
p 
R 
E 
5 
5 

RELEASE NO: 

Nl\ TIONAL 1\ERCJNI\UTICS AND SPACE ADMINISTRATION W() '/-41 �<; 
W 1\SHINGTON, DC '20'>46 TELS. WO ·HJ9'/'i 

66-248 

FOR RELEASE: WEDNESDAY A.M. 

PROJECT: 

CONTENTS 

September 14, 1966 

SURVEYOR B 

(To be launched no earlier 
than Sept. 20, 1966) 

GENERAL RELEASE----------------------------------------1-4 
SURVEYOR BACKGROUND------------------------------------5 
SURVEYOR B SPACECRAFT----------------------------------6 

Frame, Mechanisms and Thermal Control---------------6-8 
Power Subsystem-------------------------------------8-9 
Telecommunications----------------------------------10-11 
Propulsion------------------------------------------ll-12 
Flight Control Subsystem----------------------------12-14 
Television------------------------------------------14 
Engineering Instrumentation-------------------------15 

ATLAS-CENTAUR (AC-7) LAUNCH VEHICLE--------------------16-17 
LAUNCH VEHICLE FACT SHEET------------------------------17 
ATLAS-CENTAUR FLIGHT SEQUENCE---------------------�----18 
TRACKING AND COMMUNICATION-----------------------------19-20 
TRAJECTORY---------------------------------------------21-23 

K SURVEYOR B/ATLAS-CEN�UR FLIGHT PLAN-------------------24 
Atlas Phase-----------------------------------------24 
Centaur Phase---------------------------------------25 
Initial Surveyor Phase------------------------------25-26 
Canopus Acquisition---------------------------------27 
Midcourse Maneuver----------------------------------27-28 

I Terminal Sequence-----------------------------------28-29 
Post-Landing Events---------------------------------29-30 

ATLAS-CENTAUR AND SURVEYOR TEAMS-----------------------31-33 
MAJOR SUBCONTRACTORS-----------------------------------34-38 r r 

T i 
N6�� •. ��-� 5 

:: 
lHASA C:R OR TMX OR AD NUMBER! 

ITHRUJ 

I 
:CcoDEJ 

3/ 9/9/66 

.. 



• • 
, 

• 

. -� 

NrWS 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

WASHINGTON,D.C. 205-46 

W02-4155 
TELS • 

WO 3-6925 

RELEASE NO: 66-248 

FOR RELEASE: WEDNESDAY A.M. 

2ND SURVEYOR 

LAUNCH SET 

SEPTEMBER 20 

September 14, 1966 

The United States will continue its program of scouting 

potential astronaut landing sites on the Moon with the launch 

of a sister spacecraft to the highly successf ul Surveyor I dur­

ing a four-day period beginning Sept. 20. 

This will be the second of seven Surveyor missions intended 

to d evelop the technology of sof t-landing on the Moon and to 

provide scientific and engineering data to support the Apollo 

manned landing program. 

Two National Aeronautics and Space Administration space-

craft have begun the manned land ing site survey of the Moon: 

-- Surveyor I soft-landed on June 1 and returned more than 

11, 000 high resolution television pictures of its landing area 

centered at 2.5 degrees South latitude and 43 degrees West 

longitud e. 

Lunar Orbiter I photographed nine potential manned 

landing sites across the equator f rom Aug. 18 to Aug. 29. These 

photographs are currently being analyzed. 

-more- 9/9/66 
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This second Surveyor ( designated Surveyor B) will be a�ed 

to land in Sinus Medii, a maria at the center of the visible 

face of the Moon. This area was the fifth selected site photo­

graphed by Lunar Orbiter I. 

Surveyor B will be launched by an Atlas-Centaur rocket from 

Complex 36 at cape Kennedy, Fla. The spacecraft will be injected 

directly into a lunar trajectory for a 63-hour trip to the Moon. 

At the Moon, Surveyor must accomplish the critical terminal 

descent and soft landing. For this purpose it is equipped with 

a solid propellant retrorocket and three throttleable liquid fuel 

vernier engines; a flight programmer, autopilot and anolog com­

puter; and radars to determine altitude and rate of descent. 

The main braking force is provided by the retrorocket. After 

it is jettisoned, data from the radars are processed by the on­

board computer to throttle the verniers automatically so that 

Surveyor touches down softly on the lunar surface. 

Surveyor B will face an additional factor not experienced 

by Surveyor I in its terminal descent and landing. The Surveyor 

I landing site was chosen for a nearly vertical descent -- ap­

proaching at an angle only six degrees off the perpendicular. 

However, Surveyor B will approach the Moon an an angle of 

23 degrees from the vertical. Successful accomplishment of such 

a soft landing will demonstrate the ability of the spacecraft to 

soft-land in the eastern quadrant of the Moon. 

�ore-
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Surveyor B will be equipped identically to Surveyor I, 

carrying a survey television camera and engineering instrumen­

tation. It will also obtain data on the radar reflectivity, 

mechanical properties, and thermal conditions of the lunar 

surface. 

At launch, Surveyor B will weigh 2, 204 pounds. The retro­

motor, which will be jettisoned after burnout, weighs 1, 3 95 

pounds. After expenditure of liquid propellants and use of 

attitude control gas, the landed weight of Surveyor on the 

Moon Will be about 620 pounds. 

On the first possible launch date, Tuesday Sept. 20, the 

window will open as early as 6 : 51 a. m. EDT and close at 8 :33 a. m. 

This would make its arrival at the Moon about 9: 30 p. m. EDT, 

Thursday Sept. 22. 

The Surveyor program is directed by NASA's Office of 

Space Science and Applications. Project management is assigned 

to NASA's Jet Propulsion Laboratory operated by the Galifornia 

Institute of Technology, Pasadena. Hughes Aircraft Co. , under 

contract to JPL, designed and built the Surveyor spacecraft. 

NASA's Lewis Research Center, Cleveland, is responsible for the 

Atlas first stage booster and for the second stage Centaur, both 

developed by General Dynamics/Convair, San Diego, Cal. Launch 

operations are directed by Kennedy Space Center, Fla. 

-more-
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Tracking and communication with the Surveyor is the re­

sponsibility of the NASA/JPL Deep Space Network ( DSN) . The 

stations assigned to the Surveyor program are Pioneer, at Gold­

stone in California's Mojave Dese rt; Johannesburg, South Africa; 

Ascension Island in the South Atlantic; and Tidbinbilla near 

Canberra, Australia. Data from the stations will be trans­

mitted to JPL's Space Flight Operations Facility in Pasadena, 

the command center for the mission. 

( END OF GENERAL RELEASE; BACKGROUND INFORMATION FOLLOWS) 
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SURVEYOR BACKGROUND 

Surveyor I accomplished the first fully-controlled soft 
landing on the Moon on June 1, 1966, after a 63-hour, 36-minute 
flight from Gape Kennedy. 

In the six weeks that followed, the spacecraft's survey 
television camera took more than 11,000 high-resolution pictures 
of the lunar surface and transmitted them to Earth tracking sta­
tions. Resolution in some of the closeups was one-half milli­
meter, or about one-fiftieth of an inch. 

From the pictures were derived representative colors of 
the Moon's surface, an accurate view of the terrain up to one 
and one-half miles surrounding the Surveyor, the effect of land­
ing a spacecraft upon the lunar surface and pictorial evidence 
of the minor lunar environmental damage to the spacecraft itself. 

America's first remote lunar observatory took a number of 
pictures of the solar corona (the Sun's upper atmosphere), the 
planet Jupiter and the stars Sirius and canopus. 

Surveyor I landed at a velocity of about 7. 5 miles per 
hour at a position 2. 411 degrees south of the lunar equator 
and 43. 345 degrees West longitude in the southwest portion of 
the Ocean of Storms. 

The television pictures showed that the spacecraft came 
to rest on a smooth, nearly level site on the floor of a ghost 
crater. The landing site was surrounded by a gently rolling 
surface studded with craters and littered with fragmental debris. 
The crestlines of low mountains were visible beyond the horizon. 

By July 13, Surveyor I's 42nd day on the Moon, the space­
craft had survived the intense heat of the lunar day (250 degrees 
F. ), the cold of the two-week-long lunar night (minus 260 degrees 
F. ), and a second full lunar day. Total picture count was: first 
lunar day -- June 1 - 14 -- 10,338; second day -- July 1 - 13 
812. 

