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RANGER SPACECRAPT 

FOR MOON KISSIONS 
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The National Aeronautics and Space Administration 

is preparing two spacecraft for launch on the final 

I 

Plans are to launch Ranger C in the seven-day oppor- 

tunity which begins Feb. 17, and if all goes well, Ranger 

D will be launched in the next opportunity which begins 

approximately 30 days later. 
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Objectives are to provide further scientific information 

on the Moon's surface as well as lunar topographical data in 

support of the Surveyor soft lander program and the Apollo 

manned landing program. 

The eighth and ninth Rangers, designated Rangers C 

and D, will be launched from Cape Kennedy, Fla. by Atlas- g 

Agena B launch vehicles. 

will be named Rangers VI11 and IX. 

If successfully launched they 
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The s ingle  experiment ca r r i ed  by each of the 800- 

pound spacecraf t  w i l l  cons i s t  of s i x  t e l e v i s i o n  cameras 

that could provide more than 4000 photographs. 

re turned 4,316 high reso lu t ion  photographs before  i t  impacted 

the Moon Ju ly  31, 1964, 

Ranger V I 1  

Cameras on Rangers C and D w i l l  take photographs during 

the  f i n a l  minutes of 65-hour f l i g h t s  before  h i t t i n g  the  Moon. 

The images w i l l  be converted t o  video s igna ls ,  t ransmit ted 

t o  Earth t racking s t a t i o n s  and recorded on magnetic tape and 

35mm f i l m .  

The s p e c i f i c  t a r g e t  f o r  each spacecraf t  w i l l  depend on 

a number of f ac to r s  such a s  day of launch and i n j e c t i o n  condi t ions.  

Generally, however, primary t a r g e t  a reas  w i l l  be c lose r  

t o  the terminator o r  shadow l i n e  on the  Moon than were targets 

f o r  Ranger V I I .  P ic tures  taken c l o s e r  t o  the shadow l i n e  w i l l  

have more cont ras t  and b e t t e r  d e f i n i t i o n  of de ta i l .  

With Ranger C ,  s c i e n t i f i c  i nves t iga to r s  hope t o  photograph 

one of the darker maria o r  seas  which i s  f r e e  of c r a t e r  rays .  

-more- 
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Ranger V I 1  photographed a br ight  mare, l a t e r  named Mare 

Cognitum, which is streaked w i t h  rays  of material "splashed" 

from the lunar surface when the  l a rge  c r a t e r  Tycho was formed. 

Examples of darker  maria are Mare T r a n q u i l l i t a t i s  and Mare 

Vaporium which are access ib le  during the  first two days of 

the launch period. 

On each day of the Ranger C launch period, primary t a r g e t s  

are within 13 t o  20 degrees of the terminator .  

side these margins, however, could y i e ld  valuable  data .  

An impact out- 

Primary t a r g e t  areas f o r  Ranger D will l a rge ly  depend 

on the r e s u l t s  of t he  Ranger C mission. 

S e n s i t i v i t y  t o  l i g h t  of t he  three cameras w i t h  f/2 aper tures  

on the new Rangers has been increased over those of Ranger V I 1  

t o  allow them t o  funct ion a t  the l i g h t  l e v e l s  c lose r  t o  the 

terminator .  This i s  done by increasing the amplif icat ion of 

the video s igna l  from the  three cameras. The th ree  cameras 

w i t h  the l a r g e r  f/l apertures  will remain the  same as the ones 

on Ranger VII. 

Management and technical  d i rec t ion  for the  Ranger Pro jec t  

i s  assigned by NASA's Office of Space Science and Applications 
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to the California Institute of Technology's Jet Propulsion 

Laboratory, Pasadena, Calif. This includes responsibility 

for the spacecraft, space flight operations, tracking and 

communications. 

NASA's Lewis Research Center, Cleveland, Ohio, with the 

support of the United States Air Force, is responsible for 

providing the Atlas-Agena launch vehicle. 

Center, Greenbelt, Md., will conduct the launch. 

Goddard Space Flight 

General Dynamics/Astronautics, San Diego, Calif., manu- 

factures the Atlas; Lockheed Missiles and Space Co., Sunnyvale, 

Calif., manufactures the Agena. 

The Astro-Electronics Division of the Radio Corp. of 

America, Princeton, N.J., designed and manufactures the six- 

camera television subsystem. 

Tracking and communication for Ranger is the responsibility 

of the NASA/JPL Deep Space Network with permanent stations at 

Goldstone, Calif. ; Woomera, Australia; and Johannesburg, South 

Africa. 

be transmitted immediately to JPL's Space Flight Operations 

Facility (SFOF) in Pasadena f o r  reduction and analysis. 

Data flowing into these stations from the Rangers will 

After 
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launch, cont ro l  of the mission w i l l  shift from Cape Kennedy 

t o  the SMlF a t  JPL. 

-more- 
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TECHNICAL BACKGROUND 

The following background information is applicable 

to Ranger C and Ranger D. 

Ramer Description 

The Ranger spacecraft was designed and built by the 

Jet Propulsion Laboratory. Industrial contractors provided 

a number of subsystems and components. 

The design concept continues that used in earlier Rangers 

and Mariner planetary spacecraft of a basic unit capable of 

carrying varying payloads. T h i s  unit, or bus, provides power, 

communication, attitude control, command functions, trajectory 

correction and stabilized platform for mounting scientific in- 

struments. 

The Ranger bus is a hexagon framework of aluminum and 

magnesium tubing and structural members. Electronics cases 

are attached to the six sides and a high-gain, dish-shaped 

antenna I s  hinged to the bottom. The midcourse maneuver motor 

is set Inside the hexagonal structure with the rocket nozzle 

facing down. The bus also Includes a hat-shaped, omni-directional - 

antenna which is mounted at the peak of the conical television 

system structure. 

-more- 
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Two s o l a r  panels are h i v e d  t o  the base of the hexagon 

and are folded during launch. The panels  provide 24.4 square 

feet  of s o l a r  c e l l  area and will deliver 200 watts  of raw 

power t o  the spacecraf t .  There are 4,896 s o l a r  c e l l s  i n  each 

panel .  

Two s i l v e r  z inc batteries provide power f o r  the  bus during 

launch, p r i o r  t o  opening the solar panels  and during the mid- 

course and tenninal maneuvers when the panels  do not point  

towards the Sun. The batteries each provide 26.5 v o l t s  f o r  

nine hours operat ion.  A s ing le  b a t t e r y  i s  capable of providing 

power f o r  launch, midcourse and terminal  mneuvers .  

The TV system w i l l  ca r ry  two batteries t o  operate the 

cameras f o r  one hour and t o  provide a nominal 33 volts. 

Fknger i s  f i v e  f e e t  i n  diameter a t  the base of the  hexagon 

and 8.25 feet  high. 

high-gain antenna deployed, the  spacecraf t  i s  15 feet  across  

and 10.25 feet high. 

With the  so l a r  panels  extended and the  

S i x  cases  g i rd l ing  the spacecraf t  house the following; 

Case 1, Central  Computer and Sequencer and command subsystem; 

Case 2, rad io  rece iver  and t ransmi t te r ;  

-more- 



Case 3, data encoder (telemetry); 

Case 4, attitude control, (command switching and 

logic, gyros, autopilot); 

Case 5, spacecraft launch and maneuver battery; 

Case 6A, power booster regulator, power switching logic 

and squib firing assembly; 

Case 6B, second spacecraft launch and maneuver battery. 

Two antennas are on the spacecraft: 

(1) The low gain, omni-directional antenna transmits 

during the launch sequence and the midcourse maneuver only 

and serves as a receiving antenna f o r  commands radioed from 

Earth through the flight. 

(2) A dish-shaped, high gain directional antenna is used 

in the cruise and terminal modes. The hinged, directional 

antenna has a drive mechanism allowing it to be set at appropriate 

angles. An Earth-sensor, mounted on the antenna yoke near the 

r i m  of the dish-shaped antenna, keeps it pointed at Earth. 

During midcourse maneuver the directional antenna is moved out 

of the path of the rocket exhaust and transmission is switched 

to the omni-antenna. 

-more- 
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Midcourse Motor 

The midcourse maneuver rocket i s  a l i q u i d  monopropellant 

engine weighing 46 pounds including hydrazine f u e l  and n i t r o -  

gen gas which provides pressure.  The f u e l  i s  held i n  a rubber 

bladder  in s ide  a pressure dome. On the  command t o  f i r e ,  

ni t rogen under 300 pounds of pressure per  square inch i s  admitted 

i n s i d e  the pressure dome. This squeezes the  rubber bladder  

containing the hydrazine which i s  forced i n t o  the  combustion 

chamber. Because hydrazine i s  a monopropellant, i t  needs a 

s t a r t i n g  f l u i d  t o  begin burning and a c a t a l y s t  t o  maintain 

combustion. The start ing f lu id ,  n i t rogen  te t roxide ,  i s  forced 

i n t o  the combustion chamber by a pressurized ca r t r idge  t o  

i g n i t e  the  f u e l .  Burning i s  maintained by the  c a t a l y s t ,  

aluminum oxide pel le ts  which are  stored i n  the combustion 

chamber. Burning s tops  when the valves  t u r n  o f f  ni t rogen pres- 

su re  and f u e l  f low.  

