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TELSI* W O  3-65'25 . N E W S  # WASHINGTON,D .C .20546 

FOR RELEASE: TUESDAY A.M.'S 
I 

1 RELEASE NO: 67-101 

LUNAR ORBITER D 

SECOND MISSION 

I N  THREE WEEKS 

The United S t a t e s  I s  preparing t o  launch a photographic 

labora tory  spacecraf t  f o r  t he  second automated spacecraf t  m i s -  

s i o n  t o  the Moon within three weeks. 

Lunar Orb i t e r  D is  scheduled f o r  launch by the  National 

Aeronautics and Space Administration within the per iod May 

4 - 7. 

Apri l  17. 

Surveyor I11 soft-landed on the Moon after i t s  launch 

Lunar Orbiter spacecraf t  are flown t o  continue the e f f o r t s  

made with Ranger and Surveyor f l i g h t s  t o  acqui re  knowledge of 

the Moon's surface.  The first three Lunar Orbiter missions 

were i n  d i r e c t  support  of the Apollo and Surveyor luna r  land- 

i n g  programs; they i d e n t i f i e d  eight areas i n  which p o t e n t i a l  

manned landing loca t ions  e x i s t .  

The fou r th  Orb i t e r  mission w i l l  b e  a broad photographic 

survey of the e n t i r e  f r o n t  side of the Moon, w i t h  add i t iona l  

photography of hidden side areas scheduled as w e l l .  

-more- 

4/26/67 



4 '  I 

-2- 

The 860-pound Orbiter w i l l  be launched by an Atlas- 

Agena D vehicle from Cape Kennedy, Pla., on a flight t o  the 

v i c i n i t y  of the Moon which w i l l  take about 89 hours. When 

successfu l ly  inJec ted  on i t s  t rans lunar  t r a j e c t o r y ,  it will 

be designated Lunar Orbiter IV.  

The broad, systematic survey of l una r  surface f e a t u r e s  

is designed t o  increase  s c i e n t i f i c  knowledge of t he  nature  

and o r i g i n  of the Moon and 

face was formed and modified. 

basis f o r  planning and selecting sites f o r  detailed scien- 

t i f i c  s tudy by later o r b i t a l  and landing missions. 

of the processes by which i ts  sur-  

The survey w i l l  supply the 

It is expected that more than 80 percent  of the f r o n t  

f ace  of the Moon w i l l  be photographed i n  s u f f i c i e n t  resolu-  

t i o n  t o  show sur face  f e a t u r e s  as small as 200 feet across .  

The p i c t u r e s  w i l l  be about 10 times more detailed than the 

best Earth-based photographs made through telescopes.  

d i t i o n ,  photographs of the Moon's po la r  regions a t  lesser reso- 

l u t i o n  will complete coverage of the full f r o n t  face.  

I n  ad- 

Photography on the hidden side of the Moon will provide 

p i c t u r e s  of ob jec t s  400 feet and larger, and w i l l  f i l l  out 

the coverage begun by Lunar Orbiters I, 11, and 111. It is 

planned t o  cover more than 90 percent of the  hidden side. 

-more- 
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Lunar Orbiter D@s photographic survey w i l l  be accom- 

plished from a relatively high, nearly polar orb i t  around 

the Moon. W low point (perilune) of the intended orb i t  

nil1 be about 1,650 miles and the apolune (high point)  about 

3,800 miles, 

one c i r cu i t  of the Moon at those altitudes, 

The spacecraft W i l l  require  12 h o u r s t o  complete 

The photographic flight plan is an ambitious one which 

assumes that a l l  spacecraft 8ystem8, ground support ryetems, 

and the operations team w i l l  be able t o  operate a t  maximum 

efficiency, 

taking sequences on every orbit .  It is planned that the pic- 

t u r e s  nil1 be processed and read back t o  Earth receiving sta- 

t ions  during the picture-taking phase although a complete 

f i n a l  readout w i l l  be performed i f  required,  The 12-hour 

o r b i t a l  period permits t h i s  mode of operation. 

Once photography begins there w i l l  be picture- 

The f u l l  photographic f l ight  plan requires more than 

200 camera-polntlng maneuvers by Orbiter D where only 50 wrc 

requlred for the Iunar Orbiter I11 photographic f l ight plan, 

In  addition t o  I t a  assignment of surveying the Moon 

photographically, Lunar O r b i t e r  D, like i t 8  preaecessor, wi l l  

monitor proton radiat ion and Meteoroids i n  the v ic in i ty  of 

the Moon. The detection equipment on the three Orbi te r  space- 

craft flown thus far have counted a total of f ive  meteoroid 

punctures, 
-more- 
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The most notable radiation measurements were recorded 

by Lunar Orbiter I which clearly measured the effects of a 

series of solar flares which took place after its photography 

was complete. 

Meteoroid and radiation measurements are used primarily 

for spacecraft performance analysis since the hermetically- 

sealed camera package potentially could suffer damage from 

meteoroid hit or the photographic film could fog from solar 

proton radiation. 

Orbiter D, like its three predecessor, will add to and 

refine the definition of the Moon's gravitational field, al- 

though the higher orbital inclination and greater distance 

from the Moon will produce much smaller changes in orbit due 

to gravitational irregularities. 

On the first day of the planned launch period, May 4, 
Orbiter's launch window is between 4:57 p.m. EIYl! and 8:lO p.m. 

EDT. On each succeeding day of the period, the window opener a 
few minutes earlier. 

During its journey to the Moon, the spacecraft will be 

oriented to the Sun and the Southern hemisphere star Canopus, 

except when it is executing one or possibly two mid-course 

maneuvers. 

-more- 
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A fairly large first midcourse maneuver nil1 be required 

even assuming launch vehicle performance is as accurate as that 

achieved on the first three spacecraft of the series, Th i s  is  

because launch vehicle targeting was developed f o r  a mission 

similar t o  Lunar Orbiter 111, 

A t  a point ranging about 2,350 miles fruin the Moon's sur -  

face, the l i q u i d  f u e l  retroengine nil1 f i re  t o  slow the epace- 

craft so it wi l l  be captured by the Moon's gravi ta t ional  f ield,  

As a satell i te of the Moon, Lunar Orbiter w i l l  enter  an i n i t i a l  

e l l i p t i c a l  o rb i t  whose distance from the Moon w i l l  vary between 

1,650 and 3,800 miles. 

The high-altitude, high-inclination o rb i t  (85O) 8 markedly 

different  from the flight paths of the first three spacecraft 

i n  the series, is necessary to permit the broad photographic 

survey of the Moon which is Lunar Orbiter D's principal 

assignment, 

Photography is scheduled t o  begin May 11, regardless of 

the ac tua l  day of launch, and w i l l  be coaapleted about May 28. 

The re la t ive ly  long orbital  period 0- about 12 hours -- 
and the fac t  that the spacecraft W i l l  only rarely disappear 

behind the Moon on its e l l i p t i c a l  f l ight path, make possible 

t o  read back Lunar Orbiter D photographs on each o rb i t  88 they 

are taken and proce~aed. 

-more- 
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NASA w i l l  d i s t r i b u t e  l u n a r  s i te photographs t o  members 

of the  s c i e n t i f i c  community f o r  i n t e r p r e t i v e  s tud ies .  The U.S. 

Geological Survey w i l l  employ Lunar Orbiter photographs as 

bas i c  material i n  i ts  e f f o r t s  t o  de r ive  a more d e t a i l e d  under- 

standing of the physical processes which played a part i n  the 

formation of the luna r  surface as it e x i s t s  today. 

The Lunar Orbi te r  program is  d i r ec t ed  by NASA's Office of 

Space Science and Applications. The p r o j e c t  is managed by the 

agency's Langley Research Center, Hampton, Va. The spacecraf t  

are b u i l t  and operated by the  Boeing Co., Seattle, as prlme 

contractor .  Eastman Kodak Co., Rochester, N.Y., (camera m p t e m )  

and Radio Corporation of America, Camden, N.J., (power and can- 

munication systems) are t h e  p r i n c i p a l  subcontractors t o  Boeing. 

NASA's Lewis Research Center, Cleveland, is responsible  

f o r  the launch vehic le  and th Kennedy Space Center, Fla., w i l l  

supervise  t he  launch operation. Prime vehicle  cont rac tors  are 

General Dynamics, Convair Mvision, San Mego, f o r  the Atlas 

and Lockheed Missiles and Space Co., Sunnyvale, Cal., f o r  the 

&ena . 
Tracking and communications f o r  the Lunar Orbiter program 

are the r e s p o n s i b i l i t y  of the NASA Deep Space Network (DSN) ,  

operated by the Jet  Propulsion Laboratory, Pasadena, C a l .  

D S N  s t a t i o n s ,  loca ted  at  Goldstone, Cal.; Madrid, Spain; and 

Womera, Australia, w i l l  p a r t i c i p a t e  i n  the  mission. 

-more- 



Photographic data gathered by Lunar Orbiter 's  fourth 

mission w i l l  flow from each DSN s t a t ion  t o  t h e  Army Map Service, 

Washington, Do C., fo r  reassembly and dupllcatlon. Some material 

wi l l  be reassembled and printed at NASA's Space Fl ight  Opera- 

tionrs Fac i l i ty  and a t  the Langley Research Center t o  support 

the select ion of s c i e n t i f i c  sites under consideration as photo- 

graphic targets f o r  the f i f t h  Orbiter mission. 

(END OF GENERAL RELEASE; BACKGROUND INFORMATION FOLLOWS) 
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LUNAR ORBITER PROJECT 

The L u n a r  O r b i t e r  program was announced by NASA i n  August, 
1963, as one of three maJor p r o j e c t s  f o r  unmanned explora t ion  
of the Moon i n  advance of ProJect Apollo, 

I n  the following two years,  three Ranger spacecraft, carry- 
ing t e l e v i s i o n  cameras, returned a total of 17,259 close-up pho- 
tographs of the luna r  sur face  enroute t o  crash landing and de- 
s t r u c t i o n  on the Moon. 

Surveyor I, launched May 30, 1966, achievdd a successfu l  
soft-landing on the Moon's surface. It measured important sur- 
f a c e  p r o p e r t i e s  -- f o r  example, how much weight the l u n a r  c r u s t  
w i l l  support 0- and t ransmi t ted  11,150 close-ups of the Moon's 
aw€ace from I t s  pos i t i on  i n  the Sea of Storms. 

On Aug. 10, 1966, Lunar O r b i t e r  I was launched and during 
t he  succeeding days, demonstrabed i ts  remarkable v e r s a t i l i t y  as 
a f l y i n g  photographic laboratory,  Final ta l l ies  show that it 
photographed about two million square miles of luna r  surface, 
including 16,000 square miles over prime target sites i n  the 
Apollo zone of i n t e r e s t  on the f r o n t  face of the Moon. It pro- 
vided the first detailed s c i e n t i f i c  knowledge of t he  lunar gra- 
v i t a t i o n a l  f i e l d  and topographic and geological  information of 
d i rec t  benef i t  t o  the Apollo program and t o  s c i e n t i f i c  knowledge 
of t he  Moon. 

