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INTRODUaflION 

Ranger A will be launched on a lunar photographic mission by the National 
• 

Aeronautics and Space Administration with an Atlas-Agena vehicle from Cape Kennedy, 

Florida, no earlier than JanU&1'y 30. 

Television cameras aboard Ranger will photograph the lunar surface 

during the final ten minutes of the flight as the spacecraft approaches on a 

collision course with the moon. The images will be cOllverted to video signals 

find transmitted to tracking stations for recording on magnetic tape a.nd for recon-

version into images on film. 

A successful mission will yield information on the nature of the luna.r 

surface in support of the Apollo manned landing program and the Surveyor unmanned 

• 

soft lander program, and will provide data of scientific value. 

The single experiment carried by the 804-pound spacecraft in its 66 hour 

flight will consist of six television cameras. The cameras, two wide angle and 

four narrow angle, can provide more than 3000 pictures during the ten minutes of 

operation. The spacecraft will crash on the moon's surface at a velocity of 

approximately 6000 miles per hour, terminating the mission. 

The difficulty of the mission and the importance of the information is 

reflected in the authorization, by NASA, of four identical flights, Rangers A, B, 

C, and D to carry out the photographiC assignment. 

Although this is the sixth Ranger mission, the spacecraft will be called 

Ranger A to conform with a recent NASA change in spacecraft designations. If the 

lroJnch is successfUl, the spacecraft will be named Ranger VI. 

The most desirable impact area will be a strip 20 degrees above or below 

the lunar equator on the leading edge of the moon and wi thin 10 to 40 degrees from 
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the shadow line, or tel"minator. An impact outside this area however can provide 

acceptable TV pictures. 

Management and technical direction for the Ranger Project is assigned 

by NASAts Office of Space Science and Application to the California Institute of 

Technology Jet Propulsion Laboratory. This includes responsibility for the space

craft, space flight operations and tracking and communications. 

The launch vehicle will be an Atlas D/Agena B. NASAt s Lewis Research 

Center, with the support of the United States Air Force, is responsible for~pro

viding the launch vehicle. The Field Projects Branch of the Goddard Space Flight 

Center will conduct the launch. 

General Dynamics Astronautics manufactures the Atlas; Lockheed Missiles 

and Space Company, manufactures the Agena. 

Tracking and communication for Ranger is the responsibility of the NASA/JPL 

Deep Space Net with pennanent stations at Goldstone, California; Woomera, Australia; 

and Johannesburg, South Africa. Two mobile stations are located at Cape Kennedy 

and near the Johannesburg station. Data flowing into these stations will be routed 

to JPLts Space Flight Operations Center in Pasadena, California, for reduction and 

analysis. After launch, control of the mission will be exercised fram this Space 

Flight Operation Center at JPL. 
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Previous Ranger Missions 

Earlier Ranger spacecraf't had two assignments. Ranger 1 and 2 were 
- =-

development launches with the mission of proving the space flight concept (launch 

vehicle with parking orbit and attitude stabilized spacecraft), and making deep 

space scientific measurements. Although the launch vehicles did not place the 

spacecraft in the desired orbit, Rangers 1 and 2 were deemed successful tests of 

the spacecraft concept. 

Ranger::; 3, 4 and 5), had the mission of rough landing a capsule on the 

lunar surface to return seismic information, securing medium resolution TV pictures 

of the lunar surface and. other scientific measurements. Ranger 3 was given excessive 

velocity by the launch vehicle and crossed the moon's orbital path too soon. The 

spacecraft, however, achieved earth a.nd sun lock and executed a midcourse maneuver 

a.nd. an attempt was made to obtain a long range photograph of the moon. During 

the terminal maneuver, in an attempt to point the spacecraft's television camera 

at the moon, a malfunction occurred in the Spacecraft Central Computer and Sequencer 

and the maneuver was unsuccessful. 

Ranger 4 failed shortly after injection. The failure was believed to be 

in the Spacecraft's control clock. The launch vehicle, however, performed excellently 

and tracking revealed that Ranger 4 crashed into the hidden portion of the leading 

hemisphere 01" the moon. 

Ranger 5 also failed shortly after injection. The failure was believed 

to be in the switching and logic circuitry of the power system. 
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Ranger Improvement Program 

The Associate Administrator for Space Science and Applications, Dr. Homer 

E. Newell, ordered an exhaustive review of the Ranger system, including spacecraft, 

SFOF, DSIF and launch vehicle after the Ranger V failure. The review by a group 

of NASA experts from Headquarters and several field centers, confirnled the soundness 

of the basic spacecraft concept. Each subsystem, however, was carefully studied 

by JPL and changes were made to improve reliability. These changes included the 

use of screened or high-reliability electronic components, some repackaging and 

circuitry re-design and provision for redunda.ncy in some areas. In addition, 

sterilization requirements for Ranger spacecraft were relaxed as it is believed 

heat sterilization possibly contributed to the failures. The new requirements 

specify clean-room assembly and check-out and use of surface sterilants. 

The original Ranger scheduled for this mission was used as a Life Test 

Vehicle and flew a number of simulated 66-hour lunar missions in an environmental 

chamber. 

Redundancy designed into Ranger A includes back-up devices to initiate 

commands to the spacecraft in event of a failure of the Central Computer and 

Sequencer (CC&S) or failure of the spacecraft to respond to commands radioed from 

Earth. 

A mechanical timer will back-up three crucial commands: Arming of ex-

plosive devices to deploy solar panels; firing of explosives to deploy solar panels; 

initiation of Sun acquisition by the spacecraft. 

A CC&S comma.nd to warm up (low power) the television systems will be 

backed up by a command radioed from Earth. The full power command will be given 

by the television sequencers, which are in tm·n, backed-up by a command from the 
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CC&S. A clock mechanism in the TV payload will be set to initiate warm-up of the 

wide-angle cameras and transmitters 30 minutes before nominal impact time. The 

television clock can be inhibited by a radioed command if this back-up capability 

is not required. 

Redundant clock mechanisms are included in the decoder in the command 

subsystem and in the encoder in the telemetry subsystem. These clocks will 

function in the event the master clock should :fail. The master clock provides 

the basic timing for all spacecraft functions. 

A back-up command capability is provided by radioed command from Earth 

for Earth acquisition. 

Redundancy is also provided by two spacecraft batteries J either of which 

can provide sufficient power :for battery-powered portions of the mission J and two 

attitude control gas jet systems J each capable of completing the mission, and two 

systems for a;I''J'lling and firing of explosive squibs to deploy the solar panels_ and 

actuate the midcourse motor valves • 

• 
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RANGER A DESCRIPTION 

The Ranger A spacecraft was designed and built by the Jet Propulsion 

Laboratory. A number of industrial contractors provided subsystems and components. 

Ranger A continues the design concept used in earlier Rangers and in the 

Ma.riner II Venus fly-by spacecraft, of a basic unit capable of carrying varying 

payloads. This unit, or bus, provides power, communication, attitude control, 

command functions, trajectory correction and a stabilized platform for mounting 

scientific instruments. 