Despite a faltering battery not expected to endure the 
rigors of the lunar environment over an extended period, Sur­
veyor continued to accept Earth commands and transmit TV pic­
tures through the secon d lunar sunset. It acted upon more than 
100, 000 Earth commands during the mission. 

-more-
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SURVEYOR B SPACECRAFT 

Frame, Mechanisms and Thermal Control 

The triangular aluminum frame or �ne Surveyor provides 
mounting surfaces and attachments for the landing gear, main 
retrorocket, vernier engines and associated tanks, thermal 
compartments, antennas and other electronic and mechanical 
assemblies. 

It is constructed of thin-wall aluminum 
members interconnected to form the triangle. 
supports the planar array high-gain antenna, 
panel, is attached to the top of the frame. 
weighs less than 60 pounds and installation 
23 pounds. 

tubing, with the 
A mast, which 

and single solar 
The basic frame 

hardware weighs 

The Surveyor stands about 10 feet high and, with its tri­
pod landing gear extended, can be placed within a 14-root 
circle. A landing leg is hinged to each of the three lower 
corners of the frame and an aluminum honeycomb footpad is at­
tached to the outer end of each leg. An airplane-type shock 
absorber and telescoping strut are connected to the frame so 
that the legs can be folded into the nose shroud during launch. 
Touchdown shock also is absorbed by the footpads and by the 
hydraulic shock absorbers which compress with the landing load. 
Blocks of crushable aluminum honeycomb are attached to the 
bottom of the spaceframe at each of its three corners to ab­
sorb part of the landing shock. 

Two omnidirectional, conical antennas are mounted on the 
ends of folding booms which are hinged to the frame. The 
booms remain folded against the frame during launch until re­
leased by squib-actuated pin pullers and deployed by torsion 
springs. The antenna booms are released only after the land­
ing legs are extended and locked in position. 

An antenna/solar panel positioner atop the mast supports 
and rotates the planar array antenna and solar panel in either 
direction along four axes. This freedom of movement enables 
the orientation of the antenna toward Earth and the solar 
panel toward the Sun. 

Two thermal compartments house sensitive electronic ap­
paratus for which active thermal control is needed throughout 
the mission. 

-more-
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The equipment in each compartment is mounted on a ther­
mal tray that distributes heat throughout the compartment. 
An insulating blanket of 75 sheets of aluminized Mylar is 
sandwiched between each compartment's inner shell and the 
outer protective cover. The compartment tops are covered 
by mirrored glass to help radiate the heat. 

On Surveyor I, one square of this glass was found cracked, 
--apparently by heat--after exposure to one lunar day and one 
lunar night. 

Compartment A, which maintains an internal temperature 
between 40 degrees and 125 degrees F. , houses the central 
command decoder, boost regulator, central signal processor, 
signal processing auxiliary, engineering signal processor, 
and low data rate auxiliar3. 

Both compartments contain sensors for reporting tempera­
ture measurements by telemetry to Earth, and heater assemblies 
to maintain the the�al trays above their allowable minimums. 
The compartments are kept below the 125-degree maximum with 
thermal switches which provide a conductive path to the ra­
diating surfaces for automatic dissipation of electrically 
generated heat. Compartment A contains nine thermal switches 
and compartment B, six. The thermal shell weight of compart­
ment A is 25 pounds, and compartment B, 18 pounds. 

Passive temperature control is provided for all equipment 
not protected by the compartments through the use of paint 
patterns and polished surfaces. 

Twenty-nine pyrotechnic devices mechanically release or 
lock the switches and valves associated with the antennas, 
landing leg locks, roll actuator, retrorocket separation 
attachments, helium and nitrogen tanks, shock absorbers 
and retromotor detonator. Some are actuated by command from 
the Centaur stage programmer prior to spacecraft separation 
from the Centaur, others by ground command. 

A spherical solid propellant retrorocket fits within the 
center cavity of the frame and supplies the main thrust for 
slowing the spacecraft on approach to the Moon. The unit is 
attached at three points on the frame near the landing leg 
hinges, with explosive nut separation points for ejection af­
ter burnout. The motor case, made of high-strength steel and 
insulated with asbestos and rubber, is 36 inches in diameter. 
Including the molybdenum nozzle, the unfueled engine weighs 
142 pounds. With propellant, the weight is about 1, 395 pounds, 
more than 60 per cent of the total spacecraft weight. 

-more-



-8-

Electrical harnesses and cables interconnect the space­
craft subsystems to provide correct signal and power flow. The 
harness connecting the two the�l compartments is routed 
through a thermal tunnel to minimize heat loss from the com­
partments. Coaxial cable assemblies, attached to the frame 
by brackets and clips, are used for high frequency transmis­
sion. 

Electrical connection with the Centaur stage is established 
through a 51-pin co��ector mounted on the bottom of the frame 
between two of the landing legs. The connector mates with the 
Centaur connector when the Surveyor is mounted on the launch 
vehicle. It carries pre-separation commands from the Centaur 
programmer and can handle emergency commands from the block­
house console. Ground power and prelaunch monitor circuits 
also pass through the connector. 

Power Subsystem 

The power subsystem collects and stores solar energy, 
converts it to usable electric voltage, and distributes it to 
the other spacecraft subsystems. This equipment includes the 
solar panel, a main battery and an auxiliary battery, an aux­
iliary battery control, a battery charge regulator, main power 
switch, boost regulator, and an engineering mechanisms auxiliary. 

The solar panel is the spacecraft's primary power source 
during flight and during operations in the lunar day. It con­
sists of 3,960 solar cells arranged on a thin, flat surface of 
approximately nine square feet. The solar cells are grouped 
in 792 separate modules and are connected in series-parallel 
to guard against complete failure in the event of a single 
cell malfunction. 

The solar panel is mounted at the top of the Surveyor 
spacecraft's mast. Winglike, it is folded away during launch 
and deployed after the spacecraft has been ejected into lunar 
trajectory. 

When properly oriented during flight, the solar panel 
supplies about 89 watts which is most of the power required 
for the average operating load of all on-board equipment. 

During operation on the lunar surface, the solar panel 
can be adjusted by Earth command to track the Sun within a 
few degrees, so that the solar cells always remain perpen­
dicular to the solar radiation. 

-more-
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On the Moon, the solar panel is designed to supply a 
minimum of 77 watts power at a temperature of 140 degrees F. , 
and a minimum of 57 watts at a temperature of 239 degrees P. 

A 14-cell rechargeable, silver-zinc main battery is the 
spacecr.att•s power reservoir. It is the sole source of power 
during launch; it stores electrical energy from the solar panel 
during transit and lunar-day operations, and it provides a back­
up source to meet peak power requirements during both of those 
periods. Fully charged, the battery provides 3,800 watt-hours 
at a discharge rate or 1.0 amperes. Battery output is approx­
imately 22 volts direct current for all operating and environ­
mental conditions in temperatures from 40 degrees to 125 de­
grees F. 

The auxiliary battery is a non-rechargeable, silver-zinc 
battery contained in a sealed magnesium cannister. It provides 
a power backup for both the main battery and the solar panel 
under peak power loading or emergency conditiQns. This bat­
tery has a capacity of from 800 to 1,000 watt-hours, depending 
upon power load and operating temperature. 

The battery charge regulator and the booster regulator 
are the two power conditioning eleMents of the spacecraft's 
electrical power subsystem. The battery charge regulator 
couples the solar panel to the main battery for maximum con­
version and transmission of the solar energy necessary to 
keep the main battery at fUll charge. 

It receives power from the solar panel's varying output 
voltage and delivers this power to the main battery at a con­
stant battery terminal voltage. The battery charge regulator 
includes sensing and logic circuitry for automatic battery 
charging whenever battery voltage drops below 27 volts. 

The booster regulator unit receives unregulated power 
from 17 to 27.5 volts direct current from the solar panel, 
the main battery, or both, and delivers a regulated 29 volts 
direct current to the spacecraft's three main power trans­
mission lines. These three lines supply all the spacecraft's 
power needs, except for a 22-volt unregulated line which 
serves heaters, switches, actuators, solenoids and electronic 
circuits which do not require regulated power or provide 
their own regulation. 

-more-
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Telecommunications 

Communications equipment aboard Surveyor serves three 
functions: providing transmission and reception of radio 
signals; decoding commands sent to the spacecraft; and se­
lecting and converting engineering and television data into 
a form suitable for transmission. 