Att i tude cont ro l  of the spacecraf t  during the  midcourse 

motor burn i s  accomplished by four  j e t  vanes which protrude 

i n t o  the rocket  exhaust.  The vanes are cont ro l led  by an auto- 

p i l o t  l inked t o  gyros.  

The midcourse motor can burn  f o r  per iods of as l i t t l e  as 

50 mill iseconds and can a l t e r  ve loc i ty  i n  any d i r e c t i o n  i n  

-more - 
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increments of 1.2 inches per second up to 190 feet per 

second. It has a thrust of 50 pounds for a maximum burn 

time of 98.5 seconds. 

Communications 

Aboard the spacecraft are three radios: the three-watt 

receiver/transmitter in the bus and two 60 watt transmitters 
in the television section of the payload. The television 

units will transdt, during the picture-taking sequence, the 

images recorded by the six TV cameras. One transmitter will 

handle the two full scan (wide angle) cameras; the second 

will transmit for the four partial scan (narrow angle) cameras. 

Telemetry will provide 110 engineering measurements (tem- 

peratures, voltages, pressures) on the spacecraft including 15 

data points on the TV system, during the cruise portion of the 

flight. When the cameras are turned on, additional engineering 

measurements on the TV system performance will be transmitted. 

The communications system for the bus includes: data 

encoders which translate the engineering measurements for 

transmission to Earth and a detector and decoder, in the command 

subsystem, which translates incoming commands t o  the spacecraft 

-more- 
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from a binary form i n t o  e l e c t r i c a l  impulses. 

radioed t o  the spacecraf t  a r e  routed t o  the  proper des t ina t ion  

by the command subsystem. A r e a l  time command from Earth 

immediately ac tua t e s  the  designated r e l a y  within t h e  cormnand 

decoder thus executing the command. Stored commands a re  relayed 

t o  the Central  Computer and Sequencer i n  s e r i a l  binary form 

t o  be held and ac ted  upon a t  a l a t e r  time. 

Cormnands 

The TV system includes separate encoders t o  change the 

t e l e v i s i o n  images i n t o  analog form f o r  transmission. 

S t a b i l i z a t i o n  System 

S t a b i l i z a t i o n  and maneuvering of the  spacecraf t  i s  provided 

by 12 cold gas j e t s  mounted i n  six l oca t ions  and fed  by two 

t i t an ium b o t t l e s  containing f ive  pounds of n i t rogen  gas  

pressur ized  a t  3500 pounds per  square inch.  The j e t s  a r e  

l i nked  by log ic  c i r c u i t r y  t o  three gyros i n  the  a t t i t u d e - c o n t r o l  

subsystem, to the  Earth sensor on t h e  d i r e c t i o n a l  antenna and to 

six Sun sensors  mounted on the  spacecraf t  frame and on the backs 

of the two solar panels.. There a r e  two gas j e t  systems of s i x  

jets and one b o t t l e  each. Ei ther  system can handle the  mission 

i n  the event the o the r  system f a i l s .  

-more- 
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The four primary Sun sendors are mounted on four of the 

six legs of the hexagon and the two secondary sensors on the 

backs of the solar panels. These are light-sensitive diodes 

which inform the attitude-control system when they see the 

Sun. The attitude-control system responds t o  these signals 

by turning the spacecraft and pointing the longitudinal or 

r o l l  axis toward the Sun. The spacecraft is turned by 

squirting the nitrogen gas regulated to 15 pounds per square inch 

pressure through the gas jets. 

Computation and issuance of commands is the function 0.C 

the digital Central Computer and Sequencer. All events of' the 

spacecraft are contained in three CC&S sequences. The launch 

sequence controls events from launch through the cruise mode. 

The midcourse propulsion sequence controls the midcourse trajectory 

adjustment maneuver. The terminal sequence provides required 

commands as the Ranger nears the Moon. 

The CC&S provides the basic timing for the spacecraft sub- 

systems. This time-base will be supplied by a crystal control 

oscillator in the CC&S operating at 307.2 kilocycles. The 

control oscillator provides the basic counting rate f o r  the 

CC&S to determine issuance of commands at the right time in 

the three CC&S sequences. 

-more- 
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Television Subsystem 

The 380-pound t e l ev i s ion  package, designed and b u i l t  

by R C A ' s  Astro-Electronics Division, Princeton, N.J., i s  

shaped l i k e  a t runcated cone 59 inches high, 27 inches wide 

a t  the base, and 16 inches wide on top. 

hexagonal base of the Ranger spacecraf t  bus. It i s  covered 

by a shroud of polished aluminum w i t h  a 13-inch opening near  

the  top f o r  the t e l e v i s i o n  cameras. The shroud i s  c i r c l e d  

by four  one-inch-wide f i n s  designed t o  supply proper thermal 

balance by absorbing s o l a r  heat during the c ru ise  mode. 

It i s  mounted on the  

The t e l e v i s i o n  subsystem cons is t s  of two wide-angle and four  

narrow-angle t e l ev i s ion  cameras, camera sequencers, video combiners, 

te lemetry system, transmitters, and power suppl ies .  

The s i x  cameras, located near the  t o p  of the  t e l e v i s i o n  

tower, a r e  designated F ( f o r  ful l -scan)  and P ( f o r  par t ia l - scan)  

cameras. O f  the  two F cameras, one has a 25m, f/l lens  and 

f i e l d  of view of 25 degrees. 

l ens  with a f i e l d  of 8.4 degrees. 

The other  camera has a 7 5 m J  f/2 

Cameras P-1  and P-2 have 75m, f/2 lenses  with 2 . 1  degree 

f ie lds  of view while P-3 and P-4 have 25m, f/l l enses  w i t h  6.3 

degree f ie lds .  

-more- 
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All cameras have high-quality lenses with five elements 

and metallic focal plane or slit-type shutters. 

is not cocked as in conventional cameras, but moves from one 

side of the lens to the other each time a picture is taken. 

The exposure time is l/5OO of a second f o r  the P cameras; 

1/200 of a second for the F cameras. 

This shutter 

The six-camera assembly weighs 59 pounds. It is mounted 

so that the cameras are pointed at an angle of 38 degrees 

from the roll axis of the spacecraft. 

A l l  the cameras have a fixed-focus but will be able 

to take pictures from about 1100 miles to within one-half mile 

from the Moon's surface. 

Behind each of the camera shutters is a vidicon tube one 

inch-in-diameter and 4.5 inches long. The inside of the face 

plate of the tubes are coated with a photo-conductive material 

that acts in much the same way as tubes in commercial television 

cameras. When a picture is taken the light and dark areas form 

an image on the face plate. This image is rapidly scanned by 

a beam of electrons capable of different2ating light and dark 

areas by their electrical resistance -- high resistance being 

a light area; low resistance, dark. 

-more- 
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The image projected on tQe f8Ce plate of %he F camepas 

is .44 inches square, while the P camera vidicon face plates 

use only .11inche$ square, 'he F camera picttrres are scanned 
1152 times by the electron beam, biat because they oucupy a 
smaller area, the P cam6ras are scanned only 300 times. 

The scan lines, each containing information about some part' 

of the picture, are converted into an electrical signal and 

amplified. The signal is then sent to one of two video combiners 

in the television subsystem. 

the F cameras and one for the P cameras. They sequentially 

combine the output of the cameras to which they are mated, 

The output of the video combiners are then converted to a frequency 

modulated (FM) signal and sent to one of the two 60 watt trans- 
mitters. One transmitter sends pictures to Earth from the F 

cameras on 959.52 mc and the P pictures are sent on 960.58 mc, 

mere i s  orle video combiner for 

Another vital component of the television subsystem are 

the camera sequencers. The camera sequencer sends three types 

of instructions to the cameras: (1) snap shutter; (2) read-out 

vidicon face plate, (3) erase face plates and prepare for next 

picture . 

-;nore- 
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To erase images ,n face  p l a t e s  s p e c i a l  l i gh t s  b i i l t  

around the vidicon tubes a r e  flashed t o  s a t u r a t e  the face  

p l a t e .  

a t  increased frequency t o  remove a l l  t r a c e s  of the  previous 

image. 

The p l a t e  i s  then scanned twice by the e l ec t ron  beam 

Thus, i n  the case of the F cameras, the camera sequencer 

would send i n s t r u c t i o n s  a l t e r n a t e l y  t o  each camera a t  2.56- 

second i n t e r v a l s .  While one camera i s  taking a p i c tu re ,  

reading Out, and t ransmi t t ing  it, the o ther  w i l l  be erasing 

i t s  vidicon face p l a t e .  

sends i n s t m c t i o n s  every . 2  seconds i n  the  following order :  

P-1, P-3, P-2, and P-11. 

The camera sequencer f o r  the P cameras 

The TV system includes two batteries, one f o r  each channel. 

Each ba t t e ry  weighs 43 pounds. 

s i l v e r  zinc oxide c e l l s  and provide about 33 v o l t s .  The t o t a l  

power capaci ty  i s  1,600 watt hours pe r  battery. 

