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100 Summaryo- 

A f a i l u r e  ana lys i s fw  LEM show d t h e  propulsion aubsyst 
f l i g h t  safa-by it f o r  a l l  m a  ed LEPl f l i g h t s ”  Review 
propulsicln development, ndicated that, t IC w a s  a require- 
ment f o r  in - f l igh t  dev ea ts ,  Ground elopment t e s t a  
could not adequately simu in-f l ight  
purpose of th study contained i n  t h i s  reporb was: 

lo to es tab l i sh  t”n en%s f o r  f l i g h t  t e s to  

3o t o  determine the miasion obj  e t i v e s  for each f l i g h t ,  

4, t o  prepare de ta i led  tes t  plans f o r  each f l i g h t ,  and 

so -&Q invest igate  the feasibility of  conducting t h  

The result of t 
tests with t h e  ched by a Li%%1 Joe I1 booster, In 
addition, it is r e e o ~ @ ~ d ~ d  t h a t  a booster qua l i f ica t ion  f l i g h t  be 
conducted p r i o r  t o  %he: f i rs t  LE24 tes t ,  

commendation t o  conduct two €‘ligh% 
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2 e 0  Discussion ,- 

201 Requirements f o r  Fl ight  Tests o- 

A f a i l u r e  i n  the propulsion (o r  react ion control)  subsystem 
which permits the contact of f u e l  and oxidizer outside o f  t h e  
thrust chamber will be catastrophic t o  the as t ronaut ,  T h  
development program pmst prove the subsystemP s i n t e g r i t y  p r i o r  
t o  a manned LE% f l i g h t ,  
development programs has indicated severa l  areas where f l i g h t  
conditions, and/or f l i g h t  environmen-ts, can not be adequately 
simulated on the ground, Unmanned f l i g h t  tests are, therefore,  
required t o  demonstrate smd prove the  systemes i n t e g r i t y  i n  ,%he 
design environments, The spec i f i c  r e su l t s  which m e  t o  be 
sought from f l i g h t  t e s t s  and which are unixttainable i n  ground 
t e s t i n g  are3 

A review of the propulsion & RCS 

a, Evaluation a d  c e r t i f i c a t i o n  of t h e  safe operation o f  t h  
propulsion subsystem, 

1, Evaluation of t he  pergormance i n  the space envircm-. 
ment of zero fugu89 hard vacuum, and unrestrained 
vibrat ion 

% O  

bo 

CC 

do 

Zero tag88 - LI3N-l. w i l l  be the first time the 
system can b e  subjected t o  this cond%tiono 
Valve timing and sequencing a r e b o  of t he  
many functions which might be affected,  LEM-1 
w i l l  a lso provide information on t h e  behavior 
of hy-pergolfc propellul%s i n  t h i s  environment a 

Hard vacuum- The f i n i t e  l a g  between c o n t ~ c t  
of t he  propellants and ac tua l  ign i t ion  vaz.ies 
with pressure,  L E M - 1  t e s t  ziltitudes w i l l  
exceed those obtained i n  t e s t  chambers, thereby 
providing a lower pressure envrionment e 

Vibration - LEI44 will provide the first t e s t  
of unrestrained vibrat ion 

Combinations of theabove environments a m  not 
groundtes ted  and failures due t o  combined 
environments could occur 

2, Evaluation of f u l l  duration f i r i n g s  i n  spaes, 
LEN-1 and -2 provide the only f u l l  duration. 
f i r i n g s  u n t i l  LEM-8. 

bo Evaluation and c e r t i f i c a t i o n  o f  the s a f e  operation of the 
Reaction Control Subsystem, 

c Demonstration of the f ire-in-the-hole condition f o r  'the l u n a r  
launch and a b o r t  phases 

Ascent engine exhaust impingement on the descent s"f;age 
could cause combustion i n s t a b i l i t y  and/or s t r u c t u r a l  
damage, Exact ground simulation i s  no% possible as 
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exhausting i n t o  the al t ieude chamber w i l l  cause an 
immediate l o s s  of d t f t u d e ,  and the e a r t h u  s gravit  ationaP 
force  prevents dynamic simulation of the  separation.. The 
ground tests will use a s i m a a t e d  descent s tage (Foe,  Kekvy- 
weight r i g )  t o  preclude the overa l l  program delays which 
would be caused by d amage t o  a t es t  a r t i c l e  

do Evaluation of the system dynamics across a wide range o f  
propellant loads e 

Z;EM developmnt problem must be defined ear ly  i n  
program, LEM-k and -2 provide the only opportunf%y 
p r io r  t o  LEM-8 t o  t es t  the system a t  full f u e l  loads, 
i n  a space environment, 

lo The dfscussions presented f o r  the  pmpulsion 
subsystem i n  paragraph 2,%C (1) are applicable t o  
t he  RCS, 

2,  According t o  current  N S A  rest r fc%ions,  the RCS 
w f l l  no% be t e s t e d  i n  an a l t i t u d e  chamber as a 
system, although GAEC does n o t  concur w i t h  t hPs  
approach t o  t h e  ground tes t  program, 

e ,  Evaluation of the system performance a f t e r  subjection t o  
t he  combined vibratory,  acoustic, and acceleration e nviron- 
ments of the booster, 

Combined environments a re  not ground t e s t e d  due to the  
complexity Snvolved 

f, Evaluation af t he  performance i n  the LEM engine and RCS 
induced environments (vibratory, thermal, acoustic and 
ac c ele r at ion ) 

Ground test of  the  combined environments a r e  not 
conducted due t o  f a c i l i t y  constraints  

go Evaluation and ce r t i f i ca t ion  of the system atmcturoal 
i n t  e gr  it y a 

1, Evaluation of i n t e g r i t y  subsequent t o  boost ami 
combined boost environment ,, 
Combined environments are not ground t e s t ed  ., 

Evaluation of  the LEM engine induced thermal 
d i s t r i b u t  ton 
The LEN engines are  buried inside s t ruc tu re  and 
as such have primary input t o  the thermal dis t r ibu-  
t i o n  of the system, I n  a altii.tude chamber the  
need for a d i f fuser ,  which r e s t r i c t s  plume expansion, 
prevents determining .the input of the plume t o  
the s t ruc ture  and Sanding gear, 

h, Demonstration of  UM staging, 
L2X-1 w i l l  demonstrate c l e a r  spearation of the  descent 
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AGE A2-3 

(con’t)  
stage ( i e e e  no inpact w i t h  ascent stage) f o r  the 
first time i n  the dymznic condition, 

2.2 Additioaal Gains from the Tes t ,  - 
The perfomnance of the L7XbI-l tes t  w i l l  provide: 

a. Evaluation of the LEDJ engine- induced enviro-nments (thex-ml, 
v i b r a t o q ,  acoustic) e 

The test r e su l t s  will be used t o  determine the adequacy 
of ground simulations, 

bo Evaluation of the compatibility of the applicable GSZ. 
c ,  Evaluation of microwave attenuation, absorption, 01- 

de Improved r e l i a b i l i t y ,  
interference caused by engim exhausts, 

The r e l i a b i l i t y  goals ( .999, e tc . )  cannot be demomkt;-atecI 
to the desired degree of confidence within reasonable 
cost and schedules by conventional tes t ing .  
show a prohibit ive nm’ber o f  tests a re  required, The 
test of UCM-1, by increasing the nmber of tests, w i l l  
increase the confidence l e v e l  due t o  the t e s t s  ’Seing 
conducted i n  the vehicle’s operational ezvirorme%L0 

S t a t i s t i - s  

20 3 Selection of the Boost Vehicle - 
The pa r t i cu la r  boosters available f o r  the U M - 1  tests were the 
L i t t l e  Joe I1 and the Saturn C-LB. The L i t t l e  Joe 11 w a s  
determined to be the b e t t e r  choice f o r  the following reasons:: 

a. 

bo 

c .  

a. 

e.  

f .  

L i t t l e  Joe I1 will have coxpleted development and the LEM 
t e s t  w i l l  not be subjected t o  the r&quiI-eaents of a beoster 
development program. The 6-1J3 boost f o r  the LZM would be 
a booster developaent f l i g h t  

L i t t l e  Joe 11 is more econadca l  than the C-LB, 

L i t t l e  Joe II offers a t e s t  which is  independent of a l l  
other  Apollo components and thereby permits the U M  
program t o  progress f r ee ly  i n  the ea r ly  development days 
and the booster sckeduling to be d ic ta ted  by LE34 
requirements 

L i t t l e  Joe I1 a v a i l a b i l i t y  permits an earlier f l i g h t  date 
acd one not subject t o  developnent delays, as i n  the 6-lB. 
The ea r ly  f l i g h t  p e m t s  feedback f o r  modification and/or 
redesign without severely de laying propulsion subs ys tea 
q m l i f  icat ion.  

The t h e  required f o r  L i t t l e  Joe I1 prelamck checkout is  
less than the Saturn, again permitting an e a r l i e r  laimeh 
date with the saxe delivery date and a more economical lamch. 

L i t t l e  Joe 11 a v a i l a b i l i t y  permits the schdu l ing  o f  a back-up 
booster f o r  the contingency of a mishap. The Saturn booster 
schedule does not have t h i s  f l e x i b i l i t y .  I n  the event af  ~Lshap ,  
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(corm t ) 

i r e  ApolLo b o o s t e r  phasing would be! required t o  s l i p  %o 
p r o d d e  a back up capabi l i ty ,  

g, L i t t l e  Joe I1 satisfies t h e  development t es t  requirements of LEN 
without t he  complexity of a C-1B t es t  (&*ee  it*s simpler),  

Feas ib i l i ty ,  - - 
The de ta i l ed  f e a s i b i l i t y  analysis i s  presented i n  t h  
LEN-1 t es t  plan ( sec t ion  B ) ,  
of p a r t i e u l a r  i n t e r e s t ,  

text of t h e  
T h i s  paragraph summarizes t h e  areas 

Shroud Configuration,- 

Thg design cr i ter ia  f o r  t h e  shroud which are of pr inc ipa l  i n t e r e s t  
are t h e  nose cone half  angle, the overa l l  shroud length, and the 
b o a t t a i l  angle, 
avoid severe buffet  behind the  shoulder, t h e  overa l l  length should 
be as short, as poss%ble t o  minimize the des tab i l iz ing  pi tching moment 
contribution, and t h e  b o a t t a i l  angle should be very small (Peas than 
6s) t o  preclude separation of flow on the  b o a t t a i l  and introduct ion 
of unsteady a i r  loads, 

The nose cone half  angle should be kept small t o  

Jo in t  Grumman and MSC studies  have resul ted i n  a primary and an 
alternate shroud configuration, (Figure 6-1). The f i n a l  se lec t ion  
of shroud configuration Will be made subsequent t o  wind tunnel t e s t a ,  

S t a b i l i t y  and Control,- 

G r m a n  and B C  d i g i t a l  s tudies  ind ica t e  t h a t  t h e  booster i s  
capable of' performing a sa t i s f ac to ry  launch, i n  a 99% wind, w%th 
the presenP; aerodynamic and react ion control  systems, 
included Consideration of t h e  boostarn s mechanical l imi ta t ions  ( i  e 

maximum elevon deflection, elevon actuator  stall  torque, a t e ,  ) F) 
t he  reduction f i n  effectiveness i n  t h e  shroud wake, and t h e  var ia t ion  
i n  aerodynamic parametem (CL, etc , )  due t o  aeroe las t ic  e f fec ts ,  
The da ta  f o r  these s tudies  was estimated based on the wind tunnel  
r e su l t s  i n  $h L i t t l e  Joe II/CM/SM configuration, 

The d i g i t a l  analysis  indicated t h a t  t h e  L i t t l e  Joe  II/LFN f l i g h t  
requires only a s ing le  change i n  t h e  boost vehicle as configured 
f o r  the CM/SM f l i g h t ,  This change can be e i t h e r  react ivat ion of 
t h e  RCS earlier i n  the  f l i g h t  (RCS is  shut off at  t+8 u n t i l  
react ivated)  o r  an increase i n  autopi lot  gains, 
s a t i s f ac to ry  r e su l t s  f o r  each of these changes; however, t h e  data  
presented i n  this report  r e f l e c t s  ear l ier  react ivat ion of t h e  RCS, 

These studies 

Gnzlmman has 

The RCS was react ivated at t h e  e a r l i e s t  p rac t i ca l  t i m e  ( t + S l  seconds) 
consistst& with the  burn t i m e  avai lable  a t  m a x i m u m  th rus t  (40 seconds 
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(cont t )  
This i s  not t o  be interpreted,  however as a marginal f l i g h t  which 

s not conside contingencies, 
ac tua l ly  long r f o r  lesaep thrrast Bevels, t h a t  t h  

It is  noted t h a t  t h e  ECS ba 

gains can be increased i n  combination wi%h th 
f i n a l l y  t ha t  $he 995% wind i s  a s t r ingen t  design condition and i s  
not a p r a c t i c a l  nor a r e a l i s t i c  launch condition, 

RCS change, and 

Gmmman concludea on t h  basis of digital analysis  t h a t  cont ro l  of 
L i t t l e  Joe II/L'EM i feas ib le  and recommends that, wind tunnel. 

t e s t i n g  be scheduled and t h a t  
analog s tudies  which a m  requi 
ra t ion,  

e booster manufacturer begin the 
d f o r  f i n a l  firming of t h e  configu- 

The dynamic pressure a t  booster engine cutoff (Figure 4-71 creates 
a sizeable? drag f o r m  on the LEPI and on the  launch vehicle,  This 
force has two f o l d  input  t o  t h e  t e s t ,  
from %he adapter, and is  also flrevers& al lagem, t h a t  is  it causes 
t h e  propel lant  t o  c o l l e c t  a t  t h e  top of t he  LEN tanks, 

It a f f ec t s  t h e  LEM separat ion 

Separation, - 
Gnuman des i res  t he  s impl ic i ty  of' separating t h e  LEX from t h e  
adapter using the  force  from preloaded springs, 
s epa raeon  increases t h e  s ize  of springs required, and study of  t h i s  
area i s  not complete, 

Tkr 

Shoald s p r h g  actuated separation prove undesirable, separation will 
then be accomplished by retrograding t h e  booster with small rocket 
motors, The latter,  however, requires some booster development as 
the  present vehicle doea not have t h i s  capabi l i ty ,  

Ullage a - 
The wreverse ullage" created by the  dyag force can be overcome by 
either coasting t o  a higher a l t i t u d e  and lower dynamic p ~ e s s u r e ,  or 
by i n s t a l l a t i o n  of posi-grade ul lage rockets in t h e  LEN. 
of t es t  a l t i t u d e  and tes t  t i m e  dQe t o  coast  appears t o  be undesfre- 
able at  t h e  present time, This report ,  therefore,  includes a 
descr ipt ion of a rocket motor i n s t a l l a t i o n  t o  demonstrate t h e  
f e a s i b i l i t y  of %hat, approach, 

The l o s s  

A s t r u c t u r a l  d s ign analysis of t h e  launch vehicle  indicated that 
t h e  following are t h e  results of %hat analysis8 

a, The LE24 shroud can Be  designed t o  minimize panel f l u t t  

b o  The booster i s  f l u t t e r  f r e  
and Mach 5o0, 

up t o  dynamic pressures of 1580 psf 
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liminary calculations ind ica te  no extensive design problem 
due Go buffeting, 

The L i t t l e  Joe I1 vAbration environment may be higher %haE t h e  
C - s 9  however, t h e  difference is  not believed la rge  enough t o  
effect equipment o r  s t r u c t u r a l  

No dkfffeul ty  i s  expec%ed i n  s f g a n g  f o r  t h e  acoustic noise  
$8 though they exceed C-5 l eve l s ,  

The baaie booster a tmc%ure i s  w e l l  within the s t rength required 
for t h e  LEbl payload, Doubling the  number of at%achmerPt b o l t s  
i n  %he bosster/adapter interface attachment r ing  w.ill.  prnv3.de 
adequale stren&&h %o sustain t h e  LEM load. 

Ths wl%imato fin loads of t he  launch vehicle f o r  t h e  LEN t e s t  
exceed %he booster design ult imate by 2000 lbs,, however, t h e  
GD/C stress r e p o r t  indicates a s t rength margin of 15;,000 lbs. 
is st i l l  available,  

Launeh Consfderations,- 

Payload, boaster  motor bum sequencing, maximum dynamic pressure, 
ate, are a l l  int imately related i n  planning a launch, 
considerations used t o  guide preparation of t h e  L i t t l e  Joe II/LElvi 
t es t  plan were2 

The pr inc ipa l  

ac Drae t o  t h e  doubtful aerodynamic s i t u a t i o n  which exists transon- 
fcalLy, t h e  t ra jec tory  should r e s u l t  i n  a s ingle  transonic pass 
and should not cause the  vehicle t o  dwell i n  t h e  transonic 
region, 

b, The boost vehicle f a  f l u t t e r  free t o  dynamic p’tyessures of 
1580 psf and si Mach Number of 5.0, 

c c  The design longitudinal load f a c t o r  f o r  t he  LEH i s  s 0 6  g, 

do The! L i t t l e  Joe 11 bsos% vehicle should not require major 
modiffeation and redevelopment, 

A noainal no perturbation t ra jec tory  fxldicate t h e  LEM ascent s tage  
w i l l  impact on %he range canerline 80 miles down-range from %he 
launch s i te ,  An analysis of t he  impact dispersion f o r  possible 
pemVeurbations indicated tha t  wors t  case perturbations would resuzt 
i n  wide vafiations,  some of which exceeded the range boundaries, 
A root sum square analysis indicated t h e  %est could be 
within t h e  la teral  range boundaries while overshooting 
tudinal  boundary s l i g h t l y ,  
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(eoni t )  

Due t o  the i n a b i l i t y  Go predict  t he  perburbations t o  be encountered 
and %he proxLmity of %he range boundaries t o  the vehic18 f l i g h t  path, 
a capabi l i ty  t o  apply f l i g h s  path corrections has been included 2x1 

range safety be held with WSHR personnel t o  cor rec t ly  asseg,s t h e  
range safety ospeccs of t h e  LEN tes t ,  

e I n  addition, Gmmman r commends t h a t  early discussionrj of  

Mission Objectives,- 

Early LED t e s t  planning indicated a LEN-1 f l i g h t  Last with LEN-2 
providing a spare  capabi l i ty ,  Duying t h e  preparation of t h e  LM-9 
f e a s i b i l i t y  study it became evident t h a t  a s ing le  f l i g h t  could not 
s a t i s f y  all of t he  Lest requirements, and t h a t  %he complexity of 
t h e  s i n g l e  f l i g h t  LEN-S t e s t  was undesiraable f o r  an in? i t i a l t e s t ,  
A study was ther fore  conducted of a l t e rna te  f l i g h t  plans t o  s a t i s f y  
the  mission objectives e 

Consideration was giwm t o  t e s t i n g  t h e  LEN descent s tage  on t h e  
first L i t t l e :  Joe booster and t h e  ascent s tage on t h e  second, 
approach would simplify the  t e s t s  through elimination of a propulsion 
subsyaem, reduction i n  the  inst,%mentation requimd, and by a 
reduction i n  $he requirements fop. t h e  command system ( lass  commands), 
This approach would also provid 
stage,  

This 

a f u l l  duration f i r i n g  of each 

The disadvantages sf individual  t e s t s  are t h a t  only one fire-in-the- 
hole configuration (%box-.$ o r  lunar  1aunch)eould be evaluated; t h e r e  
w o u l d  be no spare  available i n  t h e  event of  mishap; and an undesire- 
able delay i s  created before r e su l t s  am avai lable  on both propulsion 
subsystems ., 

wo Boosters 

A tes t  of asc nt, s tage with a dummy descent s t a g  fop. fire-in-%he- 
hole  eva lua t i  n, followed by a f l i g h t  with combi d ascent/deseenL 
t e s t i n g  would a a t i s g y  a11 tes t  requirements, 
the individual  atage t e s t i n g  would be a t ta ined  f o r  t h e  first test ,  
and a reduction in the complexity of t h e  second t e s t  could be 
ant ic ipated based on having previous results 

The s implif icat ion of  

The disadvantages of this approach 6s LE;eJI f l i g h t  t e s t i n g  is t h e  
undesireable delay b f o r e  r e su l t s  become avai lable  on both propulsion 
systems, and also t h e  delay p r i o r  t o  evaluating the  exhaust plume 
e f f ec t  on$the landing leg,  
propulsion susbystem on the  firs6 f l i g h t  could r e s u l t  i n  a fruitl-ess 
flight,,  

A f a i l u r e  o r  malfunction of t h e  ascent 
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Two Boosters e - 
Two f l i g h t s  which both the asc 

uld provide f 

pspopellant loading, and sa-%, 
f l i g h t s  would also reduce the  complexity r e q d r e d  of the s ingle  
LEPl-l test  by dividing t h e  tes t  emphasis between t h s  f l i g h t s ,  
LEM-1 %Light muuld evaluate ascant a d  demonstrat 
a t  maximum t h r u s t  ofiy, 
evaluate descent and demonstrat ascant, This approach reduces the 
i n s t  
and es r e su l t s  f o r  both propulsion subsyst and the  p i m e  
effects on tkte h a d i n g  l e g  at t he  earliest possible date, 
advantage of $%his Seat phasing i s  khat f o p  s ing le  failures,  results 
are obtained on one of  %he stages as a minimum, 
prppuabslon malf unciton w e r  t o  occur, ground corrmand would s tage  
t h e  LEM and advance t h  pr0gE.mer t o  ascenk propuPsion Icests, 
a malfume%ion ware experiencad i n  t h e  ascent stage,.%he descent 
staga and fire-in-the-hole r e su l t s  would have been obtained p f i o r  
t o  the? f a i l u r e ,  

The 
descent propulsion 

LEK-2 would reverse t h e  

at ion and %he nmber of c o ~ a n ~ ~  requi on both f l i g h t s ,  

Another 

If a descent 

If 

/ 

Booster Qual i f ica t ion  Test Ve'hi~See- 
- - = -  

A study has indicated t h a t  a booster QTV i s  des i rab le  f o r  %he 
following reasons: 

a. The L i t t X e  Joe II/LEM launch vehicle  has a bulbous forebody of 

Prevtous vehicles in the  category have experienced stmctuml. 
and eon%rol problems due t o  separation of t h e  flow along t h e  
shpoud b o a t t a i l ,  
air loads which induce primary s t r u c t u r a l  modes and contrLbu%e 
strongly t o  vehicle dynamic i n s t a b i l i t y ,  A qual i f icat ion t e s t  
vehecle would demonstrate %he fkeedom of t h e  launch vehicle from 
t h i s  adverse condition. 

nerally ~~~~p~~~ t o  as a fPh%mmer headtP eonfigumtfon, 

The separation can lead t o  correlated uzlsteady 

b, A booster QTV, with LE24 masa and i n m t i a  simulation, would 
provide, %he oppodunity t o  demonstrate %he skwamd and LEN 
separations without jeoparaz ing  a LEM vehicle, 

The QTV would be a demonstrator vehicle for retrograde rockets 
if they become a requiremen%, 

e ,  

0 -  

Section 2.,4& of thLs repoi"?; kndieated t h a t  discussions concamirrg 
the  range ssLfety would be held with White Sands Missile Fhnge 
personnel, Th purpose of this section i s  t o  provide cumoqy 
commen%s on t h e  effect of conducting t h e  L i t t l e  Joe II/LEM test a% 
AMI? should rmge  safety be a problem at  WSMR, 

REPORT 
DATE 

G R U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R P O R A T I O N  



AGE A2-9 

Launch Complex,- 

The no Li t t le  Joe launch f a c i l i t i e s  a t  AMR, Modification of 
an ex is t ing  Redstone complex would be required, 

Checkout Fac i l i t i e s , -  

The Merritt Is land Apollo checkout f a c i l i t i e s  a m  planned f o r  
completion and could be us d a t  AHR, 
the a v a i l a b i l i t y  of t he  s t a%ic  firLng stands, Present plans call 
f o r  funding of the stands i n  the f i s c a l  1965 budget. 
construction might r e s u l t  i n  delaying the  LEM-1 launch d a b o  

The problem i n  this ar 

Delays i n  

G,S E, b a u i  rements - 
A detai led study i s  required i n  t h i s  area; howemr, it is  considered 
tha t  a L i t t l e  Joe I1 launch a t  AMR would reduce t h e  LEpl GSE require- 
ments. 
was applicable t o  l a t e r  LEWs would be available f o r  test of %he 
l a t e r  vehicles,  The move t o  AMR, however9 would no% eliminate the 
need f o r  a LEN-1 pre-%aunkh checkout' un i t ,  
,would QCCUT from a Redstone complex and the hpoPlo PAC33 would no% 
%e availabPe at the  s9te,  

Fluid and transpokeation equipment p rodded  f o r  LE%-l which 

The L i t t l e -  Joe 11 l%%znc%; 

0 -  

Conduct of the  L i t t l e  Joe I1 launch a t  AMR would be advantageous t o  
general t e s t  operations, The l e s s e r  scope of  the  LEM-1, -2 
subsystems and t e s t  objectives would permit a mom gradual introduc- 
t i o n  t o  the  &Pili operation and bui ld  efficiency e a r l i e r  i n  the  progrm 

Personnel, - 
Again fu r the r  study i s  required; however, i n i t i a l  thoughts indicate  
t h a t  conducting the L i t t l e  Joe I1 test  a t  AMR would simplify rotation 
of personnel from t h e  LEN-1 t o  l a t e r  LE24 te reduce the  resident  
personnel a t  WMR9 and thereby decrease the  overal l  personnel 
requirement 
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3 e 0  Conclusions,- 

The following ar concluded as a r s u l t  of this study: 

a, Unmanned f l i g h t  t e s t a  are required t o  certify t h e  safe  operation 
of t h e  propulsion and react ion control  subsystems, 

b, The L i t t l e  Joe I1 should be used t o  boost t h  

c o  The L i t t l e  Joe II/LEH f l i g h t  t e s t  i s  feas ib le ,  
grade rocket motors may be required, 

Booster re t ro-  

do Two f l i g h t  t e s t a  are required t o  satisfy a l l  of t he  development 
requirements , 

e, The optimum mission planning requires  t e s t i n g  of both t h e  ascent 
and t h e  descent s tage  on each of t h e  f l i g h t  tests. 
emphasis, however, should be varied ( i o e o  first f l i g h t  - ascent; 
second f l i g h t  - descent),  

The tes t  

f o  A booster qua l i f ica t ion  f l i g h t  (QTV) is  desirable, 
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Recomme3ndations.- 

It i s  reco 

a, NASA approv i l e d  t e s t  plans presented f o r  L&I-1, and 
LEE-2, and t r QTV (Sections B, C, and D), 

be A booster qual i f icat ion f l i g h t  (QTV) be approved and included 
i n  Grimman's LEM development plan, 

c o  Wind tunnel t e s t i n g  t o  se l ec t  t h e  f i n a l  shroud configuration 
as -soon ab possible, 

do Convair perform a detai led analog analysis of the  L i t t l e  Joe/ 
LEX configuration, 

e, Discussions on range safe ty  be held with White Sands Missile 
Range personnel as soon as possible,  
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1-1 

Introduction - 
Purpose 

The purpose d t h i s  section of the report  is:: 

a, To present the detailed t e s t  plan and f e a s i b i l i t y  data  
f o r  U M - 1 .  
To designate t h e  objectives of t he t e s t ,  the da ta  required 
f o r  LEM-1 evaluation, configuration, instrumentation, 
t ra jectory,  and f l i g h t  sequences. 