On O c t .  29, af ter  making 527 revolu t ions  i n  77 days of or- 
biting the Moon, Lunar Orbiter I was ordered t o  f i r e  its ve loo i ty  
con tzo l  engine f o r  97 seconds. A t  9:30 a.m., EDT, It impacted 
the hidden side of the Moon. 
p o s s i b i l i t y  that Orbi te r  I could i n t e r f e r e  with the Orbiter I1 
mission by inadve r t en t ly  turn ing  on i t s  r ad io  t r ansmi t t e r .  

This was done t o  eliminate any 

Lunar Orbi ter  11, launched Nov. 6, 1966, flew a n  even more 
successfu l  photographic mission, providing wide angle  and tele- 
photo coverage of more than 1,5 mil l ion  square miles of the 
Moonls surface,  not covered by Orb i t e r  I, including 15,000 square 
miels of primary s i te  photography I n  the Apollo zone. 

By A p r i l  20, 1967, Lunar Orbiter I1 had completed more 
than  1,050 orb i t s ,  and is continuing t o  add t o  the s c i e n t i f i c  
understanding of the luna r  g r a v i t a t i o n a l  f i e l d  through c a r e f u l  
t racking .  Lunar O r b i t e r  111, launched Peb. 4, 1967, flew a mission 
designed t o  confirm earlier photography by Orbiters I and 11. 

Orbi ters  I, I1 and I11 have provided 35,000 square miles 
of primary site photography, 600,000 square miles of secondary 
s i te  photography on the f r o n t  side, and 3.6 mi l l i on  square miles 
of far s i d e  coverage. 

-more- 
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By A p r i l  20, Lunar Orb i t e r  111 had completed more than 
496 o r b i t s  of t he  Moon. It i s  providing a valuable  func t ion  
as a tracking target f o r  s t a t i o n s  of the Manned Space F l i g h t  
Network, and cont inues as a source of information on micro- 
meteoroids, r ad ia t ion ,  and selenodesy. 

NASA's Office of Manned Space F l igh t  has said the photo- 
graphs obtained by the f i rs t  th ree  Lunar Orbiter spacecraft 
have made it poss ib l e  t o  select e igh t  areas containing l o c a t i o n s  
p o t e n t i a l l y  s u i t a b l e  f o r  a manned landing by the Apollo Lunar 
Module. Further a n a l y s i s  of the s i t e  photography i s  continuing. 

Lunar Orb i t e r  and Surveyor data are being used toge the r  
t o  ga in  a detailed understanding of selected areas of the  l u n a r  
su r face  i n  o rde r  t o  make a safe manned landing possible.  

-more- 



-10- 

ORBITER S P A C E C W T  CONFIGURATION 

The Lunar Orbiter spacecraft is a f l y i n g  photographic 
laboratory,  equipped with the necessary c o n t r o l s  t o  pos i t i on  
the  camera c o r r e c t l y  over t he  si te t o  be viewed, and t h e  means 
t o  e x t r a c t  the information contained i n  each photograph and 
send it  back t o  Earth. 

I n  f l i g h t  conf igura t ion  Lunar Orbi ter  i s  a t runcated cone 
from whose base proJec t  f o u r  solar ce l l  panels. It c a r r i e s  
two antennas on rods extended from opposi te  sides of t h e  space- 
craft ,  and i s  covered wi th  an  aluminized mylar r e f l e c t i v e  
thermal blanket . 

Lunar Orbi te r  D weighs 860 pounds, and when folded f o r  
launchmeasures f i v e  feet i n  diameter by f i v e  and one-half feet 
t a l l .  During launch the s o l a r  panels are folded aga ins t  the base 
of the spacecraf t  and the antennas are held aga ins t  the sides 
of the s t ruc tu re .  A nose shroud only f i v e  feet ,  f i v e  inches 
i n  diameter encloses  t h e  e n t i r e  spacecraf t .  

When t h e  s o l a r  panels  and antennas are deployed i n  space, 
the  maximum span becomes 183 fee t  ac ross  the antenna booms and 
12 feet ,  2 inches a c r o s s  t h e  solar panels.  

The primary s t r u c t u r e  c o n s i s t s  of the main equipment mount- 
i ng  deck and an upper s e c t i o n  supported by t??uSSes and a n  arch. 

I n  the uppe r  s ec t ion  are loca ted  t h e  v e l o c i t y  con t ro l  
engine w i t h  i t s  tankage f o r  ox id izer ,  f u e l  and pressur iza t ion ,  
and the a t t i t u d e  con t ro l  t h rus t e r s .  The nozzle of the engine 
extends through a n  upper heat shield. 

The lower s e c t i o n  houses the camera, communications and 
e l e c t r i c a l  system equipment, t h e  i n e r t i a l  reference u n i t ,  the  
Sun sensor,  and the Canopus star tracker. 

Camera System 

The technological  a b i l i t y  t o  compress a complete photographic 
l abora to ry  wi th in  an  egg-shaped pressure she l l  w i t h  all parts 
weighing no more than 150 pounds makes the Lunar Orb i t e r  mission 
poss ib l e .  The package i t s e l f  inc ludes  two cameras -- one f o r  
wide angle  and the o t h e r  f o r  te lephoto  photography. The cameras 
view t h e  Moon through a p ro tec t ive  window of quartz ,  which i n  
t u r n  i s  protected by a mechanical f l a p  i n  the  thermal blanket 
which covers most of t h e  spacecraf t .  The f l ap ,  o r  camera thermal 
door, i s  opened and closed by command a t  the  beginning and end 
of every photographic pass over a sec t ion  of l una r  surface.  

-more- 
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The tide angle  lens i s  an  80-mm XenOtar, man factured by the  
West German firm of Schneider-Kreuznaoh. It i s  f i t t e d  with a 
f i x e d  aperture s t o p  of f/5.6 and a between-lens s h u t t e r  t o  
provide exposure speed s e l e c t i o n s  of 1/25, 1/50 and 1/100 second. 

The te lephoto  lens is  a 24-Inch f/5.6 Paxoramic specially 
designed and b u i l t  by Pac i f ic  Optical Company. The l ens  weigh8 
less than 16 pounds and operates  through a f o c a l  plane s h u t t e r  
adJus tab le  on ground command t o  the same speed s e l e c t i o n s  as 
the 80-mm lens .  

Re la t ive ly  low s h u t t e r  speeds are required by the exposure 
index of the film, which is Kodak Special High Defini t ion Aerial 
Fi lm,  Type SO-243. Although Its aer ia l  exposure index of 1.6 
i s  slow i n  comparison with o the r  f i l m s ,  it has extremely f i n e  
g r a i n  and except iona l ly  high resolving power. It i s  r e l a t i v e l y  
immune t o  fogging a t  the l e v e l s  of r a d i a t i o n  normally measured 
i n  space. 

unperforated f i l m ,  s u f f i c i e n t  f o r  a t  least 212 dual  exposure 
frames. The supply spool is  shielded aga ins t  ion iz ing  r a d i a t i o n  
from solar flares. 

Lunar Orbi te r  w i l l  c a r r y  a 260 f o o t  roll of 70-aun So-243 

Along one edge of the f i l m  i s  a band of pre-exposed data, 
primarily resolving power c h a r t s  and densitometric gray sca l e s ,  
which w i l l  be read out  along with  the luna r  images captured by 
t he  spacecraf t  . 

The gray s c a l e s  are very important because they contain the 
key t o  co r rec t  i n t e r p r e t a t i o n  of the Lunar O r b i t e r ' s  photographs. 
Spec i f i ca l ly ,  they  provide the photometric c a l i b r a t i o n  which 
w i l l  make i t  poss ib le  t o  estimate s lopes on the Moon's sur face  
by measuring f i l m  d e n s i t i e s .  

Photo Taking  Process 

Light  gathered by the  24-inch lens i s  turned through a 
r igh t  angle  by a mir ror  before I t  reaches the f i l m ,  while t h e  
wide angle  l e n s  passes l i g h t  d i r e c t l y  t o  the f i l m .  Because 
of t he  camera's mechanical design, the two simultaneous images 
are  not  placed side by side on t h e  f i l m ,  but are in te rspersed  
w i t h  o ther  exposures. 

-more- 
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The image motion compensation device used on previous 
Lunar Orb i t e r  missions will not be required because of the  much 
higher a l t i t u d e s  from which Orbiter D p i c t u r e s  w i l l  be taken. 
The v e l o c i t y  over height (V/H) sensor remains part of the  camera 
system but i t  will not be ac t iva t ed  during the mission. 

After exposure, t he  film moves forward t o  a s torage  or 
b u f f e r  area between the camera and processor. 
o r  looper  is provided t o  take up the s l ack  between the camera and 
the processor.  The looper  is a system of pu l l ey  blocks which can 
be separated t o  s t o r e  exposed f i l m  without slack. The looper  
can hold as many as 20 frames. 

The b u f f e r  region 

Photx) Processing System 

a processor,  i n  which the exposed f i l m  i s  chemically developed 
by the Eaalman Kodak "Bimat" process . 

N e x t  phase of the Lunar O r b i t e r ' s  photographic system is  

The Bimat method uses a processing f i l m  o r  web whose gelatin 
layer has been soaked i n  a s ing le  developer-fixer s o l u t i o n  of 
photographic chemicals. The f i l m  i s  s l i g h t l y  damp t o  t h e  touch 
b u t  l i t t l e  free l i q u i d  can be squeezed from it. 

When the  exposed f i l m  passes onto t h e  processor  drum and 
i s  mechanically pressed aga ins t  the Bimat web, the chemical pro- 
ces ses  of negat ive development begin. S i l v e r  halide is reduced 
t o  s i l v e r  i n  a few minutes, and undeveloped s i l v e r  i ons  pass 
in to  t h e  Bimat  web material by a d i f fus ion- t ransfer  process. 
The Blmat  web thereby acqu i re s  a p o s i t i v e  image of t h  exposed 
view. 

After processing i s  complete, the two films are separated 
and the used web material is reeled onto a take-up spool. No 
use  I s  made of the  p o s i t i v e  images on the web. 

The negat ive f i l m ,  fully processed, passes between two 
chemically treated pads which remove much of i t s  moisture, and 
is then f u l l y  d r i e d  by a small e l e c t r i c  heater. When dry, the 
negat ive  f i l m  i s  s tored  on a take-up reel u n t i l  the e l e c t r o n i c  
readout process is t o  begin. 

Photo Readout Process 

Readout is one of the most exact ing tasks the Lunar 
Orbi te r  photographic system is required t o  perform. 