They are made of 22 sealed 

-more- 
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RANGER FACT SHEET 

LAUNCH VEHICLE . . . . . . . . . . . . .  Atlas-Agena B 
DIMENSIONS LAUNCH VEHICLE 

Total height, with Ranger space- 
craft, plus shroud . . . . . . . .  100 
Atlas.. . . . . . . . . . . . . .  66 
AgenaB. . . . . . . . . . . . . .  22 

Ranger with shroud . . . . . . . .  12 
DIMENSIONS RANGER 

feet plus 

feet 

feet 

feet 

In launch position 
Diameter 5 feet 

Height . . . . . . . . . . . . . .  8.25 feet 
. . . . . . . . . . . . .  

In cruise position 
. . . . . . . . . . . . . . .  feet Span 15 

Height . . . . . . . . . . . . . .  10.25 feet 

Structure . . . . . . . . . . . . .  93.1 pounds 

Communications . . . . . . . . . .  38.1 pounds 

WEIGHT RANGER 

Attitude Control and Autopilot . . 60.3 pounds 
Data Encoder . . . . . . . . . . .  20.1 pounds 

Propulsion . . . . . . . . . . . .  45.2 pounds 

Central Computer and Sequencer . 9.7 pounds 

-more- 
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Power (Solar Panels, Launch Backup 
Battery, etc.) . . . . . . . . . .  124.0 pounds 

Miscellaneous Equipment . . . . . .  38.2 pounds 

Ranger Bus Total . . . . . . . . . . . . .  428.7 pounds 
TV SUBSYSTEM WEIGHT 

Cameras . . . . . . . . . . . . . .  38 pounds 

Camera Electronics . . . . . 48 pounds 

Video Combiner' . . . . . . . . . .  3,1 pounds 

Sequencer . . . . . . . . . . . . .  14 pounds 

Batteries . . . . . . . . . . . . .  86 pounds 

Transmitters and Associated Equipment 70 pounds 

Structure and htLscellaneous . . . 121 pounds 

. . . . . . . . . . . . .  

TV Subsystem Total . . . . . . . . . . . .  380.1 pounds 
GROSS WEIGHT . . . . . . . . . . . . . . . . .  808.8 pounds 
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Previous Ranger Missions 

Earlier Ranger spacecraf t  had two assignments. Ranger  1 

and 2 were development launches w i t h  the mission of proving 

the  space f l i gh t  concept (launch veh ic l e  w i t h  parking o r b i t  

and a t t i t u d e  s tab i l ized  spacecraf t ) ,  and making deep space 

s c i e n t i f i c  measurements. Although the  launch veh ic l e s  d i d  

not p lace  the spacecraf t  i n  t h e  des i r ed  o r b i t ,  Rangers 1 and 

2 were deemed successful  t es t s  of the spacecraf t  concept. 

Rangers 111, N and V, had the mission of rough landing 

a capsule on t h e  Moon t o  r e tu rn  seismic information, secur- 

ing  medium reso lu t ion  TV p ic tu re s  of the  luna r  sur face  and 

o t h e r  s c i e n t i f i c  measurements. 

Ranger I11 was given excessive v e l o c i t y  by the  launch 

veh ic l e  and crossed t h e  Moon's o r b i t a l  path too  soon. The 

spacec ra f t ,  however, achieved Earth and Sun lock and exe- 

cuted a midcourse maneuver and an attempt w a s  made t o  ob- 

t a i n  a long  range photograph o f  the  Moon. During t h e  termi- 

n a l  maneuver, i n  the attempt t o  point  the  s p a c e c r a f t ' s  

t e l e v i s i o n  camera a t  t h e  Moon, a malfunction occurred i n  

the Spacecraft  C e n t r a l  Computer and Sequencer and the  maneu- 

v e r  was unsuccessful.  

-more- 
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Ranger I V  fa i led  s h o r t l y  a f t e r  i n j e c t i o n .  The f a i l u r e  

was believed t o  be i n  t h e  Spacec ra f t ' s  c o n t r o l  c lock.  The 

launch vehicle,  however, performed e x c e l l e n t l y  and t r ack -  

i n g  revealed tha t  Ranger I V  crashed i n t o  the  hidden por t ion  

of t h e  leading hemisphere of the Moon. 

Ranger V a l s o  f a i l ed  s h o r t l y  a f t e r  i n j e c t i o n .  The 

f a i l u r e  was believed t o  be i n  the  switching and l o g i c  c i r -  

c u i t r y  of t h e  power system. 

Ranger V I ,  launched Jan.  50, 1964, c a r r i e d  s i x  t e l e -  

v i s i o n  cameras t o  obta in  high r e so lu t ion  photographs of the 

luna r  surface.  The bas ic  spacecraf t  performance was excel-  

l e n t  and  t h e  Ranger h i t  the  Moon i n  the Sea of T ranqu i l i t y  

within 17  m i l e s  of t h e  aiming poin t .  The t e l e v i s i o n  cameras, 

however, did not work. Warm-up of the cameras was indica ted ,  

b u t  t h e  systems d i d  not go t o  f u l l  power. 

The conclusion reached by a f a i lu re  a n a l y s i s  team of 

personnel from NASA, J P L  and RCA was t h a t  the most probable 

cause was high vol tage a rc ing  i n  the t e l e v i s i o n  systems 

during launch t h a t  destroyed por t ions  of the t r a n s m i t t e r  

and possibly the camera systems. It i s  bel ieved that  the 

t e l ev i s ion  systems were switched i n t o  t h e  warm-up mode during 

launch. T h i s  would have r e su l t ed  i n  a rc ing  i n  the c r i t i c a l  

low pressure a r e a  between 150,000 and 250,000 fee t .  
1 

-more - 
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On that basis, Ranger was modified t o  cover a number 

of poss ib l e  causes of premature turn-on of the  t e l e v i s i o n  

system. 

Ranger V I 1  w a s  launched July 28, 1964, and h i t  the  

Moon J u l y  31 af ter  performing a text-book mission. It 

returned more than  4000 luna r  photographs of except ional  

qua l i t y .  The re so lu t ion  was 2000 times be t te r  than any 

photograph of the Moon made by earth-based instruments.  

Craters 30 inches ac ross  were v i s i b l e  i n  the  f i n a l  p ic -  

t u r e s .  The area photographed was a mare near  the Sea of 

Clouds. It was named the Mare Cognitum, o r  "sea that has 

become known. 11 

-more- 
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Launch Vehicle 

Tota l  l i f t - o f f  weight: 280,000 pounds 
Tota l  l i f t - o f f  height :  104 f e e t  

Weight 

Height 

Thru s t 

Propel lants  

Propulsion 

Speed 

Guidance 

Contract o r  

A t l a s - D  Booster 

260,000 pounds 

66 fee t  

About 370,000 pounds 
a t  sea l e v e l  

Liquid oxygen and RP-1, 
a kerosene-type f u e l  

Two booster  engines,  
one sus t a ine r  engine 
and two v e r n i e r  a t t i -  
t u d e  and roll con t ro l  
engines b u i l t  by Rocket- 
dyne Division, North 
American Aviation, Inc.  

Agena-B Upper Stage 

16,000 pounds 

21 fee t  

16,000 pounds a t  a l t i -  
tude 

Unsymmetrical Dimethyl- 
hydrazine (UIBIH) and 
inh ib i t ed  red fuming 
n i t r i c  ac id  (IRFNA) 

One engine b u i l t  by B e l l  
Aerosystems Co. 

About 12,600 mph a t  About 17,500 mph a f t e r  
apogee for Ranger 
f l i g h t  rnph a t  spacecraf t  i n j ec -  

General E l e c t r i c  r a d i o  Honeywell, Inc ,  , iner -  
command gu idanc e 
equipment; Burroughs Barnes horizon sensors  
ground guidance com- 
pu te r  

f i r s t  burn about 24,525 

t i o n  
z 

t i a l  guidance and 

General Dynamics/ Lockheed Missiles and 
Astronautics , San Space Co., Sunnyvale, 
Diego, Ca l i f .  C a l i f .  

-more- 
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Countdown 

Launch countdown begins about seven hours before  

estimated l i f t o f f  time. This count allows some tfme f o r  

repair  o r  replacement of equipment should there be any mal- 

func t ions  during these checks. 

'I' minus 395 minutes 

155 , 

135 

130 

90 

65 

60 

45 

7 

2 

2 seconds 

0 

Start cmntdown 

S t a r t  Agena UDIH tanking 

Complete UDMH tanking 

Remove serv ice  tower 

S t a r t  IRFNA tanking 

Complete IRFNA tanking 

Evaluate countdown ( b u i l t - i n  hold; 60 
minutes maximum) 

Start Atlas LOX tanking 

B u i l t - i n  hold (10 minutes minimum) 
Go/No Go s t a t u s  check; optimize launch 
time 

Secure LOX tanking 

Atlas engines f u l l  t h r u s t  

Release/Lift-off 

-more - 



-24- 

Ranger Tra jec tory  

To launch a Ranger spacecraf t  on a t r a j e c t o r y  from 

Earth t h a t  w i l l  put it on an acceptable  course t o  the 

Moon requires  threading the  vehic le  through a 10-mile- 

diameter t a r g e t  120 s t a t u t e  miles above the Earth a t  a 

ve loc i ty  within 16 mph of 24,470 miles pe r  hour. 

accuracies a re  achieved, then a midcourse maneuver i s  capa- 

b le  of ad jus t ing  the  t r a j e c t o r y  t o  h i t  the Moon i n  the de- 

s i red area. 