To famil iar ize  all cognizant and in te res ted  ac t iv i t i e s  with 
the  t e s t ,  

b, 

C ,  To provoke cornment on the t e s t  plan and seek NASA MSC 
approval 

Revisions .,- 

This, the i n i t i a l  presentation of the LEM-1 detai led t e s t  plan, 
w i l l  be revised t o  provide additional information which i s  
unavailable a t  t h i s  t i m e .  The revis ions w i l l  be presented i n  
the LEM general t e s t  plan, Volume 111. 
i n  t h i s  report  supercedes the May 15 issue of the LEN Test Plan 

The information contained 

( LPL~OO-1 1 
Definit ions e - 
Objectives,- 

The objectives f o r  t h i s  test  a re  described as being e i ther  first- 
order o r  second-order ,, 

First-Order Test Objectives,- 

These test  objectives define the main reason f o r  making the f l i g h t  
and must be achieved f o r  the  f l i g h t  t o  be a success. Malfunctions 
of launch-vehicle systems, ground equipment , o r  instrument a t ion  
which jeopardize the  attainment of f i r s t -order  objectives w i l l  
be cause t o  hold o r  scrub the f l i g h t  u n t i l  such time as a f i x  
can be made, 

Second-Order Test Objectives.- 

Second-order t e s t  objectives are those desired t o  support fubure 
&est-vehicle f l i g h t s '  o r  t o  supply supplementary data f o r  o v e r d l  
test-vehicle evaluation e 
ground equipment, o r  instrumentation which jeopardize the 
attainment of second-order objectives w i l l  not require a hold 
after start of countdown. Corrections thereaf te r  may be made 

Malfunctions of launch-vehicle systenfs, 
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1 , 3 , ~ . 2  (cont) 

a t  t h e  discret ion of t he  HPdjAtest d i rec tor ,  

Defini t ion of System P r i o r i t i e s i -  

The launch-vehicle systems are  assigned e i ther  primary o r  
secondary p r i o r i t i e s  , 

Primary Systems (P>.,- 

Primary systems a r e  those func t iona l ly  required f o r  the  launch 
vehicle t o  perform i t s  planned mission, 
be mandadatory if  any of these systems indicate  malfunction 
p r i o r  t o  launch, 
must be available.  

A hold or  scrub w i l l  
- 

Posi t ive indicat ion of  s a t i s f ac to ry  performance 

Secondary Systems,@) -- 
Secondary systems are those not funct ional ly  required f o r  t h e  
spacecraft  t o  perform i t s  planned mission. 
of these systems may o r  may not cause a f l i g h t  countdown hold 
o r  scrub, as d i c t a t ed  by the order  of the objectives which they 
support , 

Malfunction of any 

Objective Terminology.- 

The def in i t ion  of terms used i n  connection with objectives f o r  
t h i s  d i rec t ive  are as follows: 

Demonstrate ,- 

Denotes the  occurrence of an a c t i o n  o r  an event, The accomplish- 
ment of an objective of t h i s  type requires  a qua l i ta t ive  answer. 
The answer w i l l  be derived through t h e  r e l a t i o n  of t h i s  act ion 
o r  event t o  some other  known information o r  occurrence. This 
category of objective implies a minimum of airborne instrumentation 
and/or t h a t  the  information be obtained ex terna l  t o  ~e launch 
vehicle  . 
Determine ,- 

Denotes t h e  rreasurement of performance of any system o r  subsystem, 
This category implies a quant i t ia t ive  invest igat ion of ove ra l l  
operation which includes, generally, instrumentation f o r  
measuring basic inputs  and outputs of t he  system o r  subsystem, 
The information obtained should ind ica te  t o  what extent  the system 
i s  operating as designed, 
performance def ic iencies  t o  be i so la ted  t o  e i t h e r  the system o s  
t o  t h e  system inputs ,  

The instrumentation should allow 

Evaluate - 
Denotes t h e  measurement of performance of an operation involving 
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people, o r  the  measurement of performance of any system o r  
subsystem as well  as the performance and/or in te rac t ion  of its 
components t ha t  are now under invest igat ion.  The accomplishment 
of objectives of t h i s  type requires  quant i ta t ive data  on the  
performance of  both the  system or  subsystems and i ts  components. 
The performance l eve l s  w i l l  then be analyzed f o r  t h e i r  contribu- 
t i o n  toward performance of the system. This category w i l l  
provide the  most detai led information of any of these categories.  

Obtain Data.- 

Denotes g a t h e r h g  engineering information which i s  to  be 
measured t o  augment the  general  knowledge required i n  the 
development of t h e  overa l l  launch vehicle .  This category may 
a l so  be used for supplemental investigations,  such as environ- 
mental s tudies ,  ground equipment s tudies ,  e t  ce t r a .  
of instrumentation i s  not implied by t h i s  def in i t ion .  

- 

The degree 

Establish.- c 

Denotes gathering engineering information f o r  t h e  development 
of ground procedures and operating techniques, Objectives i n  
t h i s  category are n o t  necessarily dependent on analyt ic  s tud ies .  
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2,l 

2,2 

2,201 

General - - 
The LEN-2 is the f2rst of  the unmanned fl ight;  t e s t s  required 
ko man-rate the  L E M  vehicle. 
on t h e  ascent propulsion subsystem and the e f f eo t s  associated 
with it, 

Test emphasis w i l l  be concentrated 

F i r s t  Order Test Objectives.- 

a, Demonstrate tha t  the r o c k e t  motors which have been attached 
t o  the descent stage for LEN-2 t e s t s ,  function sa t i s f ac to r i ly  
and provide suff ic ient  ullage f o r  descent s tage  ignition. 

Demonstrate the  s a f e  operation of the desoent propulsion 
subsystem at maximum thrust .  

b, 

ae Evaluate the thermal e f fec t  of the descent engine exhaust 
plum on the landing gear, 

d, Evaluate the fire-in-the-hole condikion during a simulated 
lunar laumc h e 

eI, Evaluate and cer t i fy  the safe operation of the  ascent 
propulsiort subsystem. 

Evaluate the thermal dis t r ibut ion of the LEN I n  the  space 
envfronment w i t h  a f u l l y  expanded plume. 

Be-evaluab the in-f l ight  dynamics of the LEM system 
throughout a wide range of propellant loadings. 

Demonstrate c lear  separation of the  descent stage i d  the 
i e ro  *gtt e n v i r o m n t  . 

8 

f e  

62. 

$6 

f. Evaluate and cezYCify t h e  safe operation of the reaction 
control subsystem. 

Second Order Tea t  Objectives.- 

a. Demonstrate the system s t ruc tura l  integrity,  

b, 

C, Evaluate t h e  LEN engine induced environments. 

Evaluate etabin venting during haunch. 

do Demonstrate the cornpatability of t he  applicable GSE, 
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Item - 
Range Communication Network 

Range Wind Measurement System 

Range Compuker System fo r  determinin 
elevation and azimuth adjustment 

Pr ior i ty  

P 

P 

cher 
P 

Motion-picture camera system f o r  engineering 
coverage of l i f t -o f f  P 

Range radar tracking network and plot t ing board 

l a u  

system 

Range opt ical  tracking network 

Station command destruct transmitter 

Telemetry s t a t ion  

WSMR real-time computer system 

NASA telemetry t r a i l e r  

Closed-circuit television camera system 
coverage of  l i f t - o f f  

2.302 Launcher.- 
Item - 

a, Launcher elevation and azimuth correction 
system 

b, Launcher launch-vehicle umbilical system 

e, Launcher r e t r a c t  arms 

203.3 Launch Vehicle,- 

Item - 
a, Algol propulsion system 

b, 

cc  Airframe 

d, Electrical power system 

Aerodynamic & RCS Control System 

e, Command destruct, system 

P 

B 

P 

P 

P 

P 

P. 

Pr ior i ty  

P 

P 

P 

Prior i ty  

P 

P 

P 

P 

P 
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It e m  
_L_ 

f, InstnunentaLion system 

263.4 LE34  subsystem^.- 

It e m  
__II_ 

Structure 

Stab, & Control 

Environmental Control 

Electrical Power Supply 

Propulsion 

Reaction Control 

In~t rument  at ion 

Command 

Command Destruati 

2,305 Shroud,- 

2*3,6 Adapter,- 

P 

Prioritg; 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

k" 
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The launch i s  planned t o t a k e  place from the Li t t le  Joe f a c i l i t y  
of the White Sands Missile Range, 
at  an elevation of 8 5 O  and on an azimuth 
the prevail ing wind. 
simultaneously at  launch, 
by the booster aerodynamic and react ion controls, A t  launch 
plus 39 seconds, the remaining three Algols will be ignited.  
A t  BECO, the LEM shroud w i l l  be separated followed by LEN 
separation and booster retrograde. 
and s tab i l ized  with the X-X axis para l l e l  t o  the weight vector 
and 2-2 axis i n  the plane of t h e  pXanned trajectory.  
t e s t  ul lage rockets w i l l  be igni ted if they are  necessary and 
the  descent engine w i l l  be s t a r t ed ,  
be maintained a t  maximum thrus t  u n t i l  a l l  descent f u e l  is 
coiwmed. After DECO, the  descent stage w i l l  be separated i n  
a sequence which w i l l  simulate the lunar launch (fire-in-%he- 
hole).  
upon separation and w i l l  include steady s t a t e  performance, 
multiple starts, including zero ''g" , operation i n  the redundant 
modes, interface tests with the RCS, and possibly malfunction 
tests by simulated f a i lu re  ( i*e .  loss of e l e c t r i c  power, etc.). 
At, the  completion of the  ascent propulsion subsystem evaluation, 
the LEM reaction controZ subsystem w i l l  be evaluated as the 
vehicle f r e e  fdlls toward the earth,  

The vehicle w i l l  be launched 
hioh w i l l  depend on 

Four Algol motors w i l l  be ignited 
The launch a t t i t ude  will be maintained 

The LEM w i l l  be! rotated 

The 

The descent engine w i l l  

Ascent propulsion t e s t s  w i l l  commence %mediately 

3.2 Detailed Test Sequence.- 

The t-ime h is tory  of test events is tabulated i n  the following 
section: 

Time, seconds 

t- 
t- 
t- 
t + O  
t439 
t*44 
t+62 

t+7& 
t+75 
t+77 
t*81 
t+82 
t*83 

t*85 

Event 
I__ 

Elec t r ic  Power on 
Activate Environmental Control 
Erect g y ~ o s  (or  Align Platform) 
lSt stage booster igni t ion h motors 
2nd stage booster ign i t ion  3 motors 
lSt stage booster cutoff 
Fire  T.C,A.'s 1 through 16 i n  0,lS second 
in te rva ls  ( a i r  purge) 
Shutdown T , C , A , l s  1 through 16 
Pressurize RCS ( f i r e  squibs) 
Select  descent engine on Engine Mode Select  
Actuate descent helium tank squibs 
Actuate descent propellant tank squibs 
2nd stage booster cutoff (BECO determined 
by acceleration sense) 
I n i t i a t e  shroud separation 
Separate LEM from adapter 
I n i t i a t e  booster retrograde 
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t+86 

t+87 

t*88 
t+a9 
t+90,25 
t+45;6 
t*457 
t+458 
t4-459 

t*621 

t4622 
t*623 
t*624 
t4-635 
t 4 3 6  

t~c840 
W843 
t1+845 ' 
t*848 

ta38 

t+865 
t.1866 
t*867 

W871 
t+872 

t+876 

tu879 

t*880 

t+883 
tea86 

t 4 8 7  

Event 
_11__1 

Rotate LEM X-X axis toearth r a d i a l  and 
s tab i l ize  
Select maximum descent engine t h r u s t  
I n i t i a t e  RCS ullage f i r i n g  ( i f  required) 
Ignite LEI4 ullage rockets 
Fire descent engine 
Ullage rocket burnout 
Actuate ascent helium t a n k  squibs 
Actuate ascent propellant tank squibs 
Descent engine cutoff (DIXO) 
Select  ascent engine on engine mode seleot; 
Ini t ia te  ullage f i r i ng  of RCS 
Sta r t  ascent engine 
Separate descent stage 
Select redundant pressurization and propellant 
valve 
Shut RCS taA9t' & '"Bn fue l  and oxidiaer shut-off 
valves 
Select fiA8B manifold for ascent feed 
Actuate RCS-ascent interconnect valves 
Actuate maniforld crossfeed 
Shut off RCS-ascent interconnect valves 
Open RCS fue l  & oxidizer S/O Valve9 
Shut dawn ascent engine 
S t a r t  
Shutdown 
S ta r t  
Shutdown 
Stabi l ize  at zero (0) gravity 
S ta r t  
Shut off a l l  RCS regulator S/O valves 
Fi rs  steady-state T.C.A.'a 13 and l.4 f o r  
four (4) seconds ( t o  decay propellant tank 
pressures ) 
Actuate redundant regulator S/Q valves 
Shut off i so la t ion  valves affecting T.C.A.ls 
1 and 3 
Roll using T,C.A,'s 8 and 16 f o r t w o  (2) 
seconds 
Stop r o l l  using T .CeAess  4 and 12  fo r  two 
( 2 )  seconds 
Open i so la t ionvalves  t o  T.C.A.~s 1 and 3 
Close isolat ion valves t o  T,C.A,Is 2 and 4 
Roll using T.C.A.(s 3 and 4 for two (2) 
seconds 
Stop r o l l  using TeC.Ae's  7 and 15 
Open isolat ion valves t o  T,C,A.ls 2 and lh 
Close isolat ion valves t o  T.C.A.'S and 8 
Translate i n  4 2 direction using T.C,A,'s 7 
and 11 for  two  (2 )  seconds. 
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Stop t rans la t ion  using T,C A B B s  3 and 15 
f o r  two seconds 
Open i so l a t ionva lves  t o  T,C,A,fs 5 and 8 
Close i so la t ion  valves t o  TeCeAa's 6 and 17 
Translate i n  - Y direct ion using T,C,AOts 
4 and 8 f o r  two (2)  seaonds, 
Stop t rans la t ion  using TeCOAe's 1 2  and 16 
Open i so la t ion  valves t o  TeC.A.'s 6 and 7 
Close i so la t ion  valves t o  TeCeAe's 9 and 12 
Thrust in+ X direct ion using T.C.A.Is 6 
and 14 f o r  two ( 2 )  seconds 
Thrust i n  -X direct ion using T O C e A e l s  5 and 
13 €or two (2) seconds 
Open i so la t ion  yalves t o  T,C.A,ts 9 and 12 
Close i so la t ion  valves t o  T.C.A,~s 14 and 16 
Thrust i n  - X direction using T , C , A e 8 s  1 
and 9 f o r  two ( 2 )  seconds 
Thrust i n  .I]. X direct ion using T . C . A O t s  2 
and 10 f o r  two (2) seconds 
Open i so la t ion  valves t o  T e C e A a ' s  14 and 16 
Close isolat im valves t o  T.C.A.8s 13 and 1s 
Posilcive p i tch  using T.C,A,ts  9 and 14 f o r  
one (l) second 
Stop pi tch using T,CeA,@s 1 and 16 for one 
(1) saontl  
Open i so la t ion  'valves to  TeC:,A, s 13 and 15 
Close isolaLion valves t o  T,C A.Is 10 and 11 
Positive 
on& (1) second 
Stop yaw using T.C.A.ts 2 and 13 for one (1) 
seconcl 
Shut off IrA" system fue l  and oxidizer main 
feed S/O valves 
Thrust i n  .+ X direct ion using T.CeA.8s 2, 6, 
10, and 14 f o r  one (1) second 
Open system l)A'P; shut o f f  system 1rBr8 
Thrust i n  + X direct ion using TsC.A.8i 2, 
6, 10, and 14 f o r  one (1) second 
Open system nB1l 

Using T,CaAers 1 and 13 introduce oxidizer 
before f u e l  then vice versa 

using T e C e A e ' s  loand 14 f o r  

3.3 Fl ight  Parameterse- 

The following parameters aregiven as descriptive inEormation 
and are  not requirements of t h e  t este  
simply tha t  the  t e s t  a l t i tude  during t h e  f l i g h t  be suf f ic ien t  
t o  provide a ''space environmentr 

The t e s t  r equirement i s  

3.361 taunch ( t+) .  - 
Flight path angle - 85O 
AZrhuth - dependent on the wind 
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.- 
Mach number 4029 
Altitude (above MSL) 162,000 ft, 
Dynamic pressure 24 psf 
Range 3..2 naut . mi 
LE24 Descent Eqgine Cutoff ( t t458)  

e 42 
1014000 ft . Mach Number 

Altitude (above MSL) 
Dynamic Pressure, 0 
Range 341c6 i3ElUt s m!i 6 

Ascent Engine' Cutoff (t*866) 

Mach Number 1.90 
Altitude (above MSL) 443,000 
Dynamic Pressure 0 
Range 67.5 naa t .  m i .  

Tra jectory3 - 
The normal, no 
Since the  L i t t l  
therb w i l l  be disturbances from t h i s  nominal. 

rbation t ra jec tory  i s  shown i n  Figure 3-1. 
is  s tab i l iaed  only i n  anat t i tude hold mode, 

The range, disper- 
t o  disturbances and/or the unknowns i n  prediction is 
i n  Section 13.0. 

Prior t o  launch the LEM a t t i tude  reference w i l l  be aligned t o  

t r a j ec tow.  
i n  f l i g h t  w i l l  then hold with the X axis v e r t i c a l  and the 2 
axis pa ra l l e l  t o  the planned t r a j ec to ry  path u n t i l  the  ascen% 
engine cut  off ( AECO) 

the l o c a l  ve r t i ca l  w i t h  the  2 axis  i n  the plane of the  nominal 
The LEM orientation after i n i t i a l  s t ab i l i za t ion  

During the &ee f a l l  subsequent t o  AECO, LE24 a t t i t ude  w i l l  be 
programmed fo r  RCS system tests, 
command f o r  the RCS t e s t  is removed the system w i l l  revert  t o  
the pre-AECO a t t i t ude  hold modea 

A t  any time theat t i tude 

t 

Flight  Path Corrections.- 

If f l i g h t  path corrections are required pr ior  t o  AECO, they 
w i l l  be made by applying a component of the ascent o r  descent 
engine thrus t ,  
tho venicle about the 2 axis and thereby r e s u l t  i n  a l a t e r a l  
thl?kHi; component from the operating engine. 
control- provides a backup t o  the primary mode, increasing the 
r e l i a b i l i t y  of the A & D Command System, 

A s tep  signal f r o m  the ground command will tilt 

Th i s  method of  
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General - 
The t e s t  vehicle eomp hmud, and an adaptesl., 
supported on the  Litt r, The LFX i s  suppoded by 
t h e  adapter which is  attached t o  t h e  boostex-, 
supported by t h e  adapter through a continuous band of skin,  The 
configuration i s  i l l u s t r a t e d  i n  Figure 4-la 

The shroud i s  

0 -  

The mass characte&sSi@s of t h e  t e s t  configuration p r i o r  t o  launch 
are presented i n  Table 4-1, 
vehicle (LEE, s h r ~ u d ,  adapter, and L i t t l e  Joe 11 booster) during 
boost are presented i n  Figure 4-2, 

The mass characfierist ics of t he  launch 

The shroud (Figure 4-41 fs $he aerodynmic f a i r i n g  f o r  the  payload, 
The m a x i m u m  diameter (212 inches) i s  determined by t h e  clearance 
required a t  t he  react ion con%roI system thrus te rs ,  
sk in  supported by r ing  f r  s and longerons comprise the  primaxy 
shroud s t ruc ture ,  
adapter i s  prodded  by a c o n t i ~ u o ~ s  circumferenlial  sp l ice ,  

An aluminum al loy 

Stsractural cont inui ty  between t h e  shroud and t h e  

The shroud eontians prorisions f 0 k  access t o  t he  LEM and is  vented 
t o  equalize the  i n % e m a l  and external  pressures during ascent, 

Separation - 
The shroud is composed of two hdl-ves s p l i e  d together  t o  f o m  a 
s t r u c t u r a l  seam as shorn i n  Figure 4-bB 
severing t h e  spl iced jo in t s ,  both i n t e r n a l  and external,  by means 
of a continuous shaped charge, Probabi l i ty  of f a i l u r e  is  minsdzed 
by using two  explosive paths, each capable of  breaking t h e  j o i n t ,  
Ign i t i on  i s  s t a r t e d  a t  a minimum of th ree  places insuring deflagra- 
t i o n  of t h e  complete charge, - 

Separation is  effected by 

Upon separation of t h e  shroud, a p a i r  of t h rus t e r s  will impart 
su f f i c i en t  la teral  ve loc i ty  t o  each half t o  allow LE24 mlease 
without i n t e r f  erenceo 

Shroud cu t t ing  t i m e  - 1,S milliseconds 
Shroud t h r u s t e r  - approx, 400 lbs .  

Shroud c l e a r  tim - 2 see 
Shroud Velocity (avg) - ft/see 
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Structure,-  

Aerodynamic and i n e r t i a  loads from t h e  payload are transmitted t o  
t h e  booster s t ruc tu re  through t h e  adapter which is  attached t o  the  
booster by thirty-two (32) bolted connections The basic adapter 
s t ruc tu re  (Figure 4-5) consis ts  of a s t i f fened  sk in  supported on 
r ing  frames, 
on t h e  adapter, fou r  ( k )  of which carry tension loads, 
of t h e  adapter i s  determined by t h e  clearance between the  descent 
engine and the  booster s t ruc ture ,  

The LEN i s  supported a t  erght (8) load bearing points  
The length 

LEM-AdaDter Separation, - 
Four s t r u c t u r a l  pick up points on t h e  LE24 descent s tage (Figure 4-6) 
provide a means f o r  adapter tension attachment. Ekplosive bo l t s  
having dual bridge-wire type i g n i t e r s  with dual i gn i t i on  c i r cu i t s ,  
are used t o  make connections, Preloading i s  accomplished by t h e  
i n i t i a l  i n s t a l l a t i o n  and t ightening of t he  explosive bo l t s ,  
Compression and shear  loads a re  d is t r ibu ted  by eight  (8)  s t r u c t u r a l  
f i t t i n g s  on the  underside of t h e  LEN, 

Retrograde rockets w i l l  be i n s t a l l e d  on the  booster t o  provide 
su f f i c i en t  clearance f o r  safe descent s tage engine ign i t ion ,  
spec i f i c  rockets t o  be used s h a l l  be determined subsequent t o  
fu r the r  s tudies  

The 

Ullage Rocket Motors - 
An estimated drag force  of 1800 points  on t h e  LEX a t  t h e  proposed 
time of descent engine ign i t i on  (Figure 4-7) creates  a "reverse 
ullage" condition causing the  propellants t o  co l l ec t  a t  t he  top 
of t h e  tanks, 
vehicle  t o  coast t o  a higher a l t i t u d e  and lower  dynamic pressure 
where t h e  LOO lbs .  of avai lable  RCS t h r u s t  can provide t h e  necessary 
ul lage o r  by using posigrade rockets on the LEH. Deterioration of 
t es t  t i m e  and a l t i t u d e  due t o  coast  appears t o  be undesireable; 
therefore,  the  following ul lage rocket motor i n s t a l l a t i o n  has been 
presented t o  demonstrate t h e  f e a s i b i l i t y  of such an approach. 

