up ,  and t e s t s  a r e  now being run  a t  much lower exc i t a -  
t i o n  ampli tudes.  A r e p o r t  e n t i t l e d  "Low Gravi ty Liquid Sloshing i n  an  
A r b i t r a r y  Axisymmetric Tank Performing Trans l a t iona l  0s c i l l a t i o n s "  which 
conta ins  a  formulat ion of t he  low g  s lo sh ing  problem inc luding  the  
mathematical procedures necessary f o r  numerical ly  so lv ing  the  d i f f e r e n -  
t i a l  equat ions has been published. (~DS/Southwes t )  

2.  Dynamics and Control 

a .  S t a t i s t i c a l  Wind RespQnse 

The a d j o i n t  technique f o r  determining the  s t a t i s t i c a l  
wind response i s  programmed on t h e  Analog Comfiuter cons ider ing  one 
bending mode. There has been s l i g h t  d i f f i c u l t y  i n  s c a l i n g ,  b u t  t h i s  
should be cor rec ted  s h o r t l y  and runs w i l l  be  made i n  the near  f u t u r e .  
(DDD) 

b. Aerodynamic and Bending Moment Coe f f i c i en t s  

A s e t  of equat ions g iv ing  the  aerodynamic fo rce  and 
moment c o e f f i c i e n t s ,  as we l l  a s  bending moment c o e f f i c i e n t s  cons ider ing  
quasi-s teady aerodynamics, has been completed and s e n t  t o  t he  Comp. Lab. 
f o r  programming. This s e t  w i l l  r ep l ace  the  cu r r en t  aerodynamic coef- 
f i c i e n t  program and f i t  i n t o  t he  o v e r a l l  d a t a  flow arrangement a s  used 
by R-AERO-DD. (DDD) 

c. 6-D Elas  t i c  Response Simulat ion 

The 6-D response program has been modified t o  inc lude  
two e l a s t i c  modes and l o c a l  aerodynamics. The program now c a l c u l a t e s  
the  bending moments f o r  the  e l a s t i c  veh ic l e .  Prel iminary r e s u l t s  were 
i n  e r r o r  due t o  a n  e r r o r  i n  the drag c o e f f i c i e n t s  being used. The cor- 
r e c t i o n  has been made and a  check case i s  now being run t o  compare w i t h  
Boeing d a t a  before  engine-out cases  a r e  run  t o  wind up the  con t r ac t .  
(DDD/ GE ) 

B.  S a t u r n V  

1. Dynamics and Control 

a. Saturn V Lif t -Off  

New S-IC s t a g e  con t ro l  system shaping networks and ga ins  
have been rece ived  and incorporated i n t o  l i f t - ~ f f  s imula t ions .  As was 
expected, t he  new con t ro l  sys  tem c h a r a c t e r i s t i c s  tend t o  a l l e v i a t e  d r i f t  
during l i f t - o f f  s l i g h t l y  bu t  no t  s i g n i f i c a n t l y .  (DC) 



b. Sa turn  V Ground Winds 

A s e t  of damped normal modes f o r  the combined Sa turn  V - 
Launcher - Umbilical Tower has been ca l cu la t ed .  System responses t o  
simple fo rc ing  func t ions  represent ing  ground wind e x c i t a t i o n  has a l s o  
been found. An in t e r im  r e p o r t  has been de l ive red .  Development of 
improved r ep resen ta t ions  of wind-induced forc ing  func t ions  i s  cont inuing.  
( ~ ~ S / L o c k h e e d )  

2 .  P r o j e c t  Information Applicable  t o  Many Vehicles 

a .  Saturn V Current Performance 

Vehicle cu r r en t  performance was updated i n  Apr i l  and 
May. It was r e l ea sed  i n  c o n f i d e n t i a l  memorandums R-AERO-DAP-19-67 dated 
Apr i l  12,  1967, and R-AERO-DAP-29-67, dated May 15,  1967. The AS-501 
v e h i c l e  payload decreased by approximately 1050 pounds from March p r i -  
mar i ly  because of S - I1  i n e r t  weight change. AS-502 did not  change from 
March. Payload f o r  AS-503 decreased over March approximately 125 pounds. 
Vehicles AS-504, 505, and 506 est imated payload c a p a b i l i t y  was 105, 110, 
and 130 pounds, r e s p e c t i v e l y ,  below the March payloads. The payload 
decreases  f o r  veh ic l e s  503 through 506 were due p r imar i ly  t o  changes i n  
i n e r t  weights .  For veh ic l e s  AS-501 and 502, t he re  was no change from 
Apr i l  t o  May. Payload increased f o r  AS-503 over Apr i l  by approximately 
940 pounds. Payload decreased from Apr i l  t o  May f o r  v e h i c l e s  AS-504, 
505, and 506 by 105, 110, and 115 pounds, r e s p e c t i v e l y .  The payload 
changes were due p r imar i ly  t o  i n e r t  weight changes. The performance, 
based on 1967 Apr i l  and May cu r ren t  weights ,  was t ransmt t ted  t o  
Indus t r i a l  Operations . (DAP/Boeing) 

b.  AS-504 Launch Vehicle Performance Analysis  

The AS-504 performance a n a l y s i s  s tudy  has been 
i n i t i a t e d .  L i t t l e  e f f o r t  has been made on t h i s  s tudy  s i n c e  i t  i s  n o t  
due u n t i l  J u l y  1967. (DAP/~oeing) 

c .  AS-504 Reference Tra j ec to ry  Documentation 

The AS-504 r e fe rence  t r a j e c t o r y  has been rece ived  and 
i s  being reviewed. (DAP/ Boeing) 

3. P r o j e c t  Information Applicable  t o  Indiv idua l  Vehicles 

AS-501 Control System Re-Evaluation: Root locus s t u d i e s  
have been run  f o r  AS-501 f i r s t  s t a g e  wi th  the  l a t e s t  con t ro l  system 
suppl ied  by As t r ion ic s .  A t  80 seconds, t he  S - I 1  LOX tank was found 
t o  be s t a b i l i z e d  by t h i s  system al though a  phase s h i f t  caused i n s t a b i l i t y  
of the  S-IC f u e l  tank a t  1.5 times nominal ga in .  This i s  oppos i te  t o  



the  r e s u l t s  which were obtained wi th  previous AS-501 con t ro l  systems. 
The s t a b i l i t y  c h a r a c t e r i s t i c s  a t  ga in  swi tch  poin ts  of 105 seconds and 
120 seconds a r e  a l s o  being obtained.  These r e s u l t s  w i l l  be repor ted  by 
memorandum wi th in  the next  four  weeks. (DDD) 

C. Saturn I B  

1. Dynamics and Control 

AS-206 Bending Vibrat ions w i t h  Coupled LEM: A v i b r a t i o n  
a n a l y s i s  has been made of the  second f l i g h t  s t a g e  Sa turn  I B ,  AS-206, 
using a  method of a n a l y s i s  which i d e a l i z e s  t he  v e h i c l e  a s  a non-uniform 
beam wi th  the  LEM represented  a s  a suspended mass. A v i b r a t i o n  a n a l y s i s  
was f i r s t  made of the v e h i c l e  omit t ing the  mass of t h e  LEM, by a  modified 
Stodola Method. Then t h e  a n a l y s i s  of the  t o t a l  v e h i c l e  was made by using 
~ a g r a n g e '  s  equat ions.  This i s  the  f i q s t  product ion a n a l y s i s  made using 
t h i s  program. Cor re l a t ion  wi th  dynamic t e s t s  was ve ry  good. (DDS) 

2. P r o j e c t  Information Applicable  t o  Many Vehicles 

AAP Current Performance: Current  performance was generated 
during A p r i l  and May f o r  AAP-1, 2,  3, and 4 launch v e h i c l e s  and d i s t r i -  
buted i n  memorandums R-AERO-DAP-18-67, dated Apr i l  1 2 ,  1967, and R-AERO- 
DAP-30-67, dated May 15, 1967. During Apr i l  AAP-1, 2, 3 ,  and 4 payloads 
decreased 173, 72, 88, and 69 pounds, r e s p e c t i v e l y ,  from March. This 
was due t o  weight change. For May, t he  payloads f o r  AAP-1 and 2, 
increased over Apr i l  by 952 and 40 pounds, r e spec t ive ly .  This was due 
t o  decreased s t a g e  weights and the  swi tch  from v e h i c l e  207 t o  209 f o r  
AAP-1. AAP-3 and 4 showed a decrease i n  payload from Apr i l  of 15 and 
11 pounds, r e s p e c t i v e l y ,  p r imar i ly  because of weight decrease .  The 
c u r r e n t  performance was t ransmi t ted  t o  I n d u s t r i a l  Operations.  (DAP/ 
Chrys le r )  

