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Preface

The work described in this report was performed by the tracking and data
acquisition organizations of Elie Jet Propulsion Laboratory, Air Force Eastern
Test Range, Manned Space Flight Network, and the NASA Communications
Network of Goddard Space Flight Center,

This volume is the second in a series of five to record the technictil activities
of the Tracking and Data System in support of the flights of SuPUef/ors 1—VII,

Volume I covered Surveyor Missions I and II, This Volume II covers the support
of Surveyors 111 and IV; and Volumes I11, 1V, and V will record the tracking and
data acquisition activities for Surveyor's V, VI, and VII, respectively,
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Abstract

This report covers the Tracking and Data System (TDS) activities for
Surveyors III and IV, from the time the requirements on the system were estab-
lished by the Project objectives and the spacecraft design, through the preparation
of the network-support plans, the implementation of the necessary facility con-
figurations, the performance of the requisite tests to establish operational readi-
ness, the support of the actual flights to the end of each mission—with a
comprehensive account of the tracking operations, and an evaluation of that
support. To better define the requirements on the TDS, the Surveyor mission
objectives are reviewed and descriptions of the Atlas/Centaur launch vehicle and
of the spacecraft are included, as are synopses of the Surveyor III and IV flights.
Associated equipment and activities of the three elements of the Deep Space
Network—i.e., the Deep Space Instrumentation Facility, the Ground Communi-
cations Facility, and the Space Flight Operations Facility—in meeting the metric,
telemetry, command, and tracking demands of the missions are documented.
Tracking and telemetry summaries of the initial phases of the flights cover opera-
tions of the Goddard Space Flight Center, the Air Force Eastern Test Range, the
Spacecraft Monitoring Facility at Cape Kennedy (DSS 71), and the Ascension
Island Spacecraft Command and Guidance Station (DSS 72). Technical and
statistical data concerning launch, trajectory, operating modes, tracking time,
received-signal levels, command lockups, data transmission and reductifm are
presented.
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Tracking and Data System Support for Surveyor
Missions III and .IV

I. Introduction
A. General

The purpose of this document is to provide a history
of the technical activities of the Air Force Eastern Test
Range (AFETR), the Goddard Space Flight Center
(GSFC), and the NASA/JPL Deep Space Network (DSN)
in support of Surveyor missions A through G (Surveyor I
through VII missions). Included in this document are the
Tracking and Data Acquisition (TDA) requirements,
mission preparations of all participating agencies, a com-
prehensive account of the tracking operations, and a Track-
ing and Data System (TDS) performance evaluation
summary. A brief description of the TDS, Surveyor series,
as well as launch vehicles, spacecraft, and flight objec-
tives, is also provided to convey an understanding of
TDS activities.

The Surveyor Project is managed by the Jet Propulsion
Laboratory (JPL) for the NASA Office of Space Science
and Applications. The Project is supported by four
major management and functional elements or systems:
(1) Launch Vehicle System, (2) Spacecraft System,
(3) Tracking and Data System, and (4) Mission Opera-
tions System (MOS). In addition to overall project
management, JPL has been assigned the management
responsibility for the spacecraft, tracking and data

acquisition, and mission operations systems. NASA/Lewis
Research Center (LeRC) has been assigned responsibility
for the Atlas/Centaur launch vehicle system.

The TDS provides the tracking and communications
link between the space vehicle and committed earth
based stations. For Surveyor missions, the TDS usesi the
facilities of: (1) the AFETR for tracking and telemetry of
the spacecraft and vehicle during the launch and near
earth phases, (2) the DSN, for precision tracking com-
mands, telemetry, communications, data transmission,
processing, and computing, and (3) the Manned Space
Flight Network (MSFN) and the National-- eronauties
and Space Administration Communications System
(NASCOM), both of which are operated by the GSFC.

The AFETR extends from the eastern United States
mainland through the south Atlantic Ocean area east-
ward into the Indian Ocean, It includes all stations, sites,
ocean areas, and air space necessary to conduct missile
and space vehicle . test and development. Administra-
tive and management activities are largely concentrated
at Patrick AFB,' while actual missile launches and flight
tests are conducted at Cape Kennedy Air Force Station
(CKAFS) and over the downrange areas.

B. Tracking and Data System`
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The AFETR uses major instrumentation systems to
support those projects, programs, and organizations that
use the AFETR launch facilities.

As a part of the TDS, the AFETR performs TDA func-
tions for Surveyor missions during the countdown and
launch phases of each flight. To meet the tracking
and telemetry commitments for Surveyor missions, the
AFETR has at its disposal; (1) Landbased Instrumenta-
tion Sites, (2) Range Instrumentation Ships (RIS), and
(3) Range Telemetry Aircraft.

The DSN, established by the NASA Office of TDA, is
under the system management and technical direction of
JPL. The DSN is responsible for two-way communica-
tions with unmanned spacecraft traveling from approxi-
mately 10,000 mi from earth to interplanetary distances.
Tracking and data-handling equipment to support these
missions is provided. Present facilities permit simulta-
neous control of a. newly launched spacecraft and a
second one already in flight. In preparation for the in-
creased number of United States activities in space, a
capability is being developed for simultaneous control of
either two newly launched spacecraft plus two in flight,
or four spacecraft in flight. Advanced communications
techniques are being implemented to obtain data from,
and to track spacecraft to, planets as far out in space
as Jupiter.

The DSN is distinct from other NASA networks such
as the Space Tracking and Data Acquisition Network
(STADAN), which tracks earth-orbiting scientific and
communication satellites, and the Manned Space Flight

Network (MSFN), which tracks the manned spacecraft
of the Gemini and Apollo programs.

The DSN supports, or has supported, the following
NASA space exploration projects: (1) the Ranger, Surveyor,
and Mariner Projects of JPL; (2) the Lunar Orbiter Project
of the Langley Research Center; (3) the Pioneer Project of
the Ames Research Center; (4) the Apollo Project of the
Manned Spacecraft Center (as backup to certain stations
of the Manned Space Flight Network); and (5) the NASA
Voyager Project. The main elements of the network are:
The Deep Space Instrumentation Facility (DSIF), with
communications and tracking stations located around the
world; the Ground Communications Facility (GCF), which
provides communications between all elements of the
DSN; and the JPL Space Flight Operations Facility
(SFOF), the command and control center for DSN sup-
ported projects.

The Deep Space tracking stations are situated such
that three prime stations may be selected approximately
120 deg apart in longitude in order that a spacecraft in
or near the ecliptic plane is always within the field of
view of at least one of the selected ground antennas.
The Deep Space stations and their respective locations
are shown in Table 1.

The Deep Space acquisition of a spacecraft signal may
involve six different functions: (1) pointing the antenna
at the spacecraft; (2) tuning to, and locking receivers to
the spacecraft transmitted frequency; (3) tuning and
locking the ground transmitter to the spacecraft receiver
frequency; (4) establishing range lock, where applicable;

Table 1. DSS station designations and locations

Location
Station

to
number

Geodetic
latitude,

deg

Geodetic
longitude,

deg

Height above
mean sea
level, in

Geocentric
latitude,

Geocentric
longitudo,

deg

Geocentric
radius,

km

Goldstone, Calif. (Pioneer) 11 35.38950N 243.55175E 10375 35.20805N 243.75080E 6372.0341

Goldstone, Calif. (Echo) 12 35.29986N 243.19539E 989-5 35.11861N 243A9445E 6372.0176

Goldstone, Calif. (Venus) 13 35.24772N 243.20599E 72135 35.05662N 243.20507E 6372.2599

Goldstone, Calif. (Man) 14 35.42528N 243.12222E 1160 35.24376N 243.12127E 6372.1341

Woomera, Australia 45 31.383145 136.88614E 144.8 31.212365 736.88614E 63725317

Canberra, Australia 42 35AOI IIS 148.98027E 654 35.219625 148.98027E 6371.6686

Johannesburg, S. Africa 51 25.889215 27.68570E 1398.1 25.738765 27.68558E 6375.54T5

Madrid, Spain, (Rabledo) 61 40.429	 N 355.751	 E 800 40.238	 N 355.751	 E 6370.0868

Cape Kepnedy, Fla. 71 28.48713N 279.42375E 4.0 28.32648N 279.42315E 6373.2913

Ascension Island 72 7.954745 345.67242E 526.7 7.899915 345.67362E 6378.23.=k^
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(5) synchronizing the telemetry system; and (6) in some
cases, providing for immediate command transmission to
the spacecraft. Selected DSIF stations are equipped with
acquisition aid antennas mounted on the 85-ft antennas,
to assist in the acquisition process. The acquisition aids
have beamwidths of approximately 16 deg and are accu-
rately boresighted with the 85-ft antennas. They have
angle-error outputs which are connected to a sepa-
rate angle channel receiver. By observing the angle errors
generated simultaneously by both wide- and narrow-
beamwidth antennas, a smooth change from tracking
with the acquisition aid to tracking with the 85-ft antenna
can be effected. Thus, tracking, telemetry, and control
of the spacecraft are properly attained.

The '-\,fSFC is under the direction of the GSFC, located
at Greenbelt, Maryland. The MSFN is part of a world
wide network designed for supporting the Manned Space
Flight effort. The GSFC MSFN has certain responsibili-
ties, of tracking and data acquisition, communications,
and computer support, placed upon it by the Surveyor
Project.

From the IvfSFI l facilities, launch, first tracking, and
launch mark-event activities are monitored, By use of the
Switching Communications and Monitoring Arrangements
(SCAMA), voice operations and control are linked to all
NISFN tracking stations committed to support the
Surveyor missions.

All MSFti stations are tied together around the world
through common timing, geodetic, control systems, and
communications coordination by GSFC. This world-wide
communications network, designated NASCONf, men-
.'oned above, provides teletype, voice and data links in
supporting the Surveyor missions.