This condition may be overcome by allowing t h e  

Space al located t o  cryogenic and water storage i n  t h e  descent s tage  
i s  not u t i l i z e d  and, therfore,  i s  available f o r  mounting ul lage 
rockets (Figure 4-8) The areas involved are diametr ical ly  opposed 
offer ing synmetrical motor locat ions and s a t i s f y  the  following 
conditions when a motor with a canted nazzle(such as t h e  MK 25, Mod 0 
JATO un i t )  a 

aa 
.. 

The t h r u s t  vector  of each ul lage rocket motor must pass through 
t h e  center  of g rav i ty  of the vehicle., 

bo  The ul lage rocket exhaust plume must not impinge upon any portion 
of t h e  descent s t ruc ture ,  
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(con8 t )  

e,  The ul lage rocket motor nozzles must be c l e a r  of t h e  descent 
engine exhaust plume (-llOo f rom descent t h r u s t  vector) ,  

do The ul lage rocket motor nozzles must be c l e a r  of t h e  locus of 
t h e  60 gimbal excursion of t h e  descent engkne nozzle s k i r t ,  

eo There must be adequate l o c a l  rrhardlt s t ruc tu re  t o  permit 
attachment of t h e  u l lage  motors, 

Although such an i n s t a l l a t i o n  requires t ru s s  type engine supports 
and l o c a l  reinforcement of descent s t ruc ture ,  it entrails no major 
s t r u c t u r a l  redesign, 

Structure,-  

The LEN i s  e s sen t i a l ly  t h e  prototype vehicle  l e s s  landing gear and 
landing gear  suppox% outriggers,  
therefore,  i s  not t yp ica l  of t h e  prototype, The eight  (8) adapter 
support points  mate with l o c a l  s t ruc tu re  provided a t  t h e  ends of t h e  
beams comprising t h e  primary s t ruc tu re  of t h e  descent stage,  

- 

Support of t h e  LEN i n  the  adapter 

Propulsion Subsysbem Descflption,- 

The LEH vehicle rncorporates two independent propulsion subsystems, 
t h e  descent engine and t h e  ascent engine, 
propellants with a pressurized feed system. The two th rus t  chambers 
are cooled by ablat ion of t h e  chamber l in ing ,  The descant engine 
is  th ro t t l eab le  from 10,500 l b s ,  t h r u s t  t o  1,050 lbs.  t h rus t  and t h e  
chamber can be gimballed. 
3,500 lbs .  

Both engines use l i q u i d  

The ascent engine t h r u s t  i s  f ixed a t  
and t h e  chamber can not be gimballed, 

Descant Engine (Figure 4-9) ,- 

Descant Engine He l ium Pressurizat ion Section,- 

The descent engine propellant tanks are pressurized by the  helium 
pressurizat ion section, I n  t h i s  section, gaseous helium i s  s tored  
a t  4500 p s i a  i n  two spherical  vesselso 
i n t o  a manifold, A normally-closed, squib-actuated valve a t  t h e  
manifold discharge i s o l a t e s  t h e  helium supply p r i o r  t o  s tar t ,  
squib valve i s  followed by a f i l t e r  which i s  included t o  prevent 
contamination of t h e  helium pressure regulation assembly. 
of t h e  f i l t e r ,  t he  system divides i n t o  two flow paths, 
i n  each flow path, a normally-open, solenoid-actuated, l a tch ing  
valve and two pressure regulators i n  series, 
regualtors has a differ n t  s e t t i ng ,  
discharge pressure were designated 1 and the  o ther  s e t t i ngs  were 
designated 2, 3, and 4 i n  the  order of increasing pressure, t h e  
regulator  arragy could be described 8$ follows:: i n  t h e  primary l e g  
the  f irst  reg i s  set  a t  2 and t h e  downstream regulator  is  set a t  3; 

The helium spheres discharge 

The 

Downstream 
There are, 

Each of t h e  fou r  
I f  t h e  lowest regulator  
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(con’t)  
i n  t h e  secondary l e g  t h e  first reg is set  a t  1 and t h e  downstream 
reg i s  set  a t  4. 
normally determined b y  t h e  upstream regulator  of t h e  primary l eg ,  
Should t h e  upstream primary regulator  f a i l  closed, t h e  output of 
t h e  pressurizat ion assembly would revert, t o  t h  upstream regulator  
i n  t h e  secondary- leg ,  I n  the  vent e i t h e r  l e g  i s  disabled by 
regulator  f a i lu re s ,  t h e  solenoid valves can be used t o  shut o f f  t h a t  
leg,  Check valves a re  provided downstream of t h e  regulator  assembly 
i n  each l e g  t o  prevent backflow, 
flow paths combine t o  manifold t h e  primary and secondary helium 
supply, There are two paths out of t h a t  manifold, a f u e l  tank 
helium supplyg and an oxidizer  tank helium supply, 
incorporate quad check valves t o  prevent backflow of t h e  propel lant  
vapors I n  addition, a normally-closed, squib-actuated valve 
isolates  t h e  tank ullages from t h e  helium supply sec t ion  p r i o r  t o  
s t a r t ,  There are two f u e l  tanks and two oxidizer  tanks, The two 
f u e l  tank ullages are manifolded as are t h e  oxidizer  tank ullages,  
Overpressure i n  any tank i s  vented through a relief valve on t h e  
f u e l  ul lage manifold or a r e l i e f  valve on the  oxidizer  ul lage 
manif o ld ,  

The output of t h e  pressure regulation assembly i s  

Downstream of t h e  check valves t h  

These supply l ine{  

Descent Engine Propellant Feed System,- 

Descent engine f u e l  and oxidizer a r e  car r ied  i n  fou r  cy l indr ica l  
tanks with hemispherical caps, 
and t h e  manifold discharges t o  a common f u e l  l i n e ,  
l i n e  incorporates a burs t  d i sc  which i s o l a t e s  t h e  propellant from 
the  chamber p r i o r  t o  pressurizat ion of t he  propellant tanks, The 
disc  i s  mptured a t  s t a r t  by t h e  use of tank pressure,  
of t h e  bu r s t  d i sc  i s  a 200 micron f i l t e r  t o  prevent contamination 
of t h e  propellant valves, 
ou t l e t s  are manifolded, discharging through a burs t  d i sc  and f i l t e r ,  

The f u e l  tank o u t l e t s  a r e  manifolded 
The common f u e l  

Downstream 

I n  t h e  same manner t h e  oxidizer tank 

Rocketdyne Descent Engine Section, - 
The Rocketdyne descent engine 5s an in tegra ted  package which 
includes a th rus t  chamber and i n j e c t o r  assembly, upstream main 
propellant valves, i s o l a t i o n  valves, a helium in j ec t ion  assembly, 
and a gimbal mount, 

Immediately downstream of t h e  ca l ibra t ion  o r i f i ce s  a t  t h e  enginelf eed 
system in te r face ,  the common f u e l  supply l i n e  and common oxidizer  
supply l i n e  divide t o  provide two flow paths t o  t h e  chamber, 
flow path contains two propel lant  sa lves ,  a main propellant t h r o t t l e  
valve, and, downstream, an i s o l a t i o n  valve, I n  each flow pa th  f u e l  
and oxidizer  valves a re  paired; tha t  is ,  each t h r o t t l e  valve consis ts  
of a f u e l  valve and an oxidizer  valve fastened together,  
t h r o t t l e  valves are used t o  meter propellant flow t o  t h e  chamber t o  
regual te  chamber pressure,  

Each 

The 

Mixture r a t i o  is  held constant, 
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Control i s  achieved i n  t h e  following manner, Thrust chamber 
pressure i s  sensed by a transducer, 
by t h e  transducer is  summed algebraical ly  with a command voltage 
t o  generate an e r r o r  voltage, The e r r o r  voltage i s  converted t o  a 
proportional current which drives a torque motor on t h e  t h r o t t l i n g  
valve, The t h r o t t l i n g  valve i s  posit ioned by a hydraulic ac tua tor  
using f u e l  as  t he  control  f l u id ,  
three-way p i l o t  spool which meters f l u i d  flow t o  t h e  actuator,  
p i l o t  spool i s  positioned by t h e  torque motor, 
t he  oxidizer  poppel which, i n  turn,  moves t h e  f u e l  poppel, 
i s  spring-loaded closed and pressure unbalanced closed, 

The i s o l a t i o n  valves are a l so  assembled i n  fuel/oxidizer valve pa i r s ,  
The i s o l a t i o n  valves a r e  on-off valves, hydraul ical ly  actuated by 
f u e l  pressure through a normally-closed, three-way solenoid, 

The voltage analog produc 

The actuator  i s  positioned by a 
The 

The actuator  posi t ion,  
The un i t  

Hel ium in j ec t ion  i s  p m k d e d  dpwnstream of t h e  propel lant  valves 
i n  each flow path, 
pressurizat ion system, 
from t h e  oxidizer  supply l i n e ,  
a se r i e s /pa ra l l e l  array of i n j ec t ion  valves, 
of two normally-closed, DC operated, ax ia l  flow solenoid valves, 
Helium in j ec t ion  i s  t o  maintain t h e  i n j e c t o r  pressure drop when t h e  
engine i s  th ro t t l ed ,  

The helium supply i s  from t h e  propellant tanks 
The supply f o r  t h e  f u e l  l i n e s  i s  separate? 

This a r ray  consis ts  
I n  each l i n e  cont ro l  i s  provided by 

This contributes t o  combustion s t a b i l i t y -  

The dual flow paths are re-joined upstream of t h e  chamber mni fo id .  
The propellant manifolds a m  segmented t o  provide uniform propellant 
d i s t r ibu t ion  t o  t h e  i n j e c t o r  rings. 
with f ing  and groove construction and i s  fabricated from aluminum, 

The i n j e c t o r  i s  a f l a t  face 

The t h r u s t  chamber u t i l i z e s  a nozzle extension which attaches a t  t h e  
6/1 expansion area r a t i o  point,  The nozzle extension is  rad ia t ion  
cooled while the remainder of t h e  chamber i s  ablat ion cooled, The 
ab la t ive  l i n e r  i s  a laminated s t ruc tu re  u t i l i z i n g  high-silica-glass 
c lo th  impregnated w%th a phenolic binder, 
material is bonded t o  t h e  ex te r io r  surface of t h e  ab la t ive  l i n e r  t o  
reduce t h e  outer  surface temperature, 
chamber will be car r ied  by a filament-wound f iberg las  support s h e l l  
employing both l o n g i h d i n a l  and circumferential  banding, The I 

i n j e c t o r  will be bonded t o  t h e  t h r u s t  chamber and s t r u c t u r a l l y  sup- 
ported by the  filament-wound she l l ,  

An asbestos-phenolic 

S t ruc tura l  loads i n  the 

The engine s t a r t  sequence i s  i n i t i a t e d  with t h e  pressurizat ion of 
t h e  propel lant  tanks, 
the burs t  discs i n  t h e  f u e l  and oxidizer  l inea  rupture and t h e  
propellants arc prim d t o  the  main valves, 
s igna l  both sets of  t h r o t t l e  valves and i s o l a t i o n  valves go f u l l  
open, The valves are mechanically l inked t o  provide an oxidizer  lead 
Igni t ion  i s  hypergolic. 
propellant flow path can be shut off  and engine operation w i l l  
continue using the  remaining flow path, The cutoff command closes 
both sets of t h r o t t l e  valves and i s o l a t i o n  valvesa 

During t h e  propellant tank pressure rise, 

A t  t h e  f i r e  command 

I n  the  event of a valve malfunction, t h e  
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L,S,2,1,4 Parallel Descent Engine (STL) ,- 

STL i s  a l s o  developing, i n  a p a r a l l e l  effork, a th ro t t l eab le  
descent engine f o r  LEX, 
be se lec ted  before t h e  LE24-1 f l i g h t ,  The STL Descent Engine 
Section consis ts  of a s ingle  element var iable  area in jec tor ,  a 
p a i r  of cavi ta t ing venturi  propellant f low control  valves, an 
electromechanical t h r u s t  control  actuator,  mechanically l inked 
f u e l  actuated bipropellant shut-off valves, an ab la t ive  chamber with 
a rad ia t ion  cooled nozzle extension, The engin may be throt tPed 
from a m a x i m u m  of 10,500 lbs .  t h rus t  t o  a minimum of 1,050 lbs.  
thrust.,  

E i ther  t he  Rocketdyne o r  STL engine w L l l  

The th rus t  chamber may be gimballed. 

Oxidizer and f u e l  are supplied f r o m  t he  propellant feed sect ion whicl 
i s  described i n  Sect ien 4,5,2,1,2, Downstream of t h e  propellant 
feed section/emgine interface,  t h e  propellants flow through t h e  
flow control  valve, 
one f u e l )  of mechanically l inked var iab le  area ventur i ,  
incorporates a mixture r a t i o  compensator which adjests t h e  mechanical 
linkage and var ies  t h e  r e l a t ive  r a t e  of  t r a v e l  of t h e  valve p in t l e s ,  
The mixture ra t ion  compensator i s  manually s e t ,  
a r e  contoured t o  vary the  f u e l  and ox5dizer flow rates l i n e a r l y  
with p i n t l e  displacement. A s  the  engine i s  th ro t t l ed ,  t h e  flow con- 
t r o l  a rea  of t h e  valve i s  decreased s o  t h a t  t he  pressure drop across 
the  valve increases by an amount equivalent t o  t h e  decrease i n  
chamber presssure and in jec t ion  occum i n  t h e  valve throa ts ,  
t h i s  l e v e l  down t o  minimum thrus t ,  t he  valve functions as a 
cavi ta t ing  venturi ,  and the  flow i s  control led only by t h e  th roa t  
area of t h e  valve and propellant conditions a t  t h e  valve i n l e t ,  

The flow control  valve i s  a p a i r  (one oxidizer,  
The valve 

The valve p i n t l e s  

From 

After flowing through the  control  valve assembly, t h e  propellants 
pass through t h e  p a r a l l e l  se r ies  shutoff valves. The shutoff 
valves are mechanically linked, p i l o t  operated, f u e l  actuated b a l l  
valves, 
valve bodies9 with actuation of the  oxidizer valve by a mechanical 
linkage driven from t h e  f u e l  valve, 
are solenoid operated, U 1  of  t h e  p i l o t  valve solenoids are 
energized simultaneously a t  engine s tar t ,  

Fuel and oxidizer  a r e  completely i so l a t ed  i n  separate  

The shutoff valve p i l o t  valves 

Downstream of t h e  shutoff valves t h e  propellants pass through t h e  
i n j e c t o r  assembly, 
t he  f u e l  manifold assembly, t h e  propellant metering sleeve, and 
the  oxidizer  feed tube assembly, Fuel enters  t h e  combustion chamber 
through t h e  annular gap formed by t h e  faceplate  and t h e  metering 
sleeve., 
i n j ec to r ,  

This assembly includes t h e  i n j e c t o r  faceplate,  

The meteting sleeve i s  t h e  only moving p a r t  i n  t he  

The t h r u s t  control  i s  an electromechanical l i n e a r  servo actuator.  
It contains redundant drive motors, c lutch assemblies , rate 
generators, posi t ion transducer assemblies, and amplifiers. The 
motors are coupled t o  a common output shaft by i'siamesell magnetic 
p a r t i c l e  clutches and reduction gearing, 
"siamese" clutch is  energized, t h e  output shaft moves; i n  one 
direction; energizing the  other  port ion of t he  clutch reverses t h e  

When one s ide  of t h e  

RE?ORI 
DATE 

O R U M M A N  AIRCRAFY E N G I N E E R I N G  C O R P O R A T I O N  



(conv t )  
output, 
with r a t e  feedback supplied by a rate generator, 
feedback transducer provides a s igna l  i n t o  t h e  servo loop s o  t h a t  
t h e  output posi t ion i s  proportional t o  the  input  command, The 
ro ta ry  motion output of t h e  clutches i s  converted t o  l i n e a r  motion 
by a b a l l  screw-and-nut arrangement, 
e i t h e r  motor, t h e  o ther  motor has suf f ic ien t  power t o  move t he  
t h r o t t l e  linkage under a f u l l  load, 

Because t h e  servo has l imited damping, it is  supplemented 
The pos i t ion  

I n  the  event of f a i l u r e  of 

The t h r u s t  chamber consis ts  of a composite ab la t ive  cooled chamber, 
nozzle throat ,  and nozzle divergent sec t ion  t o  an area r a t i o  of 
16:1, and a radiat ion cooled nozzle extension t o  an area r a t i o  of 
49:1., The ablat ive sect ions a re  encased i n  a continuous t i tanium 
s h e l l  and Jacketed by a p a i r  of t h i n  aluminum thermal radiat ion 
shields ,  
The assembly i s  supported by a gimbal ring, 

The nozzle extension i s  flanged t o  t h e  t i tanium s h e l l ,  

* -  

Ascent H e l i u m  Pressurizat ion Section,- 

The ascent helium pressurizat ion sec t ion  i s  f u l l y  redundant, 
gaseous helium i s  s tored  a t  4SOO ps ia  i n  two spherical  vessels,  
Ei ther  b o t t l e  can supply the  helium required f o r  mission completion. 
A check valve i s  i n s t a l l e d  a t  t h e  discharge of each b o t t l e  t o  insure 
t h a t  t h e  l o s s  of one b o t t l e  would not deplete the  e n t i r e  supply. 
Downstream of each check valve i s  a squib-actuated valve which f i res  
a t  engine s t a r t ,  Downstream of the  squib valves i s  a crossover l i n e  
connecting the  p a r a l l e l  helium legs ,  
valve i n  t h i s  l i ne ,  t h e  emergency crossover valve, The crcssover 
valve i s  opened i n  t h e  event of  a malfunction, 

The 

There i s  a t h i r d  squib-actuated 

Continuing downstream i n  the  p a r a l l e l  f l o w  paths the  helium passes 
through a f i l t e r  ( t o  prevent regulator  contamination) and then 
through a normally-open, latching, solenoid valve, Downstream are 
two p i l o t  actuated, dome-loaded pressure regulators i n  series. The 
regulator  discharge pressures a re  s e t  a t  various leve ls ,  The scheme 
pa ra l l e l s  t h a t  used i n  the  descent engine (see 1:l)- 
of t h e  regulators i n  each l e g  i s  a quad check valve, 
check valve discharges i n  t w o  paths, f u e l  and oxidizer,  The 
primary l e g  f u e l  helium and secondary l e g  f u e l  helium l i n e s  meet 
a t  a second quad check valve, 
helium supply t o  feed both f u e l  and oxidizer tanks and, a t  t h e  
same t i m e ,  back flow between the  f u e l  and oxidizer systems and 
between the  p a r a l l e l  helium supplies i s  prevented, 

Downstream 
Each quad 

The same arrangement permits e i t h e r  

Downstream of t h e  quad check valves a r e  squib-actuated valves which 
isolate  t h e  propellant tanks during helium sec t ion  checkout, 
f l o w  paths divide again downstream of t h e  squib valves t o  feed each 
of t h e  two f u e l  tanks and two oxidizer  tanks, The use of a common 
u l lage  pressure supply l i n e  minimizes t h e  pressure d i f f e r e n t i a l  
between t h e  oxidizer tanks, For t he  same reason t h e  vent valves 
are located on the  common l i n e s ,  

The 

A burs t  d i sc  i s  located upstream 
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(con! t )  
of each r e l i e f  valve t o  pro tec t  t h e  relief valves f rom the  corrosive 
f u e l  and oxidizer vapors. 
t h e  burs t  d i sc  and the  relief valve t o  prevent leakage from 
negating t h e  purpose of the  burst  disc ,  
i n  the  event of overpressure and t h e  vent check valve closes due t o  
the  high pressure and the  r e l i e f  valve controls t h e  high pressure. 

A vent check valve i s  provided between 

The burs t  d i sc  ruptures 

Ascent Propellant Feed Section,- 

The ascent engine f u e l  and oxidizer  are car r ied  i n  fou r  spher ica l  
tanks, two each f o r  f u e l  and oxidizer,  
propellant discharge i n t o  a common f u l l  l i n e  and common oxidizer  
l ine .  Each o f  these l i n e s  contains a burs t  disc  t o  prevent 
leakage p r i o r  t o  start ,  and a f i l t e r  t o  prevent contamination of 
t h e  main propellant valves, 

The tanks f o r  each 

Ascent Engine e - 
Immediately below t h e  engine/f eed system in t e r f ace  are ca l ibra t ion  
o r i f i c e s  (one f o r  each propellant)  
paths divide t o  provide two flow paths t o  t h e  t h r u s t  chamber, 
i n  t he  descent engine each flow path incorporates two main 
propellant valves i n  series, 
on-off valves, 
downstream valve i s  t h e  bipropellant valve, 
consis ts  of a pair ,  one f u e l  valve and one oxidizer  valve, The 
valves a re  normally-closed, mechanically linked, dual b a l l  valves, 
controlled by hydraulic actuators.  The actuating control  f l u i d  is 
f u e l ,  The appl icat ion of pressure t o  t h e  actuators  i s  controlled 
by normally-closed, solenoid valves, Each p a i r  of f u e l  and 
oxidizer  valves i s  controlled by a s ingle  actuator ,  
p a r a l l e l  l egs  are opened and closed simultaneously a t  s t a r t  and cut- 
off .  I n  t h e  event of a malfunciton, t h e  valves may be control led 
independentlv. 

Downstream t h e  propellant f l o w  
A s  

I n  t h e  ascent engine both valves a re  
The upstream valve i s  t h e  i s o l a t i o n  valve and t h e  

Each valve assembly 

Valves i n  t h e  

The ascent engine t h r u s t  chamber uses a f la t  face  in j ec to r ,  
chamber i s  ablat ion cooled, 

The 

S tab i l i za t ion  and Control Subsystem,- 

Reauirements ,, - 
The S tab i l i za t ion  and Control Subsystem requirements f o r  LEN #1 are 
as follows: 

1, S t a b i l i z e  vehicle about a l l  th ree  axes. 
2. Hold a t t i t u d e  with X & 2 axis i n  t h e  plane of t h e  t ra jec tory .  
3*  Accept and respond t o  automatic programmer sequence outputs. 
4. Accept and respond t o  emergency ground commands, The ground 

commands t o  have p r i o r i t y  over onboard commands., 
5. Accept and respond t o  ground i n i t a t e d  f l i g h t  path correct ion 

commands i f  required, 
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Hardware ., - 
The S tab i l i za t ion  and Control Subsystem f o r  LEN-1 will consis t  o 
t h e  2 

1, Control coupler assembly (CCA) 
2, 
3. 
4. Rate gyro assembly (RGA) 
5 ,  Atti tude reference assembly (AM) 
6 ,  I n  f l i g h t  monitor assembly (IFMA) 
7. G i m b a l  dr ive actuators  

Att i tude and t r ans l a t ion  cont ro l  assembly (ATCA) 
Descent engine cont ro l  assembly (DECA) 

The equipment i n  t h e  above assemblies w t l l  be unmodified LE8 
equipment except f o r  t h e  control  coupler assembly and t h e  a t t i t u d e  
reference assembly, 
assembly of t he  standard LEM subsyskem, 
assembly not only accepts and routes t h e  onboard and ground command 
but also contains s tored  command s igna ls ,  

This assembly replaces t h e  guidance coupler 
The control  coupler 

A s igna l  flow diagram f o r  t h e  SCS is  given i n  Figure 4-lL 
IFMA, not shown i n  t h e  f igure,  i s  provided f o r  purposes of 
i n s t  m e n t a t i o n  e 

The 

Functional Omration,- 

465.302 .2.1 Atti tude S tab i l iza t ion ,  - 
For t h e  a t t i t u d e  s tabj i l izat ion mode the  control  system will 
func i t ion  as a r a t e  command system with a t t i t u d e  hold (Figure 4-13). 
After  t h e  vheicle  i s  i n i t a l l y  s t ab i l i zed ,  t he  reference loop 
(switch as shown) holds t h e  vehicle a t  t he  desired or ien ta t ion  
sa t i s fy ing  requirements 1 and 2,  
will be in i t i a l ly  aligned t o  t he  l o c a l  v e r t i c a l  with t h e  Z axis 
i n  t h e  plane of the  nominal t m j e c t o r y ,  

The vehicle a t t i t u d e  reference 

4.5.3 e 2 2 2 Programmed Testing. - 
For the  RCS port ion of t e s t i n g  where a t t i t u d e  and t r ans l a t ion  a r e  
t o  be programmed, rate commands w i l l  be u t i l i z e d  f o r  ro ta t ion  and 
accelerat ion command f o r  t rans la t ions ,  Fola ro ta t ion  about a par- 
t i c u l a r  axis, a r a t e  command will be applied a t  t h e  summing point  
1, ( r e f e r  t o  Figure 4-13)> by closing t h e  switch, 
vehicle  i s  rotat ing,  t h e  a t t i t u d e  reference will be synchronized 
and t h e  system will rever t  t o  a t t i t u d e  hold when t h e  command i s  
removed, 
minimize crosscoupling e f f ec t s ,  
routed t o  t h e  desired j e t  driven amplifiers through t h e  log ic  switch- 
i ng  e 

while tho 

Commands will be applied t o  one axis a t  a time t o  
Translation commands will be 
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If f l i g h t  path corrections a re  required they w i l l  be made by 
applying a component of t h e  propulsion th rus t  vector  t o  la teral ly  
displace t h e  vehicle, To accomplish t h i s ,  an a t t i t u d e  rate s igna l  
will tilt t h e  vehicle resu l t ing  I n  t h e  desired lateral  th rus t  
component of t he  propulsion engine th rus t ,  
be a 

This s igna l  w i l l  
c command ( ro t a t ion  about t h e  2 axis) .  