3. P r o j e c t  Information Applicable  t o  Indiv idua l  Vehicles 

AS-2071208 Prel iminary Abort and Al t e rna t e  Mission Studies  : 
AS-2071 208 prel iminary a b o r t  and a l t e r n a t e  mission s t u d i e s  (TN-AP-66- 
132, and TN-AP-66-133) documents have been rece ived  from Chrysler .  The 
cover memorandum i s  being prepared f o r  concurrence. ( ~ A ~ I C h r y s l e r )  

D. AAP 

1. Clus te r  

a .  Mission P r o f i l e  

(1) F a i l u r e  E f fec t s  and Contigency Planning f o r  the 
1968-69 AAP Missions: To provide f o r  maximum mission success  p r o b a b i l i t y  



i n  the  event  of f a i l u r e s  and malfunct ions during the  primary mission,  a  
s e t  of a l t e r n a t e  mission plans i s  being developed based on a  func t iona l  
f a i l u r e  a n a l y s i s  of the  c l u s t e r  A elements.  The r e s u l t s  of t h i s  s tudy  
w i l l  provide da t a  on the  changes requi red  t o  t he  b a s i c  c l u s t e r  con- 
f i g u r a t i o n  t o  accept  the  requi red  changes i n  equipment and ope ra t iona l  
procedures which w i l l  maximize miss ion  success  p r o b a b i l i t y .  (DAM/ 
Lockheed) 

( 2 )  1969 Mission Decision Logic: The mission d e c i s i o n  
l o g i c  diagram was presented t o  the  Mission Planning Task Force (MPTF) 
a t  NASA Headquarters ,  Washington, on Apr i l  6  and was favorably  received 
by those i n  a t tendance .  A f u r t h e r  expansion of t he  diagram was prepared 
f o r  p re sen ta t ion  a t  a n  A p r i l  25th meeting of t h e  same group. Fur ther  
d e t a i l e d  expansion of the  flow l o g i c  i s  near  completion and i s  being 
prepared f o r  p re sen ta t ion  t o  the  MPTF group scheduled a t  MSFC June 1 
and 2 .  The present  l o g i c  has been o r i en t ed  t o  26 s p e c i f i c  missions and 
submiss ions which a r e  cons idered candidates  f o r  s e l e c t i o n  a s  t he  AAP 
1969 mission.  Prepara t ions  a r e  being made t o  use the  expanded mission 
flow l o g i c  f o r  performing a  probabi l i ty-of-mission-success  a n a l y s i s .  
The primary goa l  of the p r o b a b i l i t y  s tudy  is t o  i d e n t i f y  t he  most l i k e l y  
prime and a l t e r n a t e  miss ions based upon p r o b a b i l i t y  of miss ion success .  

A mission dec i s ion  l o g i c  flow c h a r t  f o r  t he  1968 
AAP c l u s t e r  mission is being prepared. It w i l l  c o n s i s t  of a  s e r i e s  of 
smooth-flowing dec i s ions  and a c t i o n s  which sys t ema t i ca l ly  gene ra t e  
primary and a l t e r n a t e  paths  t o  s u c c e s s f u l l y  accomplish the  c l u s t e r  
miss ion  ob jec t ives  . (~Ao/Nor throp)  

(3) A r e p o r t  (TN-AP-67-173) documenting the  pre l iminary  
f l i g h t  p r o f i l e s  f o r  AAP-1, 2,  3,  and 4 launch v e h i c l e s  was d i s t r i b u t e d  
A p r i l  6 ,  1967. (~AP/Chrys l e r )  

( 4 )  The AAP launch v e h i c l e  pre l iminary  r e fe rence  
t r a j e c t o r y  (TN-AP-67-186) was d i s t r i b u t e d  Apr i l  24, 1967. (DAP/ 
Chrys le r )  

(5) The prel iminary launch v e h i c l e  r e f e rence  t r a j e c -  
t o r y  f o r  AAP-2 was d i s t r i b u t e d  May 9, 1967. (DAP/Chrysler) 

(6) AAP Increased Payload Study: A s p e c i a l  performance 
s tudy  which i n v e s t i g a t e s  means of increas ing  the payload c a p a b i l i t y  f o r  
t he  AAP missions has been completed. For t he  manned miss ions ,  t he  
s e r v i c e  module was inves t iga t ed  f o r  performing a  sub -o rb i t  s t a r t .  Both 
c i r c u l a r  and e l l i p t i c a l  o r b i t s  having i n c l i n a t i o n s  from 29 t o  50 degrees 
were s t u d i e d .  Payload increases  from 3000 t o  4000 pounds may be achieved 
by t h i s  mode. The primary modes s tud ied  a s  a  means f o r  i nc reas ing  the  
payload f o r  unmanned veh ic l e s  were (1) j e t t i s o n  of SLA panels  and Nose 
Cone during powered f l i g h t ,  and (2) use of s o l i d  propuls ion  motors on 
t h e  S-IVB s t a g e  t o  c i r c u l a r i z e  a t  the  apogee of e l l i p t i c a l  o r b i t s .  



Performance was determined f o r  o r b i t  a l t i t u d e s  from 81 t o  300 n a u t i c a l  
m i l e s ,  and f o r  o r b i t  i n c l i n a t i o n s  from 29 t o  50 degrees.  Resul ts  of 
t h i s  s tudy  show t h a t  a t y p i c a l  payload ga in  of approximately 2500 pounds 
i s  poss ib l e  when j e t t i s o n i n g  the  sL,A/Nose Cone during a scen t .  Payload 
ga ins  of 4000 t o  7000 pounds over t h a t  obtained by d i r e c t  a s c e n t  t o  
c i r c u l a r  o r b i t s  a t  240 - 260 n a u t i c a l  mi les  a r e  i nd ica t ed  when using a 
s o l i d  propulsion system t o  c i r c u l a r i z e  a t  apogee. Resul t s  of t h i s  s tudy  
were presented a t  MSFC and the  da t a  a r e  being documented. (~AP/Chrys l e r )  

(7) AAP-2 SLA/Nose Cone Separa t ion  f o r  Payload 
Improvement: A b r i e f  s tudy  of the  f e a s i b i l i t y  of maintaining s a t i s f a c -  
t o r y  c learance  while  s epa ra t ing  the  nose cone and SLA panels  a s  an  
i n t e g r a l  p iece  from the  MDA and S-IVB s t a g e  wi th  the  LES tower j e t t i s o n  
motor during the  e a r l y  p a r t  of S-IVB s t a g e  burn has been made. Resul t s  
of the s tudy  i n d i c a t e  t h a t  t h i s  scheme i s  f e a s i b l e .  When such inputs  
as aerodynamic c h a r a c t e r i s  t i c s ,  mass c h a r a c t e r i s  t i c s ,  and conf igu ra t ion  
geometry a r e  b e t t e r  def ined ,  a more d e f i n i t i v e  s tudy  should be made. 
Resul t s  of the  s tudy have been discussed wi th  p r o j e c t  engineers  respons- 
i b l e  f o r  AAP payload improvement s t u d i e s  . 

Results  of t h i s  s tudy  do not  agree  wi th  r e s u l t s  of 
a s i m i l a r  prel iminary s tudy conducted a t  CCSD. It has been l ea rned ,  
however, that the CCSD s tudy  had some erroneous weight assumptions. 
Ind ica t ions  a r e  t h a t ,  a f t e r  t h e i r  co r r ec t ion ,  the  r e s u l t s  of t h e  two 
s t u d i e s  w i l l  be i n  much b e t t e r  agreement. 

(8) Uprated Sa turn  I Payload Improvement: Various 
f e a s i b i l i t y  s t u d i e s  of p o t e n t i a l  payload c a p a b i l i t y  improvement schemes 
have been performed and prepared f o r  p re sen ta t ion  a t  the  A p r i l  25 Mission 
Planning Task Force meeting and a t  o the r  MSFC i n t e r n a l  meetings. They 
a r e  l i s t e d  below: 

(a )  CSM Tugboat Operations : Payload improvements 
r e s u l t i n g  from pick up of supp l i e s  i n  low o r b i t s  and tugboat ing them 
wi th  the  CSM t o  a space s t a t i o n  i n  h igh  o r b i t s ,  compared t o  d i r e c t  i n j e c -  
t i o n  of supp l i e s  t o  the space s t a t i o n .  