The bus is a hexagon framework constructed of aluminum and magnesium tubing 

and structural menibers. Electronics cases are attached to the six sides and a high

gain, dish-shaped antenna is hinged to the bottom. The midcourse 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. 

Two solar panels are hinged to the base of the hexagon and are fOlded up 

like butterfly wings d'uring launch. The panels provide 24.4. squa.re feet of solar 

cell a.rea and will deliver 200 watts of raw power to the spacecraft. There are 

4,896 solar cells in each panel. 

Two silver zinc batteries will provide power for the bus during launch, prior 

to opening the solar panels, and during the midcollrse and terminal maneuvers when the 

panels do not point towards the Sun. The batteries each have a capacity for nine hours 

of spacecraft operation and provide 26.5 volts each. A single battery is capable of 

providing power for launch, midcourse and terminal maneuvers. 

The TV system will carry two batteries to operate the cameras for one hour 

and to provide a nominal 33 volts. 
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RANGER A DESCRIPTION -7-

• 
Ranger A is five feet in diameter at the base of the hexagon and 8.25 fe~t 

- --

high. With the solar panels extended and the high-gain antenna deployed, the 

spacecraft is 15 feet across a.nd 10.25 feet high. 

The six <!ases girdling the spacecraft house the following: case 1, Central 
, 

Computer and Sequencer and command subsystem; case 2, radio receiver and transmitter; 

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 ma.neuver battery. 

Two antennas are employed on the spacecraft. The low gain, omni-directional 

antenna transmits during the launch sequence and the midcourse maneuver only. It 

functions at all other times throughollt the flight as a receiving antenna for commands 

radioed from Earth. 

A dish-shaped, high gain directional antenna is employed in the cruise and 

terminal modes. The hinged, directional antenna is equipped with a drive mecha.nism 

allowing it to be set at appropriate angles. An Earth sensor is mounted on the 

antenna yoke near the rim of the dish-shaped antenna to keep the antenna pointed a1~ 

Earth. During midcourse maneuver the directional antenna is moved out of the path of 

the rocket exhaust and transmission is switched to the ernni-antenna. 
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Midcourse Motor 

The midcourse rocket motor is a liquid monopropellant engine weighing, 

with fuel and nitrogen pressure gas system, 46 pounds. Hydrazine fuel is held in 

a rubber bladder contained inside a doorknob-shaped container called the pressure 

dome. On the conunand to fire, nitrogen under 300 pounds of pressure per square inch 

is admitted inside the pressure dome and squeezes the rubber bladder containing the 

fuel. 

The hydrazine is thus forced into the combustion chamber, but because it 

is a monopropellant, it needs a sta:X'Ging fluid to initiate combustion and a catalyst 

to maintain combustion. The starGing fluid, nitrogen tetrOXide, is admitted into 

the combustion chamber by means of a pressurized ca1'Gridge. The introduction of the 

nitrogen tetroxide causes ignition, and the burning in the combustion chamber is 

maintained by the catalyst--aluminum oxide pellets stored in the chamber. Burning 

stops when the valves turn off nitrogen pressure and fuel flow. 

At the bottom of the nozzle of the midcourse motor are four jet vanes which 

protrude into the rocket exhaust for attitude control of the spacecraft during the 

midcourse motor burn. The vanes are controlled by an autopilot linked to gyros. 

The midcourse motor can burn in bursts of as little as 50 milliseconds a.nd 

can alter velocity in any direction by as little as four inches per second or as much 

as 190 feet per second. It has a thrust of' 50 pounds for a maximum burn time of 
- -

98.5 seconds. 
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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 transmitters will transmit, during terminal 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. 

During the cruise portion of the flight, before the cameras are switched on, 

the bus transmitter will transmit all the telemetry (engineering data) for the 

spacecraft including the TV system. After terminal maneuver, with the television 

cameras tm-ned on, the TV transmitters will send additional engineering data mixed 

with the signals representing the television images. 

Telemetry will provide llO engineering measurements (temperatures, voltages, 

pressures) on the spacecraft during the cruise portion of the flight. This will 

include 15 data points on the TV system. 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 a.nd a decoder, 

in the command subsystem, which translates incoming commands to the spacecraft from a 

bina:ry form into electrical impulses. Commands radioed to the spacecraft are routed 

to the proper destination by the command subsystem. A Real Time Command from Earth 

actuates the deSignated relay within the command decoder thus executing the command. 

Stored commands are relayed to the CC&S in serial binary form to be held and acted 

upon at a later time. , 

The TV system includes separate encoders to condition the television images 

for transmission in analog form . 
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Stabilization System 

Stabilization and maneuvering of the spacecraft is provided by 12 cold 

gas jets mounted in six locations and fed by two titanium bottles containing a total 
• 

of five pounds of' nitrogen gas pressurized at 3500 psi. The jets are linked by logic 

circuitry to three gyros in the attitude control sUbsystem, to the Earth sensor on 

the directional antenna and to six Sun sensors mounted on the spacecraft frame and 
, 

on the backs of' the two sola.r panels. There are two complete gas jet systema of' • 
SlX 

jets and one bottle each. Either system can handle the mission in the event the 

other system f'ails. 

The f'our primary Sun sensors a.re 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 to these signals by turning the spacecraft 

and pointing the longitudinal or roll axis toward the sun. The spacecraft is turned 

by the cold gas jets fed by the nitrogen gas regulated to 15 pounds per square inch 

pressure. 

Computation and the issuance of commands is the function of' 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 correction 

ma.neuver. The terminal sequence provides required commands as Ra.nger A nears the Moon. 

The CC&S provides the basic timing for the spacecraft sUbsystems. This time-

base will be supplied by a crystal control oscillator in the CC&S operating at 

30,(.2 kilocycles. The control oscillator provides the basic counting rate f'or the 

CC&S to determine issuance of commands at the right time in the three CC&S sequences . 
• 

, 
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Television System 

Although the Moon has been the object of astronomical studies for centllries, 

there has been a great deal of speculation about the texture of its surface, but 

little scientific proof. The best information available comes from observations of 

the Moon through large optical telescopes. Although these instruments provide many 
• 

details about the Moon's surface, their resolution, or ability to detect objects, is 

limited to about half a mile. This means that peering through the thick layer of 

atmosphere around the Ea"t'Lh, astronomers would not be able to detect an aircraft 

carrier on the lunar surface. 

The first pictures, to be taken about 900 miles above the lunar surface, 

will be roughly comparable in resolution to those taken by large telescopes on EaJ'"Lh. 

The last few pictures will be taken a fraction of a second before the Ranger crashes. 

These pictures, which will be telemetered approximately 240,000 mi les back to EaJ'Lh, 

may be able to distinguish objects on the Moon which are the size of a.n automobile. 

Instructions radioed to the spacecraft for the terminal maneuver will be 

computed to reorient the spacecraft to point the cameras downward as Ranger A drops 

towards the .Moon' s surface. The line of sight for the cameras will be down the 

descent path. To achieve this, the spacecraft will descend to the Moon's surface, 

tilted at an angle of 38 degrees relative to the descent path. 