There is no proved way of s t o r i n g  information which can 
compare i n  compactness w i t h  an image composed of s i l v e r  g ra ins  
in 8 g e l a t i n  emulsion on photographic film, 

-more- 
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The read-out method used by Orbiter must capture  as much 
as poss ib le  of the f i l m 8 s  densely-packed information and change 
it i n t o  a stream of e l ec t ron ic  s igna l s  which can be t ransmit ted 
t o  Earth. 

o p t i c a l  elements are l inked  w i t h  a photomult ipl ier ,  i s  t h e  h e a r t  
of t h e  read-out equipment. 

I 
A f i l m  scanner, i n  which a f ly ing  spot of l igh t  and su i t ab le  

Light source f o r  t h e  flying spot i s  a Line Scan Tube 
developed by CBS Laboratories f o r  f i l m  scanning appl ica t ions .  
The tube conta ins  an  e l ec t ron  beam genera tor  and a revolving 
drum whose sur face  is coated wi th  a phosphorescent chemical. 

As the e l e c t r o n  beam moves across  t he  sur face  of the 
phosphor, a t h i n  spot of l ight  i s  produced. The drum must 
be ro t a t ed  t o  avoid burning at  t h e  e l e c t r o n  i n t e n s i t i e s  used. 

The l ight  generated by the  tube i s  focused on the f i l m  
through a scanning lene  t o  a spot diameter of only f i v e  microns 
(a micron i s  one-thousandth of 8 millirneCer OP about 0.000039 
of an inch) .  

The scanning l e n s  moves t h e  spot  of l i g h t  i n  a r egu la r  
p a t t e r n  ac ross  a small segment of the developed f i l m ,  covering the 
2.4-Inch width of the image on the negat ive w i t h  17,000 horizon- 
t a l   cans of the beam, each one-tenth of an  inch long. A complete 
Sean ac ross  the f i l m  takes 23 seconds, and when it I s  ended, the  
f i l m  advances one-tenth of a n  inch and the scanning l e n s  t r a v e l s  
over the next segment i n  the opposite d i r ec t ion .  

-more- 
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By the process used, t h e  Lunar Orbi ter  will r equ i r e  40 
minutes t o  scan the 11.6 inches of f i l m  which correspond t o  a 
single exposure by the  two lenses .  

As the spot of l i g h t  passes through the image on the negative,  
it is modulated by the dens i ty  of the image, that is, the denser 
por t ions  t ransmit  less light than sec t ions  of lower densi ty ,  

After passing through the  film, t h e  l i g h t  i s  sensed by a 
photomult ipl ier  tube which generates an e l e c t r o n i c  s igna l  
proport ional  t o  the i n t e n s i t y  of the  t ransmit ted l i gh t .  The sig- 
n a l  is amplified, t i m i n g  and synchronization pulses  are'added, 
and the r e s u l t  is fed i n t o  the communications link as the Lunar 
Orbiter's composite video s igna l  f o r  transmission t o  Earth. 

The flow of f i l m  through the  Bima t  processor cannot be 
reversed once started because the d r y  f i l m  would s t i ck  t o  the Bimat .  

On previous missions, Lunar Orbiter employed a p r i o r i t y  
readout technique t o  r e t u r n  t o  Earth a por t ion  of the photographs 
taken while the f l i g h t  was in progress and a f i n a l  readout t o  
obta in  complete photographic data. 

The mission plan and o r b i t  design f o r  Lunar Orbi te r  D 
allow a d i f f e r e n t  procedure, because there w i l l  be s u f f i c i e n t  
time t o  process and read back the p i c t u r e s  between photo-taking 
per iods,  The operat ing team thus expects to remain p r a c t i c a l l y  
cu r ren t  w i t h  p i c t u r e  peadout as the mission progmssee). 

The Lunar Orbi te r  D r e t a i n s  i t s  a b i l i t y  t o  perform a com- 
plete readout after t;he photographic po r t ion  of t he  mission If 
required.  A t  the conclusion of f i l m  processing, the Bimat web is c u t  
so that  the f in i shed  negative can be pul led backward through the 
processor  and re turned t o  the o r i g i n a l  film supply reel. After 
the Bimat  web is  cut ,  t h e  spacecraf t  is no longer able t o  make 
photographs . 

Should there be a requirement f o r  add i t iona l  readout, it 
would occur i n  reverse  order from that i n  which the photographs 
were taken because of the inherent design of the photographic 
system. There is provis ion fo r  repeated readout i f  required.  

-more- 
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E l e c t r i c a l  Power System 

Lunar Orbi te r  c a r r i e s  a conventional s o l a r  panel-storage 
b a t t e r y  power syatera, with provisions f o r  vol tage regula t ion  
and charge cont ro l .  

Primary source of power is an array of f o u r  s o l a r  panels,  
each s l i g h t l y  more than 13 square feet  In area. There are 
10,856 s o l a r  cells on the  spacecraf t  panels--2,714 p e r  panel. 
Each 18 an N-on-P s i l i c o n  s o l a r  c e l l ,  0.8-in. square, protected 
by a blue r e f l e c t i n g  f i l ke r .  

In f u l l  sunl ight ,  the Lunar Orbi te r  s o l a r  panels produce 
about 375 watts of power. Tota l  w e i g h t  of t he  array, including 
the stowage and deployment mechanisms, is 70 pounds. 

Energy produced by the solar panels  I s  s to red  f o r  use 
while the Lunar O r b i t e r  is i n  shadow I n  a 20-cel l  nickel-  
cadmium battery rated a t  12 ampere hours. The ba t t e ry  
c o n s i s t s  of two i d e n t i c a l  10-ce l l  modules; ove ra l l  weight 
i s  30 pounds. 

Orbi te r ' s  e l e c t r i c a l  system vol tage can vary from 22 
v o l t s  when the  batteries are supplying t h e  load t o  a peak 
of 31 volts when the s o l a r  panels are operat ing.  

The spacecraft power system includes a charge c o n t r o l l e r  
t o  r egu la t e  the amount of current  t o  the battery wnile it is 
being recharged, and a shunt regulator  t o  keep the solar array 
output  from exceeding a safe maximum voltage. 

During the  first f e w  months of Its mission, Lunar Orbiter 
D will operate i n  f u l l  sunl ight  on near ly  every o r b i t ,  and Its 
charge c o n t r o l l e r  has been changed t o  provide a lower charge rate 
than pp.vlous spacecraft of the series. 
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At t i tude  Control Syatem 

During the course of i ts  mission, Lunar Orbi ter  D w i l l  
be called upon t o  perform accura te ly  a larger number of a t t i t u d e  
changes than  any previourm spacecraft i n  the series. The cur ren t  
record i r p  held  by Lunar Orbiter I, which acted c o r r e c t l y  on 
4,446 CoaSmand8 and performed 347 separa te  a t t i t u d e  maneuvers. 

The na tu re  of the broad photographic survey mission assigned 
t o  Orbi te r  D w i l l  r equ i r e  a camera poin t ing  maneuver each time 
8 p i c t u r e  l a  t o  be taken. 
graphs were made with a s i n g l e  point ing maneuver. 

On previous missions, mul t ip le  photo- 

-more- 
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Orbi te r ' s  a t t i t u d e  con t ro l  subsystem ha8 been designed t o  
accomplish these spacecraft events  precisely and repeatedly, 
while r e t a i n i n g  enough f l e x i b i l i t y  t o  respond t o  changes or-  
dered by ground command. 

P r inc ipa l  elements of the a t t i t u d e  system are the  programmer, 
i n e r t i a l  reference u n i t ,  Sun sensors,  Canopus tracker, a n  
e l e c t r o n i c  con t ro l  and switching assembly, and a set of r e a c t i o n  
con t ro l  t h r u s t e r s .  

The programmer i s  a low-speed d i g i t a l  data processing ma- 
chine wi th  a memory capac i ty  large enough t o  provide 16 hours 
of con t ro l  over a photographic mission from stored commands. 
It conta ins  redundant clocks f o r  t i m i n g  mission events,  and 
is  designed to operate p r imar i ly  i n  t he  s tored  program mode t o  
accomplish the major mission obJectives.  

The programmer executes a s to red  program by br inging  com- 
mands sequen t i a l ly  from i t s  memory, completing them, and con- 
t i n u i n g  t o  measure t i m e  u n t i l  the next  soheduled event.  It is 
intended that the  programmer memory w i l l  be p e r i o d i c a l l y  brought 
up t o  date by ground cont ro l ,  b u t  the device oan be operated i n  
a real-time command mode i f  required.  

In view of the  many prec ise  maneuvers which Lunar Orb i t e r  
must perform, the i n e r t i a l  reference u n i t  I s  a p a r t i c u l a r l y  i m -  
por t an t  element I n  the a t t i t u d e  clontrol system. It has f i v e  
main funct ions:  

During a n  a t t i t u d e  maneuver, it r e p o r t s  the  rate a t  which 
the spacecraft 's a t t i t u d e  I s  changing, so tha t  the f l i g h t  pro- 
grammer can send c o r r e c t  i n s t r u c t i o n s  t o  the r e a c t i o n  c o n t r o l  
jets which pos i t i on  t h e  vehicle .  

When photographs are being made o r  when the  v e l o c i t y  con- 
t r o l  engine is i n  u s e ,  t h e  i n e r t i a l  reference u n i t  measures at-  
t i t u d e  e r r o r s  so that the a t t i t u d e  con t ro l  system can be directed 
t o  maintain the a t t i t u d e  required.  

A t  times when the ve loc i ty  con t ro l  engine i s  - f i r i n g ,  an  
acceleremeter  i n  the i n e r t i a l  re fe rence  u n i t  fu rn i shes  a meas- 
urement which permits the programer  t o  c u t  of f  t h e  engine a t  
t h e  proper i n s t a n t .  

-more- 
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While Lunar O r b i t e r  is i n  c ru i se  o r  coas t ing  f l i gh t ,  the 
i n e r t i a l  reference u n i t  senses small o s c i l l a t i o n s  which can be 
expected t o  occur and provides signals t o  the a t t i t u d e  cont ro l  
Jets f o r  co r rec t ive  ac t ion  when needed. 

I n  lunar  o r b i t ,  the i n e r t i a l  reference u n i t  furnishes  
a memory of the  pos i t ions  of t h e  Sun o r  Canopus whenever the 
spacecraf t  is i n  a pos i t ion  from which i ts  sen80rs cannot see 
either one o r  both of t h e  basic c e l e s t i a l  reference bodies. 