Mechanization, - 
Both programmed and emergency commands en ter  t h e  control  coupler 
assembly (CCA) ,  These commands are accepted with t h e  emergency 
commands having p r i o r i t y  over onboard commands, 
mode the programmer drives relays o r  soled-state  switches t o  ac t iva t e  
s tored command c i r c u i t s  i n  t h e  C,C,A, These s tored commands are 
sen t  t o  t h e  appropriate assembly, resu l t ing  i n  a system response, 

I n  t h e  automatic 

I n  order t o  perform t h e  RCS port ion (phase 5’) of t h e  t e s t  t he  
th rus t e r  i so l a t ion  s igna ls  w i l l  a c t iva t e  the  th rus t e r  f a i l u r e  
log ic  ( located i n  ATCA) (see Figure 4-12) t o  simulate a t h r u s t e r  
f a i l u r e ,  This s igna l  w i l l  s e l e c t  t h e  desired a l t e rna te  p a i r  of 
t h rus t e r s  t o  be f i r ed ,  

Throughout the  descent and ascent engine tes t ing ,  vehicle a t t i tude 
w i l l  be held t o  a l o c a l  v e r t i c a l  unless t r a j ec to ry  corrections o r  
other  emergencies dictate otherwise, Stored commands f o r  t h e  
propulsion subsystem wi l l  a l s o  be located i n  t h e  C,C,A,  and 
act ivated by t h e  programmer, 

Component Description - 
Rate Gyro Assembl~ (RGA) = 

The r a t e  gyro assembly is  not t o  be modified f o r  LEM #la 
i den t i ca l  r a t e  gyro assemblies are used with automatic f a i l u r e  
detect ion and switchover c i r c u i t r y  (external  t o  t h e  RGA*s) e 

Two 

Each Ra.te Gyro Assembly consis ts  of th ree  sub-miniature s ingle-  
degree-of-freedom rate gyros s o  mounted t h a t  they sense vehicle roll, 
pitch,  and yaw ra tes  respectivelyo Each gyro i s  capable of operating 
with input  ra tes  up t o  k20 degrees p e r  second, The assembly operates 
on 26 v o l t  800 cps th ree  phase power and supplies 800 cps rate 
signals t o  t he  appropriate channel of the Att i tude and Translation 
Control Assembly, 
of a sp in  motor, ro ta t ion  detector,  and a s e l f - t e s t  torquer. 

Each gyro contains se l f - t e s t  features  consis t ing 

Atti tude and Translation Control Assemblv (ATCA) ,- 

The ATCA w i l l  not be modified f o r  LEM #l; however, not a l l  of  i t s  
capab i l i t i e s  are required f o r  the  LEN #1 mission, Inputs not needed 
f o r  this unmanned mission, such as d i r e c t  mode commands, are grounded 
external  t o  t h e  ATCA ( i n  the  command coupler) 
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The ATCA supplies t h e  s ignals  which control  t h e  f i r i n g  of t h e  
reaction je ts  and t h e  s ignals  f o r  automatic t r i m  of t h e  gimbal1 

sub-assemblies and t h e  synchronixed AC voltage f o r  t h e  RGA and 
command coupler a re  a l so  generated within t h i s  assembly, The 
input s igna ls  from t h e  CCA and RGA a r e  processed i n  t h e  ATCA and 
are directed t o  the  appropriate jets and t h e  descent engine control  
assembly. Figure 4-12 i s  a block diagram of t h e  ATCA, 

n t  engine, The DC voltages required i n  a l l  of  t he  SCS 

Input Signals - The input  s igna ls  t o  t h e  ATCA a r e  t h e  output 
s igna ls  from t h e  Command Coupler Assembly and t h e  Rate Gyro 
Assembly, 
and t h e  AC reference s ignals  (from the  AM) f o r  synchronization 
are required, 
gains, rate l i m i t s  and deadbands are sen t  from t h e  Command 
Coupler Assemblyo 
by t h e  Logic of t h e  ATCA as a r e su l t  of inputs  from the  
Command Coupler, 
t h e  RCS t e s t  sequence, 
Output Signals - 
a- 

I n  addition, power input  of +28 VDC a t  80 watts 

Switching s ignals  f o r  t h e  various se lec tab le  

J e t  f a i l u r e  compensation i s  accomplished 

This f ea tu re  will be u t i l i z e d  t o  implement 

Excitation s igna ls  t o  t h e  solenoids of t he  Reaction Jets, 

b, Automatic T r i m  Signals t o  DECA consisting of two bi-polar 
proportional DC voltages (one each f o r  yaw and p i t ch ) ,  

c a  I n  F l igh t  Monitor and Test Signals which are being determined 
as p a r t  of  t he  instrumentation e f f o r t ,  

d. DC voltages t o  DECA, RGA, CCA. 

eo Synchronized 3 $, 800 cycle/second voltage t o  t h e  RGA and 
s ing le  phase t o  t h e  command Coupler and RGA. 

Block Diagram Description - The following paragraphs d e t a i l  
t h e  major subassemblies of t h e  ATCA as shown i n  Figure 4-12, 
The autopi lot  e lectronics  i s  concerned with the  s igna l  condition- 
ing, feedback s ignals  and required shaping, The log ic  follows 
t h e  autopi lot  e lectronics  and d i r ec t s  t he  e r r o r  s ignals  t o  t h e  
appropriate pulse modulators and solenoid dr ivers  The 
solenoid dr ivers  control  t h e  react ion j e t  solenoids, 

a, Auto P i l o t  Electronics - The basic  function of t h e  Auto 
P i l o t  Electronics portion of t h e  Att i tude arid Translation 
Control Assembly is  t o  supply t h e  Reaction Jet  Logic and 
Descent Control Assembly with correct ive a t t i t u d e  t h r u s t  
command s igna ls  and cogs o f f s e t  compensation respectively,  
Att i tude e r r o r  o r  r a t e  command s ignals  and rate feedback 
s ignals  are processed i n  the  Auto P i l o t  Electronics t o  
obtain optimum control  loop performance, 
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4.5.3.3.2 3* a. ( cong t )  
I n  t h e  block diagram of t h  Att i tude and Translation 
Control Assembly it is  shown t h a t  the Auto P i l o t  Electronics 
consis ts  of th ree  similar channels of  e lectronics  f o r  
a t t i t u d e  ccntrol ,  
roll, pitch,  o r  yaw e r r o r  command signal which i s  then 
processed through a l i m i t e r  and summed with the  appropdate  
r a t a  s ignal ,  This s m e d  s igna l  i s  then fed i n t o  t h e  
react ion j e t  logic ,  I n  the  p i t ch  and yaw loops this c;ummed 
s igna l  a f t e r  demodulation i s  a l so  sen t  t o  t h e  Descent Engine 
Contml Assembly f o r  auromatic t r i m  of t he  descent engine, 
The t r ans l a t ion  s ignals  from t h e  Command Coupler are 
directed t o  t h e  logic  assembly where they are combined with 
a t t i t u d e  s igna ls  and d i rec ted  t o  t he  appropriate th rus te rs ,  

Each channel receives i t s  corresponding 

1, Selectable  Rate Gradient - This element changes t h e  
amount of r a t e  feedback i n  t h e  a t t i t u d e  control loop 
t o  obtain optimum loop perforname throughout t h e  mission 
Presently, only one gain change (a t  s taging)  i s  foreseen, 
The gain i n  a l l  3 axes wfll be switched upon rece ip t  of 
t he  s taging s igna l  from t h e  progmnmer coupler, 

2,  Posi t ion - Rate Signal Summation - Since t h e  pos i t iona l  
e r ro r  and r a t e  s ignals  supplied t o  t h e  Auto-Pilot 
Electronics Subassembly a re  synchronized 800 cps, s igna ls  , 
it i s  possible  t o  AC sum and amplify these s ignals  p r i o r  t o  
demodulation. 
t o  sum and amplify t h e  e r r o r  s ignals  from the  r a t e  l imi t ing  
and se lec tab le  r a t e  gradient elements, 

One AC amplif ier  p e r  channel w i l l  be needed 

3 e  Dead Band - This element w i l l  be a se lec tab le  two l e v e l  
device, a l a rge  dead band and a narrow dead band 
(%O,lo)e 
na l  from t h e  Command Coupler ( a l l  3 axes simultaneously) , 

The se lec t ion  w i l l  be performed by a d i sc re t e  s ig -  

b o  Logic - The logic  directs ro t a t iona l  and t r ans l a t iona l  s igna ls  
t o  t h e  proper t h r u s t e r  channels f o r  optimum system per€omanceo 
Redundancy f o r  t h r u s t e r  f a i l u r e s  and means t o  prevent simultan- 
~ O U I  i gn i t i on  of opposing th rus t e r s  are provided i n  t h e  log ic  
configuration, 
m a ~ m u m  moment control  and optimum t h r u s t e r  use whenever possible  

Figures 4-14a and 4-14b con%ain t h e  th rus t e r  log ic  configurations 
and th rus t e r  configurations f o r  t he  v e r t i c a l  and horizontal  
t h rus t e r s  respectively,  Tables 4-2a and 4-2b l i s t  the  t h r u s t e r  
channels t o  be energized f o r  independent ro ta t iona l  and t rans-  
l a t i o n a l  inputs under various t h r u s t e r  p a i r  f a i l u r e  conditions 
False  f a i l u r e  s igna ls  will be sen t  from t h e  CCA t o  ensure 
spec i f i c  t h rus t e r  f i r i n g s  during RCS t e s t ing ,  

For combinational commands the  log ic  insures  

I n  order t o  describe the  operation of  t he  log ic  i n  the following 
paragraphs the  term "contact" i s  used, I n  t h e  ac tua l  system the  
switching may be accomplished using s o l i d  s t a t e  devices, 
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3., bo  ( c o n s t )  

The f a i l u r e  log ic  i s  s o  designed t h a t  f o r  spec i f i c  f a i l u r e  
indicat ion and error signals present switching t o  redundant 
channels takes place, By combining the  f a i l u r e  indicat ions 
and e r r o r  s ignals  present through logic,  f u l l  use) of normal 
th rus t e r s  is  realized, 
fails ,  redundant switching is  required f o r  pos i t ive  Y rota- 
t i o n a l  input  s ignals ,  but not f o r  negative Y ro ta t ion  input  
s ignals  

For example, i f  t h r u s t e r  (2) channel 

The method of t r ans fe r  f o r  ro ta t ion  signals about t h e  2 and 
X axis is  similar t o  t h a t  f o r  t he  Y axis s ignals ,  

Translation s ignals  are t ransfer red  i n  much the  same manner 
as  ro ta t iona l  s ignals ,  The Y and 2 axis t r ans l a t ion  s igna ls  
do not have a redundant t r a n s f e r  path s ince  only one set  of 
t h r u s t e r  channels are avai lable  t o  perform each required 
f unciton, 

Combination log ic  switching has been incorporated t o  eliminat 
se lec t ions  of t he  same t h r u s t e r  f o r  i g n i t i o n  by two independ- 
ent  s igna l  inputs ,  T h i s  fea ture  prevents possible  sumMing 
amplif ier  sa tura t ion  which would r e s u l t  i f  two l a rge  input  
command s igna ls  were added, The combination log ic  switch- 

l imi ted  by t h e  basic  t h r u s t e r  configuration, As a re su l t ,  
f o r  f o r  more than tvo simultaneous input  s ignals ,  t h e  
p o s s i b i l i t y  will exist of  multiple s igna ls  commanding t h e  
same th rus t e r  ign i t ion ,  
o f f  whenever a f a i l u r e  ind ica t ion  i s  received from t h e  
control panel and switching of dual contact pa i r s  i s  then 
completely control led by t h e  f a i l u r e  log ic ,  This fea ture  
a l lows  se lec t ion  of p a r t i c u l a r  t h rus t e r s  €o r  t es t  purposes, 

The combinational log ic  i s  swTtch- 

Descent Engine Control Assembly (DEGA) , - 
The DECA does not require modification f o r  LEX #le 
c i r c u i t r y  f o r  +do functions of t he  descent engine, t h r o t t l e  control  
and c,g, t r i m  gimbal e lectronics ,  I n  addition, t h e  DECA t r ans fe r s  
s ignals  f o r  engine i g n i t i o n  and shutdown, 

DECA contains 

1. Throt t l ing Commands - Descent engine! var iab le  th rus t  i s  control lc  
l i n e a r i l y  with an analog s igna l  of zero t o  f i v e  ( 5 )  vo l t s  d-c, 
For LEE #1 t h i s  s igna l  i s  programmed automatically i n  the  Command 
Coupler, 

2. Engine S t a r t  Signal - Engine i g n i t i o n  will be actuated by a 28VDC 
s igna l  or iginated i n  the Command Coupler, The s igna l  i s  routed 
from t h e  CCA through t h e  DECA and then t o  t h e  descent engine, 
This same s igna l  i s  used t o  arm t h e  gimbal pos i t iou  actuators ,  
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(const)  

3 .  Engine Shutdown - T h i s  i s  a separate  28 VDC s igna l  i n i t i a t e d  
i n  t h e  CCA, 
t h e  descent engine, 

The s igna l  i s  routed th rwgh  t h e  DECA and then t o  

Gimbal Posit ioning - When t h e  engine i s  thrust ing,  gimbal command 
are! derived i n  t h e  ATCA from steady s t a t e  a t t i t u d e  e r ro r s  and fed 
t o  the? gimbal actuation system v i a  t h e  DECA Electronics. 
descent engine gimbal i s  driven by an electromechanical ac tua tor  
so t h a t  t he  t h r u s t  vector  always passes through the? moving cog,  
The DECA contains the  motor control  current s igna l  switching and 
malfunction s e l e c t  log ic  and dr ive  amplifiers ., Relay amplifiers 
(one f o r  each of 2 axes) close t h e  actuator  motor power relays 
as a funct ion of steady-state vehicle  a t t i t u d e  command errorD 
The gimbal dr ive electronics  am completely redundant ,, 

The 

Atti tude Reference Asss. (AM) ,- 

The Att i tude Reference Assy. consis ts  of a four-gimbal platform and 
t h e  associated electronics ,  The accelerometer package which i s  p a r t  
of the  AM i s  not required f o r  LEM #lo Since t h e  platform w i l T  be 
aligned remotely on t h e  ground p r l o r  t o  launch, a platform control  
and a l ign  panel must be provided with umbilical connections t o  t h e  
LEM, 

The output of  the  ARA i s  an a t t i t u d e  error s igna l  that  will be 
routed t o  the  ATCA through t h e  C O C O A ,  
i s  i n t e r n a l  and i s  synchronized t o  the  control  e lectronics  power 
supply 0 

Power supply f o r  t h e  ARA 

Command System. - 
General, - 
I n  order t o  comply with t h e  tes t  sequence and t o  insure t h e  grea tes t  
p robabi l i ty  of success f o r  t he  LE24 #1 mission, t h e  command system 
w i l l  have both onboard and ground command capabi l i t i es ,  

The three  (3)  modes of operation are: 

1, Automatic program mod 
2, Emergency ground cormnand mode 
3 .  Range safety modes 

Figure 4-15 i s  an overa l l  block diagram of t h e  command loop, 

Ground k1es.- 

This system was selected based upon t h e  following ground rules .  

1, An automatic program should be used t o  command the  normal t e s t  
sequence f o r  reasons s t a t ed  below, 
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2, The commands do not depend upon a communication l i n k  f o r  t rans-  
mission but a r e  hard-wired c i r cu i t ry ,  

3 ,  The shor t  time between commands might present a transmission 
problem f o r  ground command system, 

4. Onboard programmers have a l a rge  growth capabi l i ty ,  

This type of programmer i s  qua l i f ied  f o r  space environment and 
is  an "off t h e  shelf  item", 

Range dispersion pat terns  ind ica te  that  some t r a j ec to ry  corrections 
on LEM f l i g h t  path may be necessary, If t h i s  i s  a requirement, t h e  
capabi l i ty  can be implemented without any major change t o  t h e  system, 
These commands will f a l l  i n  the  range sa fe ty  catagory along with 
command destruct ,  

I n  t h e  automatic mode, the  onboard programmer w i l l  control t h e  
normal test sequence, If a ground safety problem o r  a LE24 m a l -  
func%ion should a r i se ,  ground command w i l l  be es tabl ished imme- 
d ia t e ly  u n t i l  t he  malfunction i s  overrrideno The ground command 
system will have t h e  following capabili ty:  

1, Command LED vehicle  destruct  

2, Command compensation f o r  some LEX system malfunctions 
The range mode has top p r io r i ty ,  

Description, - 
General - 
The command system (Figure 4-15) will have th ree  modes of operation, 
I n  t h e  automatic mode, the  onboard programmer w i l l  control  t h e  
normal t e s t  sequence, A ground command mode w i l l  permit r e s t r i c t ed  
correct ive act ion should malfunctions occur, and a range s a f e t y  
mode will permit l imi ted  control of t h e  f l i g h t  path and command 
destruct  capabi l i t i es  

Automatic Mode,- 

I n  t h e  automatic mode (primary command mode) of operation t h e  
onboard programmer w i l l  emit s ignals  t o  t h e  stored-command t r i g g e r  
relays. When these relays a re  activated,  they will close c i r c u i t s  
t o  send commands t o  t h e  appropriate subsystem as required by t h e  
t e s t  sequence, (See Table 4-3) The programmer outputs (relay 
closures) will be tape  recorded and a lso  displayed i n  real time f o r  
monitoring purposes, I n  this way a malfunction i n  t h e  programmer 
can be detected and correct ive ac t ion  taken on a cause and effect 
bas i s  , 
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Ground Command Mode (Stored Ground Commands 1 - 
I n  event of subsystem malfunction, ground commands s tored  i n  t h e  
ground s t a t i o n  w i l l  be sen t  t o  the  vehicle v i a  t h e  communication 
uplink. The ground commands, which are not i n  t h e  range safety 
category, w i l l  be act ivated manually by a spec ia l i s% who wi l l  b 
monitoring the  subsystems display, 

If t h e  spec ia l i s t  detects  a malfuncition which i s  correctable,  he 
will ca l l  f o r  a pa r t i cu la r  ground-stored command, 
t he  command will pass through a coupler t h a t  w i l l  e s tab l i sh  i t s  
p r io r i ty ,  and then transmitted t o  t h e  vehicle;, The command coupler 
aboard t h e  vehicle will in te r lock  commands such t h a t  those from t h e  
ground will override any onboard commands, 

When activated,  

The ground commands f a l l  i n t o  three  groups: 

1, Those t h a t  w i l l  advance the  automatic programer t o  t h e  
next phase of t e s t ing ,  

2 ,  Those t h a t  w i l l  switch t o  a redundancy within the  subsystem, 

3.  Those t h a t  will a l te r  t h e  f l i g h t  program, 

The f i r s t  group, as t h e  name implies, w i l l  be those t h a t  advance 
t h e  programmer t o  t h e  next s tage of  t e s t ing ,  
be those sen t  up as a r e s u l t  of subsystem malfunc5ions t h a t  are cor- 
rec tab le  by switching t o  redundant components o r  sour”cesa The 
t h i r d  group a re  commands which permit a r e s t r i c t e d  t e s t  should 
malfunctions prevent comprehensive t e s t ing ,  

The second group w i l l  

The 
o f f i  
but 

range safety commands under t h e  d i rec t ion  of t h e  range safety 
cer,  not only provide f o r  a safe, destruct ion of t h e  vehicle, 
can a l so  provide f o r  l imited ground control  of LE24 t ra jec tory ,  

The destruct  command i s  assigned top command p r i o r i t y  qnd will 
u t i l i z e  th ree  o r  fou r  of t h e  command uplink tonas, 
implementing t h e  t r a j ec to ry  commands would consis t  of a t h ree  button 
panel marked pmt-off-starboard. 
accelerate  t h e  vehicle  i n  t h e  desired direct ion,  
of t h e  course correct ion command is  a subject  f o r  f u r t h e r  study, 

The method of 

Pushing a button would la teral ly  
The p r i o r i t y  

Command System Com-oonent Descri-otion,- 

Onboard ~mgrammer, - 
The onboard programmer w i l l  consis t  of clock driven switching 
c i r c u i t r y  t h a t  will close relays i n  t h e  command coupler, The clock 
will be interlocked with an onboard accelerometer c i r c u i t  o r  booster 
instrumentation s o  t h a t  t he  programmed t e s t i n g  can be s t a r t e d  
immediately command capabi l i ty ,  
approximately 100 w a n d s  dr iving 65 relay c i r c u i t s  (see Table 4-3);, 

The programer wi l l  contain 
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(con ' t )  
The exact number w i l l  be established when t h e  t e s t  plan and systems 
preliminary design are firmed up, 
transmitted t o  t h e  ground f o r  real-time display and records t o  be 

d f o r  post-f l ight  analysis,  
no deviations f r o m t h e  sequence can be made i n  t h e  event of an 
emergency except t o  advance t h e  program, 

These commands w i l l  a l so  be 

Since this device is pre-programed, 

The programmer consis ts  of two bas ic  par t s ,  a time accumulator and 
a decoder, 
Its primary frequency i s  counted down t o  one pulse  pe r  second by 
magnetic counting c i r c u i t s ,  
t o  a simpler b i n a q  f l i p - f lop  counter. 
states of t h e  f l ip - f lop  counter and provides an output s igna l  a t  
t h e  appropriate t i m e ,  The sampling method is  accomplished by means 
of l og ic  IrANDPV gates, The time outputs a re  then routed t o  t h e  pro- 
p e r  relay o r  s o l i d  state switch, 

The time accumulator uses a c r y s t a l  as i ts  clock sourcea 

Th 1 one pulse p e r  second is  then f e d  
The decoder samples t h e  

Communication Link,- 

The communication uplink tha t  will be provided a t  t he  t es t  s i t e  w i l l  
be a s ing le  frequency FM/FM system, I n  order t o  be highly r e l i ab le ,  
t he  commands should be combinations of th ree  tones eacho The 
expression f o r  t he  number of commands avai lable  i s :  

Where n i s  the  number of channels ( tones)  and K i s  three  i n  t h i s  
case, If t e n  channels are avai lable  f o r  emergency commands, 

120 

assuming only half  of these are re l iab le ,  sixty (60) w i l l  be 
avai lable  t o  be used f o r  t he  ground commands, 
tones w i l l  be decoded and t h e  decoded s igna l  sen t  t o  t h e  command 
coupler , 

When received, t h e  

Ground Command Unit.- 

The ground command u n i t  w i l l  contain a11 t h e  s tored  emergency 
commands, The c i r c u i t s  will be interlocked with top pr5or i ty  
being assigned t o  t h e  d s t r u c t  command, 
commands w i l l  be superimposed on t h e  normal and ground commands, 
When conf l i c t s  occur t h e  f l i g h t  path correction will preva i l  over 
onboard commands, 

F l igh t  path correction 

REPORT 
DATE 

G R U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R P O R A T I O N  



4es040304 Real-time Visual Displays.- 

The red-tim visua l  displays, located i n  the  control  room, must 
display a t  least those parameters required t o  make decisions f o r  
manual s e l ec t ion  of emergency commands, The required display 
parameters a r e  indicated on t h e  measurements list,  Table 7-10 

Each subsystem will have panels t o  be monitored by spec ia l i s t s ,  
Some displays need only be condition l i g h t s  whiel others need t o  

ddcommutated and conditioned outputs from t h e  ground receivero 

Study Areas - 
During t h i s  study some questions came up which w i l l  be? t h e  subject  
of fu tu re  invest igat ion,  

continuous displays. The inputs t o  t h e  displays will be 

Some of t h e  more important areas are: 

1, Effects  of exhaust plume on communications 
2,  P r i o r i t y  and in te r lock  i n  control  sequence 
3, Optimization of f l i g h t  path control  
he piethods of f a i l u r e  detection 

If fu tu re  s tud ies  ind ica te  t h a t  less ground command wi l l  not impare 
mission success, a re-evaluation of these w i l l  be made, 

Environmental Control Subsystem,- - 
Desinn Criteria, - 
The, standard LEM environmental control  system will be modified f o r  
t h e  following LEN-1 c r i t e r i a :  

1, L E M - l i s  unmanned, 
2, 
3. 
4. 