The 375-pound television package, designed and built by RCA's Astro-

Electronics Division, Princeton, New Jersey, is shaped like a truncated cone 59 inches 

high, 27 inches wide at the base, and 16 inches wide on top. It is mounted on the 

hexagonal base of the Ranger spacecraft bus. It is covered by a shroud of polished 

aluminum with a 13-inch opening near the top for the television cameras. The shroud 

is circled by four one-inch-wide fins that are designed to supply proper thermal 

balance by absorbing solar heat during the cruise mode. 
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The television subsystem consists of two wide-angle and f01.1r narrow-angle 

television cameras, camera sequencer, a video combiner, telemetry system, transmitters, 

and power supplies. 

The six cameras, which are located near the top of the television tower, are 

designated F (for fu] l-scan) and P (for partial-scan) cameras. Of the two F cameras, 

one has a 251mn lens with a speed of f Il and field of view of 25 degrees. The other 

camera has a 75mm, f/2 lens with a field of 8.4 degrees. 

Cameras P-l and P-2 have 75mm, f/2 lenses with 2.l degree fields of View, 

while P-3 and p-4 have 25mm, fll lenses with 6.3 degree fields. 

All cameras have high-qua.lity lenses with five elements and metallic focal 

plane or slit-type shutters. This shutter is not cocked as in conventional cameras, 

but moves from one side of the lens to the other each time a pictl1re is taken. The 

shutter speed is l/500 of a second for the P cameras; l/200 of a second for the 

F cameras. 

The entire six-camera assembly weighs 59 pounds. It is mounted so that the 

cameras are pointed at an of 38 degrees from the roll axis of the spacecraft. 

All the cameras have a fixed-focus but will be able to take pictures from 

about 900 miles to about one-half mile from the Moon IS slJrface. 

One reason for having several cameras with different lens apertures is that 

the local lighting conditions on the Moon cannot be accurately determined from EaJ'th. 

The different lenses provide greater exposure latitude. They are set to take pictures 

from 2,600 to 30 foot la.roberts. This corresponds roughly to lighting conditions on 

ER.1~ th from noon to dusk on a winter d~. 

Behind each of the cameras is a vidicon tube one inch in diameter and 
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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 a.n image 

on the face plate of what the lens gathered as the shutter was snapped. This image 

is rapidly scanned by a beam of electrons. The beam is capable of differentiating 

light and dark areas by their electrical resistance--high resistance being a light 

area, low resistance, dark. 

The projected on the face plate of the F cameras is .44 inches square, 

while the P camera vidicon face plates use only .11 inches square. The F camera 

pictUIeS are scanned 1152 times by the electron-beam, but because they occupy a 

smaller area, the P camera are scanned only 300 times. 

The scan lines, each containing information about some part of the picture 

a.re converted into an electrical signal. They a.re sent through the cameras I 

amplifier where they a.re amplified 1,000 times. 

Once a,ruplified, the signal is sent to one of two video combiners in the 

television subsystem. There is one video combiner for the F cameras and one for the 

P cameras. They sequencially comb ine 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 transmitters. One transmitter sends 

pictlJreS to Ea.rth from the F cameras on 959.52 mc and the P pictures are sent on 

Another vital component of the television subsystem is the camera sequencer. 

The camera sequencer sends three types of instructions to the cameras: (1) Snap 

shutter, (2) Read-out vidicon face plate, (3) Erase face plates a.nd prepare u~or next 

picture • 

• 
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The vidicon face plates are erased in the following manner: Special 

lights built around the vidicon tubes are flashed to saturate the face plate. The 

plate is then scanned twice by the electron beam to remove all traces of the previous 

• 
~mage. 

Thus, in the case of the F cameras, the camera sequencer would send 

instructions alternately to each camera at 2.56-second intervals. ~lliile one camera 

, is taking a pict"llre, reading out, and transmitting it, the other will be erasing its 

vidicon face plate. The camera sequencer for the P cameras sends instructions every 

.2 seconds in the following order: P-l, P-3, P-2, and p-4. 

The TV subsystem also includes two batteries, one for each channel. Each 

battery weighs 43 pounds. They are made of 22 sealed silver zinc oxide cells a.nd 

provide about 33 volts. During the 10 m; nutes of operation, the F channel will use 
-=--=-

about 70 watt hOllrs of power, while the P channel will use 80 watt hours. The total 

power capacity is 1,600 watt hours. 
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MISSION DESCRIP1~ON 

The Atlas-Agena launch vehicle will boost Ranger A to an altitude of 

115 miles and an orbital. speed of 17,500 miles an hour to use the parking orbit 

technique pioneered in the first Ranger flights. Orbital speed will be achieved 

by the first burn of Agena after Atlas has separated. 

Some 23 minutes after launch, Ranger's Central Computer and Sequencer 

(CC&S) will give its first command, ordering the Ranger transmitter to full tbree-

watt power. Until this time, the transmitter had been kept at reduced power --

about 1.1 watts. This is required during the time the launch vehicle passeH through 

a critical region between 150,000 a.nd 250,000 feet altitude where high voltage 

devices can arc over. 

Agena and Ranger then coast in the parking orbit over the Atlantic Ocean 

until they reach a pOint where the second firing of the Agena will aim the space-

craf't at the ta.rget in space where the Moon will be apprOximately 66 hours later. 

The second firing will accelerate the spacecraft to about 24,500 miles an hour. 

The CC&S then will give its I'll'S"! r:omma.nd, 23 minutes after launch, ordering 

the Ranger transmitter to full three-watt power. Until this time the transmitter had 

been kept at reduced power -- about 1.1 watts. This is required during the period 

the launch vehicle passes through a criti:!al a.rea between 150,000 and 250,000 feet 

where high voltage devices can a.rc over and damage themselves. 

At the end of the coast period, determined by the time of day and day of 

the month of launch, the Agena engines will fire the second time and inject the 

Ranger on a luna.r trajectory. 

Spring loaded explosive bolts then separate the Ranger from the Agena. 

The Agena will perfoI'Ul a l80-degree turn and a retro maneuver to remove it from 
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the spacecraft trajectory. Propulsion for the retro maneuver is provided by a 

small solid fuel rocket motor. The retro maneuver insures that the Agena will not 

impact the Moon and that it will not be in a position to reflect light that could 

confuse the Rangerfs optical sensors and cause them to mistake the Agena for the 

Earth. , 

Separation from the Agena may cause the Ranger to begin a tumbling motion. 

These residual separation rates continue until cancelled out by the attitude control 

system during Sun acquisition. The yaw, pitch and roll gyros will generate signals 

to fire the cold gas jets to counteract the tumbling motion. 

Separation of the Agena will start the mechanical back-up timer, the TV 
, 

back-up clock, and release the CC&S for issuance of flight commands. During launch 

the CC&S will be partially inhibited to insure that fl tght commands will not be given 

inadvertently. 

Approximately 17 minutes after separation from the Agena, the mechanical 

timer will turn on the payload cruise telemetry and about one hour after launch the 

CC&S will order deployment of the sola,r pa.nels. Explosive pin pullers holding the 

solar panels in their launch position ·then will be detonated to allow the spring-

loaded solar panels to open and assume their cruise position. 