C. Surveyor Series

The Surveyor Project comprises seven flights, identi-
fied prior to launch as missions A through G, which are
being conducted under the auspices of 'NASA, with the
following objectives: (1) accomplishing successful soft
landings on the moon as demonstrated by operation of
the spacecraft subsequent to landing, (2) providirri; basic
data in support of Apollo, and (3) performing operations
on the lunar surface which will contribute new scientific
knowledge and understanding of lunar characteristics
and provide further information for support of Apollo-

Of the seven missions planned three have been Iaunched
as of April 17, 1967. The first mission, Surveyor I, was
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carried out with complete success beginning with launch
on the Atlas/Centaur booster on Nfay 30, 1966. Surveyor I
survived its first night on the moon and retumed
additional `elevision pictures during its second lunar
day. The second Surveyor spacecraft, Surveyor II, was
launched on September 20, 1966, and failed during the
midcourse maneuver due to a probable vernier propul-
sion system malfunction. Surveyor III was launched on
April 17, and successfully touched down on April 19,
1967. The spacecraft landed in a crater 1.6 mi from the
planned target area. Surveyor III was responsive to com-
mands throughout the lunar day, which ended on
May 3; 1967. A total of 6315 TV pictures were taken,
including the earth, star maps, and photos of a Iunar
eclipse. The surface sampler operation was excellent
throughout the mission. The mechanism dug four
trenches, the deepest of which was 71/a in.

The Surveyor spacecraft have been designated as the
A-21/A through A/21-G. Surveyor spacecraft carry
engineering payloads to demonstrate successful transit
and soft lunar landing and to gather basic engineering
data relative to the performance of the spacecraft in the
environments encountered in transit. The collection and
transmission of scientific data concerning the lunar sur-
face is also a major objective for Surveyor.

The Surveyor spacecraft has an injected weight of
about 2300 lbs and is boosted to injection by an Atlas/
Centaur launch vehicle. The Centaur vehicle uses a
single burn direct ascent trajectory for the Surveyor I, II,
and IV missions. Surveyor III, V, VI and VII missions will
utilize a parking orbit trajectory. Lanar touchdown times
are adjusted in such a manner dmt the target area is
observable from the Goldstone Deep Space Station.

D. Atlas/Centaur Launch Vehicle

The two-stage launch vehicle, shown in Fig. 1, con-
sists of an Atlas first stage aad a Centaur second stage.
Both stages are of a constant 10-ft diam and use a
stainless-steel shell construction that maintains itlf shape
through pressurization without any internal stiffening.
All main engines plus the Atlas verniers are gimbaled for
directional control. The gross weight of the 105-ft vehicle
is approximately 300,000lbs at liftoff.

The first stage of the Atlas/Centaur vehicle is a modi-
fied version of the Atlas D used on many previous NASA
and Air Force missi ns such as Ranner, Mariner and OCO.
The Atlas propulsion system consists of two booster
thrust &,ambers rated at 165.000 Ibs thrust each. a single
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sustainer rated at 57.CM Ihs thrust- and t ,.,,-o vernier
thrust chambers rated at approximatel y 10W lbs thrust
each. All engines bairn a propellant combination of liquid

oxygen and RP-1 kerosene- producing a total liftoff
thrust of approximately 35.(Xtt) Ihs. The Atlas can he
considered a P-2-stage vehicle because the -booster sec-
tion." weighin g 60Y) lbs and consisting of the two booster
engines together with the booster turbo pumps and other
equipment located in the aft section. is jettisoned after
ahrnit 2.5 min of flight. The sustainer and vernier engines
continue to burn until propellant depletion. A mercury
manometer propellant utilization system is used to con-
trol mixture ratio for the purpose of minimizing propel-
lant residuals at Atlas hurnout.

Flight control of the first stage is accomplished b y the
Atlas autopilot. v.-1-' ich contains displacement gyros for
attitude reference. rate gyrDs for response damping. and
a programmer to control flight sequencing until Atla.,1
Centaur (A/C separation. .after booster jettison. the
Atlas autopilot is also fed stee:Mg commands from the all-
inertial guidance set located in tree Centaur stage. Vehicle
attitude and steering control are achieved by the coordi-
nated gimhalling of the five thrust chambers in. response
to autopilot signals.

The Atlas contains a single V IF telemetry system
<< hich transmits data on 11.5 first-stage measurements

until Atlas separation. The system operates on a fre-
quenev of 2-2-9.9 Me over two antennas mounted on oppo-
site sides of the vehicle at the forward ends of the
equipment pods. Redundant range-safety command re-
ceivers and a single destructor unit are employed on the
Atlas to provide the Range Safety Officer with means of
terminatin g the flight by initiating engine cutoff and
destroy ing the vehicle, The system is inactive after nor-
mal Atlas staging occurs. The AZL SA tracking system
has been deleted from the Atias for Surveyor missions.
leaving only the C-hand tracking system on the Centaur
sta ?P. The atlas launch .ehicle is sh gsyn in Fig. 1.

E. Centaur Second Stage

The Centaur second stage is the first vehicle to utilize
liquid hydrogen/liquid o!cygen. high-specific-impulse pro-
pellants. The cryogenic propellants require special insu-
lation to he used for the forward. aft. and intermediate
bulkheads as well as the cylindrical walls cf the tanks.
The cylindrical tank section is thermall y insulated by
four jettisonable insulation panels having built-in fair-
ines to accommodate antennas. conduits. and other tank
protrusions. The insulation panel hinges were redesigned
for A/C-10 to overcome a deplo yment control problem
which had been suspected on vehicle development flights
of A/C-6 and A/C S. Most of the Cer,farnr electronic
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equipment packages are mounted on the forward tank
bulkhead in a compartment which is air-conditioned
prior to liftoff.

The Centaur is powered by two constant-thrust en-
gines rated at 15,000 lbs thrust each in vacuum. Each
engine can be gimballed to provide control in pitch, yaw,
and roll. Propellant is fed from each of the tanks to the
engines by boost pumps driven with hydrogen peroxide
turbines. In addition, each engine contains integral "boot-
strap" pumps driven by hydrogen propellant, which is
also used for regenerative cooling of the thrust chambers.
A propellant utilization system is used on the Centaur
stage to achieve minimum residual of one propellant at
depletion of the other. The system controls the mixture
ratio valves as a continuous function of propellant in the
tanks by means of tank probes and an error ratio de-
tector. The nominal oxygen/Hydrogen mixture ratio is
5:1 by weight.

The second-stage all-inertial guidance system contains
an on-board computer which provides vehicle steering
commands after jettison of the Atlas booster section. The
Centaur guidance signals are fed to the Atlas autopilot
until Atlas sustainer engine cutoff and to the Centaur
autopilot after Centaur main-engine ignition. Surveyor I
was the first Centaur flight to employ an inertial plat-
form containing new gyros having reduced gimbal stop
angles, improved flex leads; better balanced spin motor;
and reduced synchronous torque sensitivity. It was also
the first flight during which the gyros were not torqued
to correct for gyro drift characteristics. Gyro drifts were
compensated for by the guidance system computer,
which was programmed to set the torquing signals to
zero during flight. The Centaur autopilot system pro-
vid-s the primary control functions required for vehicle
stabilization during powered flight, execution of guid-
ance system steering commands, and` 'attitude orientation
following the powered phase of flight. In addition, the
autopilot system employs an electromechanical timer to
control the sequence of programmed events during the
Centaur phase of flight, including a series of commands
required to be sent to the spacecraft prior to spacecraft
separation.

The Centaur reaction control system provides thrust to
control the ve hole after powered flight. For small cor-
rections in yaw, pitch, and roll attitude control, the
system utilizes six individually controlled, fixed-axes,
constant-thrust, hydrogen peroxide reaction engines.
T_:ese engines are mounted in clusters of three, 120 deg
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apart on the periphery of the main propellant tanks at
the interstage adapter separation plane. Each cluster
contains one 64b thrust engine for pitch control and two
3.5-lb thrust engines for yaw and roll control. In addi-
tion, four 50-1b thrust hydrogen peroxide engines are
installed on the aft bulkhead, with thrust axes parallel
with the vehicle axis. These engines are for use during
retromaneuver and for executing larger attitude correc-
tions if necessary. The cluster engines were slightly
modified from the design used on the previous flight
(A/C-8), in that the large aluminum B-nut on the thrust
chambers was replaced with a steel flange joint to effect
a more positive seal.

The Centaur stage utilizes a VHF telemetry system
with a single antenna transmitting through the nose fair-
ing cylindrical section on a frequency of 225.7 MHz. The
telemetry-system provides data on 140 measurements
from transducers located throughout the second stage
and spacecraft interface area as well as a spacecraft com-
posite signal from the spacecraft central signal processor.

Redundant range safety command receivers are em-
ployed on the Centaur, together with shaped charge
destruct units for the second stage and spacecraft. This
provides the Range Safety Officer with means to termi-
nate the flight by initiating Centaur main engine cutoff
and destroying the vehicle and spacecraft retrorocket.
The system can be safed by ground command, which is
normally transmitted by the Range Safety Officer when
the vehicle has reached injection energy.

Prior to final encapsulation and mating of Surveyor, a
system is provided for the automatic destruction of the
Centaur and spacecraft in the event of premature space-
craft separation.

A C-band tracking system is contained on the Centaur
which includes a lightweight transponder, circulator,
power divider, and two antennas located under the insu-
lation panels. The C-band radar transponder provides
real-time position and velocity data for the Range Safety
Instantaneous Impact, Predictor as well as data for use in
guidance and trajectory analysis.

F. Surveyor Spacecraft

The general arrangement of the spacecraft and identi-
fication of its various elements are shown in Fig. , 2. The
spacecraft is composed of electronic and mechanical as-
semblies mounted on a basic spaceframe constructed of
thin-walled aluminum alloy tubular members. Landing
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i

shock is absorbed by a crushable structure and by the
tripod landing gear, which also maintains correct atti-
tude after landing.

The equipment to be carried on these first four mis-
sions includes flight control, propulsion, telecommuni-
cations, TV, and power sub-systems. The flight control
subsystem provides attitude stabilization and control dur-
ing all phases of the flight. The primary sun sensor
and the Canopus sensor provide attitude reference dur-
ing coast phases of the flight. Other elements of the
flight control subsystem include gas jets, and inertial
reference unit, and associated electronics. The altitude
marking radar initiates the terminal descent phase by
firing the vernier engines and main retro-rocket engine.
The Radar Altimeter and Doppler Velocity Sensor
(RADVS) provides signals to control the rate of descent
and attitude during the descent phase.

The basic units of the telecommunications subsystem
are two transmitters, two receiver/transponders, two

omnidirectional antennas, and one high-gain planar array
antenna. Additional units provide control and signal
processing. The basic functions of the telecommunica-
tions subsystem include command reception, transit
lunar surface telemetry transmission, and two-way dop-
pler transponder operation.