The first group includes the three antennas: one high­
gain, directional antenna and two low-gain, omnidirectional 
antennas; two transmitters; and two receivers with transponder 
interconnections. Dual transmitters and receivers are used 
for reliability. 

The high-gain antenna transmits 600-line television data. 
The low-gain antennas receive ground commands and transmit 
other data including 200-line television data from the space­
craft. Either low-gain antenna can be connected to either 
receiver. The transmitters can be switched to either low-gain 
antenna or to the high-gain antenna and can operate at low 
or high power levels. Thermal control of the three antennas 
is passive, dependent on surface coatings to keep temperatures 
within acceptable limits. 

The command decoding group can handle up to 256 commands 
either direct ( which control on-off operations ) or quantita­
tive commands ( which control time interval operations ). Each 
incoming command is checked in a central command decoder 
which will reject a command, and signal the rejection to Earth 
if the structure of the command is incorrect. Acceptance of 
a command is also radioed to Earth. The command is then sent 
to subsystem decoders that translate the binary information 
into an actuating signal for the function command such as 
squib firing or changing data modes. 

Processing of most engineering data, ( temperatures, vol­
tages, currents, pressures, switch positions, etc. ) is handled 
by the engineering signal processor or the auxiliary processor. 
There are more than 200 engineering measurements of the space­
craft. None are continuously reported. There are four com­
mutators in the engineering signal processor to permit sequen­
tial sampling of selected signals. The use of a commutator 
depends on the type and amount of information required during 
various flight sequences. Each commutator can be commanded 
into operation at any time and at any of five bit rates: 17.2, 
137. 5, 550, 1,100 or 4,400 bits-per-second. 

-more-
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Commutated signals from the engineering processors 
are converted to 10-bit data words by an analog-to-digital 
converter in the central signal processor and relayed to 
the transmitter. The low-bit rates are normally used with 
transmissions over the low-gain antennas and the low-power 
levels of the transmitters. 

Video data from the television camera are fed directly 
to the transmitters only during high-power operation and 
require the use of the high-gain antenna when in the 600-
line mode. 

Propulsion 

The propulsion system consists of three liquid fuel 
vernier rocket engines and a solid fuel retrorocket. The 
verniers are used for the midcourse maneuver as well as in 
the terminal lunar landing sequence. 

The vernier engines are supplied by three fuel tanks 
and three oxidizer tanks. There is one pair of tanks, fuel 
and oxidizer, for each engine. The fuel and oxidizer in each 
tank is contained in a bladder. Helium stored under pressure 
is used to deflate the bladders and force the fuel and oxi­
dizer into the feed lines. 

The oxidizer is nitrogen tetroxide with 10 per cent 
nitric oxide. The fuel is monomethylhydrazine monohydrate. 
An ignition system is not required for the verniers as the 
fuel and oxidizer are hypergolic, i.e., they burn on contact. 
The throttle range is 30 to 104 pounds of thrust. 

The main retrorocket is used at the beginning of the 
terminal descent to the lunar surface and slows the space­
craft from an approach velocity of about 6, 000 mph to approxi­
mately 250 mph. On the Surveyor I mission, a 38-second burn 
of its retromotor slowed the spacecraft to 267 mph. 

The retro burns an aluminum, ammonium-perchlorate and 
polyhydro carbon, case-bonded composite-type propellant. The 
nozzle has a graphite throat and a laminated plastic exit cone. 
The case is of high-strength steel insulated with asbestos 
and silicon dioxide-filled buna-N rubber to maintain the case 
at a low temperature level during firing. 

-more-



-12-

Engine thrust varies from 8,000 to 10,000 pounds over a 
temperature range of 50 to 70 degrees F. Passive thermal 
control, insulating blankets and surface coatings, will main­
tain the grain above 50 degrees F. It is fired by a pyrogen 
igniter. The main retro weighs approximately 1,395 pounds 
and is spherical in shape, 36 inches in diameter. 

Fligpt Control SUbsystem 

Flight control of Surveyor, control of its attitude and 
velocity from Centaur aeparat1on to touchdown on the Moon, 
is provided by: primary Sun sensor, automatic Sun acquisition 
sensor, Canopus sensor, inertial reference unit, altitude 
marking radar, inertia burnout switch, radar altimeter and 
Doppler velocity sensors, flight control electronics, and 
three pairs of cold gas jets. Flight control electronics 
includes a digital programmer, gating and switching, logic 
and a signal data converter for the radar altimeter and Dop­
pler velocity sensors. 

The information provided by the sensors is processed 
through logic circuitry in the flight control electronics to 
yield actuating signals to the gas jets and to the three li­
quid fuel vernier engines and the solid fuel main retromotor. 

The Sun sensors provide information to the flight control 
electronics indicating whether or not they are illuminated by 
the Sun. This information is used to operate the gas jets to 
maneuver the spacecraft until the Sun sensors are on a direct 
line with the Sun. The primary Sun sensor consists of five 
cadmium sulphide photo-conductive cells. During flight, 
Surveyor may deviate slightly from pointing directly at the 
Sun. Such deviations are continuously corrected by signals 
from the primary sensor to the flight electronics activating 
the pitch and yaw gas jets to again center the sensors on the 
Sun. 

Sun acquisition is required before locking on the star 
canopus. Gas jets are used to center the star sensor on 
Canopus, so as to maintain roll axis attitude during cruise 
modes. If star or Sun lock is lost, control is automatically 
switched from optical sensors to gyros which sense changes in 
spacecraft attitude inertially. 

-more-
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The inertial reference unit is also used during events 
when the optical sensors cannot be used--midcourse maneuver 
and descent to the lunar surface. This device senses changes 
in attitude of the spacecraft and in velocity with three gyros 
and an accelerometer. Info�tion from the gyros is processed 
by the control electronics to operate gas jets to change or 
maintain the desired attitude. During lunar descent thrust 
phases, the inertial reference unit controls vernier engine 
thrust levels by differential throttling for pitch and yaw 
control and swiveling one engine for roll control. The ac­
celerometer controls the total thrust level. 

The altitude marking radar will provide the signal for 
firing of the main retro. It is located in the nozzle of the 
retromotor and is ejected when the motor ignites. The radar 
will generate a signal at about 60 miles above the lunar sur­
face. The signal starts the programmer automatic sequence 
after a pre-determined period (directed by ground command ) ; 
the programmer then commands vernier and retro ignition and 
turns on the radar altimeter and Doppler velocity sensors. 

The inertia burnout switch will close when the thrust 
level or the main retromotor drops bel ow 3. 5 g, generating 
a signal which is used by the programmer to command jettison­
ing of the retromotor and switching to control by the radar 
alttmeter and Doppler velocity sensors. 

Control of the spacecraft after main retro burnout is by 
the radar alt imeter and Doppler velocity sensors. Two radar 
d ishes are involved. An alt imeter/velocity sensing antenna 
radiates two beams and a velocity sensing antenna radiates 
two beams. Beams l, 2, and 3 give vertical or transverse 
velocity. Beam 4 provides altitude or slant range informa­
tion. Beams 1, 2, and 3 provide velocity data by adding the 
Doppler shift {frequency shift due to velocity ) of each beam 
in the s ignal data converter. The converted range and velocity 
data is fed to the gyros and gating logic which in turn con­
trol the thrust signals to the vernier engines. 

The fl ight control electronics provides for processing 
sensor information into telemetry and to actuate spacecraft 
mechan isms. It consists of control circuits, a command de­
coder and an AC/DC electronic conversion unit. The program­
mer controls timing of main retro phase and generates pre­
cision time delays for attitude maneuvers and midcourse ve­
locity correction. 

-more-
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The attitude jets provide attitude control to the apace­
craft from Centaur separation to main retro burn. The gas Jet 
system is ted f'raa a spherical tank holding 4.5 pounds of' ni­
trogen gas under high pressure, regulating and dumping valves 
and three pairs of' opposed gas jets with solenoid operated 
valves for each jet. One pair of' jets is located at the end 
of' each of' the three landing legs. The pair on one leg con­
trol motion in a horizontal plane1 imparting roll motion to 
the spacecraft� The other two pairs control pitch and yaw. 

'l'elev1sion 

The Surveyor B spacecraft will carry one survey tele­
vision camera. The camera is mounted nearly vertically, 
pointed at a movable airror. The mirror can swivel 360 de­
grees and can tilt from a position where it reflects a por­
tion or a landing leg to above the horizon. 