I 
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Acquisition Modes 

With the solar panels deployed, the CC&S will activate the Sun sensor 

system, gas jet system and command the attitude control system to seek the Sun. At 

the same time that the CC&S orders Sun acquisition, it will order the high-gain 

directional antenna extended. The drive motor then will extend the antenna to a 

pre-set hinge angle that was determined before launch and stored in the antenna 

control module. 

In the Sun acquisition mode, the Sun sensors will provide signals to the 

gas jet system that jockeys the spacecraft about until its long axis is pointed at 

the Sun thus aligning the solar panels with the Sun. A back-up command for Sun 

acquisition will also be given by the mechanical timer. Both the Sun sensors and the 

gyros can activate the gas jet valves. 

In order to conserve gas, the attitude control system permits a pointing 

error toward the Sun of one degree, or a half-a-degree limit in each direction. It is 

calculated that the gas jets will fire one-fiftieth of a second each 60 minutes 
, 

to keep the spacecraft's solar panels pointed at the Sun. 

The Sun acquisition process is expected to take about 30 minutes. As soon 

as the solar panels are locked on the Sun, the power system will begin drawing 

electric power from the panels. The batteries will now only supply power in the event 

of a peak demand which the psnels cannot handle a.nd during mid course maneuver and 

te!minal sequence. 

The next event initiated by CC&S is the acquisition of Earth by the 

Earth sensor. This will occur at about three and one-half hours after launch. The 

CC&S will activate the Earth sensor, (turning off the secondary sun sensors at this 

point) and order a roll search. The gas jets will fire to initiate the roll. A 

, 
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.radio command capability is provided to back up the initiation of this event. 
\ 

During Earth acquisition, the spacecraft will maintain its lock on the Sun, 
• 

but with its high-gain directional antenna pOinted at a preset angle, it rolls about, 

its long axis and starts to look for the Earth. It does this by means of the three-
. 
. -

• 

section, photo-multiplier-tube operated Earth sensor mounted on and aligned with the 

high-gain antenna. During the roll, the Earth sensor will see the Earth and inform the 

gas jets. The jets will fire to keep the Earth in view of the sensor and thus lock 

onto the Earth. Earth acquisition requires one-half hour. 

The spacecraft now is stabilized on all three axes. There is some possibility 

that the Earth sensor, during its search for the Earth, may see the Moon and lock onto 

it, but telemetry later will indicate~if this has occurred, and the Deep Space Network 

stations have the ability to send an override command to the attitude control system 

to tell it to look again for the Earth. If this is not sufficient, the stations can 
-._. 

send a hinge override command to change the hinge an~~e and then order another roll 

sea.rch. When the Earth is acquired, the transmitter is switched from the omni-antenna 

to the high-gain antenna by a command from Earth. 

A rise in signal strength will be an indication that Earth acquisition has 

been achieved by the parabolic antenna. 

With Sun and Earth acquisition achieved, Ranger A now is in its cruise mode. 
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Midcourse Maneuver 

The cruise mode will continue until time for the midcourse trajectory cor

rection ma.neuver. After launch, most of the activity on the lunar mission will be 

centered at the DSN stations and at the Space Flight Operations Center at JPL. 

Tracking data collected by the DSN stations will be sent to JPL and fed 

into a large scale computer system. The computer will compare the actual trajectory 

of Ranger A with the course required to yield the desired impact on the Moon. If 

guidance errors before injection have put Ranger A off the optimum trajectory, the 

computer will provide the necessary figures to command the spacecraft to alter its 

trajectory. This involves commands for roll, pitch and motor burn. Roll and pitch 

orient the spacecraft a.nd motor burn controls the velocity increment required to 

alter the flight path and time of flight. 

The first command from Goldstone will give the direction and amount of roll 

required, the second will give the direction and amount of pitch needed, and the 

third will give the velocity change needed. This data is stored in the CC&S until 

Goldstone transmits a "go" command. 

Prior to the "go" connna,nd, Goldstone will have ordered the Ranger A trans

mitter to switch from the dish-shaped directional antenna at the base of the craft, 

to the omni-directional antenna mounted at the peak of the superstruct1Jre. The 

directional antenna will not remain Earth-oriented during the maneuver. 

Commands preprogrammed in the CC&S for 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 

roll turns are initiated. During the maneuver the CC&S will inform the attitude 
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control subsystem of the pitch and roll turns as they occur, for reference against 

the orders from Earth. An accelerometer will provide acceleration rates to the CC&S 

during motor burn to the CC&S. Each pulse from the accelerometer represents a 

velocity increment of 0.03 meters per second. 

The 1'011 maneuver requires a maximum of 9.5 minutes of time, including two 

minutes of settling time, and the pitch ma.neuver requires a maximum of 17 minutes 

including two minutes of settling time. When these are completed, the midcourse 

motor will be turned on and burn for the reqUired time. As the attitude control 

gas jets are not powerful enough to maintain the stability of the spacecraft during 

the propulsion phase of the midcourse maneuver, moveable jet vanes extending into 

the exhaust of the midcourse motor control the attitude of' the spacecraft in this 

period. 

The jet vanes are controlled by an autopilot in the attitude control sub-

system that funetions only during the midcourse maneuver. The autopilot accepts 

information from the gyros to direct the thrust of the motor through the spacecraft's 

center of gravity to stabilize the craft. 

After the midcourse maneuver has put Ranger A on the desired trajectory, 

the spacecraft will again go through the Sun and Earth acquisition modes. 

During midcourse, Ranger A had been transmitting through the omni-antenna. 

When Earth is acquired, the transmitter is switched to the high-gain directional 

antenna. This antenna will be used for the duration of the flight. 

Ranger A is again in the cruise mode. This will continue until time for 

the terminal maneuver. 
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Terminal Sequence 

Approximately 65 hOl~s after launch the Goldstone station will transmit 

radio commands to Ranger A to instruct the spacecraft to perf01111 the terminal 

maneuver. This maneuver will position Ra.nger A in the proper attitude to align thc 
-

six cameras with the descent path of the spacecraft as it drops to the Moon's surface. 

JPL Space Flight Operations personnel will have analyzed the orientation 

of the spacecraft in its cruise mode in relation to the desired orientation for the 

terminal phase and computers will calculate the required angle and dUration of the 

terminal maneuver commands. 

These are encoded and transmitted to the spacecraft and stored in the CC&S. 

A "go" cOlmnand will be sent to Ranger A f'rom the DSN Goldstone station at 

one hour from impact and the CC&S will switch the attitude control system fro~ 

the primary Sun sensors to the gyros and command the first p:i.tch turn. The pitch 

turn is followed by a yaw turn and then a second pitch turn. The spacecraft's GalaI' 

panels are now turned partly away fran the Sun and electrical power is supplied 

by one of' the two spacecraft batteries. 

Completion of the terminal maneuver will require about 34 minutes. The 

spacecraft at this time will be 4160 miles from the Moon travelling at 3550 miles 

an hour. 