In addition to these subsystems, the first four Surveyor

spacecraft vzll carry an engineering payload. This pay-
load consists of an auxiliary battery, the TV- subsystem,
accelerometers for measuring vernier engine thrust, strain
gages for measuring main retro-rocket engine case pres-
sure and touchdown shock, and temperature sensors to
measure the thermal status of a variety of components
of the system including the structure. The auxiliary engi-
neering signal processor processes the sensor data for
transmission.

The TV subsystem consists of an approach TV camera,
a survey TV camera, and additional units to control the
cameras. The approach TV camera provides pictures of
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the lunar landing site from a range of 1000 mi to approxi-
mately 80 mi above the lunar surface. The survey TV
camera provides pictures of selected portions of the lunar
surface, free space, and of the spacecraft after landing.

As has already been mentioned, the Surveyor space-
crafts have a nominal separated weight of approximately
2200 lbs and contain three extendable legs used for sta-
bility during touchdown o p the lunar surface. The guid-
ance system of each spacecraft maintains full attitude
stabilization and directs the spacecraft through maneu-
vers in attitude and trajectory in response to commands
from the ground. Cold gas jets are used to position and
maintain the spacecraft in the required attitude. In this
stabilized mode, the spacecraft uses the sun and Canopus
as reference objects.

The spacecraft contains two propulsion systems: a
solid-propellant, main retro engine that provides the pri-
mary braking during terminal descent, and a variable,
low-thrust, liquid-propellant, vernier system capable of
executing a midcourse trajectory correction and of pro-
viding braking and attitude control during terminal de-
scent. During the terminal sequence, the propulsion
system is controlled automatically by a radar system that
measures attitude and velocity components with respect
to the lunar surface.

The spacecraft derives its electrical power from a solar
panel and from batteries for peak power requirements
during transit, and after landing during the lunar night.
It has a two-way communications S-band system that
provides a method of telemetering information to the
earth, provides command capability to the spacecraft,
and provides angle tracking and one- or two-way dop-
pier for orbit determination.

G. Surveyor Mission Objectives

The specific objectives of each Surveyor mission are
denoted as "flight objectives." Flight objectives are speci-
fied in three categories: primary, secondary, and tertiary,
as follows:

(1) Primary flight objectives are to:

(a) Demonstrate the capability of the Surveyor
spacecraft to perform successful midcourse and
terminal maneuvers and soft-landing on the
moon.

(b) Demonstrate the capability of the AtlaslCentaur
vehicle to successfully inject the Surveyor
spacecraft on a lunar intercept trajectory.
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(c) Demonstrate the capability of the Surveyor
communications system and the DSN to main-
tain communications with the spacecraft dur-
ing its flight and after the soft landing.

(2) Secondary flight objectives are to:

(a) Obtain in-flight engineering data on all space-
craft subsystems used in cruise flight,,

(b) Obtain in-flight engineering data on all space-
craft subsystems used during the midcourse
maneuver, terminal maneuver, and main retro
phase.

(c) Obtain in-flight engineering data on the per-
formance of the closed-loop terminal descent
guidance and control system, consisting of the
velocity and altitude radars, on-board analog
computer, auto-pilot and vernier engines.

(d) Obtain engineering data on the performance of
spacecraft subsystems used on the lunar
surface.

(3) Tertiary flight objectives are to:

(a) Obtain post-landing TV pictures of a space-
craft footpad and the immediately surrounding
lunar surface material.

(b) Obtain post-landing TV pictures of the lunar
topography,

(c) Obtain data on the radar reflectivity of the
lunar surface.

(d) Obtain data on the bearing strength of the
lunar surface.

(e) Obtain spacecraft temperature data on the
lunar surface for use in the analysis of lunar
surface temperatures.

Prior to Mission A launch, a launch-hold criterion was
established in that the capability must exist for all project
systems to meet all objectives (primary, secondary, and
tertiary) before the launch would be permitted.

(4) Definition of primary, secondary, and tertiary
objectives are:

(a) Primary: Achievement of the primary objective
is required for the mission to be considered
successful. When developmental or operational
conditions exist which jeopardize or prevent
achievement of the primary objective, the
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launch will be delayed, or rescheduled. Fur-
ther, nonstandard procedures, if required, will
be executed during flight operations in such a
manner as to accomplish the primary objective
at the expense of the lesser objectives.

(b) Secondary: Achievement of the secondary ob-
jective is highly desirable; however, the failure
to achieve the secondary objective, while a
serious matter, is not regarded as mission fail-
ure. The scheduled launch would probably be
delayed, or rescheduled if conditions exist
which seriously jeopardize or prevent achieve-
ment of the secondary objective, but a decision
would be made at that time based on the
circumstances.

(c) Tertiary: Achievement of the tertiary objective
is considered a bonus. If developmental or
launch, transit, and lunar (e.g., lighting) readi-
ness conditions which affect the accomplishment
of the tertiary objectives are not satisfactory,
the scheduled launch will proceed as planned'
without major delays.

(7) Surveyor III mission objectives are:

(a) Primary objectives to:

(1) Perform a soft landing on the moon within
the Apollo zone and east of the Surveyor I
landing site.

(2) Obtain post-landing TV pictures, touch-
down dynamics, radar reflectivity and ther-
mal data on the lunar surface.

(3) Demonstrate the capability of the
Surveyor III spacecraft to softland on the
moon with an oblique approach angle not
greater than approximately 35 deg.

(b) Secondary objectives to:

(1) Obtain information on lunar surface bear-
ing strength, radar reflectivity and thermal
properties.

(2) Use the surface sampler to manipulate the
lunar surface.

(3) Observe effects with the TV camera.

(5) Additional mission objectives are to:

(a) Develop the requisite technology and accom-
plish a series of soft landings on selected areas

^ of the lunar surface.

(b) Transport and soft land selected scientific in-
struments and perform experiments on the
lunar surface for local area investigation.

(c) Obtain	 engineering	 data	 regarding	 perfor-
mance of the spacecraft system which will aid
in future space exploration.

(d) Telemeter the scientific and engineering data
back to • earth for retrieval,	 reduction,	 and
dissemination.

(6) Surveyor project objectives are to:

(a) Accomplish successful soft landing on the
moon as demonstrated by operations of the
spacecraft subsequent to landing.

(b) Provide basic data in support of Apollo.

(e) Perform operations on the lunar surface which
will contribute new scientific knowledge about
the moon and provide further information in
support of Apollo.

(4) Demonstrate the capability of DSS 61 to
support future Surveyor missions.

Figure 3 shows the lunar lighting and declination for
April, May, June 1967 and presents the time remaining
until sunset at 45 deg west selenographic longitude as a
function of calendar date for 1967-68. However, if it is
dark at 45 deg west, the time past sunset is shown. Since
one deg of longitude is approximately equivalent to 2-h
lighting (h/0.508 deg = 2 h/deg), the lighting at any
other longitude can be easily determined from these fig-
ures. For example, the time to sunset at 20 deg west
longitude is 50 h less than that at 45 deg west
[(45 deg — 20 deg) x 2 h/deg = 50 h] since 20 deg
west is 50 h closer to the sunset terminator. The lighting
curves are based on 45 deg west longitude because it is
the western boundary of the Apollo landing zone and
also the approximate, mean-vertical, impact longitude for
66-h parking-orbit trajectories.

Present lunar lighting constraints for Surveyor parking-
orbit missions require that landing occur before sunset
— 150 h and after sunrise +30 h. Based upon the land-
ing sites which have been selected for Surveyor and the
maximum off-vertical incidence capability of the space-
craft, it can be expected that Surveyor landings will occur
between 0 and 45 deg west longitude.
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Fig. 3. Lunar lighting and declination, April 1967

In order to determine a launch period, one must first
determine the corresponding arrival period. The arrival
period is defined by the earliest and latest arrival dates
of a consecutive set which satisfy the lighting constraints.
Using the above criteria, the earliest arrival date is the
first date on which landing can occur at 0 deg longitude
at least 30 h after sunrise. The latest arrival date is the
last date on which landing can occur at 45 deg west lon-
gitude at least 150 h before sunset. Note that if it is 30 h
after sunrise at 0 deg longitude, it must be 5 h before
sunrise (which is equivalent to 296 h after the previous
sunset) at 45 deg west as illustrated in Fig. 4.

H. Surveyor Flight Description

The Surveyor spacecrafts are injected into the required
lunar transfer trajectory by the Atlas/Centaur launch

vehicle from Launch Complex 36 of the AFETR. The
ascent mode used for Surveyor is either direct ascent
trajectory or by parking-orbit. Direct-ascent trajectories
are characterized by nearly continuous thrusting from
liftoff to injection. The direct ascent mode was used by
Surveyor I and II missions. Surveyor III mission is the
first Atlas/Centaur/Surveyor launch to use a parking-
orbit trajectory.

A lunar trajectory is usually dependent upon four im-
pact parameters: (1) speed, (2) selenographic latitude,
(3) selenographic longitude, and (4) the time of lunar
impact. Other sets of four parameters can be used, but
this set is die most useful for the Surveyor missions.
Corresponding to the four impact parameters there are
four launch parameters by which the trajectory can also

Fig. 4. Motion of terminators
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be specified. They are: (1) the launch time, (2) launch
azimuth, (3) inject flight path angle, and (4) energy. In
the trajectory design, the impact parameters are used as
search variables while the launch parameters are the con-
trol variables.

The launch periods for the Surveyor parking-orbit
missions are determined primarily by the lunar lighting
conditions during and following landing. The moon ro-
tates at a nearly constant rate of 0.508 deg/h from west
to east relative to the moon-sun line, as illustrated in
Fig. 5. Consequently, the sub-solar point, which remains
within two deg of the lunar equator, moves across the
lunar surface from east to west at this rate. Sunrise
occurs 90 deg west of the sub-solar point, and sun-
set occurs 90 deg east of it. The duration of the lunar
day and night are both equal to 354 h (180 deg/
0.508 deg/h = 354 h).

Therefore, the arrival period consists of those consecu-
tive dates on which it is at least 296 h after the previous
sunset and at least 150 h before the next sunset at 45 deg
west at the time of landing.