The t o t a l  f l i g h t  duration does not exceed 20 minutes, 
The vehicle  w i l l  be operated i n  a space environment, 
The s t a b i l i z a t i o n  and control,  instrumentation, and command 
subsystem electronics  require cooling during prelaunch operation3 
and f l i g h t  ( the  l a t t e r  with t h e  exception of t h e  first 150,000 
f e e t  of t h e  ascent phase), 

Description,- 

The ECS f o r  LEH-1 w i l l  consis t  of modified heat t ransport  and water 
management sect ions t o  supply thermal control  f o r  t h e  s t a b i l i z a t i o n  
and control,  instrumentation, and command subsystems,, 

The modified heat t ransport  sec t ion  will consis t  of a coolant 
rec i rcu la t ion  assembly, GSE quick disconnects, a coolant water 
evaporator, a coolant accumulator and cold p l a t e s  o r  other  
provisions as required t o  maintain thermal control  of t h e  
electronics  0 

The modified water management sec t ion  will consis t  of off-loaded or  
modified ascent s tage water tanks, t h e  coolant water evaporator watei 
feed valves and provisions f o r  pressurizat ion of t h e  water tanks. 
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(con8 t> 

Prelaunch electronic  cooling wi.11 be supplied by mean, of a GSE 
water-glycol 8 

Should e l sc t ronic  cooling be nac ssary during 'the firs 
of t h e  ascent, provisions f o r  s t  raga of f reon and mat 
flow t o  t h e  coolant water evaporator w5-E  be ~ e q u i r  

I n  t h e  event t h a t  i n - f l i gh t  cooling of th 
required, t h e  water management sect ion -&X completely elimrfnat 
and t h e  heat t ransport  sect ion f u r t h e r  m o ~ i ~ ~ e d  by removal of t he  
coolant rec i rcu la t ion  assembly, coolant wate r  evaporator and 
coolant accumulator, 

c t ronics  is no% 

Elec t r i ca l  Power Load Requir 

The LEN-1 load prof i le ,  based an latest  available infomation,  on 
equipment and traJee%oxy, i s  presented i n  Figure 4-16, 

Electric Distribution Bus Arrangemen%,- 

The LEX-1 e l e c t r i c  loads w i l l  be divided i n t o  f i v e  ( 5 )  categories 
with each catsgory being supplied e l e c t r i c a l l y  from a bus s imi la r ly  
iden t i f i ed  as follows (Figure 4-17 and Figum 4-18)g 

1, Command Destruct Loads - Command ~~~t~~~ Bus 
2, 
3, Reaction Control Loads - RCS Bus 
4, 
5'- All other  DC: loads k i n  DC bus 

Pyrotechnic Loads - Pyrotechnic Bus 

All AC Loads - AC Bus 

Each bus will have a redundant power supplyo 

0 -  

The i n t e r n a l  e lec t r ic  power supplies $0 each bus w i l l  be as 
follows t 

Bus 
1, M Z  EIC Bus Mai 
2, RCS Bpa RCS bat% e rqy ~ a i n  battery #X o r  #2 
3 ,  Pyro Bus Pyro ba t te ry  PP 
40 COD, BUS COD, bat te ry  II 

The AC bus will be powered from %he main DC bus through one of t h e  
two DC t o  AC inverbera, 
DC only, through an exte aL power commtoz= and umbilical, and w i l l  
power t h e  main DC bus, 
main DC bus, 

The extearrial e l e c t r i c  power supply W i l l  be 

All o t h e r  busses will be supplied fmm t h  

I R C R A F V  EPdGl 



(congt) 

The DC bus will be maintain d a t  a nominal operating voltage of" 
28 2 2 vo l t s ,  steady state, 

The AC bus will be maintained a t  a nominal operating voltage of 
115/200 wye 2 2% vo l t s  a t  a frequency of LOO 2 1% cycles per  second, 

Control Scheme,- 

Under normal operating conditions, each bus i s  supplied through 
an energized contactor from i t s  primary power supply, On f a i l u r e  
of any primary supply, i t s  contac-bor w i l Z  becom de-energized and 
wi l l  l ock  out,  
a l t e rna te  supply through the  de-energized contactor, 

The bus w i l l  be automatically supplied from i ts  

On command, each primary supply contactor may be rese t ,  

%action Control  Subsystem,- 

General * - 
The Reaction Control hbsystem (Figures 4-18 and L-20) consis ts  of 
t h ree  sections,  (1) t h e  Helium Pressurizat ion System, ( 2 )  t h e  
Propellant System, and (3) t he  Thrus t  Chanber Assemblies, 

Within t h e  RCS there  a re  two indipenden% systems each containing its 
own Helium, Propellant, and Thrust Chamber assembly sect ions,  Each 
system contains equal quant i t ies  of  psop?llant and helium, 

Helium Pressurizat ion Svstem,- 

Gaseous helium, a t  pressures between 3000 and 3";O p s i  and a nominal 
temperature of 7O0F, is  s t o ~ e d  i n  a s p h e d c a l  t i tanium tank, The 
helium tank i s  f i l l e d  through a p o d  accessible  from the  extej-rior 
of t he  LEN vehicle,  
i n l e t  i n l e t -ou t l e t  por t ,  coupled with tank temperature w i l l  su f f i ce  
f o r  helium quantity measurements, Redundant, normally closed 
squib valves i s o l a t e  t h e  helium tank from t h e  r e s t  of t he  system 
u n t i l  j u s t  p r i o r  t o  LEPI separation from %he L i t t l e  Joe I1 booster,  
A ground t e s t  point i s  located downstream of the  squib valves f o r  
helium system checkout, A s ing le  f i l t e r  i s  located downstream of 
this point  containing possible squib debris and helium contamination, 
Downstrtwn of t h e  f i l t e r ,  t he  helium sec t ion  s p l i t s  i q t o  redundant 
legs ,  One l e g  begins with a normally open, solenoid operated, 
latch-type, shut-off valve while t he  o ther  l e g  begins with a 
normally-closed shut-off valve, Only one l eg  of t h e  helium system 
w i l l  be used a t  any time, but should this primaqy l e g  malfunction, 
it can be shut off and tha  secondary switched on, 
pressure sensing regulator  f o l l ~ w s  the  shutoff valves, 
s tage reduces t h e  helium pressup Lo 250 f 4 paf and the secaazd 
stage reduces t h e  pressure t o  190 2 2 p s i ,  
l oea t id  between t h e  stages of t h e  regulator  f o r  f irst  s tage checkout, 
Downstream of t h e  regulator, the redundant Pegs are connected so  tha t  

A pressure transducer, located on t h e  tank 

A two stage, lin 
The first 

A ground t e s t  point  i s  
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should one l e g  fa i l ,  t h e  0% e r  will pressurize 
tanks, A pressure transduc r is located on t h  
t o  read regulator  o u t l e t  pressure, I n  addition, a ground tes t  

c t ion  i s  located on t h e  same l i n e  t o  alLow drawing o f f  
out gas, Quad check valves are placed on t h  

tank pressurizat ion i n l e t s  t o  insure  i so l a t ion  of fue$ and 
oxi  d i  z er0 

ef valve, consisting o f  a bu r s t  disc, filte-r, and PPB 

Th burst  d i sc  i n s u r  s a sealed helium s 
sm, i s  s i t ua t ed  close t o  %ha helium p o d  on each 

propel lant  tank, 
during normal operation and t h e  f i l t e r  prevents relf 
foul ing due t o  burs t  disc debris, Vent l i n s s  are brought from 
t h e  helium p o d s  o f  t h e  propellant tanks $0 t h e  prope;llant f i l l  
areas , 

#$*so 7 0 3 Propellant System,- 

Each propellant system consis ts  of  two cy l indr ica l  ti%anium tanks 
with hemispherical ends 
te t roxide,  N20hO 
hydrzine (UDMH), (O/F r a t i o  = 2 ,O)  The propellantg are 
contained within a .+ply tefPon bladder suppo 
running lengthwise i n  t h e  tank, 
between t h e  bladder and tank wall, ac t ing  upon t h e  propellant 
f i l l e d  bladder for pos i t ive  expulsion a The propellant i s  
introduced i n t o  the  tanks through the  feed p o d  from a f i l l  pain@ 
accessible  from %he ex te r io r  of t h e  LEN vehieke, Tentatively, 
t h e  propellant w i l l  be loaded under a pressure of 20 t o  30 p s i g  w i t 1  
a back pressure on the  vent port, of 5 ps ig  lower  $han the  f i l l  
pressure, 
Mominal tank pressure w i l l  be 183. ps i% and nominal temperature w i l l  
be 700 2 200F0 

The oxidizer tank eontaina nitrogen 
The f u e l  tank con%ains a 50-50 mixtyre of 

ed by a s tand pipe 
The helium pressurant flows 

A pressure transducer i s  located a t  t h e  feed por t ,  

Propellant quantity gaging systems of t h e  radiat ion type are 
present ly  under study f o r  inclusion i n  tanks, A burst  disc, 
s i tua t ed  downstream of t h e  tank feed PO 
the  tank u n t i l  supply pressure i s  applied t o  %he tank and reaches 
approximately 150 psig, %he bugs$ d isc  s t t i n g ,  
a ground tes t  point i s  located to. prov%de f o r  l i ne ,  valve, and 
t h r u s t e r  checkout, A normally-open, t es t  point, permits i s o l a t i o n  
of t h e  tank, 
feeding s igh t  thmst-chamber assemblies (TCq'a) , 

holds t h e  propel lant  i n  

A t  t h i s  poin%, 

From this valve, t he  propellant flows i n t o  a manifold 

The manifolds from each indep ndent system can be cor)nected by 
f i r i n g  normally-closed, squib valves, Ascent engine propellant 
may be intmdueed i n t o  e i t h e r  one o r  both of t h e  RCS propellant 
manifolds by actuat ing normally closed, solenoid operated, la tch-  
type, shutof f valves ., 

ndent RCS subsystem feeds eight  thrust-chamber assemblie: 
The l i n e s  %wo T C A B s  i n  each c lus te r ,  insuring control  i n  a l l  axes. 

fe?eding these two T C A B s  may be closed by normally open solenoid'  
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valves, allowing isoleticon of ma$iun?c%ioning T C A R s  o r  eatastropMc- 
ally broken c lus te rs  ., 

Thru Se Chamber Asaembli 

The t h r u s t  chanib r assembly sect ion consis ts  of 16 T C A R s  group 
inc lus t e r s  of four  (quads), 
(o r i f i ce ) ,  f i l t e rs ,  two (2)  propel lant  solenoid valves9 i n3  
cornbustion chamber, and radiat ion nozzle, 

L_n_P____ 

Each TCA consis ts  of t r i m  provisions 

The TCAUs may be operated e i t h e r  steady-state, periods above one; 
second, o r  pulse modulated, periods l e s s  than on second, F u l l  
t h r u s t  vacuum ra t ing  i s  100 lbs. a t  a combustion chamber pressure 
of 90 psig,  

Command Dsstmct  Syst 

General - 
To satisfy t h e  range safety requirements of' WSMR, it w i l l  be 
nacssaory %o have the capabi l i ty  of destroying both s'tages of L E G 1  

The purpose of t he  desstrnctc from launch t o  t mina t ion ,  
me t he  propel l  

0 -  

The safe arm mechanism of  t h e  command destruct  system u t i l i z e s  -ewS 
detonator3 and the  ends of a loop of lineapsshaped charge cable, 
I n  t h e  tfsafePf posit ion,  t h e  detonators are grounded and out-of-lins 
with t h e  terminals o f  t h e  saped charge c a b h ,  

A t  t h e  command, t h e  detonators become ungrounded and move 
i n t o  axial alignm n t  with t h e  ends of t h e  l i n e a r  charge, The V'ire" 
command i n i t i a t e s  both detpnators simultaneously i n t o  the  ends of 
t h e  explosive cable which encompasses the  f u e l  and oxidizer tanks,  
F i r ing  of on J one detonator i n  t h i s  destruct  system provides a 
ssufficient shock wave t o  t he  shaped charge t o  rupture  t h e  tankage, 

A s  shown i n  Figure 4-21, both the  ascent and descent stages w i l l  
have complete system duplication, 

0 -  

Each command destruct system can be powered automatically f r o m  
e i t h e r  of (two battery- power supplies e 

Command Programo- 

The bomands are, received from the  ground s t a t i o n  v i a  antennae by 
t h e  receivers t o  first arm t he  safe-grin device and then t o  c lose  
t h e  firs switch, 
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Command Sys t e m ,  - 
Presently, t h e  Motorola command receiws-/voltage regulator 
combination, Hod. Ho, NCR 102A/MAD-101, i s  being considered 
f o r  use i n  LEvi-1, A separate command destruct  receiver  may 
be required t o  satisfy range safety r e q u i ~ e ~ e ~ t s ~  
Subsystem wi l l requi re  an array of a ennae mounted 900 ap 
t h e  ex te r io r  of the  LEM, One comm receiver  w i l l  u t i 1  
remaining pa i r ,  T h i s  arrangeInent provid s the  optimum co 
for sa t i s fy ing  t h e  command subsystem and range sa fe ty  re 

The Command 

Tracking Transponder, - 
Tracking of Lm-1 will be p rformed by %he FPS-16 radar system, 
transponder recommended f o r  use on t h e  LEM-P i s  t h e  DPN-66. 
components of t h e  transpond r will be required and will be GFE, 
The equipment requi r relaunch checkout of  both %he 

The 

- Redundan 

ions subsystem will be supplied by t h e  ranges, The 
r antennae (CFE) will be mounted and connected i n  t h e  

same manner as the  command system, 

L i t t l e  Joe 11 e 

Airframe ., - 
The airframe f o r  L i t t l e  Joe IT i s  b u i l t  by General ~ ~ ~ c s / C o n ~ ~ ~ ,  
San Diego, Ca l i fo rn ia ,  The vehicle  airframe consis ts  of  cylindr4xal 
upper (forebody) and lower (afterbody) s h e l l s  and four  f i n s ,  
a l l  length of t h e  L i t t l e  Joe i s  399 inches, 
(combined f o r e  and af ter  bodies) measures 350 inches i n  length 
and 154 inches i n  diameter, The fou r  f in s ,  each 50 square feet  i n  
areag are attached i n  a cruciform patkern t o  t h e  afterbody, 
f i n  i s  equipped with a movable control  surface?! a t  %he t r a i l i n g  edge 
and a hydrogen-peroxide reaction control  module. 

Over- 
The boostsa body 

Each 

Both body s h e l l s  are of semi-monocoque construction and are fabric%- 
ted  from truncated-form cormgaked sheets s t ab i l i zed  by r ing frames, 
The main s t r u c t u r a l  member of t he  booster i s  a l a rge  built-up bulk- 
head contains the  rocket motor attachments and distributes: t h e  
t h r u s t  load uniformly t o  the booster skin, 

0 -  

The L i t t l e  Joe If e l e c t r i c a l  power system f o r  t he  a t t i l x d e  controlled 
vehicle  will be described a t  a l a t e r  date, 

0 -  

The L i t t l e  Joe I1 propulsion system t o  be used f o r  t h e  LEE-1 t e s t  
w i l l  consis t  of seven (7 )  Algol ID, Plod I1 s o l i d  propellant rocket 
motors, These motom a re  bolted t o  re ta ining rings i n  t h e  t h r u s t  
bulkhead of the hoos-ber af%erbodyo 

I 
DAIE 



I C  .. 

The a lgo l  ID Mod I1 rocket 
i s  manufactured by Aerojet- 
The motor i s  a s o l i d  prop l l a n t  rocket ra ted a t  103,200 pounds 

rage t h r u s t  a t  sea l e v  I, f i r i n g  a t  70°F nominal propel lant  
grain temperature 

t o r  with a fixed, adjustable  nozzle 
nera l  Co,-poration, Sacraments,p Calf, 

0 -  

The a l g o l  motors w i l l  be ign i ted  i n  two stages ,  
be ign i t ed  simultaneously a t  t+0 and t h e  remaining three  motors w i l l  
be ign i ted  simultaneously a t  t+49 providing a five second ove 
The nozzles f o r  each set  of motors will be adjusted s o  t h a t  t h  
resu l tan t  t h r u s t  vector  f o r  each motor &rfl.1 pass through the  
vehicle center  of  gravfly a t  t he  ins%a.nt of  ign i t ion ,  

Four motors wi l l .  

Command Destruct System,- 

Booster t h r u s t  may be temina ted  by two command destruct  systems 
upon radio command s igna l  fyom an ANIFFW-2 UHF ground t ransmit ter ,  
Each of  t h e  two CD systems i s  powered by i t s  own bat tery,  
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CONTINUATION OF MAIN (+) D. C. BUS (28V) 

INVERTER 
NO. 1 

A. C. BUS- 115/200W, 400 - 0 TM 
RESET 

NEG (-) BUS 

LEGEND: 
INV - 3Cp INVERTER 28V. D. C. TO 120/208YV, 400 

V - 3Cp VOLTAGE SENSOR 
A - 34 CURRENT SENSOR 
F - FREQUENCYSENSOR 
X - LOCKOUT CONTACTOR, RESET BY TM PULSE 

PRELIMINARY SCHEME FOR LEM 1 AND 2 A. C. DISTRIB SYSTEM 
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Fl ight  Test Constraints e- 

"- 

prerequis i tes  f o r  t h i s  t e s t  are: 

The rocket motors (ascent and descent) s h a l l  have completed 
qua l i f ica t ion  tests,  
t o  t he  point where prototypes of the ascent and descent pro- 
pulsion srzbsystems have been defined. 

P-5 r i g  t e s t i n g  s h a l l  have advanced 

Satisf  actory demonstration of *Bfire-in-the-holet8 on t h e  P-5 
r i g  s h a l l  have been completed, 

Completion of one f u l l  duration descent engine f i r i n g  on 
LTA-5, During t h e  f i r i ng ,  t h e  ascent and descent s tages  
mated, The engine w i l l  be controlled by a s t a b i l i z a t i o n  
and control  subspstem configured as I n  LEM-I1 and i n s t a l l e d  
i n  the  t e s t  vehicle ,  

Complekion of one € u l l  duration ascent engine f f r i n g  on 
LTA-5. 
and control  subsystem configured as i n  LEN-9 and i n s t a l l e d  
i n  the t e s t  vehicle ,  

The engine s h a l l  be controlled by a s tabi l fzatkon 

The following p a r t i a l  subsystems shall have been qua l i f ied  
as systems t o  LEM-9 mission environments: 

Environmental Control 
E lec t r i c  power supply 
S tab i l i za t ion  and cont ro l  

The UM-1 command subsystem s h a l l  have been qua l i f ied  t o  
mission l e v e l  

The R & D Instrumentation s h d l  have been qual i f ied.  

Sa t i s fac tory  EMI check of t he  LEM-1 configuration s h a l l  
have been completed, 

The Command Destruct subsystem s h a l l  have been qua l i f ied  
and checked out i n  an EMI environment, 

GSE ver i f i ca t ion  with p,STlJ f o r  WSMR s h a l l  have been completed 
on LTA-1, 

S t ruc tu ra l  q.ualff i ca t ion  (pressure, s t a t i c ,  and vibrat ion)  
t e s t s  on LTA-3 s h a l l  have been completed except f o r  landing 
gear and landing loads, 

Demonstration of U M  staging s h a l l  have been completed, 

RCS design ve r i f i ca t ion  at Marguardt and a l t i t ude  c l u s t e r  
tests a t  AEIK; s h a l l  have been completed., 
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AGE B5-2 

(coni t )  

no RCS and ascent propulslon subsystem interface t e s t s  sha l l  
have been completed, 

o o  If included, the  qual i f icat ion of the UM-1 descent stage 
ul lage rockets s h a l l  be completed, 

p. Analysis of t he  booster &TV f l i g h t  da t a  s h a l l  have been 
completed, 

q. Prelaunch checkout s h a l l  have been completed, 

The LEN-1 t e s t  i s  present ly  being PERTed, 
of t he  PF,RT flow i s  given i n  Figure 5-1. 

An ear ly  indicat ion 
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6.0 

6.1 

6 . 1 ~  

6.1.2 

6.1.3 

6 ~ 4  

6.1.4.1 

0 -  

The configuration stu&ies at Gxw.mmn and XAXA MSC together with 
support from Aaes Laboratary personnel have evolved two LEM/ 
L i t t l e  Joe shroud designs. The two configurations which were  
designated by Grumman as N5-50 and Ng-50 are shown i n  figure 6-1. 
The two d i f f e r  only i n  the nose shape detail forward of the 212 
inch maximum diame€er. 

The generally squat appearance of t he  IEM shrouds i s  a d i r ec t  
r e su l t  of minimizing the forebody destabi l iz ing moments The 
entrance angle at the nose-mjor diameter juncture is  held at 
1.50 t o  minimize the k%ense  buffet  loa& encountered i n  the shoulder 
region at la rger  angles. 
from Ames experience which indicated t h a t  excessive boa t t a i l  conver- 
gence on hammer-head configurations can lead to unsteady air loads 
which correlate  with s t ruc tu ra l  loads and contribute strongly t o  
vehicle dynamic i n s t ak i l i t y .  

The b o a t t a i l  angle (40) was selected 

T a i l  Effectiveness Considerations e - 
Pending wind tunnel t e s t ,  the bes-f; available e.sidence indicates 
only a minor loss of t a i l  effectiveness i s  t o  be expected i n  the 
presence of the forebody wake a t  subsonic speeds, This opinion 
is expressed with knowledge t h a t  during e a r l i e r  wind tunnel tests 
of a L i t t l e  Joe I/Apollo configuration resu l ted  i n  completely 
disruptive wake e f f ec t s ,  In  t h i s  Lat ter  instance more than f ive  
times the LEM base area was  invol-ed and the  forebody and boat- 
tai  1 angle s we re ext r e m e  l y  aggra-vat ing 

Performance Parameters - 
Figures 6-2 thmugh 6-5 contain the estimated aerodynamic 
charac te r i s t ics  of the  L i t t l e  Joe I I J L E M  N5-50 configuration. 
For a l l  aerodpmnic coeff ic ients ,  other  than elevon hinge 
moments, the booster C ~ Q S S  sec t iona l  area (129 f t 2 ) ,  and the 
L i t t l e  Joe diameter (12.8 f t , )  , a re  used f o r  the  reference 
area and reference length, respectively. 

The elevon hinge moment about a center of g r a e t y  near Xcp/D = 
1.5 i s  very closely approximated by the CnJ of f igure 6-4, 
with the assumption t h a t  the t a i l  load ac ts  a t  the  booster base, 
This curve includes aeroe las t ic  e f f e c t s  and an estimated 7% loss 
i n  subsonic-transonic f i n  effectiveness.  

Longitudinal S t ab i l i t y ,  - 
General. - 
Figure 6-6 gives an over-al l  appreciation of the longitudinal 
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B6-2 

6.1.4,i 

6,1L,4,2 

6.1.4.3 

6 ,  ~ 4 . 3 ~ 1  

6.1.4.3.2 

General, - continued 

s t a b i l i t y ,  
c u m s  of the previous sections an& a referenee centeye-of- 
gravi ty  var ia t ion w i t h  Mach rmber that approximtes the LEN-1 
mission. The center-of-gravity posi t ion is  indicated i n  
booster diameters or, the top  of tke figuxe. 
the ordinate i n a c a t e s  the r a t i o  sf elevon angle Lo the angle 
of a t tack  required t o  ba lmce  out the m s t a b l e  pitch-up anoment 
contributed by the forebody. 

The f igure was generated w5th the data fron the 

In  t h i s  figure 

0 -  

Figure 6-6 shows the E5-50 boost -rehicle has a mild transonic 
s t a t i c  i n s t a k i l i t y  which grows w i t h  increasing Mach number. 
,This i n s t a b i l i t y  requires elevon deflect ion t o  s t a t i c a l l y  balance 
the vehicle f o r  quasi steady-state azgle of a t tack  and thereby 
reduces the elevon trawl amila31e f o r  dynamic CXexcursions 
(wind shear, etc,), 

e -  

Genersl, -. 

Although a r igomus stuw is r ap i r ed  to deternine dyn-c 
s t a b i l i t y ,  an appreciation can be obtained %y the addition of 
the L i t t l e  Joe I& autopilot "a t t i tude  e r r o r  gainP' t o  figure 6-6. 
A s s d n g  that the a t t i t u d e  error i s  the result of a p i tch  excur- 
sion and thus equivalent to an angle of a t tack,  the 8,& degrees 
of elevon per degree of e r ror  is  seen t o  render the vehicle 
aeroQjmamically stable (Fee. a one-degree e r r o r  w i l l  command 
8.4 degrees def lect ion and less thac 8 are  mq,red). 
margin of ae rodWWc stsbili-Ly, however, decreases w i t h  Mach 
number as the increasing s t a t i c  i n s t a b i l i t y  r e su l t s  i n  less 
and less control surface deflection f o r  &manic excursions, 
The over-al l  control ma.rgin, howvex, i s  increased at a 
number a%ow 2,O ( ac tua l  number t o  be detemnined) when the 
reaction control subsystem is activated, The RCS act ing as a 
bang-bang control ( w i t h  a dead band of 0.8 degree) pmTTides 
s izable  res tor ing moments over and 5eysnd the elevon contribution, 
The combined RCS and aerodyna.aic con%rol is  maintained through 
Mach 4 above which the low e2;ynamic pressum renders the  RCS t o  
be doxinant. 