7 by 10 by 7 inches, and weighs about 13 pounds. I n  its 
beryl l ium main frame are mounted three single-degree-of- 
freedom, f loa ted ,  r a t e - in t eg ra t ing  gyroscopes and one pulsed 
i n t eg ra t ing  pendulum-type accelerometer. 
i n  the container  is f i l l e d  with the  six e lec t ron ic  modules 
required t o  operate  the u n i t  and relay i t s  measurements t o  
the Lunar  Orbi te r  programmer. 
never exceeding 30 watts a t  any point i n  the mission. 

the c e l e s t i a l  references needed f o r  a t t i t u d e  cont ro l  i n  pi tch 
and yaw. Four are coarse sensors, mounted under the cornera 
of the heat shield between the propel lant  tanks and the ve loc i ty  
con t ro l  engine. A combination of eight coarse and f i n e  Sun 
sensorss views through the  equipment mounting deck which forms 
the bottom sur face  of the  spacecraft ,  

The i n e r t i a l  reference u n i t  is contained i n  a package 

The remaining space 

I ts  power requirements are low, 

Twelve Sun sensors are ca r r i ed  on Lunar Orbiter t o  provide 

All Sun sen8ors measure the  angle of spacecraf t  devia t ion  
from a direct  l i n e  t o  t he  Sun and generate  an e l ec t ron ic  s igna l  
i n  proportion t o  the deviation. The signal can then be used by 
the a t t i t u d e  cont ro l  system bo addust the a t t i t u d e  of the  space- 
craft. 

The star tracker o r  Canopus 8ensor fu rn i shes  the  c e l e s t i a l  
re fe rence  f o r  the spacecraf t ' s  r o l l  axis. Like the Sun sensors, 
it measures any angle  of deviat ion of the Lunar Orbiter from a 
direct l i n e  t o  Canopus, and provides the necessary signal t o  begin 
a cor rec t ive  maneuver when needed. 

The star t r acke r  is designee t o  produce 8 series of recog- 
n i t i o n  s igna l s  from which a s t a r  map can be constructed by 
ground con t ro l l e r s .  
that the tracker has locked onto Canopus rather than some other  
star within i ts  f ie ld  of view. 

The map permits a p o s i t i v e  determination 

I n  f l i g h t ,  the Canopus t r acke r  I s  used f o r  the first time 
after the Lunar Orbiter has passed. through the Van Allen radia- 
t i o n  belts -- some six hours after launch. It l s  located on the 
Lunar Orbiter's main equipment mounting deck, and looks outward 
through an opening in the thermal blanket, 

-more- 
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A l l  parts of the a t t i t u d e  control system are In te r l inked  
by a f l i g h t  e1ectronics:control  assembly. It contains  the re- 
a c t i o n  j e t  valve d r ive r s ,  signal summing amplifiers and limiters, 
Sun sensor  amplifiers and limiters, s igna l  generators ,  switching 
arrangements and other e l e c t r o n i c  c i r c u i t r y  required by the 
system. 

Eight r eac t ion  con t ro l  thrusters u s e  ni t rogen gas from a 
t i tanium sphere d i r e c t l y  beneath the v e l o c i t y  con t ro l  engine 
t o  generate  the torques needed t o  move Lunar  Orbiter i n  ro l l ,  
p i t ch  o r  yaw. Gas expelled through the thrusters i s  d i s t r i b u t e d  
through a pressure reducing valve and plumbing system according 
t o  commands i s s u e d  by the programmer. 

survey mission w i l l  r equ i r e  an increase of about 10 percent  i n  
the quan t i ty  and pressure of ni t rogen carried i n  the s torage 
b o t t l e  aboard the spacecraft. Lunar Orbiter D w i l l  carry 16 
pounds of n i t r o g e n  (versus  about 14.5 pounds on previous space- 
c r a f t )  at a pressure s l i g h t l y  above 4,100 psi .  Earlier tank 
p reseums  were about 3,500 psi. The system has been thoroughly 
checked and approved f o r  operat ion a t  the higher pressures.  

The unusual ly  a c t i v e  maneuvering program d ic t a t ed  by the 

Most of the  ni t rogen is budgeted’for use  i n  a t t i t u d e  con t ro l  
changes, f o r  which i t . i s  regulated down t o  a pressure of 19 ps i .  
About fou r  pounds are assigned t o  t h e  v e l o c i t y  cont ro l  system 
t o  be used i n  pushing f u e l  and oxidizer  from storage tanks i n t o  
the v e l o c i t y  con t ro l  engine. 

Veloci ty  Control System 

changes i n  spacecraf t  v e l o c i t y  w i l l  be required after the launch 
veh ic l e  has completed i ts  work. 

I n  t he  Orbiter D mission, a t  least  two and possibly three 

The first w i l l  be a r e l a t i v e l y  large midcourse correct ion,  
planned for about 20 t o  30 hours after launch. 

The first midcourse maneuver w i l l  r equi re  a ve loc i ty  change 
of about 180 feet per 8econd, even with launch accuracies  as 
p r e c i s e  as those experienced on the first three Orbiter f l ights .  
That change i n  ve loc i ty  will requkre an engine burn of about 40 
seconds . 

S u f f i c i e n t  f u e l  w i l l  be ca r r i ed  t o  permit a second midcour8e 

The most c r i t i c a l  ve lool ty  change w i l l  come after about 89 

There the  v e l o c i t y  control  engine must execute a prec is ion  

c o r r e c t i o n  If required.  

hours of f l i g h t ,  as the spacecraf t  near8 the Moon, 

f ir ing maneuver t o  slow O r b i b e r  enough t o  allow it t o  e n t e r  an 
orb i t  about the  Moon. 

-more- 
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To make the necessary changes and t o  provide a smll 
margin of extra capabi l i ty ,  t he  Lunar O r b i t e r  carries a 
100-pound t h r u s t  engine and su f f i c i en t  f u e l  and ox id ize r  
t o  make v e l o c i t y  adjustments t o t a l i n g  about 3,280 feet  p e r  
second . 

Lunar Orbiter 's  v e l o c i t y  cont ro l  engine wa8 developed 
f o r  Project Apollo, where it w i l l  be used i n  the Service Module 
and Lunar Module f o r  a t t i t u d e  control .  

Nitrogen t e t r o x i d e  l a  the oxid izer  and Aerozlne 50 the 
Aerozlne 50 i 6  8 50-50 blend of hydrazine and un- fuel. 

symmetrical dime thy1 -hydrazine (UEMH) . 
Both f u e l  and oxidizer are storable and:hypergolio; 

that is, when mixed together the two l i q u i d s  burn without 
the need f o r  a u x i l i a r y  ign i t i on .  Lunar Orbiter 's  four tanks 
d iv ide  the f u e l  and oxid izer  t o  Rtinlmize changes i n  the 
s p a c e c r a f t ' s  c e n t e r  of g r a v i t y  as propel lan ts  are consumed. 
About 270 pounds of usable propel lan ts  will be carried In the 
spacecraf t  tankr. 

The same source of gaseous ni t rogen  used f o r  t h e  a t t i -  
tude con t ro l  thrusters provides a p o s i t i v e  aethod t o  push 
the p rope l l an t s  from their  tanks i n t o  the v e l o c i t y  con t ro l  
engine when required.  Each tank has within it a t e f l o n  
bladder which exerts a p o s i t i v e  pressure a g a i n s t  the l i q u i d  
when n i t rogen  i s  admit ted t o  the opposite face. The t anks  
are pressurized t o  about 200 pounds per square inch. 

Tank p res su r i za t ion  will be commanded a short time 
before the first midcourse maneuver. When the maneuver 
is t o  begin, the a t t i t u d e  cont ro l  system places  the 
spacecraft I n  a n  a t t i t u d e  based on ground computations 
and the programmer t ransmi ts  an opening Blgnal t o  aolenoid 
va lves  on the f u e l  andl ox id izer  l i n e s .  Thrusting begins 
when the  f u e l  and ox id ize r  mix and burn i n  the engine ' s  
combustion chamber. 

While th rus t ing ,  the a c c e l e r m e t e r  i n  the  i n e r t i a l  
re fe rence  u n i t  cons tan t ly  measures the change I n  v e l o c i t y  
as it occurs, and when t h e  desired increment is achieved, 
the  solenoid valves  are commanded t o  close and the engine 
s tops f i r i n g .  

The v e l o c i t y  control system is  capable of as much as 
710 seconds of operat ion and a t  least fou r  engine operat ing 
cycles 0 

-more- 
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Communications System 

The Lunar Orbi te r  cornmunication system I s  a n  S-band 
aystelg compatible w i t h  the exlrting NASA Beep Space Network 
and capable of opera t ing  i n  a variety of modes. 

It enables  the spacecraf t  t o :  

Receive, decode and v e r i f y  command8 sen t  t o  the space- 
craf t  from gar th ;  

Transmit photographic data, information on the l u n a r  
environment gathered by the r a d i a t i o n  and micrometeoroid 
de t ec to r s ,  as well as in fomat ion  on the performance of 
the spacecraft; 

Operate i n  a high power mode when photographic infop- 
mation is  being t ransmit ted,  and a low power mode a t  other 
times; 

Provide by ground command the a b i l i t y  t o  choose the 
t r ansmi t t i ng  power mode and t o  t u r n  the t r a n s m i t t e r  o f f  
and on. 

The heart of the Lunar Orbiter's communication 
system is a transponder b a s i c a l l y  similar t o  the type 
flown on Mariner N. 

The transponder receives  a t ransmi t ted  command from 
Earth and passes it t o  a decoder where it is stored tempora- 
r i l y .  
the  transponder t o  v e r i f y  that it has been c o r r e c t l y  received. 
When v e r i f i c a t i o n  i s  confirmed, a n  execute signal is sen t  
from Earth causing the decoder t o  pass the conunand along 
t o  the programmer f o r  Immediate or later use  as required.  
The command transmission r a t e  is  20 b i t s  per second. 

The command is then re- t ransmit ted t o  Earth through 

I n  the t racking  and ranging mode, t he  t r ansmi t t i ng  
frequency of the transponder is locked t o  the frequency of 
the  signal being received from B r t h  i n  a precise r a t i o .  
The signals can then be used t o  determine the radial 
v e l o c i t y  of t he  spacecraf t  t o  an  accuracy of about one 
f o o t  p e r  second. When in te r roga ted  by the Deep Space 
Network ranging system, the transponder signal w i l l  measurn 
the d i s t a n c e  between the  Earth and the spacecraf t  w i t h  a n  
accuracy of about 100 feet. 

-more- 



-22 - 

A low power operat ing mode d e l i v e r s  spacecraf t  per- 
formance telemetry and data from the l u n a r  environment 
experiments ( r a d i a t i o n  and meteoroids) t o  Earth a t  50 b i t s  
per  second. Telemetry is in d i g i t a l  form, and has been 
passed through a s i g n a l  conditioner,  a mult iplexer  encoder 
and a modulation s e l e c t o r  before t r ansa i s s lon .  

A high power communication mode i s  used t o  t ransmit  
photographic data i n  analog form and b r ings  i n t o  use  the 
spacecraf t  Is high ga in  antenna and a t r a v e l i n g  wave tube 
amplifier. 
mixed with the photographic information i n  the transmission. 