(b) S-IVB Res t a r t :  Bayload improvements r e s u l t -  
ing from the i n s t a l l a t i o n  of a 5-2 r e s t a r t  system i n t o  the  p re sen t  
S-IVB s t age .  

( c )  J2-S Engine I d l e  Mode Operation: As  p a r t  of 
the o v e r a l l  MSFC payload improvement s t u d i e s  now i n  progress ,  a s p e c i f i c  
s tudy  of t he  f e a s i b i l i t y  of t he  use of the  J-2s engine i n  the S-IVB i s  
i n  progress .  This s p e c i f i c  5-2 engine development w i l l  be capable of 
ope ra t ing  a t  a 4500-pound t h r u s t  l e v e l .  A t r a j e c t o r y  shaping s tudy  is 
i n  progress  t o  f ind  the payload e f f e c t  of using the i d l e  mode of opera- 
t i o n .  Sequences of high - i d l e  t h r u s t  and h igh  - i d l e  - high  t h r u s t  



a r e  being optimized i n t o  260 NM c i r c u l a r  o r b i t s .  A Northrop-developed 
t r a j e c t o r y  s  imulat ion computer rou t ine  operat ional  on the  SDS 3200 i s  
being used. (DAO) 

b. Dynamics and Control 

Act ive Control S tudies :  The a n a l y t i c a l  mechanics of 
con t ro l  moment gyros f o r  a t t i t u d e  con t ro l  a r e  being surveyed. Also 
the  physical  p r o p e r t i e s  and response c h a r a c t e r i s t i c s  and requirements 
of CMG'S a r e  under s tudy.  Poss ib le  approaches t o  con t ro l  a n a l y s i s  a r e  
being formulated a s  t o o l s  t o  genera te  des ign  da ta .  (DC) 

c. P r o j e c t  Information Applicable  t o  Many Vehicles 

AAP-4 Rigid Body Response Analys i s  : The pre l iminary  
r i g i d  body response a n a l y s i s  f o r  t he  Saturn I B  v e h i c l e  w i th  the  3-foot  
ex tens ion  s e c t i o n  between the  I U  and SLA was performed f o r  the  10 km and 
the  max q time poin ts  f o r  t he  nominal veh ic l e .  Resul t s  i n d i c a t e  l i t t l e  
change from responses f o r  t he  AS-206 LEM-alone mission.  The r i g i d  body 
response ana lys  i s  was presented i n  t he  memorandum R-AERO-DCC-5-67. (DC) 

2. ATM 

Combined Workshop/ATM Stat ionkeeping:  Work is cont inuing 
on the  problem of s ta t ionkeeping  the  LM/ATM w i t h  the  S-IVB o r b i t a l  
workshop under the  concept of e s t a b l i s h i n g  a schedule f o r  p u l l i n g  on 
the  t e t h e r  i n  a  r epea t ab le  c y c l i c  fashion.  To in su re  a r epea t ab le  so lu -  
t i o n ,  c e r t a i n  condi t ions  must be placed on t h e  ATM o r b i t .  A s u f f i c i e n t  
condi t ion  f o r  i n su r ing  r e p e a t a b i l i t y  i s  t h a t  t he  motion of t he  ATM 
appears  symmetric about t he  l o c a l  ho r i zon ta l  i n  the  o r b i t a l  f l i g h t  plane 
The i n i t i a l  condi t ions  necessary t o  produce symmetric ATM motion were 
obtained and the  geometric c h a r a c t e r i s t i c s  of the  motion were found by 
parameter iza t ion .  A neighborhood about  the  workshop i n  which the  ATM 
must be kep t  f o r  the  establ ishment  of a  r epea t ab le  t e t h e r - p u l l i n g  
schedule was then determined by assuming t h a t  t he  magnitude of the  
p u l l s  on the  t e t h e r  was below a s p e c i f i e d  va lue .  Documentation of t he  
r e s u l t s  i s  now i n  progress .  A p re sen ta t ion  of t he  c u r r e n t  r e s u l t s  of 
t h i s  s tudy  was made t o  D r .  von Braun, May 25. (DAO) 

3. Orb i t a l  Workshop 

a. AAP Launch Vehicle 

A pre l iminary  v i b r a t i o n  a n a l y s i s  i s  being made of 
AAP-1, 2, 3,  and 4 Launch Vehicles .  Because of t he  crudeness of a v a i l -  
a b l e  d a t a ,  the  a n a l y s i s  i s  very  prel iminary.  The a n a l y s i s  is expected 
t o  be completed by May 31, 1967, and r e s u l t s  w i l l  be published a s  soon 
a s  poss ib le .  (DDS) 



b. High A l t i t u d e  Drop Tes t  

An i n v e s t i g a t i o n  has been made of a  low g r a v i t y  t e s t i n g  
technique which uses  a  drag s h i e l d  and experiment package dropped from 
high  a l t i t u d e .  It was found t h a t  continuous low g r a v i t y  t e s t  times of 
24 t o  26 seconds could be achieved wi th  a  maximum drag  s h i e l d  v e l o c i t y  
of 820 f t / s e c .  The r e s u l t s  of t h i s  i n v e s t i g a t i o n  a r e  being published 
i n  TM X-53608. (DDS) 

E. Other P ro j ec t s  

1. Sa turn  V/Voyager 

A prel iminary f r e e  bending a n a l y s i s  w a s  made f o r  the  f i r s t  
f l i g h t  s t a g e  of the Sa turn  VIVoyager. The r e s u l t s  of the  a n a l y s i s  were 
publ ished i n  memorandum R-AERO-DD-16-67, dated Apr i l  3 ,  1967. ( D r  

2. Voyager Slosh ~ t u d i e s / ~ o w  g  

A prel iminary s l o s h  a n a l y s i s  of the  Voyager s p a c e c r a f t  has 
been completed. Both the  proved and unproved phases of f l i g h t  were 
examined, and the  r e s u l t s  presented i n  R-AERO-DD-14-67 and R-AERO-DD- 
23-67. (DDS) 

3 .  P r o j e c t  Thermo 

, 
An a n a l y s i s  of low g  s lo sh ing  f o r  P r o j e c t  Thermo i n  which 

the  r i g i d  body a c c e l e r a t i o n  of t h e  s p a c e c r a f t  a s  a r e s u l t  of p rope l l an t  
motion was determined was completed. These r e s u l t s ,  published i n  R-AERO- 
DD-15-67, i nd ica t ed  t h a t  the  proposed t e s t  a c c e l e r a t i o n  environment would 
no t  be jeopardized by s lo sh ing  e f f e c t s .  (DDS) 

F. General 

a .  Design C r i t e r i a  f o r  Control of Space Vehicles 

"At t i t ude  Control i n  Space" by Arthur L. Greens i te  has been 
rece ived  i n  f i n a l  form. This monograph is concerned exc lus ive ly  w i t h  
t h e  a t t i t u d e  con t ro l  problem f o r  a  s a t e l l i t e  i n  e a r t h  o r b i t .  A t t en t ion  
is focused i n  p a r t i c u l a r  on the  a n a l y s i s  and syn thes i s  of a t t i t u d e  con- 
t r o l  systems which s a t i s f y  well-defined ob jec t ives .  The aim of t he  
p re sen t  monograph i s  t o  provide a  un i f i ed  framework f o r  the  a n a l y s i s  
and syn thes i s  of t he  a t t i t u d e  con t ro l  system. While t he  d e t a i l s  and 
o b j e c t i v e s  of s p e c i f i c  systems w i l l  vary ,  t h e r e  i s  a common conceptual  
b a s i s  f o r  mathematical t reatment .  