At impact minus 15 minutes, the CC&S will send a command to turn on the 

television system to allow it to warm up. A radioed command for this event will be 

sent as a back-up. 

The spacecraft will be 2000 miles from thc Moon and its velocity will 

have increased to 4120 miles an hour due to the increasing effect of lunar gravity. 

At impact minus ten minutes, the camera sequencer turns the television 
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system on to full pmver. This command will be backed up by another from CC&S. 

At this time, when the spacecraft is 900 miles from the Moon, the cameras 

will start taking pictures and returning them to Earth by the two 6o-watt transmitters. 

Television System Operation 

From this point until the Ranger crashes on the Moon's surface the wide-

angle cameras will take one picture every 2.56 seconds or about 117 pictures each. 

Because the spacecraft will be going 5190 mph a picture will be taken by the F 

cameras every 4.4 miles. 

Each of the P cameras will take 714 pictures during the descent phase, 

or one picture every .34 miler:, at intervals of .2 second. 

The first pictures taken by the cameras will show areas of the lUnar 

surface that are 151,000 a.nd 16,800 square mile s for the F cameras and 9,460 and 

1,050 square miles on the P cameras. 

These first pictures should have resolution comparable to those taken 

by Earth-based telescopes. They will be vital, however, in making positive identi-

fication of the general impact area of the spacecraft. As the spacecraft approaches 

the Moon the pictures will decrease in area and increase in resolution. 

The two F cameras are pointed at a.ngles so that their pictures overlap 

slightly. The P cameras also provide additional overlapping pictures within the 

area covered by F cameras. This process, called nesting, will result in a continuous 

sequence of a given area on the lunar surface taken with lenses of different focal 

lengths and apertures. 

The pictures with the best resolution will be taken a few seconds prior 

to lunar impact. In the case of the F cameras a picture taken at impact minus 2.5 

• 
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seconds the 25nDn lens would record an area of 3~ square miJes. The 75mm lens would 

cover about one-half a square mile. At this time, Ranger would be four miles from 

impact. 

The P camera could take the last complete picture at .2 second before 

impact when the spacecraft is about 1750 feet from the Moon. The P cameras' 25~~ 

lenses would provide a picture 37,760 square feet and the 75mm lenses would cover 

area of 4,200 square feet. 

It is impossible, however, to tell beforeha.nd which camera will take the 

last picture • Because of this fact, plus the unknown lighting conditions, and the 
• 

possibility that the angle of impact might not be vertical, the resolving power 

of the cameras cannot be exactly predicted. 

The pictures transmitted to Earth will be received by two 85-foot-diameter 

parabolic antennas at the DSN Go:Ldstone Tracking Station. The stations have special 

equipment to record the pictures on 35mm film and also on magnetic tape. 

For the last ten minutes of the mission, there will be about 16 feet of 

film for the pictures from the F cameras and about 50 feet of film from the P cameras. 
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Ranger A Trajectory 

To launch a Ranger spacecraft on a trajectory from earth thnt will put 
• 

the craft on an acceptable course to the moon requires threadine; the vehicle 

through a 10 mile diameter target 120 statute miles above the earth 1 s surface '" 
• 

at a velocity within 16 mph of 24,500 miles per hour. If these accuracies are 

achieved, then a midcourse maneuver is capable of adjusting the trajectory to 

yield an impact on the moon in the desired area. 

This circular target (injection point) remains relatively fixed in space 

each day of the firine; period. The Cape Kennedy launch site, however, is contlnually 

movine; eastward as the earth rotates. Therefore, the firing angle (azimuth ane;le) 
, , 

from the launch site, and the length of time spent in a parking orbit, must change 
~ 

minute by minute to compensate for the earth 1 s rotation. Actually, the trajectory 

engineer computes a series of lunar trajectories for each day of a launch pericrd. 

Ranger A will be launched by an Atlas D booster and an Agena B second stage 

combination. The Atlas will rise vertically and pitch over to an azimuth angl~ 

determined by the launch time. The ground guidance system sends commands by rauio 

,{hich cut off and jettison the Atlas 1 two booster engines, and shortly afterwards 

cut off its sustainer engine. After a vernier adjustment of velocity, the Atlas 

and Agena separate. 

The Agena engine then fires until orbital speed of approximately 17,lf50 mph 

is reached. The engine cuts-off and the Agena and the Ranger coast over the Atlantic 
, --, 

in a parking orbit at an altitude of 115 statute miles. The Agena engine re-ignites 

at the predetermined end of this coast period and burns until the injection velocity 

of 24,500 mph is reached. Shortly after cut-off the Agena separates from the Ranger. 
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The velocity of the Raneer is now too great to maintain a tieht earth orbit 

and the spacecraft moves aivay from the earth on a highly elliptical (flattened circle) 

earth orbit that will intercept the moon. If the moon .Tere not there the :::pacecraft 

1{Quld continue in an orbit about the earth that ',Tould extend out about tvice the 

distance to the moon. 

In calculating a trajectory for a moon flight the trajectory engineer 

must include the influence on the path of the spacecraft of the gravitation pull 

of the Earth, Moon, Sun, Venus, Mars and the giant planet Jupiter. At the same time 

he must satisfy numerous constraints imposed by mechanical limitations of the 

spacecraft, a moving launch site, photographic requirements and tracking and 

communication considerations. 

For example, Ranger A can only be launched durine a portion of the moon's 

third quarter. For photoeraphic purposes the Ranger must impact the moon almost 
·~~o 

vertically on the sunlit side visible from Earth and within 10 to 40 deerees of the 

terminator or shadovT line. The vertical impact will give nesting of the photographs 

for continuity and the lighting angles will provide good shadow detail in the 

pictures. 

The ne,,, moon and full moon phases are not acceptable because of attitude 
o~ 

control requirements for the spacecraft. The spacecraft locks onto the sun and earth 

for orientation and in these periods the orientation is insufficiently accurate to 

provide adequate midcourse or terminal maneuvers. 

In the first quarter of the moon the sunlit side is the trailing half and 

a near vert ical impa ct cannot be achieved in the slmli t region. 

This leaves the third quarter as the only acceptable lunar phase for 

launching. 
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A vertical impact which satisfies the lighting requirements and results in 

the most desirable nesting can only be achieved on two days in the third quarter. In 

order to provide a longer firing period, the trajectory engineer may use near-vertical 

impacts, not more than 20 degrees off vertical. This type of impact trajectory, 

called biased trajectories, can add 5 or 6 days to the launch period in the third 

quarter and satisfy photographic requirements. These biased trajectories cause a 

slight, but acceptable, penalty in the nesting characteristics of the photographs. 

Knowing the days of the month in which he can launch, the trajectory 

engineer must now determine which portion of each day is acceptable. The answer 

is that only a few hOllrs of each day are useable. The fact that his launch site is 

moving eastward and his launch angles are limited, means he can only fire at 

certain times and reach the circular injection area above the surface of the earth. 

Other constraints imposed include the requirement that the moon be visible 
• 

to the Goldstone tracking station in the Mojave Desert at impact. The transit time 

to the moon, controlled by the injection velocity, must confoI'm to this requirement. 