Landing is further constrained to occur during visi-
bility from the Goldstone DSS. The time at which the
moon is at its maximum elevation over Goldstone is
indicated by the arrival date shown in Fig. 2. The visi-
bility constraints are such that landing must always occur
within 5 h of the time of maximum elevation. Therefore,

ROTATION OF LONS-SELENOGRAPHIC LONGITUDE OF SUN
MOON LON S/C -SELENOGRAPHIC LONGITUDE OF

LANDED SPACECRAFT

TO SUN

the lighting criteria must be satisfied within 5 h of the
timing marks on the graphs.

Having thus established the arrival dates, one merely
subtracts 66 h (i.e., the approximate flight time) to deter-
mine the corresponding launch dates which compose the
launch period.

The launch windows for Centaur/Surveyor parking-
orbit ascent trajectories are primarily a function of the
following parameters: lunar declination at arrival, launch
azimuth sector, and minimum and maximum Centaur
parking-orbit coast time. It is known that there are two
corners (discontinuities) in each launch window curve so
that each curve consists of three continuous segments.
The left segment would correspond to windows that open
at the northern launch azimuth constraint and close at
the minimum coasting time constraint. The middle seg-
ment would correspond to windows that open at the
northern azimuth constraint and close at the southern
constraint. The right segment would correspond to win-
dows that open at the maximum coasting time constraint
and close at the southern launch azimuth constraint. There-
fore, the corner points would indicate the range of dec-
lination over which each constraint is applicable.

Returning to Fig. 3, it is seen that the lunar declina-
tion is also presented as a function of calendar date.
Consequently,_ having selected an arrival date, the corre-
sponding declination can be obtained from these figures.
Other calculations may then be used to determine the
launch window and usable launch azimuth sector, respec-
tively, for the arrival date. Recall that the launch date is
obtained by subtracting 66 h from the arrival date. These
figures present the launch windows and usable portion
of the launch azimuth sectors based on both the
93-111 deg and the 78-115 deg sectors for the calendar
years 1967 and 1968. The launch dates were selected on
the basis of the previously discussed lunar-lighting cri-
teria. It is seen that the 93-111 deg sector precludes
launching on several days and reduces the launch win-
dows on the remaining days by a factor of two on the
average.

Figure 6 presents the earth track of the sub-spacecraft
point for arrival at the lunar declination of +28 deg
which was used by Surveyor III. The earth track is pre-
sented for the opening and -closing launch azimuths
which are based on the given declination, the requested
78-115 deg azimuth sector, and the Centaur coast time
constraints. Tracking station coverage and the location of

I
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key vehicle events is indicated on the figure. After hav-
ing determined the declination for the arrival date corre-
sponding to the launch date of interest, interpolation
between the earth track figures may be performed. How-
ever, in this case it will be adequate to simply refer to
the figure for the declination closest to the one of interest.

The nominal. Surveyor trajectories are selected on the
basis of die launch and impact parameters described
above and the constraints imposed on them. The func-
tiumd relationships involved in the selection of these
parameters in trajectory design are presented in Fig. 7.
This diagram shows the dependence of the parameters
on the geometry of the lunar orbit and the mission design
constraints. The dependence of the output of the de-
sign (i.e., the launch windows and periods, impact speeds,
and landing locations) on these parameters is shown.

When all the Surveyor launch constraints are fully
satisfied, the Atlas/Centaur launch vehicle is ready for
firing. Two seconds after liftoff, the Atlas autopilot rolls
the vehicle to the required heading and the pitch pro-
grarr• is initiated after 15 s of vertical flight. When the
axial thrust acceleration reaches 5.8 g (approximately
142 s after liftoff), the Atlas booster engines are shut
down and jettisoned. At Atlas propellant depletion,
approximately 238 s after liftoff, the sustainer engine is
shut down and the Centaur main engine start sequence
begins. After the Atlas is jettisoned, the Centaur main
engine ignites.

For missions using a direct ascent trajectory, such as
the Surveyor IV mission, injection into the required lunar
transfer trajectory occurs at Centaur main engine cutoff,
approximately 680 s after liftoff. When a parking orbit
trajectory is used, the Centaur main engines burn until a
circular parking orbit is attained at an altitude of approxi-
mately 90 nautical miles (nmi). The Centaur guidance
system then commands the main engines to shut down;
this is approximately 580 s after launch. After coasting
in the parking orbit, the engines are restarted and oper-
ate until the proper lunar transfer trajectory conditions
are achieved and injection is accomplished.

Shortly after injection, a Centaur programmer command
deploys the spacecraft landing gears and omnidirectional
antennas, and switches the spacecraft transmitter to high
power. The spacecraft is then separated from the Centaur.
At this time the Centaur executes a retro maneuver to
remove itself from the vicinity of the spacecraft and
to prevent interference with the spacecraft Canopus
sensor later in the flight.

The lunar transfer trajectory can be approximated by
a highly eccentric ellipse having one focus at the earth's
center. Typical values for the eccentricity and semimajor
axis are 0.98 and 384,000 km, respectively. The perigee
altitude is 90 nmi. Lunar encounter occurs approximately
one-half the distance from perigee to apogee.

After separation from the Centaur, spacecraft- cold gas
jets null the rotational rates imparted during separation.
The solar panels are automatically erected and the sun
acquisition is also accomplished automatically. This is
the standard condition of the spacecraft at the initial
Johannesburg, DSS 51, acquisition. In a nonstandard
condition, DSS 51 will send the commands to erect the
solar panels, and accomplish sun acquisition.

A midcourse correction maneuver, executed approxi-
mately 15 h after injection, provides the spacecraft with
a trajectory that will terminate at the desired point on
the lunar surface; this is called the terminal descent
maneuver. This maneuver will be computed at the
SFOF, Pasadena, from tracking information supplied by
the DSIF.

The terminal maneuver is initiated by pointing the
vehicle thrust axis in a direction that is precalculated at
the SFOF, to be aligned with the predicted velocity
vector at main retro ignition for vertical approaches. For
off-vertical angles, a small bias angle is sometimes intro-
duced. Then, when distance to the moon reaches a preset
value (about 60 statute miles), a pulse-type radar altim-
eter generates a marking signal. After a suitable time
delay, precomputed on earth and preset into the space-
craft flight control subsystem by command, the vernier
engines and the main retro engine are ignited.

As the first step in the terminal maneuver, the space-
craft roll axis becomes aligned along the velocity vector.
All radars are turned on approximately 5 min before pre-
dicted impact. Following a "command enabling" signal
to the trigger radar, the landing sequence is automatic.

The.retro engine separates from the spacecraft after
burnout at a nominal lunar altitude of 30,000 feet. Ver-
nier engines then operate under control of the doppler
radar and the precision radar altimeter to slow the space-
craft velocity to about 5 ft/s at an approximate altitude
of 13 ft, at which time the vernier enginesshut off. The
solar panel and planar array are unlocked and properly
oriented after landing. Post-landing TV sequences are
then selected in real time.
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H. Surveyor 111 Mission Synopsis

The transit phase of the Surveyor III mission was con-
ducted from launch on April 17, 1967* (Day 107) through
touchdown on April 20, 1967 (Day 110) with the space-
craft responding properly to some 345 commands. Lunar
operations were conducted from touchdown through
May 4, 1967 (Day 124), when the spacecraft was shut
down for lunar night, and involved 57,503 commands.

Final countdown of the Atlas/Centaur/Surveyor space
vehicle (AC-1-2/SC-3) on pad 36B proceeded smoothly
down to the 10-min built-in hold at T — 5 min (05:58).
The hold was extended an additional 51 min to resolve
an apparent anomaly in the spacecraft roll actuator posi-
tion signal. A special test performed on the SC-5 space-
craft indicated that the roll-actuator-lucked position on
SC-3 was normal- and that observed telemetry variations
were a spacecraft signature.

The countdown was resumed at 07:00:01 (L — 5 min),
and liftoff occurred at 07:05:01.059, April 17, with a
launch azimuth of 100.809 deg. Performance of the
Atlas/Centaur launch vehicle was excellent throughout
its flight period; all mark events occurred very close to
predicted times. Spacecraft injection occurred at 07:38:49.7
on a trajectory that would have provided, with no mid-
course correction, a total miss of 290 mi from the targeted
lunar site of —3.33-deg latitude and 336.83-deg longi-
tude. All programmed spacecraft flight events (extend
landing legs, extend omnidirectional antennas A and B,
turn on transmitter high power) were accomplished and
verified in near-real. time. Surveyor physical separation
from the Centaur occurred at 07:39:54.4. After an esti-
mated roll of —181 deg and yaw of +38 deg, sun sensor
primary cell lock-on was indicated at approximately 07:48,
and the automatic sun acquisition sequence was com-
pleted at 07:50 when the roll axis locked in transit position.

Initial DSN acquisition in one-way lock was obtained
by the Canberra, Australia Station (DSS 42) at approxi-
mately 07:55 with two-way lock established at 08:01:50.
Initial spacecraft operations were initiated at 08:09:48 with
turnoff of high power and completed at 08:23:25 with the
spacecraft configured in low power, coast phase commu-
tator on, and transmitting at 1100 bits/s. The flight control
"Cruise Mode On" command was not sent at this time
due to a high intensity signal in the Canopus intensity
channel. However, cruise mode was transmitted later at
10:52.48 and receipt by the spacecraft was verified.

`GreemAch Mean Time (GMT) is used throughout this report for
all dates, days, and times.
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As a result of the DSS 42 report that the sideband
energy of the spacecraft signal was lower than antici-
pated, a nonstandard telecommunication evaluation was
initiated at 13:07:03 during the Johannesburg, South
Africa Station (DSS 51) pass. This involved use of various
bit rates to determine if a modulation problem existed
and a check of sideband energy in the unmodulated sub-
carrier. The test was completed at 14:12:23 after it was
confirmed that the spacecraft telecommunication system
was normal. The suspected anomalous condition was due
to the technique used for measuring sideband power. It
was decided to remain at the last rate selected during the
test (550 bits/s) until the star verification/acquisition
sequence.