The two d r a f t  monographs, "Adaptive Control" 
Relief1'  have been reviewed and re turned  f o r  pub l i ca t ion .  (DC, 
Dynamics) 

b. S t a t i s t i c a l  Analysis  of Wind P r o f i l e  Data and 
t i o n  t o  Large Booster Control 

The d r a f t  copy of a r e p o r t  from Hayes In t e rna t  
reviewed , and sugges ted  r e v i s  ions have been incorporated i n  t he  
r epo r t .  The r e p o r t  p resents  t he  development of a  non-s ta t ionar ,  
s t a t i s t i c a l  a lgor i thm f o r  use i n  determining wind loading on a ; 
v e h i c l e  during a scen t  through the  atmosphere. The evolu t ion  of 
a lgor i thm included the  development of a wind model shaping f i l t e  
reproduces the  s t a t i s t i c s  of the  winds a s  determined from Jimsph 
Soundways over Cape Kennedy. The wind model includes the  non-st; 
i t y  of t he  winds and turbulence and the  technique presented r e p r t  
a n  e x c e l l e n t  method f o r  performing response and load a l l e v i a t i o n  
which i s  based on a sound t h e o r e t i c a l  foundat ion.  This r e p o r t  i s  
publ ished as a  NASA Contractor  Report. (~C/Hayes I n t e r n a t i o n a l )  

V I I .  FLIGHT TEST ANALYSIS DIVISION 

A. F l i g h t  Mechanics Branch 

1. Sa turn  I B  

Chrysler  Corporat ion has de l ive red  a n  i n i t i a l  r e l e a  
of the  A ~ - 2 0 4 / ~ ~ - 1  ope ra t iona l  t r a j e c t o r y ,  f i r s t  s t a g e  s t e e r i n g  func 
t i o n  and second s t a g e  t a r g e t i n g  parameters.  These d a t a  were generatc 
a s  the  r e s u l t  of a n  expedi ted e f f o r t ,  using propuls ion  c h a r a c t e r i s t i c  
no t  a p p l i c a b l e  t o  t he  period of launch nor r e f l e c t i n g  hardware change 
outs  ( i f  any) s i n c e  the  last  q u a r t e r  of 1966. It was necessary t o  
genera te  a n  i n i t i a l  r e l e a s e  s i n c e  no t r a j e c t o r y  d a t a  r e f l e c t i n g  t h i s  
combination of S- IBIS-IVB/LM cha rac t e r  is t i c s  were a v a i l a b l e  i n  t he  prc 
Also d a t a  were needed t o  provide v e h i c l e  t a r g e t i n g  parameters t o  suppc 
requi red  sof tware  schedules .  

The f i n a l  ope ra t iona l  t r a j e c t o r y  is t o  be r e l ea sed  i n  
J u l y ,  i f  propulsion c h a r a c t e r i s  t i c s  a r e  rece ived  from the  s t a g e  contrac 
t o r s  on time. This r e l e a s e  w i l l  r e f l e c t  a 270-degree p a s s i v a t i o n  a t t i -  
tude (nose s t r a i g h t  down), i f  a  f i n a l  dec i s ion  is made s u f f i c i e n t l y  
soon t o  use t h i s  a t t i t u d e .  

Range Sa fe ty  d a t a  tapes and document have been received 
from Chrysler  Corporation. 



This mission has become more complex i n  r e c e n t  weeks 
wi th  the  advent  of MSC's d e s i r e  t o  perform a  rendezvous wi th  the  spen t  
S-IVB s t a g e  approximately 2  t o  5  days i n t o  the  mission.  The mission 
background and c a p a b i l i t y  f o r  t h i s  v e h i c l e  i s  a s  fol lows:  

(1) 85 x 103 n a u t i c a l  mi l e s ;  block I CSM; l a r g e  L/V 
r e se rves .  

(2) 104 n a u t i c a l  mi l e s ,  c i r c u l a r ,  rendezvous wi th  
LM; block I1 CSM; 30 L / v  r e se rves .  

( 3 )  85 x  103 n a u t i c a l  mi l e s ;  block I1 CSM, o f f -  
loaded; ample L/V r e se rves .  

(4) 120 x  150 n a u t i c a l  mi l e s ,  rendezvous wi th  spen t  
S-IVB, block I1 CSM, off- loaded;  30 L/V 
r e se rves .  

It i s  h ighly  probable t h a t  the  command module i n e r t  
weight w i l l  i nc rease  200 t o  600 pounds. As a  r e s u l t ,  i t  i s  a n t i c i p a t e d  
t h a t  MSC w i l l  a sk  MSFC i f  they w i l l  support  t h e  mission wi th  l e s s  than 
3a  L/V r e se rves .  

There is a  p o s s i b i l i t y  t h a t  a  pas s iva t ion  exe rc i se  
w i l l  be  requi red  t o  a s s u r e  t h a t  the  S-IVB is i n e r t  during the  rendez- 
vous. I n i t i a l  i nd i ca t ions  a r e  t h a t  any pas s iva t ion  impulse w i l l  be 
used t o  increase  the  s t a g e  a v a i l a b i l i t y  f o r  rendezvous exe rc i se s .  

These veh ic l e s  a r e  being planned p r imar i ly  t o  per- 
form the  rendezvous mission.  A t  p resent  only t h e  AS-207 ope ra t iona l  
t r a j e c t o r y  ana lyses  a r e  app l i cab le  t o  program planning.  It was 
revea led ,  however, i n  a  d i scuss ion  wi th  MSC personnel t h a t  a n  
erroneous drag computation i n  t he  s p a c e c r a f t  rendezvous t r a j e c t o r i e s  
w i l l  probably r e q u i r e  r e v i s i o n  of t a r g e t i n g  f o r  one o r  bo th  of the 
launch veh ic l e s .  

d .  AS-206 R e s t a r t  

The Saturn I B  Program Off ice  has d i r ec t ed  t h a t  a  
r e s t a r t  mission be supported t o  back up poss ib l e  Saturn V r e s t a r t  
problem a r e a s .  A dec i s ion  t o  implement the  mission would be made 
3 months before  launch. This r equ i r e s  t h a t  a l l  ope ra t iona l  t a r g e t -  
ing be complete a t  t h i s  time widh t r a j e c t o r y  documentation a l s o  near 



completion. I t  i s  assumed t h a t  t h i s  w i l l  be a n  all-MSFC mission,  and 
no F l i g h t  Mechanics Panel i n t e r f a c e  documentation wi th  MSC w i l l  be 
r equ i r ed .  The ope ra t iona l  a n a l y s i s  w i l l  have t o  begin immediately t o  
suppor t  the  e a r l i e s t  launch d a t e  prescr ibed by the  Program Office.  

Requests f o r  propulsion and o ther  v e h i c l e  c h a r a c t e r i s t i c s  
have been i n i t i a t e d .  

e .  AS-208, 9 ,  10, and 11 

Sys tem engineering e f f o r t s  and schedules  f o r  these  
v e h i c l e s  w i l l  be e s t ab l i shed  upon r e c e i p t  of new F l i g h t  Mission Assign- 
ment documentation. 

2 .  Saturn V 

An updated ope ra t iona l  t r a j e c t o r y  r e p o r t ,  which i s  t he  
Boeing company's r e submi t t a l  of document number ~5-15551(F)-A, has been 
d i s t r i b u t e d .  This t r a j e c t o r y  r e f l e c t s  a  nonbiased s t e e r i n g  program 
during the  S-IC burn per iod .  F ina l  propulsion p red ic t ions  f o r  t he  S-IVB 
and S - I1  s t a g e  were not  a v a i l a b l e  f o r  t he  genera t ion  of t h i s  a n a l y s i s .  
I n  f a c t , " f i n a l l '  propulsion p red ic t ions  have j u s t  become a v a i l a b l e .  

Since t h i s  i s  a  new v e h i c l e  and mission p r o f i l e ,  and 
p a r t i c u l a r l y ,  i n  view of c e r t a i n  s e n s i t i v i t i e s  exhib i ted  i n  the  out-of-  
o r b i t  S-IVB ope ra t ion ,  a  r e v i s i o n  t o  the ope ra t iona l  t r a j e c t b r y  has been 
scheduled f o r  J u l y  16,  1967, i n  order  t o  f u r t h e r  v e r i f y  adequacy of 
the  t a r g e t i n g  p r e s e t t i n g s .  

The Abort and Al t e rna t e  Mission Analyses document has 
been r e l eased  a s  a n  R-AERO-FMT memo, e x t r a c t i n g  information from the  
Boeing document. Rapidly changing d a t a  and ground r u l e s  made t h i s  
a c t i o n  necessary.  

The d i spe r s ion  a n a l y s i s  f o r  t h i s  mission has been 
received from Boeing. I t  appears t o  be a  g r e a t  improvement over docu- 
ments received i n  the  p a s t ;  however, s e v e r a l  comments and r e v i s i o n s  w i l l  
r e q u i r e  a  r e submi t t a l  by the  con t r ac to r .  