The 

Booster Performance e - 

Trajectories were conputed using a thre.e-d-egree-of-freed.on 
d i g i t a l  program ( t rans la t ion  i n  a plane and pitching dynamics) 
t o  examine the dynamic stability of the L i t t l e  Joe 11 booster/ 
L;EM ascent through the er , r thPs atmosphere. 
configuration i s  unstable during the e n t i r e  boost phase, a 

Since the launch 

REPORT 
DATE 



control  system dis turbing moments and maintain 
t h e  body a t t i t  d, i ne r t i a l ly - f ixed  direct ions 

ed f o r  t h i s  analysis was 
control  system of t h e  L i t t l e  Joe I1 an 
par ts :  namely, elevons and reaction j s o  The elevo 
mounted at 450 angles t o  t h e  body p i t c  
of def lec t ing  t o  a maximum angle of 2 9 O ,  
t he  m a x i m u m  def lect ion was l imited t o  t h e  s ta  lid% of t h e  
actuators3 (assumed equal t o  7800 f t / l b s  of torque) o r  22 d 
whichever was less, A m a x i m u m  def lect ion of 22 deg 
based upon t h e  assumption t h a t  t he  ae rodpm5c  data  

is  comprised o 

ng plane and 
How er, f o r  t h i s  analysis  

f l ec t ion ,  Elevon def lect ions were? commanded by 
and rate feedback of e r ro r  i n  p i t ch  angle and p i t c h  
s using control  system gains of 8,4 degrw/degree e r ror  

ee/degre@/second error, raspect iv  
response was assumed t o  react  according t o  a first order  system 
and was computed by t h e  equation: 

6 command - 6 ac tua l  
e 

l + 
where ’ = -~ver -a l l  ttme l a g  Qf the system = ,,Os sac,  

The react ion control  subsystem was assumed comprised of jets 

forcer of 450# pe r  j e t  normal t o  t h e  f i n  i n  t h e  d i r ec t io  
which t h e  def lected elevons were producing a force, 

d on the  fixed port ion of t he  f i n  and producing a t h r u s t  

T 
s were energized d u r i n g t h a  first 8 seconds of f l i g h t  and 
last  32 seconds of t he  boosted f l i g h t ,  and produced forces  

y upon commanding an elevon def lect ion g 
degrees, During t h e  mid 43 seconds of boos 
reaction j e t  c i r c u i t s  were de-energized, t h  
any e f f ec t ive  forces  during t h i s  t i m e ,  
of boost f l i g h t  consis ts  of t h e  high dynamic pressure region 
where t h e  elevons are su f f i c i en t ly  e f fec t ive  t o  control  t h e  
dis turbing moments gem ra ted  by angle of a t tack) .  

(T 

Presented i n  Figures 6-7 through 6-10 are a compl t e  t i m e  his tosg 
of t h e  boost port ion of t h e  ascent t ra jec tory ,  For this trajec- 
to ry ,  it was assumed t h a t  launch occurred during P 99% head wind 

ronment. From these curvss, one can readi ly  note the  small 
lacement of t h e  boost i n e r t i a l  f l i g h t  path angle from t h e  

commanded angle, (Maximum posi t ion ermr of 2,50,) During this 
time, t h e  elevon d s l e c t i o n  was  saturated f o r  approximately 2 
s3econdso This i s  d f rac t ly  a t t r i bu ted  t o  t h e  99% wind conditions 
t h a t  were? assumed during launch, I n  p rac t i c  launch should occur 
under more desirable  wind conditions and t h i s  e r r o r  i n  vehicle  
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6.1.4.3.2.2 Results.- continued 

a t t i t u d e  would be s igni f icant ly  decreased. During the remaining 
portion of f l i g h t ,  booster a t t i t ude  e r r o r  i s  confined to a laax.- 
imm of 0 . 6 ~  and commanded elevon deflections w i l l  remain within 
the l i m i t  deflection. From these curves, one can readi ly  conclude 
that the L i t t l e  Joe I1 booster/L;EM configuration is dynamically 
s tab le  during booster burn and contains suf f ic ien t  control system 
effectiveness to overcome disturbances during adverse wind 
conditions at launch, 

6.1.5 

6 . ~ 6  

Alternate Shroud Configuration. - 
Up %o this point a l l  reference has been to the N5 shroud. 
it and the N6 shroud (f igure 6-1) conform to the basic  s t a b i l i t y  
considerations which d ic ta te  a short  o r  blunt nose and the buffet  
requirement cal l ing f o r  moderate entrance angles i n t o  the shoulder 
at the major diameter. Although N6 is  physically shor te r  than N5 
(two feet), it approaches the more i d e a l i s t i c  parabolic nose shape, 
This advantage of decreased nose length together with the smoother 
axial var ia t ion of cross sect ional  area should lend the N6 nose 
more regular charac te r i s t ics  through the transonic Mach range. 

L i t t l e  Joe I I / L ; E M  Launch Vehicle. - 

Both 

Wind Tunnel Test Program. ..* 
The wind tunnel test  program f o r  the L i t t l e  Joe I I / L ; E M  launch 
vehicle has two objectives: (1) provide an e a r l y  and firm 
basis for  vehicle d e t a i l  design and as a contingency ?%em; 
(2)  yield suf f ic ien t  re la ted  data f o r  assessing the e f f ec t s  
of configuration modifications. 

In  the design of "Hammerhead" payloads par t icu lar  a t ten t ion  must 
be given to the d e t a i l s  of forebody shape. 
L;EM vehicle s tabi l i ty  considerations d ic ta te  a blunt payload 
en-felope e 

revolves around the choice of head shapes which may be typ i f i ed  
as possessing e i t h e r  "massive bluntness", such as N5, o r  
"progressive bluntness", as does N6. 
recommended would t e s t  both "5 and N6 i n  the Langley 8-foot 
transonic pressure tunnel throughout the M = 0.3 to M = 1.2 Mach 
range w i t h  $f = 0. 

. 

c r i t i c a l  area would then be the basim.for select ing the one 
payloadaonfiguration to be car r ied  through the remaining tes t  
program outlined below. 
standard L i t t l e  Joe I1 50-foot2 f i n s .  The data r a t e  and e a r l y  
data a v a i l a b i l i t y  frop the 8-foot TPT should permit the required 
configuration select ion to be made within one and a half days 

For the L i t t l e  Joe 11/ 

Thus res t r ic ted ;  the only remaining design freedom 

The wind tunnel program 

A comparison of data obtained i n  th i s  

A l l  tests are  to be conducted with the 

from commencing test. m, 

* Grumman wishes to acknowledge the generous aSsistance of NASA 
personnel of the "Experimental Aerodynamics Section", Manqed 
Spacecraft Center, i n  the T e s t  Plan formulation. 
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6.1.6.1 

6.1.6.2 

6.1.6.3 

6.1.6.4 

6.1.6.5 

6.2 

Tests i n  the Langley 7' x 10' Wind Tunnel.- 

Mach Number: M = 0.1 and 0.2 

Jf = Oo, 5 O ,  loo, 20°, 30°, Fins O f f  

For bf = Oo, '50 Alpha range taken out t o  +9OO at loo increments 

T e s t s  i n  the Langley 8' Transonic Pressure Tunnel,? 

-U0, -50, -30, -20, -lo, 00, lo, 2O, 3O,  5O, 8 O ,  110, 1-5' 

&-f = 00, T o ,  100, 20°, 30°, Fins O f f  

NOTE: Flow visual izat ion data (Schlieren) are par t icu lar ly  
important i n  t h i s  range. Also, a l l  traverses i n  angle 
of a t tack  should commence at -110 increasing t o  +l5O 
( taking data) and then conclude by running (taking data) 
at ocC= +50, 3O*, 2O, lo, Oo, -1'. 
detect hysteresis  near = Oo. Hysteresis o r  major non- 
l i n e a r i t i e s  near-= OO are generally indicat ive of goor 
dynamic s t a b i l i t y  charac te r i s t ics  ( the  correlated,  un- 
steady aerodynamic loads c i t e d  i n  the "Aerodynamics" 
sect ion of the present report) .  

The object here i s  t o  

Test I n  the Unitary Plan Wind Bmne1 (Section #l).- 

Mach number: 

-= too, 10, 2 O ,  3 O Y  5 O ,  8 O ,  U0, 1.5' 

df = 00, 50, loo, 20°, 30' 

Tests In  the Unitary Plan Wind Tunnel '(.Section #2).- 

Mach number: 

OC, &, same as Section #1 

Tests I n  the Ames Ik-Poot Transonic Wind Tunnel.- 

After  the f i n a l  shroud configuration has been selecteL, a 
model should be b u i l t  t o  obtain the f luctuat ing pressures over 
c r i t i c a l  areas of t he  shroud from Mach 0.60 t o  1.20. 
recommended because of the uncertainty i n  applying available 
model data o r  analysis.  
conduct a buffeting load analysis on the  shroud panels. 

The Ames 14-Foot Transonic Wind Tunnel is  recommended because 
of the experience t h a t  Ames personnel have i n  t h i s  f i e ld .  

M = 1.57, 1.80, 2.16, 2.80 

M = 3.86, 4.65 

This is  

These pressures will be used t o  

Struc tura l  Design Criteria.- 
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6,2.1 0 -  

The most s ign i f icant  parameters affect ing the design loads f o r  
th i s  test shot are the wind shear prof i le ,  which produces a 
resu l tan t  angle of a t tack ,  and the dynamic pressure, which 
determines the load produced by a given angle of attack. 
maximum wind veloci ty  and the Mach number have second-order 
e f fec ts .  

The 

A number of performance krajector ies  were run f o r  the LEM/ 
L i t t l e  Joe I1 configuration on a d i g i t a l  computer i n  order t o  
establish the most sa t i s fac tory  f i r i n g  order f o r  the test  shot,  
For the f i r i n g  sequence selected,  it was  noted that the maximum 
dynamic pressure was  a t ta ined  at an a l t i t ude  of about 27,000 
feet and that 90% of maximum dynamic pressure w a s  s t i l l  encounter- 
ed a t  34,500 fee t .  
shear values a re  obtainea, according t o  NASA/Huntsville memo 
M-AERO-6-33-62, i s  32,800 feet, 

The minimum a l t i t u d e  at  which maximum wind 

The maximum design loads should be a t ta ined  at some a l t i t ude  
intermediate between that where maximum dynamic pressure occWs 
and that  where maxkmp wind shear occurs. Since, f o r  th i s  
f e a s i b i l i t y  study, there  was  not suf f ic ien t  time t o  check each 
a l t i t ude ,  runs were made through a synthetic wind prof i le  based 
on an a l t i t ude  of 32,800 feet. The resul tant  load calculations 
are  within 5% of the theore t ica l  maximum. Wind tunnel pressure 
d is t r ibu t ion  measurements are required t o  j u s t i f y  any fu r the r  
refinement of the design loads. 

Three-degree-of-freedogl t r a j ec to r i e s  f o r  a 93% probabi l i ty  wind 
veloci ty  at 32,800 feet and f o r  an 84% probabi l i ty  wind shear 
build-up t o  an 84% probabi l i ty  wind veloci ty  at the same a l t i t u d e  
are calculated. In  both cases, a 29.5 f t . /sec .  imbedded trapezoidal+ 
j e t  having a 300 meter wave length was  superimposed on the synthetic 
wind p ro f i l e  j u s t  above 32,800 feet, as recommended i n  M-AERO-6-33-62, 
WA/Huntsvil le memo, see figure 6-11. Maximum angles of a t t ack  
were obtained during the traverse of t h i s  imbedded j e t  i n  each 
case. 
th i s  i s  the most favorable a t t i t ude  i n  regard t o  vehicle control-  
lab ilit ye 

Axial and circumferential pressure d is t r ibu t ions  are presented 
i n  f igures  6-12 through 6-14. 

The f i n s  are oriented at 45O t o  the  wind velocity,  since 

+b. 

The resu l tan t  ax ia l  shear and bending moments are presented i n  
f igures  6-15, 6-16, and 6-17. 

Although these calculations were performed by t r ea t ing  the vehicle 
as a r i g i d  body, a rough check shows that i f  the control system 
has the required a b i l i t y  t o  overcome the s m a l l  degradation i n  
s t a b i l i t y  due t o  aeroe las t ic  e f f ec t s ,  the increase i n  loads due 
to aeroe las t ic  e f f ec t s  will be less than 5$* 
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6.2.1 

6.2.2 

6.. 2 2 1 

6.2.2.2 

6.2.2,3 

A summary of the s ignif icant  parameters at the c r i t i c a l  design 
point i s  as follows: 

Airloads 

Structural  Dynamics Requirements. - 
Shroud Panel Flutter.  - 
The L i t t l e  Joe I1 shroud panels w e r e  investigated f o r  panel 
f l u t t e r ,  using the method of l!&SA TN D-451. The analysis was 
performed from Mach 1.17 to Mach 1.53. Mach L53  corresponds 
t o  the r n a x i m m  dynamic pressure (1020 psf) .  The panels are 
10 by 17.5 inches (10 inches along the stream-wise direction) 
and 0.050 inches thick. 
f l u t t e r "  region of figure 2 of the above reference; therefore, 
preliminary resu l t s  indicate that panel f l u t t e r  is not 
anticipated on the LEN shroud of the L i t t l e  Joe II/L;EM-l 
configuration, 
employed i n  the future,  and it is  anticipated that model tests 
of panels will be performed t o  substantiate the theoret ical  
resu l t s  0 

All our resu l t s  f a l l  i n  the "no 

More refined methods of panel f l u t t e r  will be 

Booster F lu t t e r  Analysis ;- 

Flu t t e r  analysis on the booster fo r  the present f i n  configuration 
was  conducted by General Dynamics, San Diego. The analysis 
consisted of 10 modes. These modes included cantilevered f in ,  
symmetrical f i n  on body, f i n  bending, f i n  torsion, elevon 
rotation, and the first four body bending modes, According t o  
General Dynamics, the configuration was  f l u t t e r - f r ee  up t o  q = 
1580 psf and Mach 5.0. 

Buffeting. - 
The buffeting analyFis was based on model tes t  resulhs of NASA 
TM-779. The Cp (k) used i n  the analysis w e r e  obtained 
from figure 9c, which i s  f o r  a model with closest  correspondance 
t o  the L;EM shroud. 
corresponds t o  ~ l l l  angle of attack of 8 degrees. 
resu l t s  should be conservative, since the L i t t l e  Joe II/UM-l 
t ra jec tory  is not expected t o  exceed 5 degrees during the 
transonic par t  of i t s  f l i gh t .  

The f luctuating pressure of figure 9c 
Therefore, the 

Figure 9c shows t ha t  f luctuating pressures b u i l t  up from Mach 0.70 
to 0.92. This corresponds t o  approximately 5 seconds of f l i gh t ,  
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6,2.2.3 

6,. 2.2.4 

..- cont imed 

Figure 9c a l so  shows that the pressure build-up i s  not s ta t ionary 
but moves i n  the aft direct ion as the Mach number increases. 

The model 
dynamic pressure to obtain an over -a l l  rms pressure level. 
Figure 6-18 shows this over-al l  rms pressure l eve l  as a function 
of f l i g h t  time and shroud posit ion.  Figure 6-18 shows that 
pressure higher than 0.2 p s i  occurs f o r  about one second at 
the highest loaded sectjton of the shroud, These over-al l  rms 
pressure levels  were  then converted to power spec t r a l  density 
by assuming a flat spectrum from 0 to 500 cps, which i s  considered 
conservative 

Cp (rms) was multiplied by the f u l l  scale  vehicle 

The maximum mns stress, which occurs at  the center of each panel, 
was then calculated by obtaining the forced response of a f lat  
p la te  of 10 by 17.5 inches and 0.050 inches thick,  assuming the 
panel t o  be simply supported and vibrating i n  a fundamental half 
s ine mode. The maximum rms s t r e s s  as a function of f l i g h t  t i m e  
and shroud posi t ion i s  s~own i n  f igure 6-19. 

Stress levels were also calculated at  the highest loaded shroud 
posi t ion f o r  a skin thickness of 0.060 inches. 
it can be seen that i f  0.060 inch skin thickness i s  used i n  
c r i t i c a l  areas and 0.050 inch skin thickness i s  used elsewhere 
on the  shroud, an rms stress level of l e s s  than 20,000 p s i  due t o  
buffeting can be maintained. 

From flgure 6-19, 

A more ref ined analysis will be performed i n  the future  by 
obtaining f luctuat ing pressures on models that w i l l  be an exact 
geometrical representation of the L i t t l e  Joe II/W-l configura- 
t ion.  T h i s  analysis w i l l  a lso consider other possible mode 
shapes and r e s t r a in  conditions. 
indicate  that no extensive design problems due to buffeting are 
an t ic ipa te  d, 

However, preliminary calculations 

Vibration Requirements - 
Vibration env'elopes representative of L i t t l e  Joe I1 ant ic ipated 
environment were  calculated as described i n  Grumman Report No. 
LED-520-3, Appendix C "Proposed Qual i f icat ion T e s t  Levels f o r  
LEM Components and Equipment". 
estimates and the C-5 es-kimates is  shown on Table 6-1. 
L i t t l e  Joe I1 requirements are higher, , the  difference is  not 
believed large enough t o  s ign i f i can t ly  e f f ec t  equipment o r  
s t ruc ture  design o r  weight (. 

A comparison of the L i t t l e  Joe I1 
Although 

The estimates f o r  equipment vibration levels  were based on a 
maximum rms pressure of 0.1 p s i  outside the L i t t l e  Joe I1 shroud. 
Local Mbrat ion leve ls  on the LEM near the region of the  separated 
flow might be higher because of the buffeting, but this would be 
limited to about 2 seconds at about 20 seconds after launch. 
These loca l  buffet iqg pressures (estimated at 0,2 ps i )  are not 
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6,2.2,4. .- continued 

expected to material ly  increase the  vibration environment over 
the e n t i r e  L;EM vehicle because of the  l imited time duration and 
s m a l l  area exposed to the peak pressure. T h i s  problem i s  not 
unique with the L i t t l e  Joe 11, since a similar l o c a l  buffeting 
on vibrat ion levels  ~ & L l l  be investigated during the L i t t l e  Joe I1 
wind tunnel tests and design phase. 

REPORT 
DATE 

G R U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R P O R A T I O N  



6:2.2,5 Acoustical Levels.- 

The aemdynamically induced acoust ical  levels  f o r  the shroud 
outside the I;EM on L i t t l e  Joe I1 w e r e  calculated, using the 
procedures i n  WmD TR 61-62 and WAlDC TR 58-343 Volume 11. 
external  overa l l  sound pressure l eve l  during mximum 'q' condi- 
t i on  was  estimated to be -05 ps i .  
calculated engine exhaust noise during launch, again, using 
WADC TR 58-343 information. 
over-al l  pressure level w a s  0.1 psi .  
i s  shown on Table 6-2. 
expected t o  be 5 to 10 decibels below these values. These levels  
a re  expected to be 3 to 5 decibels higher ehan corresponding C-5  
launch levels. 

The 

These levels  were compared w i t h  

Calculated engine exhaust noise 
The octave band d is t r ibu t ion  

The noise leve ls  inside the shroud are 

Higher osc i l l a t ing  pressures than those estimated above are 
expected t o  occur f o r  about 2 seconds at about 20 seconds 
after launch due t o  buffeting. These pressures will be l imited 
t o  the area  aft of the separated flow region, as shown i n  
f igure 6-18. 
environment over only a small portion of the UM, causing an 
estimated loca l  12 decixel increase. Over-all noise levels  
outside the I;EM i n  th i s  region would be 152 decibels. No I 

d i f f i c u l t y  i s  ant ic ipated w i t h  these pressures at present 
because of the short  t i m e  and the r e l a t ive ly  l imited area, 
and because th i s  pressure value is  not pa r t i cu la r ly  high. 

They are  expected t o  a f f ec t  the acous t ica l  

TAEEZ 6-2 

ESTIMATED W-I1  - LIEM-1 ACOUSTICAL L;EVELS 

o c m m m  SOUND PRESSrn L;EVELS 

Decibels, Referred to 0.0002 dynes/cm2 FmQUENCY 

RANGE - CPS LAUNCH MAXIMUM Q 

6.2.3 

37.5-75 143 
75-1.50 145 
150-300 145 
300-600 1-43 
600-1200 1-39 
1200-2400 136 

St ruc tura l  Temperatures. - 
Transient temperature responses a re  presented f o r  3 points on 
the L i t t l e  Joe I1 shroud, the stagnation point on the spherical  
nose (point 1) , the conical t r a n s i t i o n  behind the spherical  
nose (point 2 ) ,  and the cy l indr ica l  center portion (point 3), 
f o r  various thicknesses of aluminum sheet i n  f igures  6-20 and 
6-21. 
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6.2,3.1 

6.2* 3.2 

6.2.4 

.- 
The convective heat t r ans fe r  coeff ic ients  f o r  the  stagnation 
point were computed, using the methods of Reshotko and Cohen 
(reference NACA Report 1294, 1956). 
w a s  calculated using these coeff ic ients  i n  conjunction w i t h  the 
t o t a l  temperatures as the driving potent ia l .  

The temperature response 

The heat t r ans fe r  coeff ic ients  f o r  the conical t r ans i t i on  and 
cy l indr ica l  sections were based on the Van Driest equations f o r  
turbulent convective heat transfer on a cone. Boundary layer  
build-up was  accounted f o r  by using the developed distance 
along the spherical  nose and cone. For the cy l indr ica l  portion 
ha l f ,  the distance from stagnation point to the cone-cylinder 
t r ans i t i on  was used, Free stream flow conditions and the 
recovery temperature as the driv-lcg temperature were used i n  
these sect  ions. 

This  procedure yields approximate coeff ic ients  A more de ta i led  
analysis w i l l  be performed as reqdired. 

S t ruc tura l  Temperature Response. - 
- 

The s t ruc tu ra l  temperature response i s  computed by using f i n i t e  
difference methods programmed f o r  the d i g i t a l  computer. 
input data is  based on the Mach number and a l t i t ude  time h i s to r i e s  
shown i n  Section 3.4, f igure 3-1. 
aluminum skins being considered, one-dimensional " th in  skin" 
assumptions are  made. Convective heat input,  re-radiation from 
the  outer  surface and heat storage i n  the aluminum skin are 
considered i n  the heat balance, The outer  surface is  assumed to 
be painted resul t ing i n  an infra-red emissivi ty  of 0.8. In  a 
more deta i led  analysis,  the  e f f ec t s  of two-dimensional, conduc- 
t i o n  and jo in t  res is tances  f o r  r ive ted  built-up sections will 
be included to obtain an accurate picture  of the temperature 
d is t r ibu t ion  through the  s t ruc tu ra l  cross sections.  

The 

Because of the r e l a t ive ly  t h i n  

The temperature responses shown i n  f igures  6-20 and 6-21 indicate  
the approximate operating regime for the vehicle. 
on the spherical  nose w i l l  decrease as distance f romthe  stagna- 
t i o n  point increases u n t i l  the sonic point is  reached; at th i s  
point, a temperature rise w i l l  occur which might r e su l t  i n  
temperatures s l i g h t l y  above those at the stagnation point. 
t h i s  point,  back temperatare w i l l  decrease toward the values 
shown f o r  the  t r a n s i t i o n  cone. A t  the t r a n s i t i o n  cone cylinder 
j o in t  an over expansion w i l l  occur which could cause a loca l  
drop i n  temperatures on the forward pa r t  of the cylinder section. 
Temperatures are not shown f o r  the  tapered after-portions;  these 
temperatures will be somewhat lower than those on the cy l indr ica l  
se e t  i on ., 

Temperatures 

From 

St ruc tura l  Analysis. - 
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6.2.4.1 

6.2.4.2 

6.2.4.3 

General. - 
The T;EM shroud is  an aluminum a l loy  semi-monocoque s h e l l  s t ructure  
housing the  LEN on the L i t t l e  Joe I1 f l i g h t  which w i l l  be separated 
in to  two halves by a shaped charge and be je t t i soned  at  a pre- 
determined time a f t e r  launcy. The shroud i s  designed t o  resist 
aerodynamic and i n e r t i a  loads and associated environmental condi- 
t ions.  The adapter provides the s t r u c t u r a l  support of the L;EM 
and a l so  serves as t r ans i t i on  s t ruc ture  between the  shroud and the 
L i t t l e  Joe I1 interface.  
t o  provide a su f f i c i en t ly  uniform dis t r ibu t ion  of t h e  LEM i n e r t i a  
loads and shroud aerodynamic loads t o  the booster interface at tach-  
ment s t ruc ture  so as t o  remain within i t s  s t rength capabi l i t ies .  