The cara.era can be focused, by Earth command, from tour 
teet to infinity. Ita iris setting, which controls the 
amount of' light entering the camera, can adjust automatically 
to the light level or can be cOIDIIAnded from Earth. The camera 
has a variable focal length lens which can be adjusted to 
either narrow angle, 6.4 X 6.4 field of view, or to wide­
angle, 25.4 x 25.4 field of' view. 

A focal plane shutter provides an exposure time of 150 
milliseconds. The shutter can also be commanded open for an 
indefinite length of' time. A sensing device coupled to the 
shutter will keep it from opening if' the light level is too 
intense. A too-high light level could occur from changes in 
the area of coverage by the camera, a change in the angle of' 
mirror, in the lens aperture, or by changes in Sun angle. 
The same sensor controls the automatic iris setting. The 
sensing device can be overridden by ground command. 

The camera system can provide either 200- or 600-line 
pictures. The latter require that the high-gain directional 
antenna and the high power level of' the transm.i.tter are both 
working. The 600-line mode provides a picture each 3.6 
seconds and the 200-line mode every 61.8 seconds. 

A filter wheel can be commanded to one of four positions 
providing clear, colored or polarizing filters. 

Surveyor B, like Surveyor I, will carry a downward­
looking television camera mounted on the lower frame of the 
spacecraft. However, th1s camera is not planned to be tumed 
on during this mission. 

-more-
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·SURVEYOR SURVEY TV CAMERA 

HOOD 

M!RROR AZIMUTH. 
DRIVE MOTOR . 

VARIABLE 

FOCAL LENGTH 

LENS ASSEMBLY 

FOCUS 

POTENTIOMETER 
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POTENTIOMETER 

SHUT TER 

ASSEMBLY 

ELECTRONIC 
CONVERSION 
UNIT 

MIRROR 

ij'li ..... '--- MIRROR 
ELEVATION 
DRIVE ASSEMBLY 

FILTER WHEEL 
ASSEMBLY 

VIDICON TUBE 

VIDICON 
RADIATOR 

ELECTRICAL 
CONNECTOR 
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Engineering Instrumentation 

Engineering evaluation of the Surveyor test flights 
will be made by an engineering payload including an auxiliary 
battery, auxiliary processor for engineering information, and 
instrumentation consisting of extra temperature sensors, 
strain gauges for gross measurements or vernier engine re­
sponse to flight control commands and shock absorberloading 
at touchdown, and extra accelerometers for measuring structural 
vibration during main retro burn. 

The auxiliary battery will provide a backup for both 
emergency power and peak power demands to the main battery 
and the solar panel. It is not rechargeable. 

The auxiliary engineering signal processor provides two 
additional telemetry commutators for determing the performance 
of the spacecraft. It processes the information in the same 
manner as the engineering signal processor, providing addi­
tional signal capacity and redundancy. 

�ore-



-16-

ATLAS-CENTAUR (AC-7 ) LAUNCH VEHICLE 

The Atlas-Centaur has been developed by NASA to launch 
medium-weight scientific spacecraft on lunar and interplanetary 
missions. The vehicle has a current payload c�pabi lity of about 
2,500 pounds f or direct-ascent missions to the Moon and 1, 300 
pounds ror missions to Venus and Mars. 

Centaur was declared operational by NASA in 1965 for direct­
ascent lunar missions. The vehicle scored a complete success on 
its first operational mission, Surveyor I, which was launched 
from Gape Kennedy by the AC-10 vehicle on May 30, 1966. 

Surveyor I was injected on its lunar-transrer trajectory 
with such accuracy that the mid-course velocity correction re­
quired by the spacecraft to land within 10 miles of its pre­
selected target was only about 8 mph. { Surveyor has a maximum 
"lunar miss" correction capability of 111. 85 mph) . Even without 
a mid-course correction, Surveyor I would have landed only 250 
miles f rom its target. 

Conriguration of the AC-7 vehicle is the same as the Atlas­
Centaur 10. 

Yet to be completed in the Centaur vehicle development pro­
gram is complete demonstration of a two-burn capability which 
will permit Centaur to fly into a circular Earth orbit, coast 
for a brief period, then restart its engines and inject a space­
craft on a lunar or plane tary trajectory. 

Although some payload capability is sacrificed using the 
Earth parking orbit method -- due to added equipment and the 
loss of liquid oxygen vented during the coast phase -- two dis­
tinct advantages are gained: (1) Surveyor launches can be con­
ducted during winter months when lunar lightin� conditions are 
unfavorable for direct-ascent missions, and {2J launch windows 
{periods during which the payload must be launched to intercept 
a target) are widened considerably. 

It is expected this dual-burn capability will be demon­
strated during the last planned Centaur vehicle development 
flight -- AC-9 -- scheduled late r this year. Following that 
mission, several Surveyor spacecraft are scheduled to be launched 
to the Moon from an Earth parking orbit. 

An improved Atlas { SLV-3C) , will increase the Atlas-Centaur's 
payload capability to about 2, 900 pounds for lunar missions and 
l,Boo pounds for Venus and Mars. The SLV-3C is sche duled to be 
used initially on the AC-13 mission. 

-more -
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Major modifications to Atlas-Centaur to increase its pay­
load capability include lengthening of the Atlas by four feet, 
which will increase total propellant capacity by some 20,000 
pounds, and uprating of the Atlas booster and sustainer engines. 

Liftoff Weight: 
Liftoff Height: 
launch Complex: 

LAUNCH VEHICLE FACT SHEET 

(All figures approximate) 

303,000 lbs. 
113 feet 
36-A 

Atlas Booster 

Weight (at liftoff) 263,000 lbs. 

Height 

Thrust 

Propellants 

Propulsion 

Velocity 

Guidance 

75 feet (including 
interstage adapter) 

389,000 lbs. {sea 
level) 

RP-1 (fuel) and 
liqu:i!d oqgen 
(oxidizer} 

MA-5 system (2-165,000 
lb. thrust booster en­
gines, 1-57,000 lb. 
sustainer engine, and 
2-1,000 lb. vernier 
engines) 

556o mph at BECO 
7600 mph at SECO 

Pre-programmed auto­
pilot through BECO 

-more-

Centaur Stage 

37.500 lbs. 
(less payload) 

48 feet (with 
fairing) 

30,000 lbs. (at 
altitude) 

Liquid hydrogen 
(fuel) and liquid 
oxygen {oxidizer) 

Two RL-10 engines 

23,700 mph at in­
jection 

Inertial 



ATLAS-CENTAUR FLIGHT SEQUENCE 

EVENT NOMINAL ALTITUDE 
TIME,� SEC. STATUTE MI. 

1. Liftoff 0 0 

2. Booster engine cutoff 142 37 

3. Booster engine jettison 145 39 

4. Jettison insulation panels 176 58 

5. Jettison nose fairing 203 75 

6. Sustainer engine cutoff 237 97 

dt 7. Atlas-Centaur separation 239 98 
0 
'1 8. Centaur engine start 248 104 <D 
I 

9. Centaur engine cutoff 688 147 

10. Spacecraft separation 754 115 

11. Centaur Reorientation 759 113 

12. Centaur retrothrust 994 202 

( Launch vehicle mission completed at T plus 21 minutes ) 
Figures used are approximate but typical of potential 
trajectories for AC-7 depending on day of launch. 

SURFACE RANGE 
STATUTE MI. 

0 

49 

54 

100 

144 

205 . 
210 

228 

174o 

2160 

2190 

368o 

VEL/MPH 

0 

5,560 

5,630 

6,200 

6,730 

1,600 

7,600 

7,600 

23,700 

23,700 

23,700 

23,700 
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TRACKING AND COMMUNICATION 

The flight of the Surveyor spacecraft from injection to 
the end of the mission will be monitored and controlled by the 
Deep Space Network { DSN) and the Space Flight Operations Facil­
ity (SFOF) operated by the Jet Propulsion Laboratory. 

Same 300 persons will be involved in Surveyor flight moni­
toring and control during peak t�es in the mission. On the 
Surveyor I flight more than 1001 000 ground commands were re­
ceived and acted on by the spacecraft during flight and after 
the soft landing. 

The Deep Space Network consists of six permanent space com­
munications stations in Australia, Spain, South Africa, and cal­
ifornia; a spacecraft monitoring station at cape Kennedy; and a 
spacecraft guidance and command station at Ascension Island in 
the South Atlantic. 