Performance and environmental telemetry w i l l  be 

During photographic data transmission, the 
spacecraf t  u ses  a 10-watt t r ansmi t t e r  and a high ga in  antenna. 
A t  o t h e r  times, a one-half watt t r a n s m i t t e r  and a low gain  
antenna are used t o  conserve bat tery power. 

A low ga in  antenna is hinge-mounted a t  the end of an  
82-inch boom. It is  deployed i n  space after the heat 
s h i e l d  i s  Je t t i soned .  The hinge i a  rp r ing  loaded a n d  fitted 
with a p o s i t i v e  locking l a t c h  t o  keep the boom i n  deployed 
pos i t i on .  The r a d i a t i o n  p a t t e r n  of the low gain antenna 
is v i r t u a l l y  omnidirectional.  

By con t ra s t ,  the high gain antenna which is  used when 
p i c t u r e s  are transmitted is q u i t e  d i r e c t i o n a l ,  having a 10- 
degree beam Width. It i s  therefore  equipped with a r o t a t i o n a l  
mechaniem so that it  can be c o r r e c t l y  pointed toward the Ear th  
s t a t i o n  rece iv ing  i t s  transmissions. 

The high gain antenna is a 36-Inch parabol ic  d i s h  of 

The antenna dish 

lightweight honeycomb construct ion.  
of a 52-inch boom and is  deployed after heat shield j e t t i s o n  
i n  t h e  same way as the low gain antenna. 
and feed w e i g h  only two and one-third pounds. 

It is  mounted on the end 

A motor dr iven  gear box a t  the base of the  high ga in  
antenna boom al lows the boom t o  be r o t a t e d  i n  one degree steps 
t o  po in t  the antenna accura te ly  toward the Earth rece iver .  

Temperature Control System 

Lunar Orbi te rs  are equipped w i t h  a passive temperature 
c o n t r o l  system t o  carry away heat generated by the energy 
used i n  opera t ion  and t o  limit the amount of heat absorbed 
when the spacecraft is i n  d i r e c t  sunl ight .  

-more- 
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Tne high e l l i p t i c a l  o r b i t  planned f o r  Lunar Orbi ter  D w i l l  
expose the spacecraf t  t o  v i r t u a l l y  constant sun l igh t  f o r  the 
first 30 days of i t s  f l i g h t .  During that period, it w i l l  e n t e r  
shadow on only two brief occasions. 

For that  reason, spec ia l  steps have been taken t o  allow 
that  spacecraf t  t o  reject  more s o l a r  heat than  i t s  predecessors. 

A l l  sides of the spacecraf t  are insu la ted ,  except t h e  
equipment mounting deck which forms the bottom of Lunar Orbi te r .  

The mounting deck forms a heat s ink  t o  d i ss ipa te  heat 
generated by equipment iwide the  Orbi ter .  
able t o  radiate heat much more r ead i ly  than it absorbs s o l a r  
energy 

To do so it must be 

For previous Orbiters, it proved s u f f i c i e n t  t o  coa t  t he  
equipment -mounting deck w i t h  a spec ia l  white r e f l e c t i v e  paint .  
Additional p ro tec t ion  has been provided f o r  Orbi ter  D by cement- 
i n g  t o  the painted sur face  458 small mirrors ,  each one inch 
square. By r e f l e c t i n g  sunl ight  f a l l i n g  on the deck, t h e  mirrors 
w i l l  compensate f o r  the  added time the spacecraf t  w i l l  spend i n  
f u l l  sun l igh t  . 

On Orb i t e r ' s  upper surface,  the heat shield on which the 
v e l o c i t y  con t ro l  engine i s  mounted i s  insu la ted ,  and the e n t i r e  
sur face  of the spacecraft wi th in  those boundaries i s  covered 
w i t h  a mul t i l aye r  thermal blanket composed of a l t e r n a t i n g  layers 
of aluminized mylar and dacron cloth.  The high r e f l e c t i v e  alurn- 
i n i zed  mylar w i l l  e f f e c t i v e l y  prevent solar heat from reaching 
the  i n t e r i o r  of the spacecraf t .  

During f l i g h t  f r o m  the Earth t o  the-Moon, Lunar O r b i t e r ' s  
temperature i n s i d e  the  thermal blanket w i l l  vary between 40 and 
75 degrees F. I n  l u n a r  o rb i t ,  t h e  spacecraf t  i n t e r n a l  temperatures 
will range between 35 and 85 degrees F. 

s tanding  f u l l  sun l igh t  f o r  an  i n d e f i n i t e  period. 
A l l  ex t e rna l  parts of t h e  spacecraft are capable of with- 
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LUNAR ORBITER TASKS 

Lunar Orbiter D's primary object ive i s  t o  make a broad, 
systematic  photographic survey of lunar  surface f ea tu res  t o  
increase s c i e n t i f i c  knowledge of the i r  nature ,  o r ig in ,  and 
processes,  and t o  serve as a basis f o r  s e l e c t i n g  s i t e s  f o r  
more detailed s c i e n t i f i c  study by subsequent o r b i t a l  and 
landing missions. 

From the survey, science w i l l  acquire  a p i c t o r i a l  record 
of  more than four  f i f t h s  of the  Moon's f r o n t  face about 10 
times more d e t a i l e d  than the bes t  Earth-based te lescope photo- 
graphy. I n  addi t ion,  the f l i g h t  plan includes near -ver t ica l  
photography a t  high l a t i t u d e s  near the polar  regions t o  com- 
p l e t e  the f r o n t  s ide  coveragehphotography around the Moon's 
western limb, and add i t iona l  coverage of  hidden side areas t o  
f i l l  o u t  p i c tu re s  made on the previous Lunar  Orbiter missions. 

The goals  of increased s c i e n t i f i c  knowledge of the Moon 
were stated i n  1963 by the  Pres ident ' s  S c i e n t i f i c  Advisory 
Commit tee: 

"...The c e n t r a l  problems around which S c i e n t i f i c  i n t e r e s t  
i n  the Moon revolve concern i t s  o r i g i n  and h i s t o r y  and 
i t s  r e l a t i o n s h i p  t o  the Earth and the s o l a r  system. The 
Moon is a r e l a t i v e l y  unspoiled body, its  sur face  not  
having been subjec t  t o  wear and tear of erosion by an 
atmosphere and water. Hence a study of i t s  surface may 
t e l l  us  i t s  h is tory ,  i ts  age, whether it was formed when 
the  s o l a r  system was formed, whether a t  some time it was 
separated from Earth o r  whether it was captured by Earth 
a t  some time i n  its history.  Answers t o  these quest ions 
may profoundly a f f e c t  our  views of  evolut ion of  the s o l a r  
system and i ts  place,  as well  as man's, i n  the larger 
scheme of things...  11 

I n  pu r su i t  of those goals ,  the Apollo, Ranger, Surveyor 
and Orbiter programs have been c a r r i e d  forward as an in tegra ted  
e f f o r t  t o  explore  the  Moon with manned and unmanned spacecraf t .  

The first three Lunar O r b i t e r s  had as the i r  prime objec t ive  
the  loca t ion  and confirmation of s i t e s  s u i t a b l e  f o r  early 
manned Apollo and unmanned Surveyor landings . 
candidate  Apollo landing s i t e s  which had been i d e n t i f i e d  from 
Orb i t e r  photography. 
e s s e n t i a l l y  complete, the  fourth Orbi te r  mission has been 
designed t o  serve general  s c i e n t i f i c  needs and t o  prepare the 
way f o r  f 'uture o r b i t a l  and landing missions. 

I n  Apri l ,  1967, NASA announced se l ec t ion  of e i g h t  

With tha t  phase o f  the program 
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Lunar O r b i t e r  D w i l l  cont r ibu te  t o  three  add i t iona l  
areas of s c i e n t i f i c  inquiry through the following experiments: 

-- Selenodesy, the study of the g r a v i t a t i o n a l  f i e ld  

-- Meteoroid measurements along the t rans lunar  tra- 

-- Radiation measurements in c i s l u n a r  and near- lunar  

and shape of the Moon; 

j ec to ry  and in o r b i t  near  the  Moon; 

space. 

Information obtained from the selenodesy experiment w i l l  
increase knowledge of the  Moon's g r a v i t a t i o n a l  f i e l d  obtained 
through detailed t racking of O r b i t e r s  I, I1 and 111. The 
high i n c l i n a t i o n  o r b i t  planned fo r  Lunar O r b i t e r  D w i l l  c a r ry  
it through port ions of t h e  Moon's g r a v i t a t i o n a l  f i e l d  h i t h e r t o  
untraversed,  and should expand the knowledge previously 
accumulated. 

P r i o r  to  the Lunar Orbi te r  program, d e t a i l e d  knowledge of  
the Moon's g r a v i t a t i o n a l  f i e ld  d id  not  e x i s t .  Af t e r  three 
successfb l  missions, i t  I s  now possible  t o  p red ic t  o r b i t a l  
l i f e t i m e s  accura te ly  and t o  operate  spacecraf t  with confidence 
i n  o r b i t s  c lose ly  approaching the surface of  the Moon. 

Meteoroid and r ad ia t ion  data  a r e  pr imari ly  gathered f o r  
spacec ra f t  performance ana lys i s  but  also a r e  of considerable  
s c i e n t i f i c  i n t e r e s t .  

Lunar Photography 

Lunar photography , I s  Orb i t e r ' s  p r inc ipa l  assignment, and 
the  Orb i t e r  D mission has been b u i l t  around the requirement 
t o  ob ta in  high q u a l i t y  photographs of  la rge  areas of the Moonls 
su r face  i n  detai l  far exceeding that  v i s i b l e  through the b e s t  
Earth-based te lescopes.  

From these photographs, s c i e n t i s t s  w i l l  be ab le  t o  s e l e c t  
promising loca t ions  f o r  more de t a i l ed  inspect ion by later 
o r b i t i n g  o r  landing spacecraf t .  The p i c tu re s  w i l l  a l s o  form 
the basis f o r  a lunar  surface map containing a hundredfold 
inc rease  i n  d e t a i l  over the  best  ava i l ab le  !naps constructed 
from te lescope photography. 
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-26 - 

' .  The O r b i t e r  D f l i g h t  has been planned t o  y i e ld  a 
maximum of s c i e n t i f i c  Information about the lunar  areas 
t o  be photographed. It w i l l  include regions c lose  t o  the 
poles  which have never been d i r e c t l y  viewed by te lescope 
o r  spacecraf t ,  Because of the o r i en ta t ion  of the Moon's 
axis t o  the plane of the e c l i p t i c ,  however, there  a r e  areas 
a t  o r  near  the  poles  upon which sunl ight  never falls ,  and 
p i c tu re s  of  those regions may not equal the qua l i t y  of  o the r  
Orbi te r  photographs . 