The injection velocity changes, from day to day, from 24,520 mph to 24,540 mph as 

the moon's distance and declination relative to earth changes. 

Further, the trajectory selected must not place the spacecraft in the earth's 

shadow beyond specified amounts of time. Too much time in the earth's shadow would 

chill spacecraft components and then subject them to too rapid heating when the 

spacecraft emerged into the glare of the sun. 

Assume that a set of trajectories for the launch period have now been 

computed that sat isfy all the myriad constraint s that are imposed. The launch 

vehicle may then impose errors in the flight trajectories due to inherent limitations 
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in the r;uidance system. Guidance errors, within design limits, can be corrected 

by the small rocket engine carried by Ranger A. This midcourse correction occurs 

at about 16 hourG after launch. Prior trackinr; of the spacecraft will have revealed 

if any corrections are required. 

Additional trackinc; of the spacecraft after the midcourse maneuver will 
'--

verify and/or determine the final portion of the trajectory and the resultjn~ oi.mpacL 

location. This will allo,{ accurate calculation of the terminal maneuver (chani.) nc; 
- -

of attitude of spacecraft to yield desired pointing direction of camera) to he 
"- - . 

performed prior to impact. 

The spacecrart "\orill be accelerated as it nears the moon by the lunar 

c;ravitational pull. This ,Till slic;htly alter the trajectory from the original 

ellipt ical path about the earth and yield a Ilmar impact. The spacecraft ,.,,-ill 

impact the moon at nearly 6,000 miles per hour. 

The location or the impact can only be predetermined I-lithin a circle 
-- ~~-

approximately 24 miles in diameter. This circle is derined by the effects of 

the uncertainties of: location of the moon in respect to earth, evaluation 
• 

of tracking data, inrluence of sun, moon and planets on the trajectory, location 
- ---

of tracking stations, preCise shape of earth and moon and other factors. Analysis 

of tracking data after the flight will considerably reduce this uncertainty of 

the impact location • 

• 
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DEE!P SPACE NEI' 

The Deep Space Net (DSN) consists of three permanent space 

communication stations located approximately 120 degrees apart around the 

earth, a mobile station which ca.n be located to suit the purpose of a pa.rticular 

mission, and a launch tracking station at Cape Kennedy. The three permanent 

stations are Goldstone, California; Woomera, Australia; and near Johannesburg, 

South Africa. 

The DSN is under the technical direction of the California Institute of 

Technology Jet Propulsion Laboratory for the National Aeronautics and Space 

Administration. 

The mission of the DSN is to track, receiVe telemetry from and send 

commands to lunar and planetary spacecraft from the time they are injected into 

orbits until they complete their missions. 

Since they are located approximately 120 degrees apart around the earth, 

the three stations ca.n provide 360-degrees coverage around the earth so that one of 

the three always will be able to communicate with a distant spacecraft. 

In the case of Ranger, the mobile station is located at a position approxi-

mately one mile east of the DSN station near Johannesburg • 
• 

The mobile station will be used in that location because it has the 

advantage of havinr; a lO-foot-in-diameter dish with a seven degree beam width --

nine times as wide as the 85-foot-in-diameter dish -- and it can track at a rate of 

20 degrees per second, better than 20 times as fast as the big dishes. Since its antenna 
I 

is not so large as the big dishes, it cannot match the big dishes in communication range 

and consequently will be used only in the initial part of the flight. 

Based on nominal perfol"mance and a nominal trajectory, the initial Ranger A 
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acquisit,ion and loss times for the DSN uLatlons nrc: 

Mobile Station, South Africa -- Acquires 25 minutes after launch, and 

tracks for 3 hours. 

Johannesburg u Acquires 30 minutes after launch and tracks for 14 hours. 

Woomera -- Acquires 60 minutes after launch and tracks for about 4 hours. 

Goldstone u Acquires 12 hours after launch and tracks for 11 hours. Near 

the end of the mission Goldstone will reacquire approxima.tely 61 hours 

after launch a.nd track Ranger A until about 66 hours when it impacts on 

the moon. 

The midcourse and terminal maneuver connllands will be sent by Goldstone. 

The video signals will be recorded at Goldstone. 

All of the deep space stations of the DSN are equipped with 85-foot-in-

diameter antennas and receiving, data handling, and interstation communication equipment. 

In addition, all three stations have command capability. At the Goldstone station 

redundant video recording capability is provided by the use of a second 85 ft. 

ant,enna and receiving a.nd recording equipment. 

The Australian Station is 15 miles from Woomera Village in South Australia. 

It consists of an 85-foot-in-diameter receiving antenna a.nd supporting equipment 

and buildings. The Woomera station is operated by the Australian Depa,rtment of 

Sup~ly, Weapons Research Establishment. Dr. Frank Wood represents the WRE. JPL's 

resident engineer is Richard Fahnestock. 

The South African station, like the Woomera station, consists of an 85-foot-
, 

in-diameter receiving antenna and supporting equipment and buildings and is located 
-~ 

in a bowl-shaped valley approximately 40 miles northwest of Johannesburg. The South 

African station is operated by the South African government through the National 

Institute for Telecommunications Research. NITR ie a division of the Council for 

Scientific and Industrial Rescarch. 
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The r.wo overseas st.ations and Go]dston~ are linked by a communicati ons 

network which allows tra~kiniJ; an,i telemetry information to be sent to the JPL 

Space Flight Operations Center in Pasadena for processing by JPL's IBM 70,)4 

compuV·rs. 
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RANGER A LAUNCH VEHICLE 

The Atlas-Ae;ena-B--NASA's launch vehicle for Ranger A--is a combination 

of two vehicles. 

The Atlas D is the booster and the AGena-B is the second stage. 

Built by General Dynamics/Astronautics, Atlas is purchased for NASA 

thr~ugh the Space Systems Division of the U.S. Air Force Systems Command. The 

Agena B vehicle a.nd its mission modification is purchased directly from the Lockheed 

r.lissiles and Space Company by NASA's Lewis Research Center. 

All engines of the Atlas booster, sustainer and vernier, a.re burning at 

liftoff. The booster is programmed to burn about 2 1/4 minutes, the sustainer about 

4 1/2 minutes and the verniers about five minutes. At Atlas burnout, the vehicle 

should be at an altitude of about 92 statute miles. 

When vernier cutoff occurs, the entire vehicle goes into a coast of about 

half a minute. First the shroud protecting Ranger A durine its exit through the 

Ea.rLh I S atmosphere is separated by a series of springs. Next small eXJ?losive~ cha.rges 
~--

release the Agena car~Jing the spacecraft from the Atlas. Retrorockets on the 

booster fire, slowing its upwa.rd flie;ht and allowing the Agena to separate. Then 

the Agena pneumatic control system begins a pitch maneuver to orient the vehicle 

into a horizontal attitude. This pitch maneuver is progrannned to be completed 

before the timer Signals ignition of the Agena engine. 

At engine starL, the hydraulic control system takes over, keeping the 

vehicle horizontal during the approximately 2 1/2 minutes the engine is operating. 