E f f o r t  t o  genera te  a d d i t i o n a l  range s a f e t y  d a t a ,  unique 
t o  the  f i r s t  v e h i c l e  of a  s e r i e s ,  has been i n i t i a t e d .  It c o n s i s t s  of 
1 2  cases  r e f l e c t i n g  parameter iza t ion  of wind e f f e c t s .  



The i n i t i a l  r e l e a s e  of t he  ope ra t iona l  t r a j e c t o r y  has 
been d i s t r i b u t e d .  

The d i spe r s ion  a n a l y s i s  document d e l i v e r y  has been 
rescheduled f o r  August 1. Review of the  rough d r a f t  ind ica ted  t h a t  
cons iderable  r e v i s  ion t o  a n a l y s i s  philosophy i s  requi red .  

The Boeing Company i s  performing s p e c i a l  ana lyses  t o  
determine periods i n  which lunar  impact by the  S-IVB s t a g e  may be of 
s i g n i f i c a n t  p r o b a b i l i t y .  E f f ec t s  of pos t  s epa ra t ion  vent ing  impulses 
a r e  being considered.  This e f f o r t  was somewhat delayed by lack  of 
vent ing  d a t a  . 

The Abort and Al t e rna t e  Mission document is now being 
reviewed. 

Generation of t he  guidance p r e s e t t i n g s  f o r  two oppor- 
t u n i t i e s  i s  now underway by Boeing. 

3 .  General 

a .  Lunar Landing Miss ion 

Considerable e f f o r t  has been expended i n  the  e s t a b l i s h -  
ment of ope ra t iona l  t a r g e t i n g  and t r a j e c t o r y  procedures and documenta- 
t i o n .  The s t a t u s  of t h i s  e f f o r t  has been documented i n  R-AERO-FMT-88-67, 
e n t i t l e d  "Sta tus  of MSFC Response t o  Action Item 14.2 of t he  Apollo 
Reference Tra j ec to ry  Subpanel." This e f f o r t  i s  by no means complete 
s i n c e  i t  is b a s i c a l l y  the culmination of the  launch v e h i c l e  f l i g h t  
mechanics a n a l y s i s  f o r  the  lunar  landing miss ion.  Extensive i n t e r f a c e  
coord ina t ion  wi th  MSC through the Target ing Task Team of the Reference 
Tra j ec to ry  Subpanel i s  being maintained. 

A t  p resent  i t  appears t h a t  the  Boeing Company w i l l  be 
prepared the  f i r s t  week of July t o  i n i t i a t e  the  f i r s t  of t h r e e  t a r g e t i n g  
cyc le  exe rc i se s  between MSFC and MSC. 

b. Stage Misalignment Correc t ion  

It has been determined t h a t  the  s t a g e  misalignment 
c o r r e c t i o n  (SMC) computation a s  implemented i n  t he  Sa turn  I B  ope ra t iona l  
t r a j e c t o r y  r o u t i n e s  does not  dup l i ca t e  the  on-board Launch Vehicle 
D i g i t a l  Computer (LVDC) method. Differences appear t o  be due t o  incon- 
s i s t e n c y  between LVDC Equation Defining Document (EDD) and a c t u a l  



implementation, plus improper accounting of time l ags  i n  the SMC feed- 
back loop. Resul t ing path angle  e r r o r s  were from about approximately 
.012 degrees t o  a s  l a r g e  a s  .025 degrees f o r  some cases .  Three-sigma 
d i spe r s ion  i s  .026 degrees.  This discrepancy i s  being pursued i n  both  
Saturn I B  and Saturn V s imu la t ions ,  a l though no d iscrepancies  have been 
noted i n  Saturn V. 

c .  Orb i t a l  Debris 

The monthly progress  r e p o r t ,  received from Lockheed 
f o r  the  AS-501 veh ic l e ,  s t a t e d  t h a t  progress  was made i n  the  fol lowing 
a r e a s .  The s u r v i v a b i l i t y  p l o t s  were generated based on the  v e h i c l e ' s  
t r a j e c t o r y  condi t ions  a t  "breakup" a l t i t u d e .  These p l o t s  were t o  
determine those s p e c i f i c  components and p a r t s  of the  S-IVB s t a g e  and 
instrument  u n i t  (IU) which have a high  p r o b a b i l i t y  of su rv iv ing  t o  
e a r t h  impact. 

The weight,  approximate shape and s i z e  were then 
determined f o r  a l l  the surv iv ing  p a r t s  of t he  IU and the ma jo r i t y  of 
su rv iv ing  p a r t s  of t he  S-IVB s t a g e .  

The impact d i s p e r s i o n  a r e a s  a r e  being ca l cu la t ed  f o r  
the p a r t s  whose surv iv ing  weight and s i z e  have been determined. 

Work was i n i t i a t e d  on AS-501 Risk Hazard Analysis  w i t h  
primary emphasis being d i r e c t e d  toward s  imp1 i f y i n g  and improving t h e  
methods used t o  o b t a i n  c e r t a i n  i npu t  v a r i a b l e s .  This w i l l  reduce the  
amount of time necessary f o r  ana lyz ing  the  r i s k  t o  human l i f e  f o r  any 
p a r t i c u l a r  o r b i t a l  f l i g h t .  

B. Tracking and O r b i t a l  Analysis Branch 

1. Sa turn  I B  

A p re sen ta t ion  given a t  the  FMP on the  A S - 2 0 4 1 ~ ~  1 
Mission Pass i v a t i o n  Experiment included ground t r a c e s  of S-IVB impacts 
versus  pas s iva t ion  dump angle  f o r  the nominal and + 30 r e s i d u a l  propel- 
l a n t s  remaining onboard, t he  o r b i t a l  l i f e t i m e  of t he  S-IVB f o r  t hese  
same cases ,  the  p r o b a b i l i t y  of a  c a s u a l t y  f o r  those impacts,  and the  
s e p a r a t i o n  d i s t a n c e  of the  S-IVB from the SIC f o r  t h e  same cases .  
R-AERO-F received an  u rgen t  a c t i o n  i tem from the  FMP t o  cont inue t h i s  
s tudy  f o r  o the r  pas s iva t ion  ang le s .  These d a t a  have been prepared and 
were forwarded through R-AERO-P wi th  recommendations t o  MSC on a  passiva-  
t i o n  angle  which w i l l  i n su re  L / V  and SIC s e p a r a t i o n ,  proper L/V communica- 
t i ons  dur ing  f u e l  dump, enough o r b i t a l  l i f e t i m e  t o  monitor l i f e t i m e  of 
onboard sys  tems , and low k i l l  p robab i l i t y .  



Life t ime s t u d i e s  were performed f o r  the  AS-205 mission.  
A p o s s i b l e  rendezvous of the  CSM wi th  the  S-IVBIIU i s  under considera-  
t i o n .  Lifet imes 'for var ious  apogee-perigee combinations were analyzed 
t o  guarantee requi red  S-IVB o r b i t  l i f e t i m e  and t o  determine, i f  poss ib l e ,  
when the  o r b i t a l  decay of the S-IVB approaches a  c i r c u l a r  o r b i t  t o  a i d  
i n  the rendezvous a t tempt .  Lifet imes from 2-5 days a r e  of the  most 
i n t e r e s t .  Resul t s  of these  s t u d i e s  were presented a t  the  G&P Subpanel 
Meeting a t  MSFC on May 24, 1967. 

A r eques t  was made t o  t he  Guidance and Performance Sub- 
panel f o r  Apollo s p a c e c r a f t  t r a j e c t o r i e s  f o r  a l l  f u t u r e  Sa turn  IB- 
Saturn  V missions.  R-AERO-FT w i l l  genera te  da t a  r e l a t e d  t o  the  s e p a r a t i o n  
of the CSM and S-IVB. 

2. S a t u r n V  

The t racking  and telemetry coverage based on the AS-501 
Opera t iona l  T ra j ec to ry  has been d i s  t r i b u t e d  i n  Memo R-AERO-FT-27-67, 
March 1 2 ,  1967. 