If these 

T h i s  c i r c u l a r  t a r g e t  i n  space ( i n j e c t i o n  po in t )  re- 

mains r e l a t i v e l y  f ixed  each day of the f i r i n g  period. The 

Cape Kennedy launch s i t e ,  however, i s  cont inua l ly  rnoving 

eastward as  the Ea r th  r o t a t e s .  Therefore, the  f i r i n g  angle  

(azimuth angle)  from t h e  launch s i t e ,  and the  length of t i m e  

spent i n  a parking o r b i t ,  m u s t  change minute by minute t o  

compensate f o r  t h e  E a r t h ' s  ro t a t ion .  Actually, t h e  t r a  jec-  

t o r y  engineer computes a set  of l una r  t r a j e c t o r i e s  for each 

day of a launch period. 

I n  ca l cu la t ing  a trajectoray for a Moon f l i g h t ,  t he  

t r a j e c t o r y  engineer must  include t h e  inf luence on the pa th  

of the spacecraft  of the g r a v i t a t i o n  p u l l  of t h e  Earth,  Moon, 

Sun, Venus,  Mars and J u p i t e r .  At the  same time he must sa t i s -  

f y  numerous cons t r a in t s  imposed by mechanical l i m i t a t i o n s  of 

the  spacecraft ,  a moving launch s i t e ,  photographic require-  

ments and t racking  a n d  communication considerat ions.  . -more - 
~~ ~~ 
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For example, Ranger can only be launched during a 

por t ion  of the Moon's t h i r d  quarter. For photographic 

purposes the Ranger must h i t  the Moon on t h e  s u n l i t  a ide 

v i s i b l e  from Earth and with in  10 t o  40 degrees of the temi- 

n a t o r  o r  shadow l i n e .  Under these condi t ions l ight ing angles  

w i l l  provide good con t r a s t  and shadow de ta i l  i n  the p i c tu re s .  

The new Moon and f u l l  Moon phases are not acceptable  

because of a t t i t u d e  con t ro l  requirements f o r  the spacecraf t .  

The spacecraf t  locks onto the Sun and Earth f o r  o r i e n t a t i o n  

and i n  these periods t h e  o r i en ta t ion  i s  i n s u f f i c i e n t l y  ac- 

c u r a t e  t o  provide. adequate midcourse o r  terminal  maneuvers. 

I n  the  first q u a r t e r  of the Moon the s u n l i t  side is the 

t r a i l i n g  half and there are technica l  l i m i t a t i o n s  on t a r g e t  

areas and s a t i s f a c t o r y  l i g h t i n g  angles .  

This leaves  the t h i r d  qua r t e r  as the only acceptab le  

l u n a r  phase f o r  launahing . 
# 

Knowing the  days of the month i n  which he can launch, 

t h e  t r a j e c t o r y  engfdeer must now determine which po r t ion  

of each day i s . accep tab le .  The answer i s  that  only a f e w  

hours of each day are useable. The f a c t  that  h i s  launch s i t e  

-more- 
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i s  moving eastward and h i s  launch angles  are l i m i t e d ,  means 

he can o n l y  f i r e  a t  c e r t a i n  t i n e s  and reach t h e  i n j e c t i o n  

a rea  above the  Ear th .  

Other c o n s t r a i n t s  imposed include the  requirement that  

the  Moon b e  v i s i b l e  t o  the Goldstone t r a c k i n g  s t a t i o n  i n  

t h e  Mojave d e s e r t  i n  Ca l i fo rn ia  when Ranger impacts.  The 

t r a n s i t  time t o  t h e  Moon, con t ro l l ed  by the  i n j e c t i o n  velo-  

c i t y ,  must  conform t o  t h i s  requirement.  The i n j e c t i o n  velo- 

c i t y  changes, from day t o  day, from 24,509 mph t o  24,542 mph 

as t h e  Moon's d i s t ance  and d e c l i n a t i o n  r e l a t i v e  t o  Earth 

changes. 

Fur ther ,  t h e  t r a j e c t o r y  se l ec t ed  must no t  p lace  the 

spacecraf t  i n  the Earth's shadow beyond s p e c i f i e d  amounts 

of t i m e .  Too much time i n  the  E a r t h ' s  shadow would c h i l l  

spacecraf t  components and then  sub jec t  them t o  t o o  r ap id  

h e a t i n g  when t h e  spacec ra f t  emerged i n t o  the  g l a r e  of the 

Sun. 

After  a s e t  of t r a j e c t o r i e s  f o r  the launch per iod have 

been computed, small e r r o r s  can be expected i n  the a c t u a l  

f l i g h t  t r a j e c t o r y  due t o  i nhe ren t  l i m i t a t i o n s  i n  t h e  accuracy 

of the launch veh ic l e  guidance system. Guidance e r r o r s ,  

-more- 
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w i t h i n  design l i m i t s ,  c8n be correc ted  by the  small rocket  

engine c a r r i e d  by Ranger. 

be commanded a t  about 16 hours a f t e r  launch. P r i o r  tracking 

of t he  spacec r s f t  w i l l  have revealed the ex ten t  of the cor-  

r e c t i o n  required. 

This midcourse c o r r e c t i o n  w i l l  

Additional t r ack ing  of t h e  spacec ra f t  a f t e r  the  m i d -  

course maneuver w i l l  v e r i f y  and/or d e t e r m i ~ e  the f i n a l  por- 

t i o n  of t he  tra3ect.or.y and  the  r e s u l t i n g  impact l oca t ion .  

This will allow accura te  c a l c u l a t i o n  of the te rmina l  maneu- 

v e r  (changing of a t t i t u d e  of spacecraf t  t o  y i e l d  desiree 

po in t ing  d i r e c t i o n  of camera) t o  be performed p r i o r  t o  impact, 

The spacecpaft  w i l l  be acce lera ted  as it nea r s  the 

Moon by the lunar  g r a v i t a t i o n a l  p u l l .  

a l t e r  the t r a j e c t o r y  from the  o r i g i n a l  e l l i p t i c a l  pa th  about 

t he  Earth p r i o r  t o  luna r  impact. The spacec ra f t  w i l l  h i t  

the  Moon a t  about 5800 m i l e s  p e r  hour. 

This w i l l  s l i g h t l y  

I n  f l i g h t  t he  loca t ion  of the impact can only be pre- 

determined wi th in  a c i rc le  approximately 24 miles i n  diameter. 

This c i r c l e  i s  defined by  t h e  e f f e c t s  of t h e  u n c e r t a i n t i e s  of 

l o c a t i o n  of the Moon w i t h  respec t  t o  Earth, eva lua t ion  of 

t r ack ing  data, inf luence of Sun, Moon and p l a n e t s  on t h e  t ra -  

j ec to ry ,  l oca t ion  of t racking  s t a t i o n s ,  p r e c i s e  shape of Ear th  

-more- 
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and Moon and other f a c t o r s .  

the f l i g h t  will considerably reduce the u n c e r t a i n t y  of the 

impact l oca t ion .  

Analysis  of t r a c k i n g  data a f t e r  

-more- 
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M i s  3 ioii Dcscript ion 

The Atlas-Agena launch vehicle w i l l  boost Ranger t o  an 

a l t i t u d e  of 115 miles and an o r b i t a l  speed of about 17,500 m i l e s  

an hour using the parking o r b i t  technique, 

The Atlas booster engines a re  programmed t o  burn a l i t t l e  

over two minutes, the  sus t a ine r  about four  and a half 

minutes and the  ve rn ie r s  about f ive  minutes. When the  vehic le  

has reached the  programmed ve loc i ty  and a l t i t u d e ,  the  boosters  

a r e  cu tof f  (EECO) and je t t i soned ,  The r ad io  guidance system 

continues t o  determine ve loc i ty  and i s sues  appropriate  

commands t o  the Atlas u n t i l  vernier  engine cutoff  (VECO.) 

1 

After  VECO, t h e  spacecraf t  shroud i s  e jec ted ,  Several  

seconds l a t e r ,  explosive charges r e l ease  connecting bo l t s ,  

re t ro- rockets  f i r e  and Agena draws f r e e  of  t he  booster  adapter  

carrying the  spacecraft .  

Agena u l l age  rockets  f i r e  t o  assure that the  l i q u i d  

propel lan ts  will f i l l  the  propel lan t  pumps when engine start 

for Agena f i r s t  burn i s  comm\8nded, When t h e  vehicle  reaches 

the proper veloci ty ,  a ve loc i ty  meter w i l l  command engine 

c u t o f f ,  

The time f o r  Agena first cutoff  i s  eight  minutes after 

- more - 
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l i f t o f f .  When th i s  occurs, the  vehicle  i s  in j ec t ed  i n t o  parking 

o r b i t  some 115 miles above Africa.  

o r b i t  a t  e s s e n t i a l l y  the  same ve loc i ty  and a l t i t u d e  u n t i l  it 

Agena/Ranger coas ts  i n  t h i s  

reaches the proper place t o  begin the  second burn aiming 

Ranger f o r  the  Moon. 