A prime requirement of the adapter is  

Design Loads" - 
The aerodynamic and i n e r t i a  loads from the 99% wind p ro f i l e  
t r a j ec to ry  are  c r i t i c a l  for design. The maximum aerodpamic 
loads occur at T = 37.7 seconds at maximum ult imate dynamic 
pressure of 1450 psf ,  and the naximum i n e r t i a  loading occurs 
at  T = 72,O seconds. 
d i s t r ibu t ion  from the aerodynamic loads are shown i n  Figure 6-17. 
The ultimate i n e r t i a  load  fac tors  a re  shown i n  Table 6-3. 
ro ta t iona l  accelerations a re  extremely small and have been neglect- 
ed for t h i s  preliminary study. 
concurrent i n e r t i a  loads resu l t  i n  the  net design loads which a re  
tabulated i n  Table 6-4 at  s t a t i o n  0. 

The shear, a x i a l  load and bending moment 

The 

The air loads combined with the 

TABLE 6-3 
ULTIMAtcE LOAD FACTORS 

Time 
Seconds n n 

Z - X - 
37.7 1-95 1.68 
72.0 8.25 .165 

TABU 6-4 
L\SET ULTIMATl3 LOADS AT STATION 0 

Shear ( l b s )  Axial Load ( lb s )  

A i r  Load 93,000 176 , 800 
I n e r t i a  Load -46,200 55,000 
Net Load 46 , 800 231 , 800 

Environmental Requirements.- 

Moment ( in-  lbs  ) 

21.0 x 106 
-5.6 x 106 
15.4 x 106 

St ruc tura l  temperature analysis i s  presented i n  Section 6.2.3. 
The p lo t s  of skin temperature as a function of time i n  Figures 
6-20 and 6-21 indicate  t h a t  they are minimum at time of c r i t i c a l  
aerodynamic loading, and increase to s igni f icant  V a l U e S  Only 
when the  air loads are considerably diminished. The dynamic 
requirements presented i n  Section 6.2.2 are a l so  considered i n  the 
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6.2.4.3 

6.2,4.4 

6.2.4.5 

.- continued 

select ion of the skin thicknesses and s t ruc tu ra l  configuration, 

The shroud s t ructure  consis ts  of major r ing bulkheads at  s ta t ions  
-137, -177, and -275.9, with intermediate r ing frams spaced at 
approximately 10-inch increments and a se r i e s  of 36 axial 
longerons terminating at the adapter sp l ice  The intermediate 
r ing frames are required to provide s t a b i l i t y  of the s h e l l  
s t ructure ,  support the longerons against  column buckling, and 
to adequately support the skin under dynamic loading environments. 
The frame axial load and bending continuity will be maintained 
across the axial separation jo in t  by v i r tue  of doubler p la tes ,  
as shown i n  View B O B  of the shroud drawing, f igure 4-3. T h i s  
jo in t  w i l l  a l so  provide skin shear cont inui ty  of the external  
skin. 

The longerons are  axial load members and w i l l  be designed to 
r e s i s t  the applied a x i a l  loads and bending moments. 
stabilized by the frames and bulkheads; and w i l l  be continuous 
through the frames, spl iced through the  bulkheads, and spl iced 
to the  adapter skin at s t a t ion  -40. 
separation jo in t  are channels of the  same depth as the frames, 
joined on each side by a doubler p l a t e  containing the separation 
sha-ged charge e The longerons between s t a t ion  -275.9 and -361.901 
are arches terminating at  bulkhead s t a t i o n  -275.9 and- are  c r i t i c a l  
for the dynamic pressure loading. It is expected that the shroud 
skin be . O 7 l  inch th i ck  from the nose t o  s t a t ion  -275.9, ,063 
inch th ick  to s t a t ion  -137 and ,050 inch thick aft to the  adapter 
spl ice .  The continuous skin shell  s t ruc ture  procides capabi l i ty  
of r e s i s t i ng  the shear and tors ion loads; however, skin thickness 
i s  predicated by the f l u t t e r  and buffeting requirements. 
are  to be riveted t o  the frames and longerons. 

They are  

The longerons at the axial 

Skins 

S t ruc tura l  Design of Adap€er. - 
The adapter s t ructure  consists of two r ing bulkheads at s t a t i o n  0 
and a t  s t a t i o n  -40 which w i l l  be designed to resist i n  plane 
moments, axial loads and shears resu l t ing  from skin axial load 
l a t e r a l  components due to contour change. In  addition, normal 
a re  applied by the IlEM attachment to bulkhead compression pads 
and the LEM separation system. The ultimate I X M  axial i n e r t i a  
load i s  195,000#, f o r  a 23,626# L;EM weight, at  72 seconds after 
launch and is considered d is t r ibu ted  over the eight  compression 
pads. The bulkhead at s t a t ion  0 provides in te r face  attachment 
t o  the L i t t l e  Joe I1 booster r ing frame at  s t a t i o n  0 w i t h  (32) 
5/16 inch diameter b o l t s  i n  the axial direction. T h i s  bulkhead 
w i l l  be designed to balance a l l  l a t e r a l  components of the  skin 
loads and i n e r t i a  loads so that  only axial loads and shears are 
applied to the  booster s t ructure .  

The adapter skins w i l l  be designed as s t i f fened  monocoque 
s t ructures  to carry the applied bending moment, a x i a l  load and 
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e -  continued 

shears. The shroud longerons terminate at the uppe 
adapter skins, which will serve to dis t r ibu te  the l o  
loads to the  booster structure.  
be effected by a circumferen4jial shaped change on the adapter 
skin immediately forward of the bulkhead at s t a t ion  -40, 

Separation of the shroud will 

Payload Booster Interface Joint.- 

The axial loads applied to the  periphery of the L i t t l e  Jpe I1 
structure  at  L i t t l e  Joe s ta t ion  0 are shorn i n  Table 6-5 f o r  
the most c r i t i c a l  99% wind prof i le  f l i g h t  condition, 

' I ? A B ~  6-5 
ULTIMATE APPLIED LOADS TO BOOSTER AT STATION 0 

Time 
Seconds Peripheral  Axial Load 

37.7 
37.7 
72.0 
72.0 

1,306 Ibs/ in  Compression 
350 lbs/ in  Tension 

1,342 lbs/ in  Compression 23,626-xb:~m 
1,492 Ibs/in Compression 26,522-1b L;EM 

The load capabi l i ty  of t he  L i t t l e  Joe I1 booster s t ructure  is 
obtained from General Dynamics/Convair Report GD/C 62-;?78A 
"Interim %ructura l  Design and Loads Criteria f o r  Test Launch 
Vehicle and Launcher - L i t t l e  Joe I1 Booster" 25 Sept. 1962, 
and from Beport GD/C 63-039 " L i t t l e  Joe I1 Vehicle Stress 
Analysis". 
are tabulated i n  T:,ble 6.4.4. 

Significant General Dyylamics booster design loads 

~ I ; E  6-6 
BOOSTER ULTIMA'IE DESIGN LOADS AT STATION 0 

Conditions 
Load -J Cond, C 1  8 

s 

Moment (in.  lbs.) 13.5 x lo6 2.0 x 106 

Shear (lbs.) , 57,000 
Axid Load ( I~s,) 160, ooo 610, ooo -- 
The booster s h e l l  s-kructure is  of constant sect ion an 

bending moment. The  corrugated skin s h e l l  has the compression 
s t rength of 2000 lbs/in.  ultimate. 
booster s t ructure  i s  well  within the strength required he 
I;EM pmload. 
r ing  was designed f o r  a 300 lb/in. t ens i l e  load (cond. ~ 2 8 ~  (1.5')) 
with a lo$ margin of sa fe ty  on the (32) Ms 20005 a t tacment  bolts 
for an allowable s t rength of 330 lbs/in. tension. 
Report 63-039 indicates t ha t  provisions have been made to allow 
doubling the nwriber of attachment bolts to obtain an aUowab*le 

s t rength 
above s t a t ion  227 and has the capabi l i ty  of a 27 x 10 8 inch lb. 

It is evident t ha t  the basic  

The L i t t l e  Joe I1 booster interface attac 

The GD/C 

REPOR1 
DATE 

G R U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R P O R A T I O N  



PAGE B6-16 

6,2.4.6 

6.2.4.7 

- continued 

s t rength of 660 lbs ./in., which would be adequate t o  sus ta in  
the 350 lb./in. I;EM load shown i n  Table 6-5. The same jo in t  
has been designed f o r  the  -1350 lb , / in ,  compression load with 
a +.32 margin on the attachment r ive ts .  This indicates  an 
allowable s t rength of -1780 lbs./in., which is  a l so  well above 
the applied compression load of 1492 lbs./in. shown i n  Table 6-5. 

Fin Loads.- 

The I;EM L i t t l e  Joe I1 booster f l i g h t  i n  the 99% wind prof i le  
r e su l t s  i n  an ultimate f i n  load of 54,000 lbs. The General 
Dynamics Report GD/C 62-278A indicates  that the  f i n  and support 
s t ruc ture  has 'been designed f o r  a 51,020 lb. ultimate a-pplied 
load. The stress report  GD/C 63-039 indicates  a minimum margin 
of s a fe ty  of +.lo or  a s t rength f o r  a 56,200 lb. f i n  load. 
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7.0 

7.1 

7.1.1 

7.1.2 

e -  

Onboard Instrumentation, - 

The instrumentation requirements w i l l  be determined by using 
the following philosophies? 

a) Relatively simple tests shall be scheduled f o r  LEM-1 

b) 

e) The instrumentation requested shall: 

T e s t  emphasis f o r  CEDI-1 w i l l  be on ascent stage t e s t ing  

1. insofar  as possible, not require modification of 
T;EM com-ponent s ; 

2. be concentrated i n  the areas concerned with the 
prime objective of the t e s t ;  

3. be of minimum complexityj 

4. permit deteminat ion of component o r  assembly f a i l u r e  , 
but not analysis of the cause of the fa i lure .  

Listing. - 
Instrumentation shall be provided, consistent w i t h  the  def in i t ion  
of terminology prescribed by NASA, to accomplish the first and 
second order objectives presented i n  th i s  report. 
f e l t  that ,  i n  order to a t t a i n  these objectives, the following 
major areas w i l l  be instrumented. The instrumentation w i l l ,  i n  
general, be of the type indicated for each area: 

a) Propulsion Subsystems (Ascent & Descent) 

It i s  presently 

1. pressure 
2. temperature 
3. quantity 
4. valve act ion 

b) Reaction Control Subsystem 

1. pressure 
2. temperature 
3. quantity 
4. valve act ion 

e) S tab i l iza t ion  & Control Subsystem 

1. subsystem voltage inputs and output 
2. gimbal posi t ion 
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7.1.2 

7.2 

7.2.1 

7.2.2 

7.2.3 

o -  continued 

d) Environmental Control Subsystem 

1. pressure 
2 e temperature 
3* f l u i d  level 

e) E l e c t r i c a l  Power Subsystem 

1. voltage 
2. current 
3. switch posit ions 

f )  Structure 

1. pressure 
2. temperature 
3. vibration 
4. acceleration 
5 .  motion picture  camera 

g) Yechanical Systems 

1. e l e c t r i c a l  s ignals  

The de ta i led  l i s t i n g  of instrumentation requirements w i l l  be 
formulated after the I E M - 1  mission has been resolved and will 
be presented i n  the Measurements L i s t  f o r  LEM-1. 

Data Acquisition Systems. - 
Telemetry and Antenna System.- 

NASA-supplied FM/FM/PAM telemetry systems w i l l  be u t i l i z e d  f o r  
data acquis i t ion and transmission. 
( i ,e .  commutation, e t c . )  a re  to be determined when the instrumenta- 

The de ta i l s  of the system 

t i o n  list is  completed. 

Camera. - 
A motion picture  camera w i l l  record the LEM ascent-descent stage 
separation. T h i s  camera will be i n s t a l l e d  i n  a recoverable 
package. 

Tape Recorder. - 
Telemetry acquis i t ion of the fire-in-the-hole data could be 
hampered by the venting of the ascent engine exhaust from 
between the LEM stages. 
t h i s  dlata, a tape recorder w i l l  be included i n  the recoverable 
package provided f o r  the camera. 

In  order to assure acquis i t ion of 
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70 3 Real-Time Readouts.- 

A study of the  r e a l  time visual  displays required for select ion 
of  ground commands is  i n  progress, 
will be indicated i n  a revision t o  th i s  report. 

The results of t h i s  study 
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Tracking And Support Data Requirements .- 
Gener a1 , - 
Speci f ic  requirements f o r  t racking w i l l  be covered i n  the for th-  
coming i ssue  of IIRequirements of Work and Resourcest1 (BFWAR) . 
Preliminary requirements w i l l  be outlined i n  t h i s  sect ion,  

Phototheodolite Data.- 

Phototheodolite da ta  w i l l  be requi red  f o r  posi t ion,  velocity,  
accelerat ion and a t t i t ude  data,  It i s  ant ic ipated t h a t  the  
Contraves, Askania 53, and Gorid Cinetheodolite Systems will 
be u t i l i z e d  to  obtain t h i s  data. 
I S M  ascent engine cutoff is  desired.  

- 

Coverage from launch to 

Radar Tracking Data,- 

Radar tracking data  w i l l  be required f o r  determination of range, 
azimuth, and elevation. It i s  ant ic ipated that  t h e  ~ ~ - 1 6  radar 
system w i l l  acquire t h i s  data with support from the Chain Radar 
System, 
f a c i l i t y  f o r  vehicle  programming f l i g h t  safety,  and i n f l i g h t  
analysis . 

Data w i l l  be required f o r  seal  time da ta  reduction 

Photographic Data,- 

Engineering sequent ia l  and documentary f i l m s  w i l l  be included 
i n  t h i s  sect ion,  

Engineering Sequential  Films .- 
For recording launch conditions, two f ixed  high speed 16 o r  35 
mm cameras w i l l  be required,  Location of the cameras should 
be 90 degrees apart on a c i r c l e  with t h e  launch pad as center .  

High speed te lescopic  photography w i l l  be required t o  provide 
da t a  f o r  technical review of t h e  t e s t ,  The standard t racking 
telescope system of the range operating a t  120  frame/sec w i l l  
s a t i s f y  t h i s  requirement. 

Documentary Films - 
A record s h a l l  be maintained by the use of  documentary motion 
p ic ture  and s t i l l  photography of a l l  major events associated 
with the test;  e ,g ,  vehicle transporation , launch preparation 
and checkout , f l i g h t  operations, and post f l i g h t  a c t i v i t i e s  

Meteorological Data.- 

Data consis t ing of wind d i rec t ion  and velocity,  a i r  densi ty  and 
tepperature,  and r e l a t ive  humidity a t  various a l t i t udes  will be 
required from the  range, 
s i t e  t o  100,000 f e e t  above ground l eve l ,  

Data t o  be avai lable  from t h e  launch 
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Prelaunch Operations e- 

Test Preparation - Bethpage,- 

Each system w i l l  be excercised and checked out  i n  a l l  respec ts  
practical. a€ the  Grumman plant i n  Bethpage, 
e f fo r t s ,  aside from proving the  c o n f i p a t i o n  and i n t eg r i ty  of 
the  vehicle  proper, appropriately prove o r  r e f i n e  the  f i e l d  
procedures, demonstrate t he  u t i l i t y  of the support equipment , 
a d  develop proficiency i n  t h e  operating personnel, 
requirements f o r  t h i s  check out are present ly  being fomula ted ,  

Such checkout 

The de ta i l ed  

Test PreDaration - WST/IR.- 

A checkout flow diagram f o r  the prelaunch tests is  given i n  
Figure 9-1, 
development progresseso 

This flow w i l l  be further de ta i led  astkm I;EN 
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LO 01 

Test Management' & Organization.- 

GAEC - LEM Organization.- 

An organization chart  of t he  Grmmman - LEM pro jec t  is given i n  
Figure 10-1, 

1082 LEM-1 Test Organization.- 

This information will be provided a t  a l a t e r  date, 
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11 01 

1102 

Test Vehicle 

At present t h e  Crumman Aircraft  Engineering Corporation has no 
requirement f o r  recovery of the tes t  vehicle 
i n  t h i s  a r ea  s h a l l  be supplied by the White Sands Missile 
Range and MSC. 

The requirements 

Bat a Capsule - 
A motion p ic ture  camera and a tstpe recorder ~$11 be enclosed i n  
a recoverable package e 
w i l l  be supplied when the  method has been f ina l i zed  ( i o e o  a 
package within vehicle which i s  able  t o  take reent ry  heat and 
impact shock o r  a parachuted capsule,) 

The d e t a i l s  of t h e  recovery requirements 
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1201 

1 2 e l e I  

1 2 e l e 2  

Launch Dav Reauirements *-  

Vis ib i l i t y , -  - 

The v i s i b i l i t y  requirements f o r  op t i ca l  and camera t racking 
will be supplied a t  a l a t e r  da t e ,  

Meteorological Support * -  

Meteorological data  w i l l  be required f o r  GO-NO-GO decisions, f o r  
launcher azimuth corrections,  and f o r  da t a  reduction requirements ., 
The spec i f ic  da ta  and the  accuraslcies required w i l l  be included 
i n  a revis ion to  t h i s  report ,  
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13.1 

13 01 .1 

13.1.2 

13.1.4 

13 Ole.h  

Pad a - 
_L_ 

Personnel . - 
The launch pad, blockhouse, and rocket-motor assembly areas w i l l  
be designated as l imi ted  access areas, and only those personnel 
required t o  perform the  assigned tasks  w i l l  be near t he  danger- 
o m  areas. 

Personnel admitted t o  the  l imi ted  aceem mea w i l l  be required 
t o  wear safety helmets, s d e t y  shoes or l e t  s t raps  a d  s a f e t y  
glasses as necessary. Hospital and medical care  i s  t o  be 
provided by the  WSMR Medical S t a f f ,  
a f i r e  t ruck will be available when needed. 

An ambulance and crew and 

Explosive and Pyrotechnic Controlo- 

All ordinance items w T l l  be del ivered t o  t h e  s o l i d  propel lant  
s torage area, This includes : 

a, s o l i d  motors 

b. squibs 

c e  i g n i t e r s  

do  primacord and destruct  charges 

Test Vehicle Build-up*- 

This information w i l l  be supplied a t  a l a te r  date,  

Standard Operating Procedures 

Standard operating procedures w i l l  be prepared, 
define s a f e t y  measures which will be taken during the  handling 
of t he  rocket motors, i n s td l l a t ion  of i gn i t e r s ,  t e s t ing  o f  
ign i t ion  c i r cu i t s ,  i n s t  a l l a t ion  of des t ruc t  charges and associated 
c i r cu i t ry ,  u t i l i z a t i o n  of shorting plugs and f i n a l  arming of t he  
rocket motors and other  pyrotechnic devices, 

These SOPf s w i l l  

Launch Vehicle Tle-Down Reauirements * -  

It is ant ic ipated t h a t  the requirements i n  t h i s  area w i l l  be 
s i m i l a r  t o  those of ea r l i e r  L i t t l e  Joe launches. These launches 
require  an immediate a l e r t  on a 7 day-per-week bas is ,  24 hours 
p r i o r  t o  a time when winds i n  excess of 30 miles per hour are  
predicted,  After such an a l e r t ,  reports  should be furnished f o r  
each incremental r ise  of 5 miles per  hour, 
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l3*2 r s ion  - 
An analys is  has been conducted t o  determbe the  impact dispersion 
of the LEX Fl ight  t e s t  vehicles,  For purposes of  c l a r i t y ,  impact 
dispersion i s  defined as the probable boundary of  the area i n  
which the  LEM w i l l  impact as .a result of u n c e r t d n t i e s  i n  L i t t l e  
Joe I1 booster performance and var ia t ions  i n  launch conditions,  
For t h i s  analysis, the  fac tors  t h a t  were considered i n  defining 
the  impact dispersion were: 

a, Misalignment of the e f f ec t ive  th rus t  vec tor  during L i t t l e  
Joe II boost ., 

b, Nagnitude var ia t ions  of t h e  e f fec t ive  thrust vector d w b g  
L i t t l e  Joe I1 boost, 

c .  Gyro d r i f t  of booster guidance system, 

d. Variation in  l o c a l  wind magnitude and d i rec t ion  a t  White 
Sands Missile Range during the  a t i r e  f l i g h t ,  

Presented in  Figure 13-% i s  a p l o t  showing the  probable boundary 
of LEplI impact as a r e s u l t  of any one o r  combined uncer ta in t ies  
described above, The p l o t  was constructed by a root  sum square 
of t h e  probable Pmpact boundaries defined by each of the uncer- 
t a i n t i e s ,  computed independently of e ach other ,  A19 data  
presented herein were computed using a three  dimensional point 
m a s s  d i g i t a l  program and a th rus t ing  l a w  consis t ing of a l igning 
the  booster t h r u s t  axis with commanded ' i n e r t i a l  pitch- and 
a z i m t h  angles, The nomina9 impact pofn-t was determined by t h e  
b a l l i s t i c  t r a j ec to ry  resu l t ing  f r g m  commanding the booster thrust 
axis t o  remain aligned with an 85 
North heading angle a t  launch, 
thrusts were always assumed t o  remain aligned outward along the  
instantaneous l o c a l  ver t ica l .  

p i t ch  angle and 10' west of 
U M  descent and ascent engine 

From Figure 13-1, it can r ead i ly  be seen tha t  t he  probable 
boundary of ISM impact i s  not within the geographical confines 
of White Sands Missile Range, 
overshoot occurs over t h e  northern boundary of the t e s t  range, 
T h i s  i s  primarily a t t r i bu ted  to t r a j e c t o r i e s  r e su l t i ng  from it 
+7000 pound th rus t  e r r o r  simultaneously occurring i n  each Algol 
rocket motor 

Four s m a l l  m e a  of range 

Presented i n  Figure 13-2 i s  a p l o t  showing the impact dispersion 
r e su l t i ng  from t h r u s t  misalignment of the  L i t t l e  Joe Booster, 
I n  accordance with the QTB Mission Directive,  the r n s i m u m  t h r u s t  
misa9ignmen.t was assumed t o  be a be a 2% degree e r ro r  i n  p i t ch  
and azimuth angles a t  launch, One can r ead i ly  note the small 
crossrange dispersion r e su l t i ng  from t h i s  uncertainty. 

Figure 13-3 i s  a plo% showing impact dispersion r e su l t i ng  from 
thrust magnitude var ia t ion  i n  each of t h e  algal rockets,  For 
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maximum dispersion, it was assumed tha t  each Algol rocket 
produced an e r r o r  of 97000 Pbs, of t h rus t  simultaneously. 
condition resu l ted  i n  o f f  range impact. 

Presented i n  Figure 13-4 is  a p lo t  showing t h e  impact dispersion 
r e su l t i ng  from gy-ro in  t h e  booster guidance system, Various 
combinations of Sinear d r i f t  r a t e s  were assumed i n  the  body 
mounted p i t c h  and yaw gyros t o  produce a t o t a l  of two degree 
e r r o r  i n  p l tch  and yaw a t  t he  time of booster burnout. 