NASA engineers expect t o  operate  the Orbiter D camera 
i n  a s i n g l e  frame mode except on the f irst  picture- taking 
o r b i t .  I n  order  t o  move exposed f i lm i n t o  pos i t ion  f o r  
readout,  20 frames a r e  scheduled on tha t  o r b i t ,  four  over 
each of f i v e  target pos i t ions ,  separated by about nine 
seconds between s h u t t e r  operations.  

On each succeeding o r b i t ,  f i v e  s ing le  frame exposures 
w i l l  be made as the  spacecraf t  moves from south t o  north over 
the Moon's f r o n t  face,  A s i x t h  single-frame hidden-side 
photograph w i l l  be taken on a l t e r n a t e  o r b i t s .  

As on previous f l i g h t s ,  Lunar Orbiter p i c tu re s  w i l l  be 
taken s h o r t l y  af ter  sunr i se  on the Moon, with l i g h t  f a l l i n g  
on the lunar  surface a t  a shallow angle t o  br ing out  the 
best detai l .  As the Moon turns  beneath the o r b i t  of  the 
spacecraf t ,  succeeding segments of the  areas t o  be photo- 
graphed come i n t o  view of the camera on each o r b i t .  

Eas t ,  and t o  continue through 90 West o r  beyond i f  operat ing 
condi t ions permit. Should launch occur a t  the end of  the 
window, it may be necessary t o  begin the east limb coverage 
a t  less than goo to allow s u f f i c i e n t  t i m e  t o  evaluate  the 
o r b i t .  

It is  desired t o  begin the ghotographic survey a t  90' 

A typical photographic sequence on the f r o n t  face of  the 
Moon w i l l  take place on the ascending node of  the o r b i t  
tha t  I s ,  as the spacecraf t  i s  moving from South (bottomj t o  
North ( top)  across  the lunar surface.  

A three-axis maneuver w i l l  pos i t i on  the camera f o r  the 
first exposure and addi t iona l  maneuvers w i l l  be required f o r  
the second, third,  fou r th  and f i f t h .  A t  the end of the 
sequence, another  three-axis maneuver w i l l  r e t u r n  the space- 
c r a f t  t o  i ts  c r u i s e  posi t ion.  The hidden-side p i c tu re s  w i l l  
r e q u i r e  an add i t iona l  three-axis maneuver. 
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Since the maneuver sequences w i l l  be required on every 
photographic o r b i t ,  the mission places a r igorous demand on 
the  a t t i t u d e  con t ro l  system and the ni t rogen gas supply aboard 
the spacecraf t .  

During the remainder o f  each o r b i t ,  the spacecraf t  w i l l  
process film and r e l a y  p i c t u r e s  to  Deep Space Net s t a t ions .  

Mission plans contemplate readout on a near ly  cur ren t  
basis, although a c t u a l  f l igh t  conditions may cause some 
revis ion.  About 25 frames of photography w i l l  remain f o r  
readout after the last of  the 212 scheduled frames is  exposed. 

Readout of a complete frame -- one wide angle and one 
te lephoto p i c t u r e  -- bakes about 43 minutes. For readout it 
i s  necessary t o  have the spacec ra f t ' s  high gain antenna pointed 
a t  one of the Deep Space N e t  receiving s t a t i o n s .  

Se lec t ion  of the broad survey mission assigned t o  Lunar 
Orbiterr D was made by the NASA Surveyor-Orbiter U t i l i z a t i o n  
Committee, working on recommendations from various s c i e n t i f i c  
groups and NASA and o the r  government agencies.  

Selenodesy 

Major u n c e r t a i n t i e s  about the detailed nature  of the 
Moon's g r a v i t a t i o n a l  f i e l d  were d i spe l l ed  by the s c i e n t i f i c  
cont r ibu t ions  of  Lunar Orbiters I, I1 and 111, and as a r e s u l t  
opera t ions  i n  lunar  o r b i t  can now be conducted with consider- 
able conf idence . 

Although we now possess enough bowledge of the lunar  
g r a v i t a t i o n a l  f i e ld  t o  operate  spacecraf t  freely i n  lunar  
o r b i t ,  there is  a requirement fo r  much more detailed study 
and Lunar Orbi te r  D, l ike  Its predecessors,  w i l l  be tracked 
with care in i ts  high Inc l ina t ion ,  high a l t i t u d e  o r b i t .  
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The Moon, according t o  the best e x i s t i n g  ana lys i s ,  is rela- 

It i s  s u f f i c i e n t l y  non- 
t i v e l y  "smooth," t ha t  is, i ts  g rav i t a t iona l  f i e l d  does not appear 
t o  possess  large o r  unusual va r i a t ions .  
uniform t o  produce small changes i n  the track of any satel l i te  
around it, and these s m a l l  changes, s u i t a b l y  evaluated by com- 
p lex  computer programs, permit s c i e n t i s t s  t o  deduce from track-  
ing  data f u r t h e r  information about l una r  grav i ty .  

Selenodet ic  ana lys i s  of the t racking  data of Lunar Orbiters 
I and I1 has yielded a desc r ip t ion  of the luna r  g rav i ty  f i e l d  
which will be used i n  making operat ional  lifetime p red ic t ions  
f o r  managing the  mission of Lunar Orbi ter  D. Post f l ight  ana lys i s  
of the t r ack ing  data of Lunar Orb i t e r  D w i l l ,  i n  a long range 
sense, cont r ibu te  t o  fu tu re  manned and unmanned missions near  
t h e  Moon. 

P r inc ipa l  i nves t iga to r  f o r  the Lunar O r b i t e r  selenodesy ex- 
periment i s  W i l l i a m  H. Michael, Jr., Head of the Mission Analysis 
Section, NASA Langley Research Center. Co-investigators are 
Robert H. Tolson, Langley; and Jack Lore11 and Warren Martin of 
N A S A ' s  Jet Propulsion Laboratory. 

Meteoroid Measurements 

Orbiter D w i l l  c a r ry  20 pressur ized-ce l l  de t ec to r s  t o  ob- 
t a i n  more direct  Information on the presence of meteoroids i n  
the near-lunar environment. 

As the  photographic system is  enclosed i n  a thin-walled 
aluminum container  which provides a con t ro l l ed  pressure  and 
humidity environment f o r  t he  operation of the  camera system, 
a puncture of t h i s  container  wall by meteoroids could r e s u l t  
i n  performance degradation of t h i s  system. If such a degrada- 
t i o n  occurs, the  meteoroid data could give c lues  t o  its cause. 

Thus, the  meteoroid information w i l l  guide designers  of 
f u t u r e  spacecraf t  by determining what hazard, if any, should 
be expected from meteoroids -- small p a r t i c l e s  of s o l i d  matter 
which move a t  very high speeds i n  space. 
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The 20 pressurized c e l l  de tec tors  mounted on Lunar Orbi ter  
were made i n  the instrument shops of the Langley Research Center. 
Each i s  shaped l ike  a half cyl inder  seven and one-half inches 
long . 

The puncture-sensit ive sk in  of each half cy l inder  is beryl-  
l i u m  copper 1/1,000-inch th ick .  
wise outs ide  the Lunar Orbiter's thermal blanket, on bracke ts  at- 
ttached t o  the f u e l  tank deck of the spacecraf t .  

The de t ec to r s  are mounted girdle- 

A t o t a l  sur face  area of three  square feet is provided by 
the 20 cells. 

A t  launch, each c e l l  is pressurized with helium gas. If a 
meteoroid punctures the  t h i n  beryllium copper s k i n  the  helium 
leaks away, and a s e n s i t i v e  metal diaphragm i n s i d e  the half  cyl-  
i nde r  d e t e c t s  the  loss  of pressure and c loses  a switch t o  ind i -  
c a t e  t h a t  a puncture has occurred. Periodic sampling of the  
pressure c e l l  switches by telemetry ind ica t e s  whether any have 
been punctured. 

Experimenter f o r  the meteoroid measurements is Charles A. 
Gurt ler ,  Head of the Sensor Development Sect ion of the Langley 
Research Center 's  F l igh t  Instrumentation Division. Pro jec t  Engi -  
neer  i s  Gary W. G r e w  of Langley. 

Radiation Measurements 

r a d i a t i o n  exposure and the supply r e e l  i s  shielded t o  reduce 
the p o s s i b i l i t y  of damage. 

The photographic film aboard Lunar Orbiter i s  s e n s i t i v e  t o  

To r e p o r t  the a c t u a l  amounts of r a d i a t i o n  t o  which the 
spacec ra f t  may be subjected on i t s  way t o  the Moon and during 
luna r  o r b i t s ,  two s c i n t i l l a t i o n  counters are included among i t s  
instruments.  One measures the dosage a t  the f i l m  supply r e e l  
and the o the r  the dosage a t  the storage looper. 

Although their  primary job i s  t o  r epor t  r ad ia t ion  inten-  
si t ies which might be hazardous t o  the f i l m ,  they w i l l  supply 
a d d i t i o n a l  information about the r ad ia t ion  found by Lunar O r -  
b i te r  along i t s  f l i g h t  path. 

Experimenter f o r  the Radiation Measurements i s  Dr .  Trutz 
Foelsche, Staff S c i e n t i s t  o f  the Langley Research Center ' s  
Space Mechanics Division. 
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ATLAS-AGENA D LAUNCH VEHICLE 

An A t l a s  Agena D launch vehicle  w i l l  boost Lunar Orbi ter  
D from Launch Complex 13 a t  Cape Kennedy t o  an approximate 
115-mile-high parking o r b i t  before i n j e c t i n g  the spacecraf t  
on i t s  lunar  t r a j ec to ry .  

The upper-stage Agena must start the  spacecraf t  on i t s  
way t o  the Moon through a narrow t rans lunar  In j ec t ion  poin t  
some 118 miles above the Earth's surface.  In j ec t ion  ve loc i ty  
i s  24,400 miles pe r  hour with an allowable e r r o r  of  l e s s  than 
54 miles pe r  hour. 

Because Orbi te r  D's planned polar  o r b i t  w i l l  r equi re  
greater use of the spacecraf t ' s  midcourse motor, the Atlas- 
Agena launch vehicle  must be very prec ise  i n  placing the 
Orbiter spacecraf t  on i t s  i n i t i a l  lunar  t raJec tory .  

The accuracy required o f  the launch vehicle  is  such 
that i f  uncorrected,  Lunar Orbi te r  w i l l  pass within 12,000 
miles of the Moon after t r ave l ing  some 250,000 miles. 

The Orbi te r  shroud is  made of magnesium with a beryll ium 
nose cap. I ts  over-the-nose design is  similar t o  that developed 
f o r  the  successful  Mariner IV f l i g h t  t o  Mars. 

The spacecraf t  adapter i s  the mounting s t r u c t u r e  that 
supports  the spacecraf t ,  the  shroud and a sea l ing  diaphragm, 
and provides a t r a n s i t i o n  from the Orbiter t o  the Agena. 
It includes four  spring-loaded plungers t o  push the spacecraf t  
from Agena a t  separat ion and a V-band release mechanism with 
assoc ia ted  pyrotechnic devices. Th i s  s t r u c t u r e  is  made of 
magnesium. 