3. Sa turn   voyager 

a .  A memorandum reviewing the  JPL proposal  on t h e i r  "Mis- 
s i o n  Operations System" f o r  Voyager, R-AERO-FT-32-67, was submitted by 
M r .  McAnnally f o r  i nc lus ion  i n  R&DO and I 0  o v e r a l l  comments on the  
proposal .  

b. M r .  R .  Benson a t tended  the  Mission Operations Working 
Group Meeting held a t  Pasadena, C a l i f o r n i a ,  on May 11, 1967. A t r i p  
r e p o r t  d i scuss ing  t h i s  meeting has been d i s t r i b u t e d .  

c .  M r .  Fleischman gave a  p re sen ta t ion  on pre l iminary  l i f e -  
time work f o r  the  Voyager s p a c e c r a f t  i n  a  Mars o r b i t  a t  t he  T r a j e c t o r i e s ,  
Performance, Guidance and Navigation Working Group Meeting held a t  MSFC 
on May 11, 1967. D r .  Stevenson of JPL has i n i t i a l l y  agreed t o  MSFC 
r e s p o n s i b i l i t y  i n  Mars o r b i t a l  l i f e t i m e  p red ic t ions  p r imar i ly  because of 
MSFC p resen t  c a p a b i l i t i e s .  

S ix teen  proposals received on the  RFQ, "Mars T ra j ec to ry  
Determination and Er ro r  Analysis" a r e  being reviewed; the  eva lua t ion  
should be completed by May 26. 



4.  AAP - ATM/Workshop 

a. A j o i n t  R-AERO-FT, R-AERO-DA memorandum has been d i s -  
t r i b u t e d  which p re sen t s  performance, l i f e t i m e s ,  and t r ack ing  information.  

b .  A memorandum present ing  the  STADAN t r ack ing  and communica- 
t i o n  coverage on the ATM/~orkshop mission has been prepared and has bee 
d i s t r i b u t e d  (R-AERO-FT-29-67, March 26, 1967). 

c .  A p re sen ta t ion  on t h e  l i f e t i m e ,  t r ack ing ,  and performallbb 
was given t o  a r e p r e s e n t a t i v e  of M r .  Mathews of NASA Headquarters on 
A p r i l  14, 1967. The meeting was c a l l e d  t o  g ive  a s t a t u s  r e p o r t  on some 
of the  work being performed by the  va r ious  l a b o r a t o r i e s  i n  support  of the  
ATM/Works hop Miss ion.  

d .  Memorandum R-AERO-FT-39-67, dated May 5 ,  1967, was 
w r i t t e n  t o  M r .  Lavender, R-AERO-P, considering s p e c i a l  l i f e t i m e  s t u d i e s .  

e .  Memorandum R-AERO-FT-36-67, dated May 4 ,  1967, on the  
AAP #4 miss ion  t o  determine o r b i t s  which would in su re  a 7.5-hour o r b i t a l  
l i f e t i m e  w a s  i s sued .  

f .  A memorandum, R-AERO-FT-37-67, dated May 4 ,  1967, w r i t t e n  
on the  ATMIworkshop mission completes a s tudy  of a r e c e n t  phase and con- 
f i g u r a t i o n  f o r  the  c l u s t e r  miss ion.  

5 .  O r b i t a l  Analysis  and Li fe t ime 

a .  F e a s i b i l i t y  of Linear  Programming Techniques i n  Exper i- 
ment Sequencing - A meeting was held (March 30, 1967) w i t h  M r .  Rebelein,  
M r .  L inqu i s t ,  and M r .  Hull ings of Honeywell, Inc.  t o  d i scuss  work t o  be 
accomplished under c o n t r a c t  NAS8-21098. Af t e r  t he  problem a s  a whole 
was d iscussed ,  Honeywell descr ibed t o o l s  which they  had previous ly  
developed. One of t hese  was a l i n e a r  programming technique. Because 
t h i s  technique had never had time introduced a s  a v a r i a b l e ,  i t  was 
decided,  f o r  t he  f i r s t  two months of t he  c o n t r a c t ,  t o  i n v e s t i g a t e  the  
f e a s i b i l i t y  of in t roducing  time i n t o  l i n e a r  programming. The l a s t  four  
months e f f o r t  would then  be dependent on the r e s u l t s  of t he  f i r s t  two- 
month s tudy .  

b .  A l l  e r r o r  a n a l y s i s  and l i f e t i m e  information prepared by 
LMSC on pro.ject Odyssey has been g iven  t o  M r .  Few, R-AERO-T, f o r  t r ans -  
m i t t a l  t o  NSL f o r  i nc lus ion  i n  t he  Form 1138. Li fe t ime s t u d i e s  were 
a l s o  run  on the  o r b i t i n g  paddlewheel and rack.  



c. A b r i e f i n g  on out-of-house and in-house work u n i t s  under 
OART 129-04 was given t o  D r .  Kurzweg and s t a f f  on Apr i l  7 ,  1967. 

d. Discussions were held on Apr i l  26, 1967, wi th  B i s s e t t -  
Berman Corporat ion personnel concerning t h e i r  c o n t r a c t  on a  Mars Orb i t  
Er ror  Analysis Program. This program, o r i g i n a l l y  developed f o r  Earth-  
Moon space f o r  MSG, i s  being modified t o  perform e r r o r  a n a l y s i s  s t u d i e s  
on Mars missions.  Development of the  program appears  we l l  under way and 
a n  MSFC ope ra t ive  program is expected i n  about  4 months. 

e .  The f i n a l  r e p o r t  on NAS8-20313, "Study on Li fe t imes  of 
Orbi t ing  Vehicles ,"  by LMSC has been rece ived .  This c o n t r a c t  has pro- 
vided MSFC w i t h  two a d d i t i o n a l  o r b i t a l  l i f e t i m e  programs, one f o r  Mars 
o r b i t i n g  s a t e l l i t e  and one f o r  Venus o r b i t i n g  s a t e l l i t e s .  This c o n t r a c t  
was completed on May 3,  1967. 

f .  A pre l iminary  copy of t he  AS-204 FOT t r ack ing  wi th  f u e l  
dump ang le  of 270 degrees w a s  s e n t  t o  Berdeshaw, I-MO,  Houston. 

C.  F l i g h t  Evaluat ion Branch 

1. Sa turn  V 

a .  L i f t o f f  Study 

A s tudy  has been conducted t o  determine the  l a r g e s t  
engine misalignment the  AS-504 v e h i c l e  can have i n  a l l  f i v e  F-1 engines 
and s t i l l  c l e a r  the  launch umbil ical  tower (LUT) . Engine misalignment 
was considered i n  a d d i t i o n  t o  95 p e r c e n t i l e  winds and o the r  3a v e h i c l e  
t o l e rances .  Resul t s  i n d i c a t e  t h a t  a t  the top of the  LUT, only .05, .7 and 
1.1 meters of a v a i l a b l e  l a t e r a l  c learance  remains f o r  .26,  .225 and .20 
degrees engine misalignments,  r e s p e c t i v e l y .  These r e s u l t s  are t o  be used 
i n  determining the  n e c e s s i t y  of a  yaw b i a s  f o r  ope ra t iona l  Sa turn  V 
v e h i c l e s .  

b. O r b i t a l  Ephemeris Generator 

The Data and Ephemeris Generator (DAEG), used t o  recon- 
s t r u c t  the o r b i t a l  f l i g h t  ephemeris of Sa turn  veh ic l e s  i n  parking o r b i t s ,  
has been modified t o  accept  t he  polynomial vent ing  model r e c e n t l y  added 
t o  the  O r b i t a l  Correc t ion  Program (OCP). This vent ing  model i s  developed 
from da ta  te lemetered from the  ST-124 i n e r t i a l  guidance sys  tem. Exper- 
ience has shown t h i s  t o  be an  accu ra t e  method of mathematical ly  modelling 
the  a c c e l e r a t i o n s  due t o  vent ing .  Consequently, the DAEG, using i n i t i a l  
condi t ions  and the  guidance v e n t  model from OCP, w i l l  genera te  a  p rec i s ion  
o r b i t a l  ephemeris. The new DAEG c a p a b i l i t y  has no t  y e t  been completely 
checked o u t ,  b u t  t h i s  should be done i n  the  near  f u t u r e .  Once t h i s  



checkout i s  completed, copies of the DAEG program w i l l  be given t o  the 
Sa turn  I B  and Saturn V system con t r ac to r s  t o  be used i n  t h e i r  p o s t - f l i g h t  
eva lua t ion  e f f o r t s  . 