The DSN facilities assigned to the Surveyor project are 
Pioneer at Goldstone6 Gal. ; Johannesburg1 South Africa; Tidbin­
billa in the Canberra Complex, Australia; and Ascension Island. 

The Goldstone facility is operated by JPL with the assist­
ance of the Bendix Field Engineering Corp. The Tidbinbilla fa­
cility is operated by the Australian Department of Supply. The 
Johannesburg facility is operated by the South African govern­
ment through the Council for Scientific and Industrial Research 
and the National Institute for Telecommunications Research. The 
Ascension Island DSN facility is operated by JPL with Bendix 
support under a cooperative agreement between the United King­
dom and the U. S. 

The DSN uses a ground communications system for operational 
control and data transmission between these stations. The ground 
communications system is a part of a larger net (NASCOM) which 
links all of the NASA stations around the world. This net is 
under the technical direction of NASA's Goddard Space Flight 
Center1 Greenbelt, Md. 

The DSN supports the Surveyor flight in tracking the space­
craft, receiving telemetry from the spacecraft1 and sending it 
commands. The DSN renders this support to all of NASA's un­
manned lunar and planetary spacecraft from the time they are 
injected into planetary orbit until they complete their missions. 

Stations of the DSN receive the spacecraft radio signals6 
amplify them, process them to separate the data from the carrier 
wave and transmit required portions of the data to the command 
center via high-speed data lines, radio links, and teletype. The 
stations are also linked with the center by voice lines. All in­
coming data are recorded on magnetic tape. 

-more-
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The information transmitted from the DSN stations to the 
SFOF is fed into large scale computer systems which translate 
the digital code into engineering units, separate information 
pertinent to a given subsystem on the spacecraft, and drive 
display equipment in the SFOF to present the information to 
the engineers on the project. All incoming data are again re­
corded in the computer memory system and are available on demand. 

Equipment for- monitoring television reception from a Sur­
veyor spacecraft is located in the SFOF. 

Some of the equipment is designed to provide quick-look 
information for decisions on commanding the camera to change 
iris settings, change the field of view from narrow angle to 
wide angle, change focus, or to move the camera either hori­
zontally or vertically. Television monitors display the pic­
ture being received. The pictures are received line by line 
and each line is held on a long persistence television tube un­
til the picture is complete. A special camera system produces 
prints of the pictures for quick-look analysis. 

Other equipment will produce better quality pictures from 
negatives produced by a precision film recorder. 

Commands to operate the camera will be prepar�d in advance 
on punched paper tape and forwarded to the stations of the DSN. 
They will be transmitted to the spacecraft from the BSN station 
on orders from the SFOF. 

Three technical teams support the Surveyor television mis­
sion in the SFOF : one is responsible for determining the tra­
jectory of the spacecraft including determination of launch 
periods and launch requirements, generation of commands for the 
midcourse and terminal maneuvers; the second is responsible for 
continuous evaluation of the condition of the spacecraft from 
engineering data radioed to Earth; the third is responsible for 
evaluation of data regarding the spacecraft and for generating 
commands controlling spacecraft operations. 

-more-
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TRAJECTORY 

The determination of possible launch days, specific times 
during each d ay, and the Earth-Moon trajectories for the Sur­
veyor spacecraft is based on a number of factors. 

A primary consid eration is the direct ascent launch as op­
posed to the parking orbit technique. A parking orbit is more 
complex in that it requires the Centaur second stage to fire its 
engines to achieve the initial circular orbit� coast in orbit 
about the Earth and then to fire its engines the second time to 
accelerate the spacecraft to the required lunar transit velocity. 

In these first operational missions Centaur will not be re­
quired to perform the double burn. After separation from the 
Atlas booster, the Centaur will ignite its engines which will 
continue to burn until the lunar transit velocity has been 
reached. This velocity varies slightly with launch day and 
time but is approximately 24,500 mph. 

Use of the direct ascent trajectory limits each monthly 
launch period to those days when the Moon is at negative de­
clinations -- that is, in positions, relative to Earth, below 
the Earth's equator. 

The days of the month available for launching are d eter­
minted by the attainable range in the flight path angle of the 
Centaur at injection -- that point in time when the Centaur 
engines cease firing and the required velocity for a lunar 
flight has been reached. The flight path angle is the angle 
at which Centaur is moving relative to a horizontal plane of the 
Earth below. Changes in this angle compensate for the d aily 
change in the position of the Moon. 

The attainable range in the angle is determined by the 
fuel available in the Atlas-Centaur combination, as both ve­
hicles are involved in the angle of Centaur at injection. Any 
deviation from a horizontal flight path at injection requires 
more fuel to inject a given spacecraft weight at the required 
velocity. 

The time span during each day that Surveyor can be launched 
-- the launch window -- is determined by the requirement that 
the launch site at launch time and the Moon at arrival time be 
contained in the Earth-Moon transfer orbit plane. With the 
launch site moving eastward as the Earth revolves, acceptable 
conditions occur only once each day for a given plane. However, 
by altering the plane as a result of changing the launch azi­
muth, or direction of launch from the launch site, between an 
allowable 85 to 115 degrees, East of North, the launch window 
can be extended as much as two hours. 

-more-
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The launch azimuth constraint of 85-115 degrees is imposed 
by the range safety consideration of allowing the initial phase 
only over the ocean6 not over land masses. 

The time of flight 1 or the time to landing1 about 63 hours 1 
is dete�ed by the fact that Surveyor must reach the Moon dur­
ing the viewing period of the prime Deep Space Net station at 
Goldstone. 

The trajectory is also influenced by the landing site se­
lection. This selection is based on several considerations, one 
that a limitation is imposed on the first Surveyor flights the 
spacecraft's angle of approach to the Moon must not exceed 2 5  de­
grees off vertical. There is essentially only one point on the 
Moon for each launch day that a spacecraft can land vertically. 

The 25-degree consideration then, in effect, draws a con­
straining circle around this point. Surveyor must land within 
that circle. 

The landing sites are further limited by the curvature of 
the Moon. The trajectory engineer cannot pick a site, even if 
it falls within his 25-degree circle, if the curvature of the 
Moon will interfere with a direct communication line between the 
spacecraft and the Earth. 

Two other factors in landing site selection are smoothness 
of terrain and a requirement for Surveyor to land in the landing 
area selected for the Apollo manned lunar mission. 

Lighting conditions on the Moon on arrival of the spacecraft 
at a given landing site are determined by the launch day which, 
in turn, is controlled by the use of direct ascent trajectories 
which limits the launch days available. In later missions using 
a parking orbit, the launch day can be picked to provide optimum 
light conditions. 

Thus the trajectory engineer must tie together the direct 
ascent characteristics, the landing site location, the declina­
tion of the Moon and flight time1 in deter.ming �en to launch6 
in which direction, and at what velocity. 

His chosen trajectory also must not allow Surveyor to re­
main too long in the Earth's shadow. Too long a period could 
result in malfunction of components or sYbsystems. In addition6 
the Surveyor must not remain in the shadow of the Moon beyond 
given limits. 

-more-
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The velocity of the spacecraft when it arrives at the Moon 
must also fall within defined limits. These limits are defined 
by the retrorocket capability. The velocity relative to the Moon 
is primarily correlated with the flight time and the Earth-Moon 
distance for each launch day . 

So# a further requirement on the trajectory engineer is the 
amount of fuel available to slow the Surveyor from its lunar ap­
proach speed of nearly 6ooo miles per hour to nearly zero velocity 
13 feet above the Moon's surface . The chosen trajectory must not 
yield velocities that are beyond the designed capabilities of the 
spacecraft propulsion system. 

Also included in trajectory computation is the influence on 
the flight path and velocity of the spacecraft of the gravita­
tional attraction of primarily the Earth and Moon and to a lesser 
degree the Sun# Mercury# Venus# Mars, and Jupiter. 

It is not expected that the launch can be performed with 
sufficient accuracy to impact the Moon in exactly the desired 
area without a midcourse maneuver. The uncertainties involved 
in a launch usually yield a trajectory or an injection velocity 
that vary slightly from the desired values. These uncertainties 
are due to inherent limitations in the guidance system of the 
launch vehicle. To compensate, lunar and deep space spacecraft 
have the capability of performing a midcourse maneuver or tra­
jectory correction . To alter the trajectory of a spacecraft it 
is necessary to apply thrust in a specific direction to change 
its velocity. The trajectory of a body at a point in space is 
basically determined by its velocity .  