The Agena second burn lasts about 90 seconds u n t i l  the 

required speed f o r  spacecraf t  i n j e c t i o n  i n t o  lunar  t r a j e c t o r y  

i s  reached. This t r a j e c t o r y  can be v isua l ized  as a ten-mile- 

wide tunnel that  starts i n  space about 115 miles  above the 

Earth,  

about 24,525 mph, 

within 16 miles  pe r  hour of this,  the  midcourse maneuver cannot 

r e -d i r ec t  t h e  spacecraf t  toward the  Moon, 

prec is ion  o f  the Agena 

Agena engine were t o  f i r e  one-tenth of  a second too long, 

Ranger would m i s s  the  Moon by as much as 1200 miles.  

When Ranger en te r s  t h i s  tunnel  it should be t r ave l ing  

I f  Ranger's ve loc i ty  a t  i n j e c t i o n  i s  no t  

This demands g r e a t  

For example, i f  the  second-stage 

f 

Several minutes after in j ec t ion ,  Ranger w i Q  'be separated 

from Agena. 

before f i r i n g  i t s  lunar-miss rockets  causing i t  t o  e n t e r  an 

e l l i p t i c a l  solar o r b i t .  

The Agena w i l l  begin re-orientation.maneuvers 

F i r s t  Ranger Events 

Some 23 minutes a f t e r  launch, Ranger's Central  Computer and 

Sequencer (CC&S) w i l l  g ive i t s  first command, order ing the  Ranger 

- more - 
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t r ansmi t t e r  t o  full three-watt power. U n t i l  t h i s  time, the 

t r ansmi t t e r  had been kept  a t  reduced power -- about 1.1 watts. 

This i s  required during the time the launch vehicle  passes 

through a c r i t i c a l  region between 150JOO0 and 25O,OOO feet  

a l t i tude where a rc ing  can occur i n  high voltage devices and 

cause damage t o  components. 

Separation from the Agena w i l l  cause the R a n g e r  t o  begin 

a slow tumbling motion. The tumbling continues u n t i l  cancelled 

out  by the a t t i t u d e  cont ro l  system during Sun acquis i t ion .  The 

yaw, p i t c h  and r o l l  gyros w i l l  generate s i g n a l s  t o  f i r e  the 

cold gas jets t o  counteract the tumbling motion. 

Separation of the Agena w i l l  s tart  the mechanical back-up 

timer, the TV back-up clock, and release the CC&S f o r  

issuance of f l i g h t  commands. 

p a r t i a l l y  inh ib i t ed  t o  insure  that f l i g h t  commands w i l l  no t  

be given inadvertently.  

During launch the CC&S w i l l  be 

The mechanical back-up timer w i l l  remove an i n h i b i t  on 

the TV system a t  separat ion plus 30 minutes. U n t i l  t h i s  

time the TV system has been inhibited from being turned on. 

However, the t e l ev i s ion  back-up clock which i s  mechanized 

t o  tu rn  on the TV a t  lunar  encounter i s  s t i l l  inhibi ted and 

remains so u n t i l  launch p lus  32 hours. A b o u t  one hour a f te r  

launch the CC&S w i l l  order  deployment o f  the s o l a r  panels. 

- more - 
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Explosive p in  p u l l e r s  holding the s o l a r  panels  i n  t h e i r  

launch posi t ion w i l l  be detonated t o  allow the spring-loaded 

s o l a r  panels t o q e n  and assume t h e i r  cruise pos i t ion ,  

Opening of the s o l a r  panels w i l l  t r i p  a switch t o  release 

the  I n h i b i t  on the TV system as a back-up t o  the same f'unction 

by the  mechanical back-up timer. 

Acauisit ion Modes 

With the s o l a r  panels deployed, the CC&S w i l l  a c t i v a t e  the  

Sun sensor system, gas j e t  system and command the  a t t i t u d e  con t ro l  

system t o  seek the Sun. A t  the  same time that the  CC&S orders  

Sun acquis i t ion,  i t  w i l l  o rde r  the  high-gain d i r e c t i o n a l  antenna 

extended. The dr ive  motor then w i l l  extend the  antenna t o  

a pre-set  h inge  angle that was determined before launch and 

s tored  i n  the antenna cont ro l  module. 

I n  the Sun acquis i t ion  mode,- Sun sensors w i l l  provide 

s i g n a l s  t o  the gas j e t  system that maneuvers the spacecraf t  

about u n t i l  its long axis I s  pointed a t  the Sun thus a l ign ing  

the s o l a r  panels with the Sun. A back-up comnand f o r  Sun 

acquis i t ion  w i l l  a l s o  be given by the mochanlcal timer, Both 

the  Sun sensors and the gyros can a c t i v a t e  the gas j e t  valves. 

I n  order t o  conserve gas, the a t t i tude  con t ro l  system 

permits a pointing e r r o r  toward the'Sunof half-a-degree In  - more - 



-33 - 

each d i r ec t ion .  

f i r e  1/50 of  a second each 60 minutes to keep the  spacec ra f t ' s  

s o l a r  panels  pointed a t  the  Sun. 

It i s  calculated tha t  t he  gas j e t s  w i l l  

The Sun acqu i s i t i on  process i s  expected t o  take a maximum 

of 30 minutes. 

t h e  Sui,  t h e  power system w i l l  begin drawing e l e c t r i c  power 

from t h e  panels. 

i n  the  event of a peak demand which the  panels cannot handle 

and during midcourse maneuver and terminal sequence. 

As soon as the  solar panels are locked on 

The b a t t e r i e s  will now only supply power 

The next  event init iated by CC&S i s  the  acqu i s i t i on  of 

This will occur a t  about t h ree  E a r t h  by the  Earth sensor. 

and one-half hours a f t e r  launch. The CC&S w i l l  a c t i v a t e  the  

Earth sensor, ( tu rn ing  of f  the secondary Sun sensors a t  t h i s  

p o i n t )  and order  a roll search. 

i n i t i a t e  t h e  r o l l .  

back up the  i n i t i a t i o n  of this event. 

The gas j e t s  w i l l  f i r e  t o  

A rad io  command c a p a b i l i t y  i s  provided t o  

During Earth acquis i t ion ,  the spacecraf t  w i l l  maintain i t s  

lock on the  Sun, but w i t h  i t s  high-gain d i r e c t i o n a l  antenna 

pointed a t  a p rese t  angle, it r o l l s  about i t s  long a x i s  and 

starts t o  look f o r  the  Earth. It does th i s  by means of the 

three-sect ion,  photomultiplier-tube operated E a r t h  sensor 

mounted on and aligned w i t h  t he  high-gain antenna. During 

- more - 
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the  roll, the  Earth sensor W i l l  see  the  Ear th  and inform t h e  

gas j e t s ,  

t he  sensor and thus lock onto the Earth.  Earth a c q u i s i t i o n  

requi res  a maximum of one-half hour. 

The je ts  w i l l  f i r e  t o  keep the Earth i n  view of 

The spacecraf t  now i s  s t a b i l i z e d  on a l l  th ree  axes. 

There i s  some p o s s f b i l i t y  'that theEar th  sensor, during 

i t s  search f o r  theEarth, mby see the  Moon and lock onto it, 

but  the  Deep Space Network s t a t i o n s  have the c a p a b i l i t y  t o  

send an overr ide command t o  the  a t t i tude con t ro l  system t o  t e l l  

it t o  look  again for the Earth. If t h i s  i s  n o t  s u f f i c i e n t ,  

t he  s t a t i o n s  can send a hinge overr ide command t o  change 

the  hinge angle  and then order  another  roll search. When the 

Earth i s  acquired, the  t r ansmi t t e r  i s  switched from the  omni- 

antenna t o  the  high-gain antenna by a command from Earth. 

A rise i n  s i g n a l  s t r eng th  w i l l  be an ind ica t ion  that 

Earth acqu i s i t i on  has been achieved by the  high-gain antenna. 

With Sun and Earth a c q u i s i t i o n  achieved, Ranger now i s  

i n  i t s  cru ise  mode. 

Midcourse Maneuver 

The c r u i s e  mode w i l l  cont inue u n t i l  time for t h e  m i d -  

course t r a j e c t o r y  cor rec t ion  maneuver. Af te r  launch, most of 

the a c t i v i t y  on the  lunar  mission w i l l  be centered a t  the 

DSN s t a t i o n s  and a t  the Space F l i g h t  Operations F a c i l i t y  a t  - more - 
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JPL. 

Tracking data co l lec ted  by the DSN s ta thons  w i l l  be sent 

t o  J P L  and fed i n t o  a l a rge  scale  computer system. 

computer w i l l  compare the  a c t u a l  t r a j e c t o r y  of Ranger w i t h  

t h e  course required t o  h i t  the t a r g e t  a r ea  on the  Moon. 

I f  guidance e r r o r s  before i n j e c t i o n  have put  Ranger off*e 

optimum t r a j ec to ry ,  t he  computer w i l l  provide the  necessary 

f i g u r e s  t o  command the  spacecraf t  t o  a l t e r  i t s  t r a j ec to ry .  