Atlas Agena D S t a t i s t i c s  

T o t a l  Height on Pad 105 feet  

To ta l  Weight on Pad 279,000 pounds 

Height 

Atlas 

60 feet 

Diameter 10 feet 

Weight (a t  l i f t o f f )  261,000 lbs .  

Agena D 

23 feet 

5 feet  

15,600 lbs. 
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Propel lan ts  

Propulsion 

Guidance 

Prime Contractors 

Atlas 

RP-1 (11,530 gal lons)  
LOX (18,530 gallons) 

2 Rocketdyne 
boosters,  1 sustainer 
and 2 vern iers  

G.E. Mod I11 

General Dynamics/ 
Convair, San Diego, 
Cal i f  

Agena D 

unsymmetrical d i -  
methyl hydrazine 
UDMH (585 gal lons)  
and i nh ib i t ed  red 
fuming n i t r i c  acid 
IRFNA (745 ga l lons)  

Bell Aerosystems 
Engine 

Lockheed i n e r t i a l  
reference package 

Lockheed Missiles & 
Space Co., Sunny- 
vale,  C a l i f .  
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DEEP SPACE NETWORK 

The NASA Deep Space Network ( D S N )  c o n s i s t s  of a number of 
permanent space communications s t a t i o n s  s t r a t e g i c a l l y  placed a- 
round the world; a spacecraf t  monitoring s t a t i o n  a t  Cape Kennedy, 
and the Space Flight Operations F a c i l i t y  (SFOF) i n  Pasadena, Cal. 

Permanent s t a t i o n s  include four  sites a t  Goldstone, i n  t h e  
Mojave Desert, Cal.; two si tes i n  Austral ia ,  a t  Woomera and Tid- 
b i n b i l l a  near  Canberra; Robledo and Cebreros sites, near  Madrid, 
Spain; and Johannesburg, South Africa. A l l  are equipped w i t h  85- 
foot-diameter antennas except the  s i t e  a t  Goldstone which has one 
210-foot-diameter antenna. 

The D S N  i s  under the technica l  d i r e c t i o n  of the J e t  Propul- 
s i o n  Laboratory fo r  N A S A ' s  Office of Tracking and Data Acquisi- 
t i on .  Its mission is  t o  t rack,  communicate, rece ive  telemetry 
from and send commands t o  unmanned luna r  and p lane tary  space- 
craft from the t i m e  they are i n j e c t e d  i n t o  o r b i t  u n t i l  they com- 
p le te  their  missions. 

The DSN uses a Ground Communications System f o r  opera t iona l  
c o n t r o l  and data transmission between these s t a t i o n s .  The Ground 
Communications System is p a r t  of a larger n e t  (NASCOM) which links 
a l l  of the NASA s t a t i o n s  around the world. T h i s  ne t  is under the 
t e c h n i c a l  d i r e c t i o n  of the Goddard Space F l igh t  Center, Greenbelt, 
Md . 

The Goldstone D S N  s t a t i o n s  are operated by J P L  with the  as- 
s i s t a n c e  of the Bendix F ie ld  Engineering Corp. J P L  a l s o  operates  
the  Robledo and Cebreros sites under a n  agreement with the  Spanish 
government. Technical support  is  provided by Bendix. 

The Woomera and Tidbinbi l la  s t a t i o n s  are operated by the 
Aus t ra l ian  Department of Supply. The Johannesburg s t a t i o n  is 
operated by the South African government through the Council of 
S c i e n t i f i c  and I n d u s t r i a l  Research and the National I n s t i t u t e  
f o r  Telecommunications Research. 

S t a t i o n s  of the  network receive r a d i o  s i g n a l s  from the 
spacecraf t ,  amplify them, process them t o  seDarate the data 
from the c a r r i e r  wave and transmit required 
data t o  the SFOF i n  Pasadena v ia  high-speed 
links, and teletype. The s t a t i o n s  are a l s o  
SFOF by voice l i n e s .  A l l  incoming data are 
tape . 

The D S N  s t a t i o n s  assigned t o  the  Lunar 
the Echo s t a t i o n  a t  Goldstone, Woomera, and 

por t ions  of t he  
data l i n e s ,  radio 
l inked with the 
recorded on magnetic 

Orbiter p r o j e c t  are 
Madrid, Equipment 

has been i n s t a l l e d  a t  these  s t a t i o n s  t o  enable them t o  rece ive  
p i c t u r e  data from the Lunar O r b i t e r  spacecraf t .  Since these 
three s t a t i o n s  are loca ted  approximately 120 degrees apart a- 
round the  world, a t  least one w i l l  always be able t o  communi- 
c a t e  with the  spacecraf t  as it t r avezs  toward the Moon. 
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The Space F l igh t  Operations Center (SFOF) a t  JPL, the  com- 
mand center  f o r  the DSN s t a t ions ,  w i l l  be the primary mission 
con t ro l  point .  The overseas s t a t i o n s  and Goldstone are linked 
t o  the SFOF by a communications network, allowing t racking  and 
te lemetry information t o  be received and displayed i n  real t i m e .  
Key personnel  f o r  the Lunar Orb i t e r  program w i l l  be s t a t ioned  
a t  SFOF dur ing  the spacec ra f t l s  f l ight.  Commands w i l l  be gen- 
erated a t  SFOF and t ransmit ted t o  the DSN s t a t i o n  f o r  relay t o  
the Spacecraf t  . 

Data Acquisit ion 

The Lunar Orb i t e r  spacecraf t  was designed f o r  maximum com- 
p a t i b i l i t y  wlth existing equipment I n s t a l l e d  a t  DSN s t a t i o n s .  Ad= 
d i t i o n a l  equipment i n s t a l l e d  a t  t h e  three Deep Space Network sta- 
t i o n s  assigned t o  the Lunar Orbiter p ro jec t  includes three racks 
of te lemetry and command equipment and four  racks of equipment 
assoc ia ted  with the processing and recording of photographic in -  
formation f r a  the spacecraf t .  

Spacecraf t  t rack ing  and ranging is  accomplished by e x i s t i n g  
DSN equipment a t  the s t a t ions .  Telemetry data, including space- 
c r a f t  housekeeping information and data gathered by meteoroid and 
r a d i a t i o n  sensors  i s  routed t o  performance telemetry equipment 
and recorded on magnetic tape. The output from t h i s  equipment is  
fed d i r e c t l y t o  the SFOF v i a  high speed data l i n e s  o r  teletype. 

Video data are routed from the rece iver  a t  the DSN s t a t i o n  
A video s i g n a l  t o  photographicground reconstruct ion equipment, 

is generated on board the spacecraf t  as the scan beam passes back 
and f o r t h  across  the photographic negative.  The s i g n a l  is t rans-  
mit ted t o  Earth where it is magnetically taped and displayed l i n e  
by l i n e  on a kinescope. 

The f ace  of the kinescope is  photographed by special 35mm 
cameras a t  the DSN s t a t i o n s ,  converting the video information 
back t o  photographic image, Two 35mm f i l m  records are made a t  
each DSN s t a t i o n .  Port ions of t h i s  f i l m  are processed a t  the 
s t a t i o n  so  that p i c t u r e  q u a l i t y  may be judged and cor rec t ions  
made, i f  necessary, t o  the  spacecraf t  camera or readout system 
t o  improve the q u a l i t y  of subsequent p i c tu re s .  

Each of. these 35mm framelets  measures approximately 3/4- 
inch wide by 16-3/4 inches long,  and represents  a por t ion  of 
the  o r i  i n a l  f i l m  on board t h e  spacecraf t  only l/lO-inch wide 
and 2.1 2 5 inches long, 
these framelets ,  sc ient is ts  will be ab le  t o  recons t ruc t  a dup- 
l icate  about seven times as large as the  o r i g i n a l  negat ive s to red  
on the spacecraf t .  T h i s  work w i l l  be accomplished a t  the  U.S. 
Army Map Service,  Washington, D.C. 

By c a r e f u l l y  assembling a s e r i e s  of 

-more - 
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Data Evaluation 

Although eventual  reassembly and f i n a l  p r in t ing  of Lunar 
O r b i t e r  D photography w i l l  be done by the Army Map Service 
Laborator les ,  there  w i l l  be preliminary reassembly i n  NASA 
f a c i l i t i e s  a t  Pasadena and the Langley Research Center to 
provide early material f o r  screening by the Lunar Orbiter E 
s i t e  se l ec t ion  group. 

Later and more detailed evaluat ions of the photographs 
w i l l  be made by individual  lunar s c i e n t i s t s ,  members o f  the 
U.S. Geological Survey, and representa t ives  of severa l  U.S. 
Government mapping agencies,  as well as NASA s c i e n t i s t s .  

-more- 
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ATLAS-AGENA D/LUNAR ORBITER D M I S S I O N  

Approximate launch times* for the  May period of a Lunar 
Orbi te r  D launch are: 

Day 
May 4 
May 5 
May 6 
May 7 

Window Opens (Em) 

4:57 p.m. 
4:54 p.m. 
4 3 0  p.m. 
5 :l!j p.m. 

Window Closes(EIYT) 

8 : l O  p.m. 
8:22 p.m. 
8:39 p.m. 
9:06 p.m. 

*Subject t o  add i t iona l  t racking  and range r e s t r i c t i o n s ,  

Countdown Events 

Event 

Start Count 
Start UDMH Tanking 
Fin ish  UDMH Tanking 
Start Removal of Gantry 
Camplete Removal of Gantry 
Start I R F N A  Tanking 
F in ish  IRFNA Tanking 
Bui l t - in  Hold of 5O-mlnutes 
-(To meet launch window requirements) 
Start LOX Tanking 
Bui l t - in  Hold of-10 minutes no meet launch window requirements) 
Secure LOX Tanking 
Hold for Automatic, Sequencer 
Atlas engines t o  F u l l  Thrust 

-more- 

Minus Time (Minutes) 

395 
155 
135 

45 
7 

2 
18 seconds 
2 seconds 
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. 
c. 

Gvent 

Booster Engine 
Cutoff (BECO) 

Jettison Booster 
Section 

Sustainer Engine 
Cutoff (SECO) 

Vernier Engine 
cutoff (VECO) 

Jettison Shroud 

Atlas-Agena 
Separation 

Start Agena First 
Burn 

End Agena First 
Burn 

FLIGHT EVENTS SUMMARY 

Plus Time 
JSeconds) 

128 

131 

289 

309 

311 

313 

366 

519 

Start Agena Second 
Burn 2,032 

End Agena Second 
Burn 2,120 

Velocity 

6,625 

6,704 

12,650 

12,630 

12,628 

12,624 

12,560 

17,445 

17s 448 

24,470 

A 1  ti tude 

33 

34 

93 

100 

100 

101 

112 

115 

114 

118 

Miles 
Downrange 

50 

55 

400 

462 

469 

475 

647 

1, e14 

7,978 

8,440 

-more- 
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Launch Vehicle F l igh t  

The vehic le ' s  t i m e  i n  parking o r b i t  w i l l  vary from 926 
seconds t o  as much as 1,870 before the sequence i s  begun t o  
i g n i t e  Agena's engine f o r  the second time. Lunar Orb i t e r  
must be started on i ts  %-hour coast  t o  the Moon a t  a ve loc i ty  
of 24,400 mph p l u s  or  minus a margin f o r  e r r o r  of only 54 mph. 
The exact  velocity-to-be-gained w i l l  be dependent on previous 
f l ight  events  but  the  figure should be about 7,000 mph re- 
qu i r ing  some 88 seconds of engine operat ion.  