For example, a simple midcourse maneuver might resolve 
correcting a too high injection velocity. To correct for this 
the spacecraft would be commanded to turn in space until its 
midcourse engines are pointing in its direction of travel . 
Thrust from the engines would slow the craft . Generally, how­
ever# the midcourse is far more complex and will involve changes 
both in velocity and its direction of travel . 

A certain amount of th�st applied in a specific direction 
can achieve both changes . Surveyor will use its three liquid 
fuel vernier engines to alter its flight path in the midcourse 
maneuver. It will be commanded to roll and then to pitch or 
yaw in order to point the three engines in the required direc­
tion. The engines then burn long enough to apply the change in 
velocity required to alter the trajectory . 

The change in the traj ectory is very slight at this point 
and a tracking period of about 20 hours is required to determine 
the new trajectory. This determination will also provide the 
data required to predict the spacecraft ' s  angle of approach to 
the Moon, time of arrival, and its velocity as it approaches the 
Moon. 

-more-
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SURVEYOR B/ATLAS-CENTAUR FLIGHT PIAN 

Surveyor B will be launched by Atlas -Centaur 7 into a 
direct -ascent lunar trajectory . 

The primary task for Atlas- Centaur 7 on the Surveyor B 
flight is to inject the Surveyor spacecraft on a lunar ­
transfer trajectory with sufficient accuracy so that the 
midcourse maneuver correct�on required some 15 to 20 hours 
after liftoff does not exceed 165-feet-per-second or 111 . 85 
miles -per -hour . 

The Centaur stage also is requ�ed to perror.m a retro ­
maneuver to avoid impac ting the Moon and to prevent Surveyor ' s  
star seeker from mistaking the spent Centaur for its orienting 
s tar, Canopus . 

Atlas Phase 

All rive or the Atlas engines --three main engines and two 
vernier control engines - -are ignited prior to liftoff. For 
the first two seconds the Atlas-Centaur will rise verticallY 
and then roll ror 13 seconds to the desired flight plane 
azimuth of 83 to 115 degrees depending upon time o f  launch . 

Arter 15 seconds of rlight, the vehicle begins pitching 
over to the desired flight trajectory which continues through­
out the Atlas -powered phase o f  the flight. 

At T plus 142 seconds , booster engine cutoff ( BECO ) occurs 
when an acceleration level o f  5. 7 g is sensed . Three seconds later 
the booster engine package is jettisoned . The sustainer engine 
continues to prope l the vehic le and Centaur inertial guidance 
begins its s teering functions . 

After 176 seconds of flight, the four insulation pane ls 
which surround the Centaur tank are jettisoned . These panels 
are used to minimize boiloff of the liquid hydrogen during 
flight through the atmosphere . Twenty-seven seconds later, the 
nose fairing which surrounds the Surveyor spacecraft is jettisoned . 

Atlas sustainer engine cutoff ( SECO ) occurs after 237 
seconds of flight at an a ltitude of about 97 miles . Two 
seconds later Atlas and Centaur are separated by a flexible 
shaped charge which severs the interstage adapter . Eight 
retrorockets on the Atlas are fired to increase the rate 
o f  separation . 

-more -
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Centaur Phase 

At T p lus 248 seconds , Centaur ' s  two hydrogen-oxygen 
RL-10 engines are ignited for a planned burn o f  440 seconds . 
Centaur ignition occurs about 104 miles altitude when the 
vehic le is 228 mile s down range trave ling at a ve loc ity o f  
7 , 600 mph . 

After 688 sec onds of flight, Centaur ' s  propulsion sys tem 
is shut down when the guidance sys tem sense s  that the vehic le 
has attained proper ve loc ity . Inj ec tion ve loc ity varie s with 
time and day of launch , bu t is approx imate ly 23 , 700 mph . 

Shortly a fter Centaur engine shutdown, the programmer 
commands Surveyor ' s  legs and two omnidire c tional antennas to 
extend , and orders the spacecraft t s  transmitter to high power. 
At T plus 754 second s and an altitude o f  1 15 mile s ,  the pro ­
grammer commands separa tion o f  Surveyor from Centaur . Three 
spring -loaded cylinders force the spac ecraft and vehic le apart . 

Five seconds after spac ecraft s eparation, Centaur is 
rotated 180 degrees by its a t t i tude c ontro l system 1n order to 
perform a retromaneuver . Unused prope llants are then blown 
through the rocket thrus t chambers to increase separation of 
Centaur and Surveyor- -the re sult is that some five hours later 
they are at leas t 200 mi le s apart . This e liminates the 
pos s ibility that Surveyor 1 s  s tar tracker wi ll mi s takenly lock 
on C entaur . Centaur ' s  tra j ec tory is thereby altered to prevent 
it from impac ting the Moon . 

At liftoff plus 21 minutes , Atlas -Centaur will have, com­
ple ted its mis s ion and the Centaur s tage will continue in a 
highly e lliptical Earth orbit ,  extending more than 276, 000 miles 
into space and c irc ling the Earth once each 12 days . 

Initial Surveyor Phase 

After separation from C entaur, Surveyor gives an auto­
matic command to fire explosive bolts to unlock the so lar 
pane l .  A s tepping mo tor move s the pane l to a pre scribed po­
s ition . So lar pane l deployment c an  also be commanded from the 
ground i f  the automatic sequenc e fails . 

Surveyor then performs an automatic Sun-seeking maneuver 
to s tabilize the pitch and yaw axes and to align its so lar 
pane l with the Sun for convers ion of sunlight to e lec tricity 
to power the spacecraft . Prior to this event the spacecraft ' s  
main battery is provid ing power . 

-more -
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The Sun acquis ition sequence begins immediate ly after 
separation from Centaur simultaneously with the solar panel 
deployment . The nitrogen gas jet system1 which is activated 
at separation1 will first e liminate pitch1 roll and yaw motions 
resulting from separation from Centaur . Then a sequence o f  
controlled roll and yaw turning maneuvers is commanded for 
Sun acquisition . Sun sensors aboard Surveyor provide s ignals 
to the attitude control gas jets to stop the spacecraft when 
it is pointed at the Sun . Once locked on the SUn1 the gas 
j e ts pulse intermittently to contro l pitch and yaw attitude . 
Pairs of attitude control jets are located on each o f  the three 
landing legs of the spacecraft . 

In the event the spacecraft does no t perform the Sun­
seeking maneuver automatically1 this sequence can be commanded 
from the ground . 

The next critical step for Surveyor is acquisition of its 
radio signal by the Deep Space Net tracking stations at 
Ascension Is land and Johannesburg1 South Africa1 the first 
DSN stations to see SUrveyor after launch . 

It is critical at this point to establish the communications 
link with the spacecraft to receive telemetry to quickly 
de termine the condition of' the spacecraft1 for command capa ­
bility to assure contro l 1  and for Doppler measurements from 
which veloc ity and trajectory are computed . Johannesburg 
acquired Surveyor I about 28 minutes after launch . 

The transmitter can only operate at high power for 
approximate ly one hour without overheating . It is expected 1 
however1 that a ground station will lock on to the spacecraft ' s  
radio signal within 40 minutes after launch and if overheating 
is 1ndicated1 the transmitter can be commanded to low power . 

The next major spacecraft event after the Sun has been 
acquired is Canopus acquisition . Locking on the star Canopus 
provides a fixed inertial reference for the roll axis . 

-more -
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Canopus Acgyisition 

Canopus acquisition is commanded from tbe ground about 
six hours after launch. The gas j e ts roll the spacecraft 
at 0 . 5  degree -per-second. When the sensor sees the pre­
dicted brightness of Canopus ( the brightes t  s tar 1n the South­
ern Hemisphere ) it orders the roll to s top and locks on the 
s tar . 

The brightness o f  the light source it is seeing is 
te lemetered to Earth to verity that it is locked on Canopus . 
Verification can also be provided by a ground command ordering 
a 360-degree roll and the plotting of each light source the 
sensor sees that is in the sensitivity range o f  the sensor. 
This star map can be compared with a map prepared be fore launch 
to verify that tbe spacecra:ft is locked on Canopus .  