This involves commands f o r  roll, p i t c h  and motor burn. 

and p i t c h  o r i e n t  the spacecraf t  and motor burn con t ro l s  the  

v e l o c i t y  increment required t o  a l t e r  t he  f l ight  path and 

time o f  f l i gh t .  

The 

R o l l  

The first command from Goldstone w i l l  give the  d i r e c t i o n  

and amount of roll required,  the second w i l l  give t h e  d i r e c t i o n  

and amount of p i t c h  needed, and t h e  t h i rd  will give the velocity 

change needed, 

t ransmi ts  a "go" command. 

This data is  stored i n  t h e  CCeCS u n t i l  Goldstone 

Prior.  $0 the "gor' command, Goldstone will have ordered 

T i l c  Ranger transmitter t o  switch from the diSIi-zli.'fped 

d-Lrr:c-f;lonal antenna a t  the base of the  c r a f t ,  to t lzc omzi- 

d i rec t iona l  antenna mounted at  the  peak of the  supers t ruc ture .  

- more - 
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The directional antenna will not remain Earth-oriented d u r i n g  

the maneuver. 

Commands preprogrammed in the CC&S f o r  the midcourse 

sequence initiate the following: the Earth sensor, mounted on 

the dish-shaped antenna, is turned off; the hinge-mounted 

directional antenna itself is moved out of the path of the 

mid-course motor's exhaust; the autopilot and accelerometer 

are powered and pitch and r o l l  turns are initiated. During 

the maneuver the CC&S will inform the attitude contyol subsystem 

of the pitch and roll turns as they occur, f o r  reference 

agains t  {;he crders from Earth. An accelerometer will provi.de 

acce le ra t fon  r a t e s  to the CC&S during motor burn. 

Each p u l s e  f rom the accelerometer represents a velocity 

increment or" 0.03 meters per second. 

The r o l l  maneuver requires a maximum of 9.5 minutes of 

time, including two minutes of settling time, and the pitch 

maneuver requi.res a maximum o f  17 minutes including two 
minutes of settling time. When these are completed, the 

midcourase motor  will be turned on and burn for the required 

time, 

to m a i n t a i n  the stability of the spacecraft during the propulsion 

phase o f t h e  midcourse maneuver, moveable jet vanes extending 

As the attitude control gas jets are not powerful enough 

into the exhaust of the 'midcourse motor control the attitude 

of t he  spacecraft in this period. 
I 

- more - 
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The je t  vanes a r e  control led by an a u t o p i l o t  in the  

attitude con t ro l  subsystem that f'unctlons only during the mid- 

course maneuver. The au top i lo t  accepts  information from the 

gyros t o  d i r e c t  the th rus t  of  the motor through the  spacec ra f t ' s  

c e n t e r  of g r a v i t y  to s t a b i l i z e  the c r a f t .  

A f t e r  t he  midcourse maneuver has put  R a n g e r  on the desired 

t r a j e c t o r y ,  the  spacecraf t  w i l l  again go through the Sun 

and E a r t h  acqu i s i t i on  modes. 

During midcourse, Ranger had been t r a n s m i t t i n g  through 

t h e  omni antenna. When Earth i s  acquired, the t r a n s m i t t e r  

i s s v l t c h e d  t o  the  high-gain d i r e c t i o n a l  antenna. This 

antenna w i l l  be used f o r  the durat ion of the flight. 

Ranger i s  again 3.n t he  c ru i se  mode. This w i l l  continue 

un t i l  time f o r  the terminal  maneuver. 

I 
Terminal Sequence 

(In the following, the  veloci ty ,  camera coverage, and 

d i s t a n c e  from the  Moon numbers r ep resen t  one poss ib l e  t r a j e c t o r y  

among many. They a r e  c lose,  however, t o  expected v e l o c i t i e s  

and dis tances .  ) 

- more - 
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It may be required,  as the  Ranger nears  the  Noon, t o  command 

a maneuver that  w i l l  change the camera point ing d i r e c t i o n  t o  

provide higher q u a l i t y  or coverage of a des i rab le  area.  

Whether o r  not  t h i s  terminal  maneuver w i l l  be required 

w i l l  depend upon ana lys i s  of the o r i e n t a t i o n  of Ranger t o  the 

surface o f  the Moon by personnel i n  the  F l igh t  Path Analysis 

Area of the Space F l igh t  Operations F a c i l i t y .  This information 

w i l l  be conveyed t o  the team of lunar  s c i e n t i s t s  and Ranger 

Pro jec t  o f f i c i a l s  i n  the  SFOF who w i l l  make a decis ion on the  

requirement f o r  a maneuver. 

A terminal maneuver was not  required i n  the  Ranger V I  

or Ranger VI1 mission as the  c ru i se  a t t i t u d e  of the  spacecraf t ,  

and the camera angles,  during the  descent  phase were sa t i s f ac to ry .  

If i t  i s  decided t o  perform the terminal  maneuver, a s e r i e s  

o f  t u rn  commands w i l l  be t ransmit ted t o  the  spacecraf t  from 

the GoPdstone s t a t i o n  a t  approximately 63 hours af ter  launch. 

These commands w i l l  be s tored  i n  the  spacec ra f t ' s  c e n t m l  

computer and sequencer. 

A "go" command w i l l  be sen t  t o  Ranger from the  DSN 

Goldstone s t a t i o n  at one hour frorti impact and the CC&S 

w i l l  switch the a t t i t u d e  con t ro l  systoin L'rorn the  primary Sun 

sensors t o  the gyros and command the f i rs t  p i t c h  turn. The 

- more - 
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s p a c e c r a f t ' s  solar panels may now be turned par t ly  away frcun 

t h e  Sun and in that event e l e c t r i c a l  power f o r  the  bus i s  

supplied by one of the two spacecraf t  b a t t e r i e s .  

The terminal maneuver, i f  perfomned, will r equ i r e  about 

34 minutes. 

3940 miles  f r o m  the  Moon traveLing a t  3400 miles an hour, 

It will begin when the  spacecraf t  i s  approximately 

A t  impact mhus  approximately 15 minutes, t h e  CC&S w i l l  

send a command t o  turn  on the  t e l ev i s ion  system for an 80-second 

w a r m  up period, A radioed command for this event can be sen t  

as a back.-up. The F chain can also be commanded i n t o  warm-xp 

by the TV back-up clock i f  t h e  l a t t e r  has no t  been inh ib i ted .  

The spacecraf t  w i l l  be approximately 1180 miles from the 

Moon and i t s  ve loc i ty  w i l l  have increased t o  4400 miles an 

hour due t o  the  increas ing  e f f e c t  of lunar gravi ty .  

A t  impact minus 13 minutes and 40 seconds, the  camera 

sequencers t u rn  the  t e l e v i s i o n  system on t o  f 'u l l  power. 

Tk; s command will be backed up by another from the CC&S a t  
f 

impact minus 10 minutes. 

At this time, ih3n the  spacecraf t  is 1120 miles  from the  

Koon, the cameras w i l l  start taking p i c t u r e s  and t r ansmi t t i ng  

them t o  Earth by the  two 60-watt t r ansmi t t e r s .  The t iming of 

- more - 



these events i s  based on a nominal f l i g h t  time and can 

be changed s l i g h t l y  by the e f f e c t  of the midcourse maneuver on 

the  f l i g h t  time. 

Televis ion System Operation 

From t h i s  po in t  u n t i l  the  Ranger crashes on the  Moon's 

surfacb the  two wide-angle cameras, F chain, w i l l  take about 

160 p ic tu re s  each a t  i n t e r v a l s  of 2.56 seconds. 

Each of the  four  narrow angle  cameras, P chain, w i l l  take 

about 975 p ic tu re s  during the  desoent phase a t  i n t e r v a l s  o f  .2 

second. 

The first p i c tu re s  taken by the cameras w i l l  show a reas  

o f  the lunar  surface that  a r e  180,000 and 19,000 square miles  

f o r  the F cameras and 12,500 and 1,200 square miles  on the  

P cameras. 

Some of these f i r s t  p i c tu re s  should have reso lu t ion  

comparable t o  those taken by Earth-based te lescopes.  They 

w i l l  be v i t a l ,  however, i n  iden t i fy ing  the general  area being 

photographed, Asrthe spacecraf t  approaches the  Moon the  

p i c tu re s  w i l l  decrease i n  area and increase i n  reso lu t ion ,  



The tx3 F caperas 21-e p3inted a t  angles s3 that t h e i r  p2.c- 

tu res  overlap s l i g h t l y .  The P eamcras also provide aCclitiop>,l 

overlapping pictures wfthin the area covered by P c a x r a s .  

The pictures with t h e  bes t  resc)lutlXI w i l l  '02 C,al;e!-i a fe:r 

seconds p r i o r  t o  l u n a r  impact. 

a p i c t u r e  taken a t  impact nlinus 2.5 seconds the 25nm l c m  vou ld  

recDrd an area ~f 3 1/2 square iniles. 

cover about  .38 square miles. A t  t h i s  tii;le, Rant;.ei- wculi: be 

apprDximately f i)ur iniles from impact. 