The infrared horizon-sensing device sends minute corrections to the control system. 

At Agena engine cutoff, the vehicle and its Ranger payload will be in a 

near circuJar orbit at an altitude of about 115 miles with a velocity of 1'(,500 miles 

a.n hour. 
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The Agena then coasts in this orbit for approximately 15 to 30 minutes, 

depending on the day and hOllr of launch. The pneumatic control system again takes 

over, maintaining the vehicle in the proper attitude with respect to the EaJ'Lh. 

At the proper instant, the timer again signals the Agena engine to begin operation. 

This second burn is programmed for apprOXimately 1 1/2 minutes. 

About 2 1/2 minutes after the final engine shutdown, Ranger is separated 

from the Agena by springs. This occurs about 25 to 40 minutes after liftoff, 

depending on the day and hour of launch. 

At separation from the Agena, the Ranger spacecraft should be traveling 

about 23,800 miles per hour. This velocity will place it in a trajectory that 

will carry it to the moon. 

Agena-E Second Stage 

The Agena-B stage of the launch vehicle has been used on many NASA and 

Air Force launches. 

The Agena-B vehicle has integral, load-carrying propellant tanks and is 

powered by a Bell Aerospace turbopump-fed engine. It burns unsYlmlletrical 

dimethylhydrazine (UDMH) as fuel and inhibited red fuming nitric acid (IRFNA) as 

the oxidizer. 

The rocket I s guidance system is capable of establishing attitude rei'erences 

and aligning the vehicle with them dl1ring the coast and engine operation phases. It 

also initiates progra.lmued signals for the starting, stopping and maintaining of 

various equipment during flight. 

Here is a description of the Agena-B: 

Propulsion -- Single rocket engine using liquid propellants--inhibited red 
. 

. . 

fuming nitric acid and unsyrmnetrical dimethylbydrazine. 

Thrust -- 16,000 pounds at altitude 
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Size -- Approximately 22 feet long, including spacecraft adapter. 

Control Systems -- Pneumatic, using high-pressure gas metered through 

external jets for use during coast phases. Hydraulic, through gimballing rocket 

engine for pitch and yaw control during powered portions of flight. Both fed by 

programmer initiated by airborne timers. Corrections provided by airborne guidance 

system. 

9-ujdance -- The guidance system, which is made up of timing devices, an 

inertial reference system, a velocity meter and an infrared horizon-sensing deVice, 

is entirely self-contained. 

Atlas D Booster Stage 

Propulsion -- Three rocket engines--two boosters, one sustainer using . 

liquid oxygen and kerosene propellants. 

Speed -- Approximately 12,600 statute miles per hour for the Ranger 

missions. 

Thrust -- Total nominal thrust at sea level more tban 360,000 pounds. 

Size -- Approximately 78 feet high, including adapter for Agena; 16 feet , 

wide across flared engine nacelles. Ten feet wide across tank section. 

- -- Approximately 260,000 pounds at launch, fully loaded with 

propellants. 

Guidance -- Radio conunand guidance equipment is furnished by General , 

Electric. Airborne elements transmit information from which the velocity and 

position of the vehicle can be computed by the Burroughs Corqputer. 

--->-- .• - •.• 



• 

• 
-34-

RANGER A TH:AM 

The National Aeronautics and Space Administration's programs for unmanned 

investigation of space are directed by the Associate Administrator for Space Science 

and Applications, Dr. Homer E. Newell. The Director of the Lunar and Planetary 

Programs Division is Oran W. Nicks and the Ranger Program Manager is 

Newton W. Cunningbam. 

OSSAS Launch Vehicle and Propulsion Programs Division is directed by 

Dr. Richa1"1i B. Morrison and Agena Program Manager is Joseph B. Mahon. 

NASA has assigned Ranger project management to the Jet Propulsion 

Laboratory, Pasadena, California, which is operated by the California Institute 

of Technology. Ass istant Director Robert J. Parks heads JPL' s Lunar and Planetary 

projects. 

JPL's Banger Project Manager is H. M. Schu:t1neier. Spacecraft Systems 

Manager is A. E. Wolfe, Space Flight Operations Director is P. J. Rygh, and 

Spacecraft Test Director is Max E. Goble. 

Five lunar scientists will evaluate Ranger A photographs of the Moon 

to determine characteristics of the lunar topography. Principal investigator is 

Dr. Gerard P. KUiper of the Lunar and Planetary Laboratory at the University of 

Arizona at Tucson. Co-experimenters are Dr. Harold Urey of the University of 

California at La Jolla; Dr. Eugene Shoemaker of the United States Geological 
• 

SUl'vey at Flagstaff, Arizona; Ewen A. Whitaker of·· the Lunar and Planetary 

Laboratory of the University of Arizona; and Raymond L. Heacock of the Jet 

Propulsion Laboratory. 

Tracking and communication with Ranger is the responsibility of the 

NASA/JPL Deep Space Network. JPL's Assistant Director for Tracking and Data 

Acquisition is Dr. Eberhardt Rechtin and DSN Operations Manager is R. K. Mallis. 
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The Goldstone DSN station is operated for JPL by the Bendix Radio 

Corporation. JPL's engineer in charge is Walter Larkin. 

The Woomera, Australia, station is operated by the Weapons Research 

Establishment. of the Australian Depa-,'Lment of Supply represented by Dr. Frank Wood. 

JPL resident engineer is Richard Fahnestock. 

The JohannesblJrg, South Africa, station is operated by The National 

Institute for Teleconnnunications Research, directed by Dr. Frank Hewitt. JPL 

resident engineer is Paul Jones. 

JPL's Orbit Determination Group is led by Donald W. Trask. Responsible 

for pre-flight trajectory calculations and in-flight orbital determinations are: 

W. E. Kirhofer, Trajectory Engineer; D. W. Curkendall, Maneuver Operation Head; and 

W. L. Sjogren, Orbit Determination Head. 

NASA's Lewis Research Center, Cleveland, Ohio, has project management for 

the Atlas-Agena launch vehicle. Agena Project Manager is Dr. S. C. Himmel. 

The Atlas, designed and built by General cs/Astronautics, San Diego, 

California, is purchased through the Space Systems Division of the U.S. Air Force 

Systems Corrnnand. Rocketdyne Division of North American AViation, Inc., of Canoga 

Park, California, builds the propulsion system. Radio command guidance is by Defense 

Division of General Electric Company and ground guidance computer by the Bl 1rroughs 

Corporation. 

The Agena B stage and its mission modifications are purchased directly by 

the Lewis Center from Lockheed Missiles and Space Company, Sunnyvale, California. 

Bell Aerosystems Company, Buffalo, New York, provides the propulsion system. 

Launchings for the Lewis Center are directed by the Goddard Space Flight 

Center's Field Projects Branch at Cape Kennedy. Director of the FPB is Robert H. Gray. 

r'- .• "....... ·7 Thirty-seven subcontractors to the Jet Propulsion Laboratory provide instru-

ments and hardware for the Block Three Rangers A, B, C, and D. These contracts 

amounted to $32.5 million. 
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SUBCONTRACTORS 

Astrodata, Inc. 
Anaheim, Calif. 