Now properly oriented on the SUn and Canopus , Surveyor 
i s  in the coast phase o f  the transit to the Moon . Surveyor 
transmits engineering data to Earth and rec e ives c ommands via 
one of its omnidirectional antennas . Tracking information 
is obtained from the pointing direction of' ground antenna 
and observed :frequency change {Doppler) . The solar panel pro­
vides e lectrical power, and additional power :for peak d��ds 
is provided by one of' two batteries aboard . The gas jet' pulse 
inte�tentlJ to keep the cra:ft aligned on the SUn 8nd Canopus . 

Engineering and tracking information is received :from 
Surveyor at one of' the s tations of the Deep Space Network . The 
data are communicated to the Space Flight Operations Fac ility 
at JPL where the :flight path of the spacecraft is calculated 
and the condition of' the spacecraft is continuous ly monitored . 

Midcourse Maneuver ·  

Tracking in:formation is used to determine how large a 
trajec tory correc tion must be made to land Surveyor in a 
given target area . This trajectory correc tion, called the 
midcourse maneuver, is required bec ause of uncertainties 1n 
the launch operation that prevent absolute precision in placing 
a spacecraft on a trajectory that will intercept the Moon . 

The midcourse is timed to occur over the Goldstone 
s tation o f  the DSN, the tracking s tation nearest the SFOP at 
J PL. 

-more -
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The thrust for the midcourse is provided by the space ­
c raft ' s  three liquid fue l vernier engine s . Total thrus t 
leve l i s  contro l led by an acce lerome ter at a constant 
ac c e leration equal to 0 . 1  Earth g .  Po inting errors are 
sensed by gyro s which c ause the individual engines to change 
thrust leve l to correc t pitch and yaw errors and swive l 
one engine to corre c t  roll errors . 

Flight c ontro l lers determine the required trajec tory 
change to be ac c omplished by the midcourse maneuver .  In 
order to align the engine s 1n the proper d irec tion to apply 
thrust to change its tra j e c tory ,  Surveyor is commanded to 
ro l l ,  then pitch or yaw to achieve this alignment . Normally ,  
two maneuvers are required , a ro l l -pitch or a ro ll-yaw . 

The duration o f  the firs t maneuver is radioed to the 
spac ecraft , s tored aboard and re -transmitted to Earth for 
verification . As sured that SUrveyor has rec eived the proper 
informat ion, ground contro llers command it to perfo rm  the 
first maneuver . The second maneuver is handled in the same 
fashion . When the motors are properly aligned ,  the number o f  
seconds of required thrus t is transmitted t o  the spacecraft, 
stored , verified and then executed . 

In the event o f  a failure of the automatic timer aboard 
the spacecraft which checks out the duration of each maneuver 
and firing period, each s tep in the sequence can be per formed 
by care fully timed ground command s . 

A fter the midcourse maneuver is comp le ted , Surveyor re ­
acquire s the Sun and Canopus . Again Surveyor is in the cruise 
mode and the next c ritical event will be the terminal maneu­
ver .  

Terminal Sequence 

The first s tep s tarts about 1000 mile s above the Moon ' s  
surface .  The exact descent maneuvers depend on the flight 
path and orientation o f  Surveyor with respe c t  to the Moon 
and the target area . Normally there will be a ro l l  fo l lowed 
by a yaw or a pitch turn . A s  in the midcourse maneuver, the 
duration time s o f  the maneuvers are radioed to the spacecraft 
and the gas j e ts fire to execute the required ro l l  and pitch 
and yaw . The obj e c t  of the maneuvers is to align the main 
re tro ro cke t with the approach ve locity vec tor . To perform 
the maneuvers , the spacecraft breaks its lock on the Sun and 
Canopus . Attitude contro l is maintained by inertial sensors . 
Gyro s sense changes in the attitude and order the gas j e ts to 
fire to maintain the correc t  attitude until the retrorocke t  is 
ignited . 
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SURVEYOR TERMINAL DESCENT 
TO LUNAR SURFACE 
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With the main retro al1gned, the altitude marking radar 
is ac tivated by ground command about 200 miles above the Moon ' s  
surface .  All later terminal events are controlled automatically 
by radar and the flight c ontrol programmer .  The auxiliary 
battery is c onnected to help the main battery supply the 
heavy loads requ1red during descent . 

At approximate ly 60 miles s lant range from the Moon 1 s 
surface ,  the markLn� radar s tarts the flight control programmer 
which counts down a previously s tored delay time and then 
c ommands ign1tion o f  the three liquid fUeled, throttleable ver­
nier engines and the solid prope llant main retro . The vern1er 
engines maintain a constant spacecraf't attitude during the main 
re tro thrusting period , in a manner similar to that employed 
during midcourse thrus ting . 

The spacecraft is trave ling at approximately 6, 000 miles 
per hour . The main retro burns out in 40 seconds at about 25 
miles above the surface of' the Moon after reducing the 
veloc ity to about 250 miles per hour . The casing of the main 
retro is separated from the spacecraft on command from the 
programmer 12 seconds after burnout by explosive bolts , and 
falls free . 

After burnout the flight control programmer controls the 
thrust level of the vern1er engine s until the Radar Altimeter 
and Doppler Veloc ity Sensor (RADVS ) locks onto its return s ig ­
nals from the Moon ' s  surface . 

Descent is then controlled by the RADVS and the vernier 
engine s . Signals from RA.DVS are processed by the flight con­
tro l e lec tronic s to throttle the three vernier engines ,  
reduc ing velocity a s  the altitude decreases . At 14 feet above 
the surface ,  Surveyor is slowed to three miles per hour . At 
this point the engines are shut o ff and the space craft falls 
free to the surface .  

The landing impact is cushioned by crushable foot pads 
and shock absorbers on each o f  the three legs and by crush­
able honeycomb aluminum blocks under the frame 1n case of an 
exceptionally hard landing . 

Post -landing Events 

Of prime interes t  to SUrveyor engineers is the te lemetry 
received during the de s c ent and touchdown . Touchdown is 
fo llowed by periods of engineering te lemetry to determine the 
condition of the spacecraft . 
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If the spacecraft is in operational condition on the 
surfac e ,  flight contro l power is turned off to cons erve 
battery power and a series o f  wide angle 200-line s TV pictures 
are taken . 

The so lar panel and high gain planar array antenna are 
a ligned with the Sun and Earth . If the high gain antenna i s  
succe s s fully operated to lock on Earth, trans�ssion of 600 
line te levis ion pictures will begin . If it is necessary to 
operate through one of the low gain, omnidirec tional antennas , 
addit ional 200 line picture s wil l  be trans�tted . 

The lifetime of Surveyor on the surface will be determined 
by a number of fac tors such as the power remaining in the 
batteries in the even the Sun is not acquired by the solar panel, 
o r  space cra£t reaction to the intense heat of the lunar day . 
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ATLAS-CENTAUR AND SURVEYOR TEAMS 

NASA HEADQUARTERS , WASHINGTON , D .C .  

Dr . H omer E .  Newell 

Robert F .  Garbarini 

Oran w. Nicks 

Benjamin MilwitZky 

Vincent L .  Johnson 

R .  Duff Ginter 

Associate Administrator for Space 
Science and Appli cations 

Deputy Associate Administrator for 
Space S cience and Applications 
(Engineering ) 

Director , Lunar and Planetary Programs 

Surveyor Program Manager 

Director , Launch Vehi cle and Pro­
pulsion Programs 

Centaur Program Manager 

JET PROPULSION LABORATORY, PASADENA, CALIF . 

Dr . Wi l liam H .  Pickering 

Gen . A .  R .  Luedecke 

Robert J .  Parks 

Howard B .  Haglund 

Walker E .  Gibers on 

Dr . Leonard Jaffe 

Dr . Eberhardt Rechtin 

Dr . Nicholas A .  Renzetti 

w. E .  Larkin 

J .  Buckley 

Director 

Deputy Director 

Surveyor Proj ect Manager 

Deputy Project Manager for Hughes 
Aircraft Co. Operations 

Deputy Project Manager for Mis s i on 
Requirements , Plans and Operations 

Pm j ect S cientist 

Assistant Laboratory Director for 
Tracking and Data Acquisition 

Surveyor Tracking and Data Systems 
Manag er 

JPL Engineer in Charge , Goldstone 

Pioneer Station Manager , Goldstone 
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R .  J .  Fahnestock JPL DSN Resident in Australia 

R .  A .  Les li e  Tidbinbi lla Station Manager 

R .  c .  Terbeck JPL DSN Resident in S outh Afri ca 

D .  Hogg Johannesburg Station Manager 

Avron Bryan As censi on Station Manager 

LEWIS RESEARCH CENTER , CLEVELAND 

Dr . Abe S ilverstein 

Bruce T .  Lundin 

Edmund R .  Jonash 

KENNEDY S PACE CENTER , FLA . 