I n  the case Df the F ca:;.eras 

The 75mx lens r~iou.ld 

The P camera c m l d  take the l a s t  complete picture a t  .2 

second before  ii:pact when t h e  spacecraf t  i s  ab0ixt 1735 Tcct 

f rm the Mooi?. The P camera's 25mm lenses v : m l c '  >,rm-l ;e 8 

p i c t u r e  37,500 square f e e t  an2 the 75mn lenses wouX cavzr  

an area of 4,350 square f e e t .  

It 5 s  inipmsible,  however, t o  tell befmehand which 

camera w l l l  ta?ce t 3 e  last picture. Eecaasc 3f th5.s f,zcD, 

t h e  resu l t ing  p i c t u r e  resolution cannot be cxact ly  prc3ictct j  

-more- 
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The p ic tu re s  trangmittcd t o  E a r t h  w l l l  be received by 

two $5-f oot-clianictcr parabol ic  antennas a t  the  DSN Goldstone 

Traclzin:, S ta t ion .  

record t h e  p i c t u r e s  on 35mm f i l m  and on magnetio tape. 

The s t a t i o n s  have s p e c i a l  equipment t o  

The recording equipment w i l l  use  ahout 22 f e e t  of f i l n  

f D r  t he  p i c tu re s  frwn the F cameras and about 68 f e e t  of 

f i l i i !  for the P caneras. 

Photograph Rec ordin?; 

The lunar  photographs t ransmi t ted  t o  Earth from Ranger 
I 

w i l l  be recorded redundantly a t  the Echo and Pioneer s i t e s  

at the  Goldstone s t a t i o n  of t he  Deep Space Net. 

Echo w i l l  be the  prime recording s i t e .  The incoming data 

will be recorded simultaneously on magnetic tape  and on 35mm 

film. The p-ictures from t h e  F channel and P channel cameras 

w i l l  be r eco rded  on separa te  films. 

recorded on each of two tapes .  

Both channels w i l l  be 

Two tape recorders  a t  Pioneer s i t e  w i l l  each record 

both channels. 

on f i l m - .  

The Pioneer s i t e  w i l l  also record both channels 
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Magnetic tape dupl icates  and working f i l m  w i l l  be 

prepared from the  original magnetic tapes. The f i l m  together  

with other  pe r t inen t  data such as gain settings, noise  l e v e l  

measurements, and test polaraid p i c t u r e s  w i l l  be del ivered t o  

the f i v e  member s c i e n t i f i c  team i n  the Space F l igh t  Operations 

Facility a t  JPL. 

The 35m f i l m s  from both sites w i l l  be s t o r e d  and will 

not be developed u n t i l  the  f i l m s  prepared from magnetic tapes 

have been evaluated. 

o r i g i n a l  f i l m s  w i l l  be based on the evaluat ion t o  insure  t h e  

most s a t i s f a c t o r y  r e su l t s .  

A c&kfully control led processing of the  

Deep Space Network 

The Deep Space Network (DSN) cons i s t s  of f i v e  permanent 

space communications s ta t ions ,  a spacecraf t  monitor s t a t i o n  

a t  Cape Kennedy, the Space P l i g h t  Operations F a c i l i t y  (SFOF) 

i n  Pasadena, C a l i f . ,  and a ground communications system linltfng 

a l l  looatlone. 

The f i v e  permanent s t a t i o n s  are at Woomera, Austral ia ;  

Canberra, Australia;  Johannesburg, South Africa; and two a t  

Goldstone, Calif. 

-more- 
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A ncw s t a t i o n  near M a d r i d ,  Spa'in, i s  under cons t ruc t ion  

an<! w i l l  ~5 on the  a i r  l a t e r  i n  the  year. 

The DSN i s  under the  technica l  d i r e c t i o n  of the  Jet  

Propulsion Laboratory for t h e  National Aeronautics and Space 

A6rninistration. Its mission i s  to t r ack ,  rece ive  te lemetry 

f r o n  an6 senci commands to unmanned l u n a r  and p l a a t a r y  

spacecraf t  from the time they  a r e  i n j e c t e d  i n t o  o r b i t  u n t i l  

t h e y  conplete the-ir missions. 

The Goldstone DSN s t a t i o n s  a r e  operated by JPL w i t h  t h e  

ass i s tance  of  the Bendix F i e l d  Corp. Walter E. Larkin i s  

J P L ' s  engineer I n  charge. 

The Woomera and Canberra s t a t i o n s  a r e  operated by the 

Austral ian Department of Supply, Weapons Research Establishment. 

Acting s t a t i o n  manager a t  Woomera i s  J. Haseler, and. J P L ' s  

3SlT res ident  i s  Richard Fahnestock. Canberra s t a t i o n  manager 

znc? JPL DSH r e s i d e n t  a r e  Robert A. L e s l i e  and MerideYh S .  

Glenn, respect ively.  

The Johannesburz s t a t l o n  i s  operated by t h e  South African 

<- c.:overnmcnt throu,cIi the National I n s t i t u t e  for Telecommunications 

Research. 

res ident  i n  Johannesburg. 

Douc 11op;z i s  s t a t i o n  manager and Bob Terbeck i s  DSN 

-more- 
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A t  Madrid, JPL w i l l  operate the newest DSN s t a t i o n  under 

an agreement w i t h  the Spanish government. 

JPL is station manager, and Phil  Tardani ,  a l s o  of JPL, i s  

DSN resident i n  Madrid. 

Donald Meyer of 

Since they are located approximately 120 degrees apar t ,  

DSN s t a t i o n s  can provide 360-degree coverage around t h e  E a r t h  

so that a t  least  one w i l l  always be able t o  communicate with 

a d i s t a n t  spacecraft .  

All of the s t a t i o n s  of the DSN are equipped w i t h  &foot- 

in-diameter antennas and receiving, data handling, and i n t e r -  

s t a t i o n  communication equipment. A l l  s t a t i o n s  have comnarid 

cap a b i l i t y  . 

A t  the Goldstone s t a t i o n  redundant video recordin;; 

c a p a b i l i t y  i s  provided by the use of a second 85-foot antenna 

and rece iv ing  and recording equipment. A 210-f oot parabol ic  

axtenna i s  under construct ion a t  Goldstone. 

Nerve center  of t h e  N e t  is the Space F l i g h t  Operations 

F a c i l i t y  a t  JPL Headquarters i n  Pasadena. The overseas s t a t i m s  

and Goldstone me linked t o  the SFOF by a communications 

network, allowing traoking and te lemetry information t o  be 

sen t  there f o r  analysis. 

-more- 
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Tracking data obtained e a r l y  during launch w i l l  be 

computed both a t  Cape Kennedy and a t  t h e  Central  Computin? 

F a c i l i t y  i n  the SFOF so that  accurate  p red ic t ions  can be 

sen t  t o  t h e  DSN s t a t i o n s  giving the l o c a t i o n  of Ranger i n  

the  slcy when i t  appears on the  horizon. 

S c i e n t i f i c  and engineering measurements and t r a c k i n s  

data radioed from a spacecraf t  are received a t  one of t he  

s t a t ions ,  recorded on tape and simultaneously t ransmit ted 

t 3  t h e  SFOF v i a  high speed data l i n e s ,  teletype o r  microwave 

radio.  

tape and entered i n t o  the  SFOFIS computer system f o r  

processing. 

Incoming information i s  again recorded on magnetic 

S c i e n t i s t s  and engineers seated a t  consoles i n  the  SFOF 

have pushbutton control  of the  displayed information they 

require e i t h e r  on TV screens I n  the consoles o r  on prodection 

screens and automatic p l o t t e r s  and p r i n t e r s .  The processed 

information a l s o  is stored i n  the  computer system d i sc  f i l e  

and i s  ava i lab le  on command. 

This major command center ,  designed f o r  24-hour-a-day 

functioning and equipped t o  handle two spacef l igh t  missions 

concurrently, i s  manned by some 250 personnel during a mission 

such as  Ranger. 

-more- 
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I n  the  SFOFIS mission control  area, 

f o r  t he  operat ions d i r e c t o r  i n  charge of 

s t a t i o n s  are set  up 

the mission, t he  

opera t ions  manager responsible  f o r  phys ica l  operat ion of the 

SFOF; t h e  information coordinator and f o r  r ep resen ta t ives  from 

support ing technica l  areas. 

4- 
Three technica l  teams support mission cont ro l  personnel. 

Space Science Analysis i s  responsible f o r  eva lua t ion  of data 

f rom the s c i e n t i f i c  e,xperiments aboard the spacecraf t  and f o r  

generat ion of commands con t ro l l i ng  t h e  experiments. I n  the 

case of Ranger, the s o l e  s c i e n t i f i c  experiment w i l l  be luna r  

sur face  photographs obtained. by s ix  TV cameras. 

F l i g h t  Path Analysis i s  responsible f o r  evaluat ion of 

trackin; data, (2etermination of f l i g h t  path and generakion of  

commands a f f e c t i n g  the t r a j e c t o r y  of t h e  spacecraf t .  Space- 

c r a f t  Peformance and Analysis evaluates  the condi t ion of t h e  

spacecraf t  from engineering data radioed t o  Ear th  and generates  

commands t o  t h e  spacecraf t  a f f ec t ing  i t s  peformance. 