Agena must i n j e c t  Lunar Orb i t e r  toward the Moon a t  a 
poin t  i n  space which remains r e l a t i v e l y  f ixed.  However, t he  
Earth tu rns  under t h i s  s t a t iona ry  gateway t o  the Moon and the 
a c t u a l  i n j e c t i o n  time v a r i e s  with the day and hour of the  launch. 

Launch vehicle  performance va r i e s  somewhat, t h u s  the times 
of a c t u a l  f l i gh t  events  are determined during the f l i g h t  when 
the desired speed and a l t i t u d e  are required.  

A t  the  cor rec t  po in t  on the  ascent  t r a j e c t o r y ,  the r a d i o  
guidance system starts t h e  Agena primary timer which cont ro ls  
a l l  Agena events  except engine shutdown. Both parking o r b i t  
and i n j e c t i o n  condi t ions are highly influenced by the poin t  on 
the ascent  t r a j e c t o r y  a t  which the Agena primary timer I s  
started. 

Agenals ve loc i ty  meter cont ro ls  the  dura t ion  of engine 
burn. It is preset with the velocity-to-be-gained i n  each 
case and, when that ve loc i ty  i s  ained, the engine is  shut  
down. 
a l i t t l e  h o t t e r ,  the  time of engine operat ion will be shor t e r  
than that given as nominal but  the end e f f e c t  of the desired 
vehic le  ve loc i ty  w i l l  be the same. 

That is, should Agena's 1 % ,000-pound-thrust engine burn 

After Agenabs engine shuts  down f o r  the f i n a l  time, the  
spacecraf t  release assembly b o l t  squib is f i r e d  t o  release the 
V-band clamp. Four spring-loaded separa t ion  mechanisms push 
the spacecraf t  away from the Agena a t  s l i g h t l y  less than one 
m i l e  per hour and the Lunar O r b i t e r  spacecraft wi l l  be on its 
t r ans luna r  t r a j ec to ry .  

Three seconds after spacecraf t  separat ion,  Agena begins 
a yaw maneuver which w i l l  tu rn  it around 1800 i n  space. Then 
10 minutes af ter  separat ion,  a s i g n a l  from the primary timer 
fires Agenabs retrograde rocket f o r  about 16 seconds. 
137-pound t h r u s t  re t rograde rocket slows Agena 30 mph t o  mini- 
mize the p o s s i b i l i t y  that  t h e  vehlc le  could i n t e r f e r e  with 
Orbiter o r  h i t  t h e  Moon. With i t s  launch job done, Agena wi l l  
go i n t o  a high eccen t r i c  Earth o r b i t .  

This 

-more- 



. -30- 

F i r s t  Spacecraft  Events 

Thi r ty  seconds af ter  the Lunar Orbi te r  leaves Agena, 
a sequence of spacecraf t  events  is  commanded by the program- 
mer, starting with s o l a r  panel deployment. Next the two an- 
tennas are released and locked i n  their  c ru ise  pos i t ions .  

The spacecraf t  i s  then commanded t o  begin Sun acquis l -  
t i on ,  and the a t t i t u d e  cont ro l  system provides the necessary 
torque t o  pos i t i on  Lunar Orbiter cor rec t ly .  Sun acqu i s i t i on  
should be complete about one hour and 15 minutes after l i f t -  
o f f .  

Some six and one-half hours i n t o  the  f l i gh t ,  and af ter  
Lunar Orbiter has passed beyond the Van Allen r ad ia t ion  be l t ,  
the  Canopus sensor  w i l l  be turned on, and the spacecraf t  w i l l  
be  commanded t o  begin Canopus acquis i t ion .  The Canopus t r acke r  
w i l l  view a c i r c u l a r  band of the heavens while the spacecraf t  i s  
maMng a complete r o l l ,  and the r e s u l t i n g  star map" tele- 
metered t o  Earth w i l l  confirm the  loca t ion  of Canopus. The 
spacec ra f t  w i l l  then be commanded t o  r o l l  t o  the co r rec t  Canopus 
l o c a t i o n  and lock on t o  the stellar reference point  i t  w i l l  use 
throughout i t s  journey. 

I1 

First midcourse maneuver is scheduled about 20 t o  30 hours 
a f t e r  l i f t - o f f ,  al though the  prec ise  t i m e  f o r  executing it w i l l  
be based on a c t u a l  f l i g M  events,  including launch accuracy 
and t racking r e s u l t s .  

A co r rec t  sequence of events derived from ground computers 
w i l l  be s to red  i n  the spacecraf t  p rogramer  and a t  the selec-  
ted t i m e ,  Orbiter's a t t i t u d e  cont ro l  system w i l l  pos i t ion  the 
spacecraf t  p rec i se ly  f o r  the v'elocity cont ro l  engine t o  apply 
the needed t h r u s t .  After thrust ing,  the a t t i t u d e  cont ro l  system 
r e t u r n s  the spacecraf t  t o  i t s  i n i t i a l  o r i en ta t ion ,  reacquir ing 
t h e  Sun and Canopus as references.  

Should a second midcourse cor rec t ion  prove necessary, it 
w i l l  be made about 70 hours after launch. 

-more- 
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Lunar O r b i t  I n j e c t i o n  

During t r ans luna r  flights, t r a j e c t o r y  information provided 
by the Deep Space Net t racking  s t a t i o n s  w i l l  be used i n  the  
Space Fl ight  Operations F a c i l i t y  t o  compute the ve loc i ty  change 
required t o  achieve an  i n i t i a l  lunar  o r b i t .  
sion, l una r  o r b i t  i n j e c t i o n  w i l l  occur a f t e r  89 hours of f l i g h t .  

As the  Lunar Orb i t e r  more deeply pene t r a t e s  the l u n a r  gra- 
v i t a t i o n a l  f ie ld ,  a ca lcu la ted  a t t i t u d e  maneuver w i l l  po in t  the 
rocket engine aga ins t  the d i r ec t ion  of f l i g h t .  
time, as computed on the ground, will be placed in the programmer. 

On a nominal m i s -  

The co r rec t  burn 

Then, a t  a p r e c i s e  i n s t a n t ,  t he  rocket  engine w i l l  i g n i t e  
fo r  a burn t i m e  of about 10 minutes i f  the  spacecraf t  i s  on i ts  
planned t r a Jec to ry .  Small v a r i a t i o n s  from t h e  intended t r a j e c -  
t o r y  are probable, and the engine burn time w i l l  be ad jus ted  as 
necessary . 

The slowed spacecraf t ,  approaching a n  a l t i t u d e  about 2,300 
m i l e s  above the sur face  of the  Moon w i l l  no longer have s u f f i -  
c i e n t  v e l o c i t y  t o  continue onward a g a i n s t  the p u l l  of l una r  
grav i ty ,  and w i l l  be captured as a sa te l l i t e  of the Moon. High 
po in t  of the o r b i t  (apolune) is  Intended t o  be 3,800 m i l e s ,  with 
a pe r i lune  or  low po in t  about 1 650 miles. The o r b i t  will be 

O r b i t e r  D w i l l  r equ i r e  12 hours fo r  each c i r c u i t  of t h e  Moon 
I n  the  o r b i t  desired. 

nea r ly  polar, i n c l i n e d  about 85 6 t o  the Moon's equator. Lunar 

Then, after a waiting time which can vary from three days 
t o  n e a r l y  zero, depending upon the day of launch, Lunar Orbi te r  
D w i l l  be ready t o  begin, on May 11, i ts  primary task of sur-  
veying i n  sharp detai l  near ly  t h e  e n t i r e  sur face  of the Moon. 

-more- 
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I n d u s t r i a l  Team 

The Lunar O r b i t e r  prime cont rac tor  i s  The Boeing Co., 
Seattle, Wash., which d e s i g n e d ,  b u i l t  and tested the 
spacecraf t .  
Kodak Co., Rochester, N. Y., f o r  the camera system and 
Radio Corporation of America, Camden, N. J . ,  f o r  the power 
and communications systems. 

Major subcontractors t o  Boeing are the Eastman 

P r i m e  cont rac tor  f o r  the Atlas booster  stage i s  
General Dynamics/Convair, San Diego, Ca l i f . ,  and prime 
cont rac tor  f o r  the Agena second stage i s  Lockheed Missiles 
and  Space Co., Sunnyvale, Calif .  

The following i s  a l i s t  of o t h e r  subcontractors f o r  the 
Lunar O r b i t e r  Spacecraft:  

Contractor Product 

Accessory Products Company Quad Check Valve 

B a l l  Brothers Research Corporation Sun Sensor 

B e l l  Aerosystems Fuel Tanks 

Bendix Corporation Crystal  O s c i l l a t o r  

Calmec Manufacturing Co. Relief Valve 

J .  C. Carter Company Propellant F i l l  & 
Vent  Valve 

Elec t ronic  Memories, Inc .  Programmer Memory 

Fa i r ch i ld  Controls Pressure Transducer 

Flrewel Company F i l l  & Test Valves 

General Precision, Inc. ,  
Kear fo t t  Division 

TVC Actuator 

Gerstenslager  Company varn 

ITT Federal Laboratories S t a r  Tracker 

Marquardt Corporation Engine 

Nat ional  Water L i f t  Co. H i  Pressure Regulator 
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* 
Contractor 

Ordnance Engineering As so c i  a t  e s 

Radiation, Incorporated 

Res is tof lex  Corporation 

Sperry Gyroscope Company 

Standard Manufacturing Company 

S t e r e r  Engineering and Manufactur- 
i n g  Company 

Texas Instruments, Inc.  

Vacco Valve Company 

Vinson Manufacturing Co, 

Product 

Pin Release Mechanism 
N Squib V a l v e  
&ut O f f  Valve 
Propel lant  Squib Valve 
Cartridges 

Multiplexer Encoder 
T e s t  Set  

Propel lant  Hoses 

I n e r t i a l  Reference Untt 

Servicing Unit - Cart 
Purge, Dry & Flush Unit 

Thrusters  
Low Pressure Regulator 

Radiation Dosage 
Measurement System 

N F i l t e r  
Pgopellant F i l t e r  

Linear Actuator 
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