At 16.02:24, transmitter B was commanded to high
power. A nonstandard bit rate of 4400 bits/s was then
selected to obtain a greater sampling rate of Canopus
sensor signals than was possible at 1100 bits/s. Automatic
Canopus acquisition was successfully accomplished at
16:37:51 after +565 deg of roll. During the star verifica-
tion sequence (which started at 16:09:12), four stars
(Procyon, Adhara, Canopus, Altair), the planet Jupiter,
and the earth and moon were positively identified. In
addition to these celestial bodies, two unidentified ob-
jects observed during the first roll were not observed
during the second roll portion of the star mapping se-
quence. At the completion of the star acquisition sequence,
the spacecraft was returned to the coast phase condition
with a bit rate of 1100 bits/s.

During coast phase I, there were six standard engi-
neenng assessments of the spacecraft plus one &. To speed
check and three gyro drift checks. The spacecraft con-
tinuously gave normal indications during this period
except that the soil mechanics and surface sampler
(SM/SS) auxiliary electronics temperature was running
colder than predicted, and the roll and yaw gyro drift
rates were indicating out of specification (i.e., greater'"
1 deg/h). These indications were carefully monitored and
evaluated relative to any possible constraint on the mid-
course maneuvers.

Midcourse preparation was started at 04:12.54 on
April 18 (Day 108) with an engineering interrogation,
The spacecraft was then configured to the 4400-bits/s
high-power mode at 04:21:31. A pre-midcourse attitude
maneuver of +56,7 deg roll was executed at 04:46.49,
followed by a — 391 deg pitch at 04:50:08. Vernier en-
gine pressurization and unlock of vernier engine 1 was
commanded at 04.55:21. Thrust phase power was com-
manded at 04:57:03 and the roll actuator null condition
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verified at 04:57:22. Midcourse velocity correction was
executed at 05:00:02 ( the scheduled nominal time+ for
4.27 s fora velocity change of 4.19 m/s. Following mid-
course thrust, the reverse maneuvers were commanded.
Sun and star reacquisition were obtained at 03:01:3;
and 05:05:11, respectively. The midcourse maneuver cor-
rected the miss distance to within 1.8 mi of the aiming
point selected during flight.

Following the post-midcourse maneuvers, the space-
craft was configured for coast phase II and left at
1100 bits/s in low potter. Post-midcourse data analysis
indicated that there was a possible imbalance in the
thrust levels of the vernier engines even though all indi-
cations were that the spacecraft was stable during the
thrust period. It was concluded that this erroneous indi-
cation was probably due to a telemetry offset or calibra-
tion problem. Coast phase H wa!; normal, with the
exception that the Sf/SS auxiliar y electronics tempera-
ture remained lower than anticipated. Eight normal
engineering interrogations were performed to assess the
spacecraft thermal and operational status, and three
power mode cycling sequences were conducted. The bit
rate of the spacecraft was reduced to 550 bits/s at
OS:50:08 on April 18 and to 137.5 bits/s at 09:57:36 on
April 19 (Day 109). The 13T.5-bits/s rate was maintained
until start of preparations for terminal descent.

During coast phase IT. .ten gyro: :1T?ft cheeks were per-
formed to validate and refine the out-of-specification drift
rates obtained for the roll and yaw, gyros during the first
gyro drift check. The final gyro drift rates utilized dur-
ing terminal descent were. (1) roll +1.1 deg/1L (2) pitch
+0.6 deg/h, and (3) yaw —0.8 deg/h.

Terminal descent was initiated during the Goldstone,
California Station (DSS 11) pass at 23:07:40 on April 19;
touchdown strain gages were turned on at 23:17:46. The
spacecraft was commanded and successfully performed
three terminal maneuvers with the following magni-
tudes: (, yaw — 157.9 deg, (2) pitch -- T6.7deg, and
(3) roll — 63.9 deg, initiated at 23 .23:29.7, 23:30:171.2, 
and 23:34:35.2, respectively. Power was commanded an
and verified at 23:56:32. followed by thrust phase power
on at 23:57:32. Terminal _descent appeared normal until
time for the 14-ft mark, which did not occur; conse-
quently, the vernier engines continued to thrust through
touchdown. Touchdown occurred at 00:04:16.85 on
April 20. The Surveyor III spacecraft executed a remark-
able soft landing on the lunar surface; however, shortly
thereafter, the telemetry data became anomalous and it

tras intptmihh• to am PTtaut it ttr.ttch thr tunditinit ut
the spm rcraft, f't>ore 5 status thr stirr t yor III totsch-
tlantt. Tht< norm tl hoist-l.tntlutc; shntthtati proccd Ltre uas
rxut tttud ,nil it a.v, latt•r dutertttincrl tia touchdotett
strain tz.tge data that thrry —L- d hueu thrre landing% singe
thr ett%irtrs v ere still thrusting until ctmtm.tncled tiff just
before the third touchdown. whit;h meurred at approxi-
niately 00:0.1:5:3. Table 2 gives a complctu profile for the
entire Surregor III flight.

Immediately after the completion of the post-landing
shutdown sequence. an assessment of the telecommuni-
cation signal processing system was initiated. It was
determined that all analog data were affected at all bit
rates then selected and that all on-off or discrete signals
were normal. after more investigation, it was determined
that analog data at the 17.2-bit rate were reasonably
accurate and usable for assessment of the spacecraft.
During this period of analysis, the spacecraft was con-
figured for TV and good 200-line pictures and normal
TV ID signals were received. The planar array was posi-
tioned toward the earth at 08:15:30 with a duty- cycle of
33 f ;; the spacecraft was configured for 600-line TV oper-
ation; and excellent pictures were obtained. Alternate
engineering interrogations and TV operations were con-
tinued in accordance with the Lunar Operations PIan
through the end of DSS 11 visibility at 10:10 on April 20.
During this period, a total of 377 TV frames was ob-
tained_ 54 at 200-line and 323 at 600-line scan.

The final land ing Iocation of the spacecraft based on
tracking data was —3.00-deg Iatitude and 336.57-deg
longitude. However- from studies of Lunar Orbiter pho-
tographs of the site, the coordinates were determined to
be —2.94-deg latitude and 336.66-deg longitude, a miss
distance of 1.65 mi from the final aim point. The space-
craft carne to rest on the east wall of a crater, with an
inclination of L to 15 deg from the vertical.

Throughout the remainder of the Iunar day, various
scientific and engineering experiments were conducted.
These activities included various wide-angle, narrow-
angle, and cokor TV surveys of the spacecraft and the
lunar terrain; extensive Ski/SS operations; TV star and
earth surveys including the solar eclipse; extensive ther-
mal measurements; telecommunications tests; and a voice
relay experiment. Figure 9 shows the Surveyor III soil
sampling configuration. The spacecraft was finally shut
down at 00:04 on May 4. 1967 (Day 1_24); approximately
6.5 h into the hear night when compartment temperatures
reached the established minimums.
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Fig. 9. Surveyor Ill soil sampling configuration
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Table 7. Surveyor III mission profile

A. Mission phase: launch to separation

Time Command sequence

Event
Mission (time
after launch) GMT Major Minor

00:00:00 07:05:01 Launch
(4/17/67)

"Extend landing gears"; commanded by Centaur

"Extend omni-antennas"; commanded by Centaur

00:34:42 07:39:43 "Transmitter high voltage on"; commanded by Centaur

00:34:53 07:39:54 Spacecraft/Centaur electrical disconnect

00:34:58 07:39:59 Separation

Sun acquisition cell illuminated (after 181-deg roll)

00:41:21 07:46:22 Solar panel locked in transit position

00:42:59 07:48:00 Sun lock-on achieved (primary sun sensor cell illuminated after
38-deg yaw)

00:45:59 07:51:00 Roll axis locked in transit position

00:54:59 08:00:00 Initial DSIF acquisition completed (2-way lock)

B. Mission phase: DSIF acquisition through star acquisition

0400 Initial SC operations

01:04:47 08:09:48 0552 i	 (1) Turn off transmitter high power

01:06:04 08:11:05 0050 (2) Turn off basic bus accelerometer amplifiers and solar panel
deployment logic..

01:07:12 08:12:13 0454 (3) "Rock" solar panel back and forth to seat locking pin

01:08:07 08:13:08 0455 (4) "Rock" roll axis back and forth to seat locking pin

01:11:07 08:16:08 0051, 0052, (5) Perform interrogation of mode 1, 4, 2, 5, 6 at 1100 bits/s
to to 0055, 0251,

01:18:24 08:23:25 1356, 1354

03:47:48 1.0:52:49 0054 Cruise mode commanded

06:02:03 13:07:04 0253 Nonstandard sequence for switching to 4400 bits/s

06:04:45 13:09:46 Sequence to return to bit rate of 1100bits/s

06:26:55 13:31:56 0151 Bit rate reduced from 1190 to 550 bits/s

07:02:17 1,4:0708 Command i,!D converter turned off to measure change in carrier signal
0203

07:07:22 14:12:23 Command A/D converter turned on again
0201

Star verification/acquisition

08:37:49 15:42:50 0046 0250, 0251, (1) 1100 bits/s engineering interrogation of modes 4, 2, 1,
0252, 0550 and 5

08:55:40 16:00:41 0247 0652, 0653 (2) Transmitter -high power turn-on prior to star verification
(high voltage on at 16:02:25 GMT)

00:58:29 16:03:30 0253 (3) Increased bit rate to 4400 bits/s for star verification

09:00:51 16:05:52 - 1050 (4) Transponder commanded off

09:01:53 16:06:54 0041 0654, 1251 (5) Execution of positive roll (roll begun at 16:09:12 GMT)

t
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Table 2 (contd)

B. Mission phase: DSIF acquisition through star acquisition (contd)

Time Command sequence

EventMission (time
after launch)- GMT Major Minor

09:22:34 16:27:35 0655 (6) Star acquisition mode commanded after passing star Adhora'
the second time

09:25:27 16:30:28 0054 (7) Start cruise mode of flight control

09:26:25 16:31:26 1053 (8) Transponder B turned on and phase locked

09:31:26 16:36:27 (9) Bit rate of 1100 bits/s selected

09:34:27 '-	 1.6:39:28 0552 (10) Return to low-power operation

C. Mission phase: coast phase I

10:24:17 17:29:18 0342 0354, 0054 Gyro drift check
to to

12:11:31 19:16:32

12:18:34 19:23:35 0354 Start gyro drift check

14:14:47 21:19:48 0447 0250, 0251, Low power engineering interrogation of modes 4 and 2
to to 0550