This 

Presented i n  Figure 13-5 is  a p lo t  showing a series impact 
dispersions caused by a var ia t ion  i n  magnitude and d i rec t ion  of 
wind durtng f l i g h t ,  
assuming 84% winds from t h e  West, 
t h i s  po jn t  as a result of %5%, $LO%, and 215% var ia t ion  i n  
wind magnitude from a l l  d i rec t ions ,  
a t  frequent i n t e rva l s  p r i o r  t o  launch, it was assumed t h a t  t he  
maximum l e v e l  of  uncertainty would not be g rea t e r  than 15ge 

The nominal impact point was defined by 
Dispersions a re  defined about 

Since wind da ta  i s  obtained 

From t h i s  analysis it can be concluded that ,  i f  the above 
mentioned uncertaint ies  are r e a l i s t i c ,  LEM impact dispersion 
could r e s u l t  outside the boundry of  the White Sands Missike 
Range, I n  order t o  confine I;EM impact dispersion within t h e  
boundaries of White Sands Missile range, it is suggested t h a t  
the commanded i n e r t i a l  f l i g h t  path angle during boost be 
increased t o  8S05 degrees o r  greater .  
path angle of 85,0 was used i n  t h i s  a a l y s i s ) .  
would decrease the t o t a l  downrange dis tance t raversed by GEM 
without a l t e r ing  the overa l l  t raJectory cha rac t e r i s t i c s  
s ign i f  i c  an'tly e 

( A  commanded f l i g h t  
This modification 
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Coordination of da t a  handling and processing requirements with 
range personnel w i l l  be accomplished through NASB-MSC 

Prelaunch and Checkout Data.- 

B checkout t r a i l e r  s h a l l  be provided at the launch s i t e  f o r  
recordfng prelaunch and checkout data.  Oscillographs, pen 
recorders, and visual displays w i l l  be provided f o r  monitoring 
during checkout, 
base f a c i l i t y  f o r  de ta i led  playback if required,  
selected checkout tapes  w i l l  be made f o r  t r a n s m i t t a l  t o  
G&C/BPA a f t e r  preliminary analysis a t  the t e s t  s i t e  i s  
complete 

Recorded magnetic tapes w i l l  be s tored  at the  
Copies of 

e- 

Following recovery of the on-board magnetic tape recorder, a 
quick look playback s h a l l  be provided f o r  instrumentation and 
recording ve r i f i ca t ion .  Copies of the tape  s h a l l  be made with 
d ispos i t ion  a s  foPEows: o r ig ina l  and copy t o  MSC/Houston, 
copy t o  GAEC personnel, and one copy t o  remain a t  M3MR f o r  
fur ther  on-site analysis,  i f  required, 

F l igh t  Telemetry Data,- 

F l igh t  telemetry da t a  w i l l  be recorded at  selected telemeter 
acquis i t ion s i t e s  along the  t r a j e c t o r y  path. I n  addition, t h e  
mobile telemeter t r a i l e r  w i l l  be u t i l i z e d  t o  record  f l i g h t  
telemetry information, Real time da ta  display of selected 
parameters a t  t h e  control  center  i s  required f o r  f l i g h t  
assessment t o  support the  ground command system, 

Quick-look playback of  recorded tapes s h a l l  be made immediately 
a f t e r  f l i g h t  and primary da ta  tapes  are designated. Three 
copies s h a l l  be mzde of these master tapes and d i s t r ibu ted  as 
follows: 
copy t o  remain a t  WSMR f o r  f u r t h e r  analysis.  

o r ig ina l  t o  MSC/Houston, copy t o  GAEC personnel, one 

Range Z)at;a,- 

Range data s h a l l  be processed t o  requfred  form b y  the  range 
contractor ,  
~~~~c of f i ce  a t  WSMR. 

Data s h a l l  be made avai lable  t o  GAEC through t h e  

Meteorlogical Data 

Meteorlogical da t a  of prelaunch and post-launch conditions shE 
be provided by the range i n  tabulated form, 
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da ta  s h a l l  be made available t o  GAEC through 

made available to  GmC within t en  days following the t e s t ,  
C o f f ice  a t  WSHR. Finalized opt ica l  da ta  s h a l l  be 

Radar Data,- 

Radar p lo t s  containing rea l  t i m e ,  azimuth, elevation, and range 
t o  t h e  cehicle,  s h a l l  be provided from t h e  range s t a t ions ,  
Finalized data  i n  a common coordinate system s h a l l  be provided 
t o  GA%C wfthin f i v e  days following the  t e s t ,  

Engineering sequent1 a1 f i l m s  and documentary f i l m  wf lb  be 
processed i n  range f a c i l i t i e s ,  
made available t o  GAEC through the  M&A/MSC o f f i c e  a t  WSMR. 

Copies of these f i l m s  w i l l  be 

C %libr a t  ion Dat a - 
Procedures f o r  ca l ib ra t ion  data  handling w i l l  be isaued i n  
forthcoming @ " G C  Data Plan f o r  White Sands Missile Range 
Tests" ., 

c 

Data Analysis.- 

On-Site Andyais.- 

Quick-look tes t  analysis s h a l l  be performed a t  the range 
f a c i l i t i e s  f o r  assessment of the  t e s t ,  

Final Detailed h a l v s i s  * -  

Procedures f o r  f i n d l  d & a  analysis  will be defined i n  the 
forthcoming WBF;C Data Plan f o r  White Sands Missile Range Tests", 

Test Reporting,- 

The requirements f o r  reporting t h e  test results will be 
establ ished a t  a fu tu re  date,  
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Ground Support, Equipment - 
Teat  Vehicle Ground S ~ p p o r t  Equipment,- 

The! t e s t  vehtcle  ground support equipment i s  l i s t e d  below i n  t h e  
three  categories of' (1) Handling and Transportation Equipment j 
( 2 )  Fluid System SupporZ, Equipment and; ( 3 )  n e c t r i c a l  Support 
Equipment ., 

Handling and Transportation Equipment,- 

Platform Set ,  Alt i tude Chamber 
Adapter Set ,  D/S Hard Mount 
Adapt e r Hard Mount A/S 
Ver t ica l  Drive Support Frame 
Sling, LEM Hoisting 
Work Stand LEM 
Transpodel- A/S 
Clean Room Dolly A/$ 
Sling A/S H o i s t  
A/S Work Stand 
A/S Support Stand 
Transporter D/S 
Clean Room Dolly D/S 
Sl ing  D/S ~ o i s t  
D/S Work Stand 

Engine I n s t a l l a t i o n  Fixture  
Dolly A/S Engine Handling 
Sl ing A/S Engine Hoist 
S l ing  D/S Engine Hoist 
S l ing  RCS 
Dolly RCS Engine 
Sl ing A/S Fuel Tank 
Dolly A/S Fuel Tank 
Sl ing  D/S Fuel. Tank 
Dolly A/S Oxidizer Tad&:- 
Sl ing  A/S Oxidizer Tank++ 
Dolly D/S Oxidizer Tank+% 
Sling D/S Oxidizer Tank+!,:- 
Ground Cooling Car% (GFE) 
Optical  Alignment Equipment ( GFE) 
L i t t l e  Joe 11 Adapter Dolly 
L i t t l e  Joe II Adapter Sl ing 
L i t t l e  Joe I1 Shroud Transporter 
L i t t l e  Joe I1 Shroud Sl ing  
L i t t l e  Joe I1 Access K i t  
Sling-Transporteer Cover 
Cover: L i t t l e  Joe I1 Shroud 
Cover: L i t t l e  Joe! I1 Adapter 
Little Joe I1 Shroud Weight and Balance Equipment (Undefined) 

D/S support Stand 

% May be same as A/S Fuel Tank 
Q% May be same as D/S Fuel Tank 
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Fluid sys t e m  support Equipment - 
Propulsion and RCS Subsystem,- 

Helium Transfer C a r t  
Helium Booster Cart 
Helium Transfer Module 
Xelium Leak Detector 

0 -  

Fluid Temperature Conditioning Unit 
Oxidizer Temperature Conditioning Unit 
Fuel. Flush and Purge Unit 
Oxidizer Flush and Purge Unit 
Fuel Vapor Disposal Unit 
Oxidizer Vapor Disposal Unit 
Fuel Storage and Transfer Stand 
Oxidizer Storage and Trans€er Stand 
Propulsion dubsystem Checkout Cart 

RCS Subsystem.- 

RCS Subsystem Checkout Cart 
Fuel Flush and Purge Cart 
Oxidizer Flush and Purge Cart 
Fuel Transfer Module 
Oxidizer Transfer Module 

Environmental Control Subsvstem,- 

Water Transfer Unit 
Water Glycol Service Unit 
Oxygen Transfer Unit 
Cabin Leak Test Unit 

Bench Maintenance Eauiment,- 

The BME is  used t o  support t h e  subsystem black boxes a f t e r  removal 
o r  p r i o r  t o  i n s t a l l a t i o n  i n  t h e  LEN, The areas involved are a 
p a r i t a l  s t a b i l i z a t i o n  and control  subsystem, a modified e l e c t r i c a l  
power subsyste, and displays and controls ,  The BlvIE is  used t o  
f a u l t  i s o l a t e  a black box t o  t h e  smallest  replaceable module, 

The BME is  estimated as including t h e  following: 

Test Stat ion,  Maintenance, Platform Electronics and b Gimbal Platform 
Test Stat ion,  Maintenance, Rats Gyro 
Test Stat ion,  Maintenance, Accl 
Test Stat ion,  Maintenance, Power supply 
Test S ta t ion ,  Maintenance, Descent Engine Control and Gimbal Drive 

Actuator Assemblies 
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1501, 3 1 

15.1 3 2 

( c o n f t )  

Test Stat ion,  Att i tude and Translation Control Assembly 
Test Stat ion,  Maintenance, Control Panel 
Test Stat ion,  Maintenance, Guidance Coupler Assembly 
Test Stat ion,  Maintenance, Distr ibut ion 
Test S ta t ion ,  Maintenance, Inver te r  
Test Stat ion,  Maintenance , Battery 

Prelaunch Checkout,- 

A s  a r e s u l t  of meetings between NASA and GAEC Representivas, it w a s  
decided t h a t  PACE o r  LSTU were not required f o r  LEE-1, 
f e l t  t h a t  a GFE L W  tes t  se t ,  as yet undefinged, could adequately 
perform necessary prelaunch checks, 

It was 
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100 Introduction a - 
The information presented i n  the  Introduction f o r  LEM-1 (Page B1-1) 
i s  d i r e c t l y  applicable t o  LEN-2, 
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The LEM=2 t es t  i s  the  second of t he  unmanned f l i g h t  tests which are 
required t o  man-rate t h  LEM vehfcle, Th tes t  emphasis w i l l  be 
concentrated t o  the  descent propulsion subsystem and t h e  effects 
associated with it, 

F i r s t  Order Test Objectiveso- 

a, Evaluate and c e r t i f y  the  sa fe  operation of t h e  descent engine 
propulsion subsystem, 

bo Ebaluate the  fire-in-the-hole condition during an aborba 

c o  Demonstrate the! safe operation of t h e  ascent propulsion subspten 

d, Evaluate the  thermal d is t r ibu t ion  of t he  LE24 i n  t he  space 
environment wSth a f u l l y  expanded plume, 

eo Evaluate t h e  in- f l igh t  dynamics of the  LEN system throughout a 
wide range of propellant loadings 

Second Order Test 0b.fectives - 
aLe Evaluate the  LJiH engine induced environments, 

bo Demonstrate t he  compatability of t he  applicable GSE, 

System P r i o r i t i e s  o== 

The system p r i o r i t i e s  arb unchanged from the  p r i o r i t i e s  presentee 
f o r  LEN-1 (page B2-1) , 
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3.0 Mission Description,- 

3.1- General, - 
The launch i s  planned t o  take place from the L i t t l e  Joe f a c i l i t y  
of the W t e  Sands Missile Range. 
at  an e l e m t i o c  of 850 and on an az,imutkr which will depend on 
the  prevail ing wind. 
neously at lamch. The Launch a t t i t ude  will be maintained by t.be 
booster aerodynamic and reaction controls. A t  launch plus 39 
seconds, the  r emin ing  three Algols will be igr?ited. A t  BE@O 
the I X M  sh-roud w i l l  be separated followed by LEM separatim. and 
booster retrograde, 
the X-X axis p a r a l l e l  to the weigkrt vector and Z-Z axis i n  the 
plane of the p lamed t ra jectory.  The test uLlage rockets will 
be igni ted,  the LEM descent esgine started, and the  descest engizie 
t e s t s  will comence. These t e s t s  will icclude steady-state 
perfommxe a t  various thrust levels ,  t h r o t t l i n g  t rans ien ts  and 
~ s p o i s e ~  multiple s t a r t s  including zero 'g ' ,  operation i n  the 
redundant modes, gimbal mmitoring m d  possibly malfunction tests 
by simulated f a i lu re  Upon completion of the descent, propulsio:?l 
subsystem evaluation, the descent stage w i l l  be separated in a 
simulated abort sequence. Ascext engim a d  3CS tests %ri l l  then 
be conducted u n t i l  impact, The nature of these tests will b e  
determined with inputs from the  grpomd t e s t  program and possibly 
the W-1 resu l t s ,  

The vehicle w i l l  be launched 

Four Algol motors will be ign i ted  s b u l t a -  

The I;EM w i l l  be rotated and sta3ilized w i t h  

Time 
I_ 

t-- 
t-- 
t-- 
t + O  
t+39 
t+44 
t - 6 2  

t+74 
t+75 
t"77 
t.4-81 
t+82 
tt-83 

t+85 

t-986 
t-987 

t-988 
s,+-89 

E l e c t r i c a l  po-brer on 
Activate env2romentsl  control 
Erect gyros (o r  a l ign  platform) 
First stage booster 2gnitLon 
Second stage booster i gn i t i on  
F i r s t  stage booster cut-off 
Fire  T.C.B*s 1 th ru  16 in 0.15 second in te rva ls  
( air  purge ) 
Shut down T.C.A,'s 1 t h r u  16 
Pressurize RCS ( f i re  squibs) 
Select descent engine on engiae mode se lec t  
Actuate descent helium tank squi5s 
Actuate &see& propellant tank squibs 
Second. stag2 booster cut-off (BECO detemiried by 
acce lera t io i  sense ) 
I n i t i a t e  shroud sepa.ration 
Separate LEN from adapter 
I n i t i a t e  300s t e  r re  trograae 
Rot.ate LE3LX-X axis  t o  ear-kh radial and s t a b i l i z e  
Select mximum descent engine th rus t  
I n i t i a t e  I.EM ullage f?Lrixg 
Igni te  LEM ullage rockets 
Fire  descerit engine 

4 motors 
3 motors 
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3.2 

3.3 

3.3.1. 

3.3.2 

Time 

t4-90 25 
t4-214 

v 

t+486 
t4-501 
tt-516 
t4-531 
t4-546 
t+-561 
t4-57-6 
tt-591- 
t4-603 
t4-605 
t4-606 
tt-609 
t4-612 
t4-612 5 
t4-613 
t4-617 
t4-620 

t4-421 
t4-624 
t+626 
t+629 
t4-631 
t4-634 

t4-651 
t4-652 
t4-653 
tl-654 
t4-786 

t+628,5 

Event 

Ullage x c k e t  S u x o u t  
Se le c t  re dm-dmcie s 
Reduce thnstJ t o  5250 lbs. 
Select re Zlun-cie s 
Eeduce thrust t o  3675 ~ b s .  
se le e t  xx?du_raancies 
Iieduce tmst to 21co 1bs. 
Se le  c t  Y.e&m-dancie s 
Reduce thrus t  to 1050 lbs. 
Select redundancies 
Open he l im  inject ion override 
Select auto on h e l i m  inject ion override 
Increase t o  maxiam thrust  i n  0.5 seconds 
Decrease t o  m i ~ i m m  thrust i n  0,5 seconds 
Increase t o  maximum thrust  i n  0.5 seconds 
Decrease t o  m i y ~ i ~ u ? .  tbxust i n  O , 5  seconds 
Increase t o  maximurn thrust i2  O o 5  seconds 
Select redundancies 
Decrease t o  :miu?Laum thrust  i n  S.5 seconds 
Increase to ,mximum thrus t  i n  005  seconds 
Decrease t o  minimum thrust i n  0.5 seconds 

S ta r t  
shut do-m 
Star t  
S h u t d m  
Stabi l izat ion at zero ( o 1 gravity 
S tar t  
Actuate ascent he l i m n  tark s q u i b  
Actuate  ascent propellant tank squibs 
I n i t i a t e  abort 
Ascent engine cut-off 
RCS t e s t  procedure to be supplied at a l a t e r  date 

ShU~dQ-WXl 

Flight, Paraxeters - 
The following parameters are given as descriptive infomation &cd 
are not requiranents of the test. The t e s t  requirement is s iap ly  
tha t  the test a l t i tude  during the f l i g h t  be suff ic ient  to provide 
a space ei-vironmnt. 

e -  

Flight patk a g l e  - 85’ 
Azbut’r, - dependent QI~_ the wind 

0 -  

Mach number - 4,3 
Altitude (above EL) - 163,500 feet 
Dynamic Pressure - 24 psf 
Range - 3,2 RIM 

REPORT 
DATE 

G R U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R P O R A T I O N  



3.3.3 

Mach number - e63 
Alti tude - 999,500 f e e t  
Dynamic Pressure - 0 
Range - 50.6 NM 

3.3-4 .- 
Mach number - .93 
Alti tude - 720,800 feet 

Range - 70.8 EN 
D~~tamjic P R S S U ~  - 0 

Trajectory. - 
The noainal, no-perturbation t r a j ec to ry  i s  shown i n  figure 3-1. 
Since the L i t t l e  Joe i s  s tab i l ized  only i n  an a t t i t u d e  hold 
mode, there  w i l l  be disturbances from this nominal. 
dispersion due t o  disturbances and/or m&nowns i n  prediction 
i s  discussed i n  Section 13.0, 

The range 

3.5 Orientatiox - 
Vehicle or ientat ion w i l l  be as prescribed f o r  LEM-1 (page B3-4.). 

3.6 Flight Path Corrections.- 

Fl ight  path corrections w i l l  be applied as glanned for  LEM-1 
(Page B3-4). 
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401 General - 
The t e s t  vehicle  comprises t h e  LJB, shroud, and an adapter, 
supported on t h  L i t t l e  Joe I1 booster. 
t h e  adapter which is  attached t o  t h e  boostsr,  
supported by the  adapter  which i s  attached t o  t h e  booster, 
configuration is  i l l u s t r a t e d  i n  Figure BL-1, 

The LEslI i s  suppostad by 
The shroud i s  

The 

40 2 Vehicle Weight - 
The mass charac te r i s t ics  of" t he  tes t  configuration p r i o r  t o  launch 
a re  shown i n  t h e  following table ,  

REPORT 
DATE 

G R U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R P O R A T I O N  



REPORT 
DATE 

G R U M M A N  A I R C R A F T  E N G I N E E R I N G  C Q R P Q R A Y I O N  



T 4-1 

m 
r? 
rl 
rr\ 
cr\ 
cu 
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(con8 t )  

The mass charact r is t ics  of t he  v 
as a function of t i m e ,  

presented i n  Figure C 4 - l  

Shroud, - 
The LEN-1 shroud configuration will be used, 

Adapter,- 

The LEM-1 adapter configuration w i l l  be used, 

LEN-2 will have subsystems which are iden t i ca l  t o  LEM-1 with t h e  
exception of  t he  programmed command sequenceo 
presented f o r  LEX-1 on pages B4-3 t h ru  Bh-21 i s  therefore d i r e c t l y  
applicable t o  LEN-2, 

The descr ipt ion 

REPORT 
DATE 

G R U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R P O R A T I O N  



j ! 

.. -QGL r.. .......... - 

I -  

t . . . . .  ~ . .  . . . .  
.... 

j 
, ' .  . ' ,008 I 

. _ .  . 

. .  

. . . .  

. . .  ... 

. \  

. . . . .  

oz 

09: ' 

x 
. . . . . .  - 

0 
uz/ 

OQf 

'.' ' . * 

. -  

o8r 

3 o Z  

. . . . . . . - . .  . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . .  

: I  

........... 

. . . .  

os 
. . . . . .  

i 

; 
.i 09 



AGE cs-1 

Flight  Test Constraints 

The prerequis i tes  f o r  t h i s  t e s t  are: 

a ,  Analysis o f  LEX-1 data s h a l l  have been completed, 

b, Prelaunch checkout s h a l l  have bemn completed, 

P.E,RoT.O- 

The LEE-2 tes t  i s  present ly  being PERTed, 
checkout t o  launch is  t h e  same as LEN-1 (page B s - l . > o  

The basic  flow from 

REPORT 
DATE 

G R U M M A N  A I R C R A F T  E N G I N E E R I N G  C O R P O R A T I O N  



The information presented i n  t h i s  area f o r  LEN-1 is directly 
applicable t o  LER-Ze 
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The information presented i n  this area f o r  LEN-1 is  d i r ec t ly  
applicable t o  LEM-2, 
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PAGE C8-1 

The information presented i n  t h i s  area for LEN-1 is direetly 
applicable t o  LEX-2, 
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0 -  

The information presented i n  this a a f o r  LEM-1 is  d i r ec t ly  
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10,o 0 -  

The information presented i n  this area f o r  L E N - l i s  directly 
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The information presented i n  t h i s  area f o r  LEZ-1 i s  d i r ec t ly  
applicable t o  LEM-2, 
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applicable t o  LEN-2, 

I 
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100 Introduction e- 

The information presented i n  the introduction f o r  IEM-1 (page 
Bl-1) is  d i r ec t ly  applicable t o  the booster Qualificatfon Test 
Vehicle 
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c G? 

D2-I 

2eo 

2 01 

2 e 2  

2,201 

2*2,2 

2*3 

Test Obiectives & Svstem Pr io r i t i e s , -  

General * - 
The purpose of the QTV t e s t  i s  t o  demonstrate the  capabi l i ty  of 
the  launch vehicle, with seven a lgo l s  and a s taba l iza t ion  and 
cont ro l  system t o  perform adequately the  launch phase of the  LEM-1 
and IEM-2 missions. 

First-Order Test Objectives.- 

a, Aerodynamic and control  demonstration of the booster plus 
payload and shroud, 

b e  Demonstrate t h e  s t r u c t u r a l  i n t e g r i t y  of the  booster, payload 
and shroud, 

e o  Demonstrate the separation of t h e  shroud from the adapter, 

d, Demonstrate the separation of B M  f rom the  adapter and 
booster retrograde, 

e, Demonstrate the operation of  the LEN-1 & 2 posigrade motors 
( i f  required) 

0- 
a, Evaluate the  boost  environments 

System P r i o r i t i e s  o -  

The booster system p r f o r i t i e s  are unchanged from the  p r i o r i t i e s  
presented f o r  the  booster i n  t h e  LE24-l t e s t  (page B2-1), 

. ”. 
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General Fl tght  Plan,- 

The f l i g h t  plan f o r  t h e  QTTT dl1 duplicate t h e  LEQII-1 f l i g h t  
t o  the t i m e  of booster retrograde, 

Detailed Test Sequence,- 

I t e m  
___p 

t + O  
t+49 
t4-83 

t+85 

e- 

Even% 
P 

I g n i t e  L a lgols  
I g n i t e  3 remaining algols 
BECO 
I n i t i a t e  shroud s eparation 
Separate LM simulator 
Initiate booster retrograde 

The per t inent  flight parmeters  f o r  t h e  t e a t  are given below:: 

ac Launch 

F l i g h t  path angle 85" 
Azimuth (dependent on t h e  wind) 

bo  Second Stage Igni t ion  

Haeh Number 
Alti tude (above HSL) 
Dynamic Pressup 
Range 

co BECO 

Mach Number 
Alt i tude (above MSL) 
Dynmie Pressure 
m g e  

d, B o Q s ~ ~ ~  Retrograde 

Mach Number 
Alt i tude (above MSL) 

b g e  
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Description of Test Vehicle,- 

General ,, - 
The t e s t  vehicle will b 
B4- 
simulation, 

eodigured as f o r  the LEX-1 t e a t  (pag 
) with the LE24 t e s t  ar%icla replaced by mass and fner-bfa 
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Fl ight  Test Constraints,- 

0 -  

a, Booster s t a b i l i t y  & eon tml  with t h e  LEM-l/boost configuration 
shall have been confirmed by -wind tunnel tests, 

bo S t ruc tu ra l  qua l i f ica t ion  of t h e  booster adapter and shroud 
been comple-bed, 

e,, Booster adapter and shroud separat ion tests s h a l l  have been 
completed, 

d, Prelaunch checkout of She QTV s h a l l  have been completed, 

Other Requirements *- 

a. The PIRequirements f o r  Work and Resources (RFWBR) a t  Whi%a 
Sands Missile RangegP s h a l l  have been published, This 
documsnt shall. include t h e  requirements not only f o r  t he  
QTV f l i g h t  but, a l so  f o r  subsequent LEM f l i g h t s ,  
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6,o Aerodynamic and D 

This information is given i n  Section E6,0, 
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Instrumentat ion Requirements e -= 

General .,- - 

The instrumentation requirements f o r  the QTV f l i g h t  wKl.1 be 
determined aubaequeot t o  N A approval of t he  f l i g h t ,  Gmm-ai 
philosophy Is t h a t  t h i s  f l i g h t  should be instrumented t o  
demonstrate e l ea r  separation of t he  shroud and the  I;EMfrom the  
booster ( a  camera) and t o  evaluate the booster environments 
preparatory to the L?3'4-1 t e s t o  
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8 .O a-  

The requirements i n  t h i s  area w i l l  be established subsequent 
t o  NASA approval of t h e  f l i g h t ,  
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9 00 Prelaunch Operations * -  

The requirements i n  t h i s  area w i l l  be es tabxhhed subsequent 
t o  NASA approval. of the f l i g h t  
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10,o 

10 61 

POe2 

An organizat ion chart of the Grpumman - LEM project  1s gFven on 
page BPO-2, 

0 -  

This jnformation wKL9 be supplied a t a l a t e r  date. 
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13” 00 

1101 

1102 

Test Vehicle 

A t  present  G m m n  Aircraf t  Engineering Corporation has no 
requirements f o r  recovery o f  t h e  Lest vehicle ., 
i n  t h i s  area s h a l l  be supplied by WMR and FISCo 

The requisements 

Data Capsule,- - 
A motion p ic ture  camera w i l l  be enclosed i n  a recoverable 
package, The d e t a i l s  are to be determined at a l a t e r  date., 
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The launch day requirements supplied f o r  L E M - 1  are applicable 
t o  %ha QTV launch, 
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13.0 

The IXQi-1 pad and range safety requirements are applicable to 
wv 0 
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PAGE ' f U t - 1  

Data handling, processing, and reporting f o r  t he  QTV will!. 
follow the same procedure presented f o r  LEM-1 (except f o r  
t h e  onboard tape recorder) e 
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15 .O Rt; Equipmen% e - 
The tes t  vehicle ground support equipment requirements have not 
been establ ished a t  t h i s  t i m e  This information w i l l  be 
determined subsequent t o  NASA approval of  the f l i g h t ,  
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