Ranger Team 

The National Aeronautics and Space Administration's pro- 

yarns f o r  unamanned inves t iga t ion  of space a r e  d i r ec t ed  by 

Dr. Honer E. Newell, Associate Administrator f o r  Space Science 

and Applications.  Oran W. Nicks i s  the D i r e c t o r  of the Lunar 
-more- 
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and Planetary Programs Division and Newton W. Cunningham i s  

the  Ranger Propam Manager. 

Vincent L. Johnson i s  the Direc tor  of OSSAls Launch Vehicle 

and Propulslon Programs Divisior; and Joseph B. Mahon i s  Agena 

Program Manager. 

NASA has assigned Ranger p r o j e c t  managment t o  the Jet  Pro- 

pu ls ion  Laboratory, Pasadena, Calif . ,  which i s  operated by 

t h e  Cal i fornia  I n s t i t u t e  of Technology. D r .  W i l l i a m  H. Pickering 

i s  the  D i r e c t o r  of JPL and Ass is tan t  Di rec tor  Robert J. Parks 

heads J P L t s  Lunar and Planetary p ro jec t s .  

H. IV. Schurmeier i s  J P L ' s  Ranger Pro jec t  Manager. 

A. E. Wolfe i s  Spacecraft  Systems Manager and P. J. Rygh i s  

Space F l i g h t  Operations Director .  

D r .  Eberhardt Reclitin i s  J P L ' s  Ass is tan t  Di rec tor  f o r  

Trackins and Data Acquis i t ion and D r .  N. A. Renze t t i  i s  Ranger 

DSN Systems Manager. 

Five l u n a r  s c i e n t i s t s  w i l l  evaluate  Ranger photographs 

of the  Moon t o  determine c h a r a c t e r i s t i c s  of the luna r  topography. 

Pr inc ipa l  i n v e s t i g a t q r  i s  D r .  Gerard. P. Kuiper of t he  Lunar 

and Planetary Labo&fory of the  University of Arizona a t  Tucson. 

-more- 
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D r .  Ha ro ld  Urey of the  University of Cal i fornia  a t  La J3llz;  

D r .  Eugene Shoemaker of t he  United S t a t e s  GeDloSical Siirve;: 

a t  F l a z s t a f f ,  Ariz.; Ewen A. Whitaker of the  Lunar and Planetar;; 

Laboratory of t he  Universi ty  of Arizona; and Raymond L. l i eacxk  

of the  J e t  Propu1si.m Laboratory a r e  co-experimenters. 

NASA's Lewis Research Center, Cleveland, has p roJec t  

management f o r  t h e  Atlas-Agena launch vehicle .  Dr. S. C. 

Himmel i s  Agena Pro jec t  Manager and Ranger Launch Vehicle 

System Manager and George M. Bode i s  Ranger Progect EnCineer. 

The Atlas, desicned and b u i l t  by General Dypanics/Astro- 

naut ics ,  San DieSo, Calif.,  i s  purchased through the Space 

Systems Division of the U.S. A i r  Force Systems Command. r ioc l rc t r  --ne 

Division of North American Aviation, Inc., of Canoya Par!', 

Calif.,  b u i l d s  the  prgpulsion system. Radio cmnancl 1:i.i -ar,c 2 

i s  by Defense Division of General E l e c t r i c  Co. an:; 'rol:n' 

Lvidance cofnputcr by t h e  13urrgiipjm Corp. , Detro i t .  

The Apna  E stazc an.* i t s  mission modifications a rc  

purchased d i r e c t l y  by the  Lewis Center from Locltheed Missil cs  

anci Space Co. , Sunnyvale, Ca l i f . ,  B e l l  Aerosysterxs So . ,  I' ~_C:'?lo, 

N. Y., provides the  propulsion sptern.  

-more- 
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Launchings for the Lewis Center are directed by the 

Goddard Space Flight Center Launch Operations Division at 

Cape Kennedy. Director of the GLO is Robert H. Gray. 

Thirty-seven subcontractors to the Jet Propulsion Laboratory 

provide instruments and hardware for Rangers A, B, C, and D. 

These contracts amounted to $32.5 million. 

Astrodata, Inc, 
Anaheim, Calif. 

Ampex Corp. 
Instrumentation Div. 
Redwood City Calif. 

Airite Products 
Los Angeles 

Time Code Translators, Time Code 
Generators, Ground Conmand Read- 
Write and Verify Equipment 

Tape Recorder for Video 

Midcourse Motor Fuel Tanks 

Beckman Instruments, Inc. Data Monitoring Consoles for 
Systems Division Telemetry Operational Support 
Fullerton, Calif Equipment, Digital Measuring;/ 

Recording for Power Operational 
Support Equipment 

Barry Controls 
Glendale, Calif. 

Bell Aerosystems Co. 
Cleveland , Ohio 
Conax Corp. 
Buffalo,  N. Y. 
Controlled Products 
and Electronics 

Huntington Park, Calif . 

Hi-gain Antenna 

Digital Accelerometer Modules 

Midcourse Propulsion Explosive 
Valves Squibs 

Structural Supports 

Dynamics Instrumentation Co. DC Amplifiers 
Monterey Park, Calif. 

Electro-Mechanical 
Research Inc. 

Sarasota, Fla. 

-more- 

Subcarrier Discriminators for 
Telemetry Operational Support  
Equipment 
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Elec t ro-opt ica l  Systems 
Pasadena, Calif .  

E lec t ronic  Memories, Inc.  
Los Anzeles 

Fargo Rubber Corp. 
Los Angeles 

Hel io t  ek Divis ion 
Textron E lec t ron ic s  Inc. 
Sylmar, C a l i f  , 

Instrument P'iachine Co. 
S o .  E l  Monte, Calif. 

M i &  Division 
General P r e c i s i m ,  Inc.  
P a l o  Alto,  Calif. 

MI iic om D i v i  s i  on 
Minnesota Mining and Manufacturing 
Los Angeles 

Nortronic s 
A Division of Nortlirop Gorp. 
P a l o s  Verdes, C a l i f  , 

Optrical Coating Laboratory, Inc.  
Santa Rosa, Calif. 

Rj-an Aeronautical Co. 
flerospace Div. 
San Diego, Calif. 

Radio Corp, of  America 
Astro Elec t ronic  Division 
Princeton, No J. 

Rantec Corp. 
Calabasas, Calif. 

Resc:el Engiiieerinz Go. 
Pasadena, C a l i f .  

tlotorola, Inc. 
M i l i t a r y  E lec t ron ic s  Div. 
Scot t sda le ,  Ariz. 

-more- 

Power Subsystem 

Magnetic Counter Modules f 3r 
t h e  CC&S 

Midcourse Propulsion Fuel  
Tank B l a d d e r s  

So la r  Cells 

Pin P u l l e r s  

Video Processing Film Converter 

Tape Recorders f o r  Ground Telemetry 
Equipment 

Spacecraf t  Data Encoders, Trans -  
ponder, 'and assoc ia ted  Operational 
Support Equipment 

Spacecraft  CC&S Subsystem, At t i t ude  
Control Subsystem, and a s soc ia t ed  
Operational Support Equipmm t 

So la r  C e l l  Cover S l i p s  

S o l a r  Panels 

Lunar Impact Televis ion Subsystem 
and assoc ia ted  Operational Support 
Equipment 

Di rec t iona l  Couplers, Diplexers, an  
-Ci rcu la tors  f o r  t h e  RC Subsystem 

RF Amplifiers 

Thermo Shield 



e 
b '  
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Skarda Manufacturing 
E l  Monte, Calif. 

Teb Inc.  
E l  Pbnte, C a l i f .  

Texas Instruments, Inc. 
Apparatus Dlv. 
Dallas 

'rransonic Pac i f ic  
Los Angeles 

Weber Metals and Supply Co. 
Paramount, Calif. 

Ace of Space, Inc. 
Pasadena, Calif. 

Brockell  WE. Co. 
Culver C i t y ,  Calif. 

Dunlap and Whitehead Wg. Co. 
Van Nuys, Calif. 

Hodgson MTg. Co. 
La Crescenta, Calif. 

Milbore Co, 
Glendale, Calif. 

X - C e l l  Tool  and. lWg. Co. 
Hawtbrne, Calif'. 

Minneapolis-Honeywell 
Regulator Co. 

Aero S iv i s ion  
M i  nndap 01 i s 

S t r u c t u r a l  Components 

S t r u c t u r a l  Components 

Spacecraf t  Command. Subsystem and 
assocated Operational Support 
Equipment 

Transducers 
Voltage Controlled O s c i l l a t o r s  

Forgings 

Elec t ronic  Chassis 

Elec tronlc Chas s i  s 

Electronfc Chassis 

Elec t ronic  Chassis 

Elec t ronic  Chassis 

Elec t ronic  Chassis 

Gyro sc ope s 

I n  addition t o  these  subcontractors,  t he re  were 1200 

other in ( 'us t r ia1  f ims  who contr ibuted t o  Rangers A-D. 
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