14:21:10 21:26:11

14:36:53 21:41:54 0054 Terminate gyro drift check

16:11:20 23:11:21 _ Initiate gyro drift check in roll axis only

16:48:25 23:53:26 0247 0250, 0251, Engineering interrogation at 1100 bits/s—made with low-power
y	 to to 0252

16:55:42 00:00:43

19:06:20 02:11:21 0054 Terminate gyro drift check

19:49:34 02:54:35 0250, 0251, Low power engineering interrogation of modes 1, 2, 4, and 5
to to 0252, 0550

19:54:48 02:59:49

19:56:49 03:01:50 0341 0350, 0351, Gyro speed check and return to 1100 bits/s telemetry data
to to _	 - 0353

19:59:48 03:04:49

D. Mission phase: midcourse correction

Midcourse correction sequence

21:07:53 04:12:54 0247 0250, 0251, (1) Engineering interrogation of modes 4, 2, and 1 at 1100
to to 0252 bits/s conducted with transmitter low power

21:12:55 04:17:56

21:14:09 04:19:10 0247 0652, 065.1 (2) Turn-on of high power transmitter (high voltage on at
04:20:48 GMT)

21:16:29 04:21:30 0440 0253 (3) Increase telemetry rate from 1100 bits/s to 4400 bits/s

21:24:59 04:30:00 1140 1150 (4) Command desired roll maneuver magnitude and direction
(roll +56.7 deg)

21:41:49 04:46:50 .1140 1251 (5) Execute roll

21:44:26 04:49:27 1141 1152 (6) Command desired pitch maneuver magnitude and direction
(minus pitch — 39.12 deg)

z

i'

9
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Table 2 (contd)

D. Mission phase: midcourse correction (contd)

Time Command sequence

Event
Mission (time
after launch) GMT	 I Major Minor

21:45:07 04:50:08 1141 1255 (7) Execute pitch

21:47:35 04:52:36 0251, 0252 (8) Interrogate modes 2 and 1

21:49:28 04:54:29 0741 0751 (9) Propulsion strain gage powered, inertial mode and
reset group IV outputs command

21:50:17 04:55:18 0750 (10) Turn off cyclic loads SM/SS, AMR, vernier line heaters

21:50:20 04:55:21 0740 0750 (11) Pressurize vernier system (helium), unlock vernier engine
No. 1

21:52:02 04:57:03 0741 0752 (12) Thrust phase power on

21:52:23 04:57.24 0741 0753 (13) Command desired thrust duration (4.275 s)

21:55:01 05:00:02 0742 0754 (14) Execute midcourse thrust

21:55:08 05:00:09 (15) Command terminate thrust

21:55:29 05:00:30 (16) Turn off thrust phase power

21:55:49 05:00:50 (17) Turn off propulsion strain gage power

21:56:09 05:01:10 Sequence to obtain (18) Operations to obtain coast mode data
coast phase-com-
mutator data bits/s
during reverse
maneuvers

21:56:51 05:01:52 0755 (19) Cyclic loads turned on; vernier line, AMR, SM/SS heaters

21:57:32 . 05:02:33 1240 1254 (20) Command reverse pitch maneuver magnitude and direction
- (Plus 39.1 deg)	 -	 -

21:58:18 05:03:19 1240 1255 (21) Execute pitch (sun reacquired at 05:05:12 GMT)

22:00:45 05:05:46 1244 1250 (22) Command reverse roll maneuver magnitude and direction
(minus 56.7 deg)

22:01:17 05:06:18 1244 1251 (23) Execute roll (Canopus "reacquired" at approximately
05:09:04 GMT)

22:05:45 05:10:46 1245 0157, 0055, (24) Post midcourse engineering interrogation of modes 2, 4,
to to 0550 and 5	 1

22:10:08 05:15:09

22:10:28 05:15:29 (25) Bit rate reduced to 1100 bits/s

22:11:08 05:16:09 0547 0552 (26) Return to transmittor lase-power operation

E. Mission phase: coast phase 11

23:58:03 07:03:04 0447 0250, 0251, Law power interrogation of modes 4 and 2 to obtain thermal
0550 data

24:30:57 07:35:58 0342 0354 Initiate gyro drift check

25:44:37 08:49:38 0151 Bit rate reduction 1100 to 550 bits/s

26:38:45 09:43:46 0054 Terminate gyro drift check

32:03:21 15:08:22 0447 0250, 0251, Low power interrogation of modes 2, 4, 5, and 6 to obtain
to - to 0550 thermal data

32:16:11 15:21:12
1
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Table 2 (contd)

E. Mission phase: coast phase II (contd)

Time Command sequence

Event
Mission (time
after launch) GMT Major Minor

34:26:25 17:31:26 0354 Initiate gyro drift check

36:26:49 19:31:50 Command Terminate gyro drift in pitch and yaw, continue roll
0702

36:32:26 19:37:27 0354 Initiate gyro drift in pitch and yaw, continue drift in roll

36:57:48 20:02:49 0447 0250, 0251, Low power interrogation of modes 4 and 2 to obtain thermal
to to 0550 data

37:11:13 20:12:14

37:17:34 20:22:35 0054 Terminate gyro drift check and null out accumulated error
produced by drift

37:22:19 20:27:20 0354, 00.54, Gyro drift check
to to

39:45:04 22:50:05

39:48:59 22:54:00 Command Initiate gyro drift in roll only
0702

41:47:24 00:52:25 0447 0250, 0251, Low power interrogation
to to 0550

42:02:19 01:07:20

42:10:43 01:15:44 0054 Terminate gyro drift check

42:18:35 01:23:36 0342 -	 0354, 0054 Gyro drift check
to to

44:31:31 03:36:32 -

44:52:25 03:57:26 0342 Command Initiate gyro drift check (roll gyro drift)
0702

46:19:53 05:24:54 0447 0250, 0251, Low•powerinterrogation of modes 4 and 2
to to 0550

46:34:20 05:39:21

46:56:18 06:01:19 1741 2053 Start power mode cycling remaining in auxiliary battery mode
to check rate of temperature rise of auxiliary battery

47:08:42 06:13:43 1741 2053 High current mode on—restore main battery mode. Both batteries
directly on line

47:40:13 06:45:14 0054 Terminate gyro drift

47:43:52 06:48:53 0354 Initiate gyro drift

49:58:54 07:03:55 1341 1350 Vernier tank No. 2. thermal control on

50:04:20 09:09:21 Unscheduled sequence 0054 Terminate gyro drift check

50:52:12 09:57:13 Commands Bit rate reduction to 137.5 bits/s
0504, 0220,
0500

50:57:47 10:02:48 0447 0250 Low-power interrogation of mode 4, 2, 6 and 5
to to Commands

51:14:43 10:19:44 0231, 0232,
0506

51:16:22 10:21:23 Command .Initiate gyro drift check roll only
0702
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Table 2 (contd)

E. Mission phase: coast phase II (contd)

Time Command sequence

Event
Mission (time
after launch) GMT Major Minor

51:54:59 11:00:00 1742 2054 lower mode cycling, with return to auxiliary battery (to ensure
to to proper auxiliary battery temperature rise)

52:08:33 11:13:34

53:36:23 12:41:24 Command Terminate gyro drift
0704

53:42:56 12:47:57 0447 0250, 0251 Low-power interrogation of modes A, 2 and 5
to to 0550

53:48:25 12:53:26

55:23:06 14:28:07 Command Initiate gyro drift check
0700

56:44:51 15:49:52 1050, 1053 Perform VCXO check .

57:50:52 16:55:53 Command Terminate gyro drift check
0704

58:00:59 17:06:00 Command Initiate gyro drift roll only
0702

58:12:03 17:17:04 0447 0250, 0251 Low-power interrogation of modes 4, 2 and 5
to to 0550

58:19:20 17:24:21

59:09:20 18:14:21 1742 2054 Power mode cycling, with return to auxiliary battery mode (to
to to ensure proper auxiliary battery temperature rise)

59:21:24 18:26:25

59:46:46 18:51:47 1740 1750 Turn on survey TV electronic thermal control power

60:38:06 19:43:09 0446 1355, 0250, Low-power interrogation of mode 6, 4; 2 and 5
to to 0251,0550

60:49:35 19:54:36

61:45:50 20:50:51 0354 Sent Terminate gyro drift
inadvertently

61:51:12 20:56:13 0054

62:19:39 21:24:40 0446 0250, 0251, low-power interrogation of mode 4, 2, 1, 5 and a gyro speed
0252, 0550 check.	 -

62:31:50 21:36:51 Commands'
0502 and
.0221; 0351

Commands
0223, 0500

62:35:23 21:40:'44 0344 1050, 1053 VCXO check

63:56:55 23:01:56 0247 1355, . 0250 Engineering interrogation of modes 6, 4 (accomplished with low
power at 137.5 bits/s)	 -

23:07:41. 1757 Vidicon temperature control on survey camera

J
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Table 2 (contd)

F. Mission phase: terminal descent

Time Command sequence

Event
Mission (time
after launch) GMT Major Minor 

Terminal descent

64:02:58 23:07:59 0652, 0653, (1) Interrogation of modes 4, 2, and 5 and turn on of high

to to 0255, 2057, power transmitter (at 23:09:41 GMT) and adjustment of
64:08:16 23:13:17 0251, 0550 telemetry rate to 1100 bits/s (at 23:10:40); summing

amplifiers off (to turn off pre-summing amplifier) and
turn on of phase summing amplifier

64:12:00 23:17:01 1755 (2) Propulsion strain gage power turned on

64:12:44 23:17:45 1756 (3) Touchdown strain gage power and SCO's turned on

64:14:20 23:19:21 0044 1050 (4) Transponder power turned off and one-way lock achieved

64:16:26 23:21:27 0054 -	 (5) Cruise mode commanded

64:16:26 23:21:27 (6) Yaw maneuver magnitude and direction commanded (minus
157.9 deg)

64:18:29 23:23:30 (7) Execute yaw

64:24:15 23:29:16 (8) Pitch magnitude and direction commanded (minus 76.7 deg)

64:25:16 23:30:17 (9) Execute pitch (retro thrust direction aligned properly at
approximately 05:43:47 GMT)

64:28:22 23:33:23 1147 1157 (10) Rail maneuver magnitude and direction commanded (minus
63.9 deg)