Ampex Corp_ 
Instrumentation Div. 

Redwood City, Calif. 

Airite Products 
Los Angeles 

Beckman Instruments, Inc. 
Systems Division 
Fullerton, Calif. 

Barry Controls 
Glendale, Calif. 

Bell Aero Systems Co. 
Cleveland, Ohio 

Conax Corp. 
Buffalo, New York 

Controlled Products 
and Electronics 
Huntington Park, Calif. 

Dynamics Instrumentation Co. 
Monterey Park, Calif. 

Electro-Mecha.nical 
Research Inc. 

Sarasota, Florida 

Electro-Optical Systems 
Pasadena, Calif. 

Electronic Memories, Inc. 
Los Angeles, Calif. 

Fargo Rubber Corp. 
Los Angeles, Calif • 
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Time Code Translators, Time Code Generators, 
Ground Command Read-Write and Verify Equipment 

Tape Recorder for Video 

Midcourse Motor Fuel Tanks 

Data Monitoring Consoles for Telemetry 
Operational Support Equipment, Digital 
Measuring/Recording for Power 
Operational Support Equipment 

Hi-gain Antenna 

Digital Accelerometer Modules 

Midcourse Propulsion Explosive Valves 
Squibs 

Structural Supports 

DC Amplifiers 

Subcarrier Discriminators for Telemetry 
Operational Support Equipment 

Power Subsystem 

Magnetic Counter Modules for the CC&S 

Midcourse Propulsion Fuel Tank Bladders 



Heliotek Division 
Textron Electronics Inc. 

Sylmar, Calif. 

Instrument f.1achine Co. 
So. El Ivlonte, Calif. 

Linl\. Division 
General Precision, Inc. 

Palo .Alto, Calif. 

Mincom Division 
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Hinnesota Hining and Manufacturinc; 
Los Angeles, Calif. 

I-iotorola, Inc. 
Military Electronics Div. 

scottsdale, Arizona 

Nortronics 
A Division oi' Northrop Corp. 

Palos Verdes, Calif. 

Optical Coating Laboratory, Inc. 
Santa Roaa, Calii'. 

Ryan Aeronautical Co. 
Aerospace Di v • 
San Diego, Calif. 

Radio Corporation of America 
Astro Electronic Division 

Princeton, Ne"r Jersey 

Ran te c Corp. 
Calabasas, Calif. 

Resdel Engineering Co. 
Pasadena, Calii'. 

G.T. Schjeldabl Co. 
Northfield, ginn. 

SJ:..arda Manufacturing 
El Monte, Calif. 

Teb Inc. 
El Honte, Calif. 

Texas Instruments, Inc. 
Apparatus Div. 

Dallas, Texa.s 

Transonic Pacific 
Los Angeles, Calif. 

Solar Cells 

Pin Pullers 

Video Processing Film Converter 

Tape Recorders for Ground Telemetry 
Equipment 

Spacecraft Data Encoders, Transponder, 
and associated Operational Support 
Equipment 

Spacecraft CC&S Subsystem, Attitude 
Control Subsystem, and associated 
Operational Support Equipment 

Solar Cell Cover Slips 

Solar Panels 

Lunar Impact Television Subsystem 
and associated Operational Support 
Eqllipment 

Directional Couplers, Diplexers, and 
Circulators for the RF Subsystem 

RF Amplifiers 

Thermo Shield 

Structural Components 

Structural Components 

Spacecraft Command Subsystem and 
associated Operational Support Equipment 

Transducers 
Voltage Controlled Oscillators 
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'Heber Metals vnd Supply Co. 
Paramount, Calif. 

Ace of Space, Inc. 
Pasadena, Calif. 

Brocl~ell Hfg. Co. 
Culver City, Calif. 

Dunlap and 'Vlhi tehead Mf'g. Co. 
. Van Huys, Calif. 

Hodgson Mfg. Co. 
La Crescenta 

I,Iilbore Co. 
Glend,a) e, Calif. 

X-Cell Tool and Itfg. Co. 
Hai.rthorne, Calif. 

Minneapolis-HoneYVTell 
Regulator Co. 

Aero Division 
Minneapolis, I,linn. 

-38-

Forgings 

Electronic Chassis 

Electronic Chassis 

Electronic Chassis 

Electronic Chassis 

Electronic Chassis 

Electronic Chassis 

Gyroscopes 

In addition to these subcontractors, there were 1200 industrial fjrms 

who contributed to Rangers A-D. 

, 
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RANGER A FACT SH @'l' 

LAUNCH VEHICLE. • • • • • • • • • • • • • • • • • • • Atlas-Agena B 

DIMH:NSIONS LAUNCH VH:HICLE 

Total height, with Ranger spacecraft, plus shroud •• 100 feet plus 

Atlas • • • • • • • • • • • • • • • • • • • • • • • 66 feet 

Agena B • • • • • • • • • • • • • • • • • • • • • • 

Ranger with shroud • • • • • • • • • • • • • • • • 

DIMH:NSIONS RANGER 

In launch position, folded 

Diameter • • • • • • • • • • • • • • • • • • • • • 

Height • • • • • • • • • • • • • • • • • • • • • • 

In cruise position, panels unfolded I 

Span. • • • • • • • • • • • • • • • • • • • • • • 

Height • • • • • • • • • • • • • • • • • • • • • • 

WEIGHT RANGER 

Structure •• • • • • • • • • • • • • • • • • • • • 

Solar Panels • • • • • • • • • • • • • • • • • • • 

22 feet 

12 feet 

• 5 feet 

• 8.25 feet 

• 15 feet 

• 10.25 feet 

90 .37 pounds 

47.82 pounds 

Electronics. • • • • • • • • • • • • • • • • • • • 154.36 pounds 

Propulsion • • • • • • • • • • • • • • • • • • • • 45.74 pounds 

Launch-Backup Battery • • • • • • • • • • • • • • • 51.75 pounds 

Miscellaneous Equipment • • • • • • • • • • • • • • 37.89 pounds 

t 

Ranger Bus Total • • • • • • • • • • • • • • • • • • • • • •••• 427.93 pounds 
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Ranger A Fact Sheet 

TV Subsystem 

Cameras • • • • • • • 

-40-

• • • • • • • • • • • • 

Camera Electronics 

· • 37.95 pounds 

. 48.68 pounds • • • • • • • • • • • • • • 

Video Combiner •• • • • • • • • • • • • • • • • • 3.17 pounds 

Sequencer • • • • • • • • • • • • • • • • • • 

Batteries • • • • • • • • • • • • • • • • • • 

Transmitters and Associated Equipment • • • • 

Structure and Miscellaneous • • • • • • • • • 

13 .92 pounds 

86.24 pounds 

• . 70.24 pounds 

• • 

• • 

· .115.74 pounds 

TV Subsystem Total • • • • • • • • • • • • • • • • • • • • 375.94 pounds 

GROSS WEIGHT . • • • • • • • • • • • • • • • • • • • • • • • • 803.87 pounds 
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