c .  Powered F l i g h t  Pos t - F l i g h t  T ra j ec to ry  Techniques 

The powered f l i g h t  t r a j e c t o r y  program, GATE, which e s t i -  
mates t r acke r  e r r o r  c o e f f i c i e n t s  a s  wel l  a s  guidance e r r o r  c o e f f i c i e n t s ,  
has been completed. Documentation of t h i s  program i s  a l s o  completed i n  
d r a f t  form. Several  cases  using a c t u a l  AS-203 d a t a  have shown t h i s  pro- 
gram t o  be a  ve ry  powerful t o o l  f o r  e s t a b l i s h i n g  a bes t - e s t ima te - t r a j ec -  
t o r y .  A un i f i ed  S-band e r r o r  model i n  a  t runca ted  form w i l l  be included 
when i t  becomes d e f i n i t i v e .  The GATE program w i l l  soon be g iven  t o  the  
Sa turn  I B  and Saturn V system con t r ac to r s  t o  use i n  t h e i r  p o s t - f l i g h t  
t r a j e c t o r y  e f f o r t .  An informal r eques t  from the MITRE Corporation a t  
P a t r i c k  AF Base f o r  t h i s  program has a l s o  been rece ived .  The program 
i s  the b a s i s  f o r  a  paper which w i l l  be  presented a t  t he  AIAA Guidance, 
Control and F l i g h t  Dynamics Conference i n  August . 

d . Guidance Pe r tu rba t ions  During Orb i t  

A guidance pe r tu rba t ion  s tudy  was made i n  suppor t  of 
the O r b i t a l  Correc t ion  Program (OCP) work. Guidance accelerometer  out-  
puts  from t h e  AS-203 o r b i t a l  f l i g h t  were input  t o  a  guidance s tudy  pro- 
gram. These a c c e l e r a t i o n s  were input  a s  s tandard v a l u e s ,  and pe r tu rba t ions  
were made t o  show the e f f e c t s  of guidance hardware e r r o r s  during o r b i t .  
Since a c c e l e r a t i o n s  due t o  vent ing  a r e  ve ry  sma l l ,  accelerometer  s c a l e  
f a c t o r  and gyro g - s e n s i t i v e  d r i f t s  a r e  n e g l i g i b l e .  The remaining e f f ec -  
t i v e  guidance e r r o r s  would be cons tan t  gryo d r i f t  and a c c e l e r a t i o n  b i a s  
e r r o r s .  The ques t ions  f o r  the OCP work were i f  the  p la t form d r i f t  e f f e c t  
could be d is regarded  i n  the  o r b i t  de te rmina t ion  using guidance outputs  
and i f  an  adequate  s o l u t i o n  f o r  a c c e l e r a t i o n  b i a s  could be obtained from 
o r b i t  d a t a .  

The r e s u l t s  of t h i s  s tudy i n d i c a t e  t h a t  any reasonable  
e s t ima te  of gyro d r i f t  w i l l  have a  n e g l i g i b l e  e f f e c t  on the  accelerometer  
ou tputs  during vent ing  o r  o t h e r  small  p ropuls ive  events .  Only b i a s  e r r o r s  
need be considered by the  OCP t o  f i t  t he  guidance outputs  through random 
t racking  f o r  o r b i t  determinat ion.  This i s  no t  t o  imply t h a t  p la t form 
d r i f t  i s  no t  a n  e r r o r  t o  be considered f o r  a  second powered phase of t he  
S-IVB s t a g e .  The platform w i l l  be misaligned and s i z e a b l e  v e l o c i t y  com- 
ponent e r r o r s  w i l l  bu i ld  up during t h i s  second burn i n  a d d i t i o n  t o  any 
previous e r r o r  bui ldup.  



2 .  Sa turn  Apollo Applicat ions 

The FEWG-Payload concept was presented t o  the  l abo ra to ry  
s t a f f  meeting on Apr i l  17. On Apr i l  27 the  f l i g h t  ope ra t ions / eva lua t ion  
i n t e r f a c e s  r e s u l t i n g  from the extended payload missions was discussed 
wi th  I -MO.  General agreement was reached and a  l e t t e r  of agreement i s  
e s s e n t i a l l y  complete. The concepts and planning t o  da t e  were presented 
t o  the Center S t a f f  and Board meeting on May 26. I n s u f f i c i e n t  time was 
a v a i l a b l e  a t  the  meeting t o  go i n t o  the f l i g h t  eva lua t ion  func t ions  t o  
t he  d e t a i l  de s i r ed  by the Di rec to r .  A s p e c i a l  meeting i s  t o  be planned 
s p e c i f i c a l l y  f o r  t h i s  purpose. 

The Payload S t a f f  Support Team, CCSD, was increased by 
one person, M r .  Norman Marriner ,  g iv ing  a  t o t a l  of t h ree  people working 
i n  t h i s  capac i ty .  

Members of the  FEWG-Payload s t a f f  a t tended  a  meeting of 
the  Orb i t a l  Workshop PDR Review Board on Monday, May 8.  This meeting 
proved b e n e f i c i a l  t o  the s t a f f  i n  t h a t  s e v e r a l  items were discussed 
which w i l l  r e q u i r e  MSFC eva lua t ion  e f f o r t .  

Progress i s  being made on the U P - ~ / A A P - ~  Payload Evalua- 
t i o n  Plan. A rough o u t l i n e  of the  eva lua t ion  t a sk  f o r  the  Orb i t a l  Work- 
shop has been formed. This o u t l i n e  has been broken down i n t o  a r e a s  of 
r e s p o n s i b i l i t y ,  and a n  a t tempt  has been made t o  i d e n t i f y  t he  o f f i c e  and 
ind iv idua l  r e spons ib l e  f o r  these  t a sks .  Each of t hese  people w i l l  be 
soon contacted t o  o b t a i n  the  information needed f o r  the  Evaluat ion Plan.  

On May 18,  a  FEWG-Payload genera l  meeting was held i n  
Room 409, Bldg. 4200, a t  8:30 am. Some of the  top ic s  on the  agenda were 
F l i g h t  Opera t ions /Evalua t ion  I n t e r f a c e ,  Review MSFC R e s p o n s i b i l i t i e s  , 
Review Headquarters Data Flow Study and Review S t a f f  and Board Presenta-  
t i o n  Char t s .  The l a t t e r  p a r t  of the meeting was an  open d i scuss ion  on 
the eva lua t ion  t a sk  f o r  the Orb i t a l  Workshop. 

3 .  Voyager 

R-AERO ins t rumenta t ion  requirements f o r  the  S-IC boost  phase 
of the  Voyager mission have been forwarded t o  R-ASTR-IE. This r eques t  
inc ludes  16 dynamic s t ra in-gauge  and 9 f l h c t u a t i n g  pressure  measurements. 
The purpose of the s t r a i n  gauges i s  t o  ob ta in  information on the  s e v e r i t y  
of the f l u t t e r  condi t ion  which has been predic ted  t o  occur on the S-IVB 
forward s k i r t  during boost .  The purpose of the  f l u c t u a t i n g  pressure  meas- 
urements i s  t o  ob ta in  f u l l  s c a l e  a c o u s t i c  da t a  f o r  a  double f ree-s t ream 
nose cone conf igura t ion  without  the  inf luence  of a  launch escape tower 
upstream of the  nose cone. 



4. Contracts  

a .  HTL Study Contract  (NAS8-11848) 

A r eques t  f o r  a  reimbursement f o r  a  c o s t  overrun under 
Cont rac t  NAS8-11848 has been submitted by HTL. The overrun, which 
amounted t o  $1626.99, was p r imar i ly  due t o  c o s t  of m a t e r i a l s .  The 
expendi tures ,  which were no t  a n t i c i p a t e d  when the  c o n t r a c t  was nego t i a t ed ,  
were p r imar i ly  t o  r ep l ace  equipment damaged when the  con t r ac to r  was asked 
t o  eva lua t e  ca lor imeter  performance a t  hea t ing  r a t e s  i n  excess  of the  
c a p a b i l i t y  of e i t h e r  h i s  f a c i l i t y  or  t he  MSFC f a c i l i t y .  The ca lor imeters  
i n  ques t ion  were those loca ted  i n  the  flame s h i e l d  a r e a .  A l l  previous 
work was done on the base r eg ion  ca lor imeter  which experienced lower 
hea t ing  r a t e s .  The c o s t  of redes ign  of the  system was absorbed by the  
con t r ac to r  and i s  no t  r e f l e c t e d  i n  the  m a t e r i a l s  cos t .  A memo has been 
d r a f t e d  t o  M r .  Ralph Bu t l e r  recommending the  con t r ac to r  be reimbursed 
i n  the  amount of $1625 per  h i s  r eques t .  

b.  TBC Saturn  V Systems Cont rac t  (NAS8-5608) 

1. Pos t -F l igh t  T ra j ec to ry  

Cons ide rab le  e f f o r t  has been spen t  i n  preparing the  
Boeing Company (TBC) t o  assume the  r e s p o n s i b i l i t y  of es  tab1  i sh ing  the  
p o s t - f l i g h t  t r a j e c t o r y  on t h e  Sa turn  V veh ic l e .  TBC has been furn ished  
most of t he  MSFC e x i s t i n g  programs t h a t  a r e  necessary  t o  perform t h i s  
t a sk .  Many of t hese  programs, which were used on Sa turn  I B  v e h i c l e s ,  
r e q u i r e  some minor mod i f  i c a t i o n s  t o  be ope ra t iona l  on Sa turn  V v e h i c l e s .  
Regular ly scheduled bi-weekly meetings wi th  s e v e r a l  informal conferences 
i n  between a r e  being held t o  coord ina te  t h i s  e f f o r t .  It now appears  t h a t  
w i th  t h i s  c lo se  coord ina t ion  TBC w i l l  be adequately prepared t o  perform 
t h i s  task .  