64:29:34 23:34:35 1147 1257 (11) Roll executed

64:33:34 23:38:35 0044 1751, 1656 (12) Vernier thrust level (200 Ibs) for retro phase and delay
between AMR markand vernier ignition (5.075 s)

-commanded	 -

64:41:25 23:46:26 0044 1355 (13) Command on mode 6 data

64:47:20 23:52:21 1652 (14) Command reset group IV outputs

64:50:12 23:55:1.3 0044 1657 (15) Retro sequence mode on commanded

64:50:43 23:55:44 0044 1752 (16) Vernier lines and tanks—SM/SS, TV, and AMR. thermal
control commanded off

64:51:32 23:56:33 0044 1.753 (17) AMR on

64:52:32 23:57:33 0044 1754 (18) Thrust phase power cn

64:54:32 23:59:33 0044 2051 (19) AMR enabled

64:56:11 00:01:12 0044. 2052 (20) Back-up AMR mark commanded

64:56:13.38 00:01:12.93* (21) AMR mark

64:56:18.53 00:01:18.03* (22) Vernier ignition

64:56:19.64 00:01:19.13* (23) Retro ignition

64:56:20.23 00:01:19.79 (24) RADVS on

64:56:51.79 00:01:50.69 (25) RADVS

00:02:01.39 (26) RORA

64.57:2.01 00:02:2.01 (27) Retro burnout

64:57:14.02 00:02:14.02 (28) Retro eject	 -

(29) Retro separation
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Table 2 (contd)

F. Mission phase: terminal descent (contd)

Time Command sequence

EventMission (time
after launch) GMT Major Minor

64:57:16 00:02:16 (30) Enable doppler control

64:57:32 00:02:33 0044 2152 (31) Pre-summing amplifier on commanded (to get touchdown
strain gage data)

64:58:54 00:03:55* (32) 1000-ft mark.

64:59:09 00:04:10* (33) 10-ft/s mark

00:04:13.4* (34) Beam 3 loses lock; RADVS and RORA lost

None (35) 14-ft mark

64:59:17 06:04:18.060** (36) Initial touchdown indicated by strain gages

Times listed are from TM data received in Performance Analysis Area at SFOF (i.e., includes transit time from spacecraft to ground, SPOF processing delay,
and commutation delay) except for those values which are asterisked.

*Based on reduced data obtained directly from the 96-kc microwave link data (1.21 s must be subtracted to account for RF propagation time).
*'Based on the time mark generator code on the touchdown strain gage recordings (1.21 s must be subtracted to account for RF propagation).

Subtract 8 h from GMT values to obtain Pacific Standard Time.
Command sequence numbers are from EPD-180 except where noted.

An attempt to revive the spacecraft for second lunar
day activity was initiated by the Robledo, Spain Station
(DSS 61) rise which occurred at 20:52 GMT on May 23,
1967. Engineering and scientific experiments that were to
be conducted included telemetry, video, and antenna map-
ping. Spacecraft revival was attempted during three
passes of DSS 61 and 42, and four passes of DSS 11. A
spacecraft receiver search was performed over the entire
RF tuning range but no carrier signals were received.
All attempts to revive the spacecraft for the second
lunar day activity were unsuccessful. The final attempt

was made at DSS 11 on May 28 after which the
Surveyor III mission was terminated. Table 3 gives
a detailed understanding of Surveyor III reactivation
attempts to May 25, 1967.

111. Surveyor Ill TDS Mission Requirements

A. General

Delineated in this section are the detailed requirements
and support capabilities for tracking and telemetry cov-
erage of the Alas/Centaur/Surveyor III space vehicle.

i
l

i

Table 3. Surveyor 111 reactivation attempts up to May 25, 3967

Start Stop

Day Transmitting Station

Point GMT system Point GMT DSS

commanded

143 1 00:21:09 A and B 12 00:2156 61
144 1 00:01:01 A and B 12 00:03:37 61
144 1 00:05:05 A and B 9 00:10:40 11

144 10 0012:38 B 12 00:14:17 42
144 42 00:14:24 A 56 00:19:08 42
144 2 00:19:07 B 12 00:22:10 42 and 61

145 46 00:22:19 A 57 00:00:11 61
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T
	Requirements for tracking and data acquisition are	 (2) The nose fairing shall be ejected prior to injection,

	

placed in accordance with their importance to the suc- 	 but not until the value of the product of the atmo-

	

cessful accomplishment of the mission and are grouped	 spheric density and the earth-fixed velocity (PV')

	

into three classes. These classes are defined as follows: 	 is less than 1.9 X 10' lb/s'.

(1) The class I requirements (see Fig. 10) reflect mini-
mum essential needs to ensure accomplishment of
the primary flight objectives. These are mandatory
requirements which if not met may result in the
decision not to launch.

(2) The class H requirements define the needs to ac-
complish all stated flight objectives.

(3) The class III requirements define the ultimate de-
sired support. Such support should enable the
Project to achieve the flight objectives early in
the program.

The AFETR, MSFN and DSN elements of the TDS were
required to support tracking and telemetry requirements
during the near-earth phase (launch to L + 4 h).

The Surveyor Project placed the near-earth tracking
and data acquisition support requirements on those ele-
ments of the TDS in order to obtain a timely and con-
tinuing evaluation of the status of the mission during
this phase. This early evaluation was used to aid in maxi-
mizing the probability of acquisition by the Deep-Space
Stations and to provide information for the conduct of
subsequent space-flight operations.

The following requirements were placed on the TDS
for the Surveyor III mission.

1. Launch. The requirements were as follows:

(1) The Atlas/Centaur boost vehicle will be utilized
in a parking orbit mode of operation for Mission C
(Surveyor III).

(2) Launch shall take place from Complex 36B of the
Cape Kennedy facilities of the AFETR.

(3) Launch azimuth sectors are restricted to lie between
93 and 115 deg east of true north.

(4) The launch countdown shall have two built-in holds,
one of at least 60 min duration at T — 90 min.
The duration of the hold at T — 5 min is to be
established.

2. Injection. The requirements were as follows:

(1) The nominal parking orbit altitude shall be 90 nmi.

JPL TECHNICAL MEMORANDUM 33-301

(3) During the period beginning 1 min after shroud
ejection and ending at the time of Centaur second
main-engine ignition (MEIG 2), the instantaneous
3a value of the aerodynamic heating parameter,
PV', shall not exceed 2050 lb/s'.

(4) Throughout the period from MEIG 2 until the end
of significant aerodynamic heating effects, the
3a integrated value of pV' shall not exceed
10,300 lb-min/s', and the instantaneous 3a value
shall not exceed 4250 lb/s'.

(5) Parking orbit coast time is restricted to vary be-
tween the limits of 116 s and 25 min. Minimum
parking orbit coast time for the Surveyor III mis-
sion is 4 min.

(6) The Centaur retro maneuver shall be such that the
Surveyor/Centaur separation distance at 5 h after
injection will be at least 336 km.

3. Telecommunications. The requirements were as
follows:

(1) No trajectory shall have an hour angle or declina-
tion sate in excess of 0.85 deg/s-and acceleration
in either hour angle or declination in excess of
5.0 deg/s= when station tracking is required.

(2) For the downlink initial acquisition phase follow-
ing injection, there shall be 20 min of visibility
which is not in violation of item (1) and for which
the spacecraft slant range ensures at least 95%
confidence of having the antenna gain required
for zero minimum margin.

(3) For the uplink acquisition phase following injec-
tion, there shall be 20 min of visibility which is not
in violation of item (1) and for which the space-
craft slant range ensures at least 99% confidence
of having the antenna gain required for zero mini-
mum margin.

(4) The spacecraft-centered angle between the sun and
any DSIF station shall not exceed 175 deg in order
to prevent the degradation of DSIF receiver sensi-
tivity by solar noise. This constraint guarantees
that signal-to-noise ratios will not be degraded by
more than 1 dB.
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4. Thermal control. The requirements were as follows:

(1) The spacecraft is limited to a maximum duration
of 42 min in the earth's shadow immediately after
launch.

(2) The spacecraft is limited to a maximum duration
of 30 min in the earth's shadow during any phase
after initial sun acquisition.

(3) The spacecraft is limited to a maximum duration
of 30 min at a random attitude to the sun during
any phase between initial sun acquisition and lunar
touchdown.

(4) The spacecraft is limited to a maximum duration
of 30 min in the lunar penumbra shadow during
any phase prior to touchdown.

(5) Initial spacecraft acqum on and the establishment
of a command link n=ust take place no later than
1 It after the "high power on" command in order
to permit switching' the transmitter from high to
low power to satisfy thermal constraints.

5. Midcourse maneuver. The requirements were as
follows:

(1) The spacecraft shall be capable of performing mid-
course maneuvers of up to 46 m/s in magnitude
for an unbr<`dced impact angle of 35 deg and of up
to 42 m/s for an unbraked impact angle of 45 deg.
Nominal midcourse maneuver time is approA-
mately 23 h after launch.

(2) Landing accuracy goal shall be less than or equal
to 30 kin.

6. Lunar arrival. The requirements were as follows:

(1) Flight times from injection to lunar impact shall be
in the 66-h class.

(2) Transit trajectories are to be designed so that lunar
arrival takes place not earlier than 2 h after DSS 11
(Goldstone, Pioneer Station) moon rise and not
later than 3 h before DSS 11 moon set. Further-
more, DSS 11 post-landing visibility shall be
madrnized.

(3) It is desirable that landing occur before the sun
elevation angle has exceeded 25 deg at the landing
site.

7. Terminal descent. The requirements were as follows

(1) The incidence angle at unbraked impact shall be
between 18 and 45 deg from the vertical.

(2) The recommended roll parameter, p ,. will be con-
strained to values near 67 deg for unbraked im-
pact angles near 25 deg and to values near 64 deg
for unbraked impact angles near 40 deg. (The
actual value of p will be based on the evaluation
of final RADV'S measurements at AFETR.)

(3) The range of allowable nominal unbraked impact
speed is from 2653 m/s to 2670 m/s.

Figure 11 gives the earth tracks and TDS station cover-
age for April 177, 1967.