Dr . Kurt R .  Debus 

Robert H .  Gray 

John D .  Gossett 

Director 

Ass ociate Direct or for Development 

C entaur Pro j e ct Manager 

Director 

Director of Unmanned Launch 
Operations 

Chief , Centaur Operations 

HUGHES AI RCRAFT COMPANY, CULVER CITY, CAL .  

Dr . Robert L .  Roderick 

Robert E .  S ears 

Dr . Frank G .  Miller 

Richard R .  Gunter 

Surveyor Program Manager , Assistant 
Manager -- Lunar Programs 

Associate Program Manager 

Assistant Program Manager 

Assistant Program Manager 

GENERAL DYNAMICS/CONVAIR, SAN DIEGO, CAL , 

Grant L .  Hanaen 

G .  Deane Davis 

Dan Sarokon 

Vice President , LaunCh Vehicle 
Programs 

centaur Program Manager 

Complex 36 S ite Manager 
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PRATT AND WW:TNEY AIRCRAFT DIVISION OF UNITED AIRCRAFT , CO . , 
WEST PALM BEACH , FLA . 

Richard Anchutze RL-10 Engine Proj ect Manager 

HONEYWELL, INC . ,  ST . PETERSBURG, FLA. 

R .  B .  Foster centaur Guidance Program Manager 
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MAJOR SUBCONTRACTORS 

Surveyor 

AiResearch Divi s i on 
Garrett corporation 
Torrance , Cal . 

Airite 
E l  S egundo , Cal . 

Ground support equipment 

:t-litrogen tanks 

Airtek Division Propellant tanks 
Fansteel Metal lurgi cal C orp . 
C ompt on , Cal . 

Ampex Tape recorder 
Redwood C ity , Cal . 

As trodata Time cloCks 
S anta Ana , Cal . 

Bell & Howell Company 
Chicago , I l l . 

Bendix C orp . 
P r odu ct s Aerospa ce Divi s i on 
S outh Bend , Ind . 

B org-Warner 
S anta Ana , Ca l .  

Brun s on 
Kans a s  City , Kan . 

c a r l et on C ontrols 
Bu ffa lo ,  N .  Y. 

E a g l e-Pi cher C ompany 
Joplin , Mo . 

E l ectri c S torage Battery 
Ra l e i gh , N . C .  

E l ectr o-Devel opment C orp . 
S eatt l e  

E l ec tro-Mechan i c a l  Resea r ch 
S a r a s ota , Fla . 

c amera Lens 

LC11 ding dynami c s  stab i l i ty 
study 

Tape recorder 

Opti ca l  a lignment equipment 

Helium regulator 

Auxi liary batteri es 

Ma in batteri es 

S t rain gage e lect roni cs 

Decommutators 
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Endevco C orporation 
P a s ad ena , C al .  

Genera l E le ct r odynami cs 
Gar l a nd , Tex . 

Genera l Precis i on , I n c . 
Kear fott Divis i on 
Lit t l e  F a l l s , N . J .  

Genera l Preci s i on ,  I n c . 
Link Group 
Palo Alt o ,  C a l .  

H e l i ot ek 
S y lma r , cal . 

Hi-Shear C orp . 
Torrance , C a l . 

c .  G .  Hokanson 
S a n t a  Moni ca , C a l . 

Holex 
Hol l i ster , C a l . 

Honeywel l  
Los Ange l e s  

Kinet i cs 
S o lana Beach ,  C a l . 

Lear S i eg ler 
Santa Mon i ca , Ca l .  

Mena s co 
Los Ange l e s  

Met c om  
S a l em ,  Mas s . 

-35-

Acce lerometers 

Vidi con tubes 

Gyro s  

Spacecra ft T V  ground data handling 
sys t em 

Solar modu l es 

S epa r a t i on devi ce 

Mob . t emperature control unit 

Squibs 

Tape r ecorder/reprodu cer 

Main power swit ch 

TV phot o r e corder 

Ga s tanks 

Magnet ron a s s emb ly 

Motorola , I n c . Subcarrier o s ci l lator s 
Mi l i tary E l e ctron i cs Divi s i on 
S cott s da l e ,  Ari z .  
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Nat i onal Water Lift Co . 
Kalamazoo , Mich . 

Northrop/Horair 
Hawthorne , Cal . 

Ryan Aeronautical Co . 
San Diego , Cal . 

Sanborn 
Wal tham, Mass .  

S c ientifi c -Atlanta 
At lanta , Ga . 

S inger-Me trie s 
Bridgeport , Mas s . 

Thiokol Chemical Corp . 
Elkton Divis ion 
Elkt on, Md . 

Thiokol Chemical Corp . 
Reac t ion Motors Division 
Denv i lle , N . J .  

Te lemetries 
Santa Ana , Cal . 

United Aircraft Corp . 
Norden Division 
Southampton, Pa . 

Vector 
Sou thampton, Pa . 

Roeke tdyne Div . of 
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Landing shock absorber 

Landing gear 

Radar altitude Doppler veloc ity 
sensor 

L. F .  oscill ograph 

System test stand 

F .  M .  ca librator 

Main retro engine 

Vernier propul si on system 

Simulator 

Subcarrier osc il lator 

Subcarrier oscillator 

Atlas 

MA-5 propu lsion system 
North American Aviation Inc . 
Canoga Park , Cal . 

Thiokol Chemical Corp . 
Reaction Mot ors Div . 
Denville , N . J .  

Hadley Co . Inc . 

LOX and fue l  staging valves 

Valv e s , regulators and discon ­
nec t  c oupling 
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Flu idgenic s  Inc . 

General Precision Inc . 
Kearfott Div . 
San Marco s ,  Ca l . 

Honeywel l  Inc . 
Aeronau t ical Div . 

Fifth Dimension Inc . 

Bendix Corp . 
Bendix Pac ific Div . 

Fai rchild-Hiller 
Stratos Western Div . 

Bourns Inc . 

Washington Steel C o .  
Washington , Pa . 

Regu lators 

Displacement gyros 

Rate gyros 

Commu tators 

Telepaks and osc il lators 

LOX fue l  and drain valves 

TranSducers and potentiometers 

Stainless steel 

Centau r 

General Dynamic s/Ft . Worth 
Div . ,  Ft . Worth , Tex . 

Pes c o  Produ c t s  Div . of 
Borg-Warner Corp . 
Bedford , Ohio 

Bell Aerosystems Co . of 
Bell Aerospace Corp . 
Buffa l o ,  N . Y . 

Liquidometer Aerospace Div . 
Simmonds Prec ision Product s , 
Inc . 
Long Island , N . Y .  

General Precision Inc . 
Aerospac e  Gp . ,  Kearfott 
Div . ,  San Marc os , Cal . 

Goodyear Aerospace Div . of 
Goodyear Tire and Ru bbe r Co . 
Akron , Ohio 

Insu lat ion panel s  and nose 
fairing 

Boost pumps for RL-10 engine s  

Attitude c ontrol system 

Propellant u t il ization system 

Compu ter for ine rtial guidance 
system 

Handling trailer 
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Systems and Instruments Div . Destructors 
ot Bulova Watch Co . 

Flushing, N . Y. 

Consolidated Controls 
El Segundo ,  Cal . 

Borg-Warner Controls Div . 
or Borg-Warner Corp . 

Santa Ana ,  Cal . 

Sippican Corp . 
Marion, Mass .  

General Electric Co . 
Lynn, Mass . 

Vickers Div . of 
Sperry Rand Corp . 
Troy, Mich . 

Edcl irr Instruments ,  Inc . 
Monrovia , Cal .  

Rosemount Engineering C o .  
Minneapolis 

Scientiric Data Systems 
Santa Monica, cal . 

W .  0 .  Leonard, Inc . 
Pasadena , C8.1. 

Safe and arm initiator 

Inverter 

Modules ror propellant utili­
zation system 

Turbine 

Hydraulic pumps 

Transducers and switches 

Transducers 

Computers 

Hydrogen and oxygen vent 
valves 
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