Also, TBC has the a d d i t i o n a l  problem of convert ing 
a l l  these  programs from the  IBM-7094 system t o  the IBM 360 system which 
r e q u i r e s  a  r a t h e r  ex tens ive  r e m i t t i n g  of the  inpu t /ou tpu t  po r t ion  of 
the  programs. TBC i s  working hard t o  make these  program changes s i n c e  
they w i l l  l o s e  a l l  of t h e i r  IBM-7094 c a p a b i l i t y  by September 1 s t .  The 
checkout of t hese  programs has been hampered by t h e  poor turn-around 
time a t  t h e i r  computer f a c i l i t y .  

2. Clustered Engine Analysis  

TBC has the  R-AERO-F six-degrees-of-freedom s imula tor  and 
the  TAM method of eva lua t ing  s t a g e  propuls ion  system performance. TBC 
a l s o  has inhouse the  TBC ( S e a t t l e )  generated method of determining the  
s t a g e  propulsion system performance by comparing nominal propuls ion  and 
t r a j e c t o r y  d a t a  wi th  the  same type of d a t a  from t r ack ing  and te lemet ry .  



The techniques furn ished  by R-AERO-F have been checked ou t  and dec lared  
o p e r a t i o n a l .  The Boeing Company ( S e a t t l e )  method i s  i n  the  checkout 
process .  

TBC i s  now evalua t ing  the  performance of the  AS-203 
S-IB s t a g e  propuls ion  system. This eva lua t ion  w i l l  provide TBC wi th  a 
"dry run" which w i l l  he lp  p o i n t  ou t  a r e a s  r equ i r ing  more a t t e n t i o n  i n  
t h e i r  p repa ra t ion  f o r  t he  S-IC s t a g e  eva lua t ions .  

c. S&ID S- I1  Stage Clustered Engine Analysis  

S&ID (NAA) has developed a  six-degrees-of-freedom simu- 
l a t o r  and has received from R-AERO-F the  TAM method of eva lua t ing  t h e  
s t a g e  propuls ion  sys  tem performance. The s  ix-degrees-of-freedom s imula tor  
has n o t  been f u l l y  checked ou t  a t  t h l s  time, bu t  i t  i s  expected t h a t  S&ID 
w i l l  be  prepared t o  s t a r t  p r a c t i c e  eva lua t ions  by June 1, 1967. M r .  
Logsdon (S&ID) was here  Apr i l  24 and 25 t o  d i scuss  work which has been 
done i n  bu i ld ing  t h e i r  six-degrees-of-freedom s imula tor .  He i s  p re sen t ly  
a t tempt ing  t o  match the  Operat ional  T ra j ec to ry  using t h e i r  s imula tor  . 

PUBLICATIONS 

1. Gunderson, Robert W . ,  "Qua l i t a t i ve  Solu t ion  Behavior on a  F i n i t e  
I n t e r v a l , "  TM X-53597, Apr i l  11, 1967, Unclass i f ied .  

2 .  Nunley, B i l l y  W . ,  "Range Safe ty  Aerodynamic C h a r a c t e r i s t i c s  of the  
Apollo/Saturn V Vehicles," TM X-53599, Apr i l  21, 1967, Unclass i f ied .  

3. F l i n t ,  Cort  R . ,  "A Prel iminary Analysis of Orb i t  I n s e r t i o n  Guidance 
f o r  t he  Voyager Mission," TM X-53601, Apr i l  26, 1967, Unclass i f ied .  

4. Bugg, Frank M . ,  "Low Gravi ty Simulat ion by High A l t i t u d e  Drop Tes t -  
ing,"  NASA TM X-53608, May 15,  1967, Unclass i f ied .  

5 .  Cummings, R. E . ,  Q. D. Peasley,  J. W. Bradford, and W. E.  Hinds, 
"Spec t ra l  Decomposition of the  Cross Cor re l a t ion  Function," TM X-53609, 
May 18,  1967, Unclass i f ied .  

6. Rochel le ,  W. C . ,  "Summary of Heat Flux and pressure  Ins t rumenta t ion  
Used i n  Recent Sa turn  Rocket Exhaust Tests ,"  TM X-53613, May 24, 
1967, Unclass i f  i ed .  

7 .  Wheeler, John T.,  "A1 t e r n a t e  Apollo Missions - Lib ra t ion  Poin ts , "  
Aero-Astrodynamics I n t e r n a l  Note 2-67, Apr i l  21, 1967, Unclass i f ied .  

8. Muller ,  Gary, "Derivat ion of Twelve-by-melve S  t i £  fness  Matrix f o r  
Shear Panel Undergoing Pa rabo l i c  ~ e f  ormat ion,"  Aero-As trodynamics 
I n t e r n a l  Note 3-67, May 2, 1967, Unclass i f ied .  



APPROVAL 

0. C. Jean 
D e p u t y  D i r e c t o r ,  A e r o - A s  t r o d y n a m i c s  L a b o r a t o r y  

" 
E .  D .  G e i s s l e r  
D i r e c t o r  , A e r o - A s  t r o d y n a m i c s  L a b o r a t o r y  

D I S T R I B U T I O N  

R-AERO-DIR 
D r .  G e i s s l e r  
M r .  Jean 

R-AERO- R  
M r .  B u t l e r  (4) 
M r s .  H i g h t o w e r  

R-AERO-P (8) 
R-AERO-D (1 6) 
R-AERO-A ( 2 0 )  
R-AERO-G ( 2 0 )  
R-AERO-Y (5) 
R-AERO-F (8) 
R-AERO-X ( 2 )  

R - D I R  

PAO, M r .  K u r t z  

MS-H, M i s s  J e r r e l l  (3)  

R-AERO- T 
M r .  von P u t t k a m e r  
M r .  M u r p h r e e  
M r .  C u m m i n g s  
D r .  H e y b e y  
M r .  Jandebeur 
D r .  L i u  
D r .  K r a u s e  

I - V - P ,  H a r o l d  Pr ice  
I - V - P ,  M r .  Jennings 


	scan0001rev.tif
	scan0002rev.tif
	scan0003rev.tif
	scan0004rev.tif
	scan0005rev.tif
	scan0006rev.tif
	scan0007rev.tif
	scan0008rev.tif
	scan0009rev.tif
	scan0010rev.tif
	scan0011rev.tif
	scan0012rev.tif
	scan0013rev.tif
	scan0014rev.tif
	scan0015rev.tif
	scan0016rev.tif
	scan0017rev.tif
	scan0018rev.tif
	scan0019rev.tif
	scan0020rev.tif
	scan0021rev.tif
	scan0022rev.tif
	scan0023rev.tif
	scan0024rev.tif
	scan0025rev.tif
	scan0026rev.tif
	scan0027rev.tif
	scan0029rev.tif
	scan0030rev.tif
	scan0031rev.tif
	scan0032rev.tif
	scan0033rev.tif
	scan0034rev.tif
	scan0035rev.tif
	scan0036rev.tif
	scan0037rev.tif
	scan0038rev.tif
	scan0039rev.tif
	scan0040rev.tif
	scan0041rev.tif
	scan0042rev.tif
	scan0043rev.tif
	scan0044rev.tif
	scan0045rev.tif
	scan0046rev.tif
	scan0047rev.tif
	scan0048rev.tif
	scan0049rev.tif
	scan0050rev.tif
	scan0051rev.tif
	scan0052rev.tif
	scan0053rev.tif
	scan0054rev.tif
	scan0055rev.tif
	scan0056rev.tif
	scan0057rev.tif
	scan0058rev.tif
	scan0059rev.tif