B. AFETR

The AFETR coverage capabilities and requirements
presented herein are based on the configuration of vari-
ous land and ship stations. The capabilities of these ships
are listed in Table 4 below. Table 5 lists the planned
positions of the ships prior to Iaunch. These ship posi-
tions were selected by the AFETR. Any changes in these
ship positions, or any changes in the availability of the
four ships shown. would necessarily indicate changes in
coverage and, hence, possible changes in launch window
designs.

The AFETR prepared to provide adequate coverage
to meet all class I telemetry data receive-and-record
requirements over all of the maximum launch windows.
With the exception of a gap during the parking orbit, the
AFETR was to meet all spacecraft telemetry data real-
time retransmission requirements over all of the masi-
mum launch windows. The gap in real-time retransmission
data was expected and allow=ed. Consequently, the

Table 4. AFETR ship capabilities

Ship	 -
Tracking capability

(radar type) Telemetry capability 

Timber Hitch (10-knot — VHF
cruising speed)

Sword Knot (10-knot — VHF; S•band

cruising speed)

Coastal Crusader (10- — VHF S-band

knot cruising speed)

Twin Falls (15-knot _-'_- C-band (FPS-16) VHF; Sband

cruising speed)
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Table 5. Ship positions planned for Surveyor Iii mission

Day Ship

Geocentric

Latitude, Longitude,
deg deg

April 15 Timber Hitch 12.5 N 41.0 W
Coastal Crusader 4.0 N 28.0 W

Twin Falls 21.0 S 10.0 E
Sword Knot 29.5 S 42.0 E

April 16 Timber Hitch 12.5 N 41.0 W
Coastal Crusader 4.0 N 28.0 W
Twin Falls 20.0 S 7.0 E
Sword Knot 26.755 43.5 E

April 17 Timber Hitch 12.5 N 41.0 W
Coastal Crusader 4.0 N 28.0 :fir
Twin Falls 18.0 S 4.0 E
Sword Kn 23.5 S ''43.0 4

April 18 Timber Hitch 12.5 N 41.0 W
Ccastal Crusader 4.0 N 28.0 W

Twin Falls 16.0 S 6.0 E
Sword Knot 22.0 S 40.0 E

April 19 Timber Hitch 12.5 N 41.0 W
Coastal Crusador 4.0 N 28.0 W

Twin Falls 14.0 S 8.0 E
Sword Knot 20.5 S 37.0 E

April 20 Timber Hitch 12.5 N 41.0. W
Coastal Crusader 4.0 N 28.0 W

Twin Falls 12.0 S 6.0 E
Sword Knot 18.0 S 39.0 E

April 21 Timber Hitch 12,5--N- 41.0 W
Coastal Crusader 4.0 N 28.0 W
Twin Falls 12.0 S 6.0 E
Sword Knot 16.0 S 41.5 E

AFETR telemetry support capability was not expected
to constrain the launch windows.

The AFETR prepared to meet all but one of the class I
tracking data requirem_nts. The one exception was the
requirement for tracking data during the Centaur secen^^
burn. This requirement could not fully be met on the
launch dates from April 18 to 21, However, it was not
expected that tli15 support deficiency would be a launch
constraint. Figure 12 shows the Surveyor III mission
planned near-earth coverage.

The tracking and telemetry coverage requirements
placed on the AFETR are specified in the following para-
graphs. These requirements originated from the following
areas: (1) Surveyor mission requirements, (2) launch-
vehicle requiremelts, and (3) range requirements.
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1. Tracking requirements. The AFETR was required
t, track the C-band beacon on the Centaur stage. Con-

tinuous tracking of this beacon was required from launch
to injection into the parking orbit and/or injection into
the translunar trajectory (see Table 6), In the case of the
Surveyor III parking orbit mission, it was required that
the C-band beacon be tracked during the second burn
of the Centaur. In order to establish the free-fall trajec-
tories of the vehicles, it was required that the Centaur
C-band be tracked continuously for at least 60 s after

injection into the parking orbit and continuously for at
least 60 s between injection in the translunar orbit and
the start of the Centaur retro maneuver. There was also
a requirement that the C-band beacon be tracked con-
tinuously for at lease-60 s after the end of the Centaur
retro maneuver in order to establish the final trajectory
of the Centaur. The AFETR Real-Time Computer System
(UTCS) ,vas to utilize these tracking data in computing
the orbits of the spacecraft and the Centaur, and for orbit
mapping to lunar encounter, so that an early evaluation
of the trajectories could be obtained. It was also required
that the RTCS process these orbits in order to obtain
in-flight acquisition data for the Deep Space Stations.

Table 6. AFETR tracking data accuracy requirements
for Surveyor orbit determination

Class Data type
Effective data noise' at 1 sample/6 s 

Tt<6s 6s^Tt <10"' Tt^10'n

I Range,m 25.0 50.0 200.0
Angles (Az . Ell, deg. 0.05 0.12 0.15

fl Range, m 5.0 10.0 100.0
Angles (Az-EQ, deg 0.01 0.04 0.045

III Range, in 1.0 10.0
Angles (Az-E(), deg 0.005 0.005 0.007

- i-. ?This table is based an a 10-min pass

hEffectiive data noise = 
L

$

i 
Srg t max il, is 

r 
/Tal l

..I

where

I error mode index	 -
Si standard deviation of error Mode i at some reference condition (i.e., .where

9 t = 1)
9s "shape .factor" of error Made i. Equal to one at the reference condition.

As an example, the azimuth angle litter error source may have 9AZ A3 =
I/cos (EL) and the range (PI error due to oscillator drift rate may have
the form 9080 PR = P/Prnr

Tr	 correlation width of the ([h error source
Ts time between successive data points 	 -

max h, T+ i /Tat means use either 1 or V, f ITS) , whichever is larger
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The AFETR was committed to provide class I track-
ing data from launch to insertion into the parking orbit.
C-band radars at Grand Bahama Island, Bermuda, Grand
Turk, and Antigua were to provide data from Atlas/
Centaur separation to Centaur MECO. C-band radars at
Antigua, Ascension Island, Pretoria, and on metric ships
were to provide data, from injection through Centaur
retro-maneuver, for the generation of orbital elements,
injection conditions, and DSIF acquisition data.

The AFETR was also required to generate accurate
in-flight predicts to produce satisfactory look-angles for
DSIF stations. In general, these accuracy requirements
were met if class I data accuracy was met during the
class I intervals specified. The DSIF look-angles had to
be received at the site prior to the station view period.
Thus, the AFETR operations were designed to provide
these look-angles within a few minutes after .receiving
the raw tracking data.

Raw tracking data were required from AFETR for
spacecraft orbit determination reliability and accuracy.
The reliability was closely correlated with the number
of tracking stations contributing data. For example, an
independent third data source can prove invaluable in
resolving apparent discrepancies between two other data
sources, both of which appear to be operating properly.
Thus, RIS (range instrumentation ship) data would be
invaluable under a variety of circumstances, and it was
important to know the ships' locations as accurately as
possible.

The AFETR tracks the C-band beacon of the Centaur
stage to provide metric data which included the following:

(1) Metric data requirements.

(a) Class I metric data requirements included tab-
ulation of acceptable C-band beacon perfor-
mance parameters and readouts and S-band
tracking,

(b) Metric orbital and space data requirements in-
eluded mapping to lunar encounter (based on
final post-retro orbit) in-flight TAER •(tirne-
azimuth-elevation rate) and related data,

(c) Transinission of in-flight trajectory data, by
AFETR stations and appropriate RI18, was re-
quired from liftoff to Loss of Signal (LOS), as
well as other raw data which were provided
the DSN by 100-wpm teletype, Processing raw
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DSN tracking data was also necessary in real
or near-real time (NRT). Table 7 shows the
tracking data required by AFETR.

(2) Additional metric data requirements.

(a) Any continuous 60-s span, between injection
into transfer orbit and start of Centaur retro-
maneuver, was included.

(b) Any continuous 60-s span, after completion of
Centaur retro maneuver, was included.

(c) Delivery of data was requested in decimal for-
mat via teletype to building AO in near-real
time.

(d) AFETR pre-flight and in-flight requirements
included metric and telemetry data acquisition,
recording, and real time retransmission during
particular intervals. In general, this data-
support included launch-through-injection into
the transfer trajectory and during the transition
period until the spacecraft was acquired by the
DSN which provided the spacecraft tracking
and commands required to support the , mis-
sions objectives.

The AFETR was committed to provide class I track-
ing data from launch to insertion into the parking orbit;
C,-band radars at Grand Bahama Island, Bermuda, Grand
Turk, and Antigua were to provide data from Atlasl
Centaur separation to Centaur MECO. C-band radars at
Antigua, Ascension Island, Pretoria, and on metric ships
were to provide data, from injection through Centaur
retro-maneuver, for the generation of orbital elements,
injection conditions, and DSIF acquisition data.

2. VHF telemetry requirements. The AFETR was to
provide continuous launch vehicle telemetry coverage
from launch to the end of the Centaur retro maneuver,
real-time telemetry data retransmission from launch to
L + 10 min, and near-real-time retransmission of selected
portions of telemetry data, In addition to land stations,
four RIS were provided to support WIF telemetry data
acquisition.

The following information gives the coverage require-
ments and frequency band allocation used by the AFETR
in support of the Surveyor IV mission.

;(1) 229.9 MHz (Atlas link) T - 300 s to T + 300 s - re-
coi'dings and real time analog st:ripouts.
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Tabie 7. Tracking data required

Amount of Required data accuracy
Item Data required Interval data required Remarks
No. (data points/s) Class 1 Class II Class 111

Orbital elements Position 3000 m 300 m 60 m
V

injection candi• Between injection and
tions and DSIF Centaur retro-start Single data point

acquisition data
Velocity 60 m/s 6 m/s 0.6 m/s

Between completion
Orbital elements Position of Centaur retro. 3000 m 300 m 60 m

2 and injection- start and launch Single data point
conditions Velocity + I h 60 m/s 6 m/s. 0.6 m/s

Position 200 m 20 m 3 m Refinement of Item 1.
3 Multiple station Between injection and As required Required within

Velocity 2 m/s 0.2 m/s 0.02 m/sorbit Centaur retro-start 1 4 h of launch.

Between completion

Multiple station
Position of Centaur retro- 200 m 20 as 3 m Refinement of Item 2.

4
orbit start and launch Single data point Required within

Velocity + I h 2 m/s 0.2 m/s 0.02 m/s 4 h of launch.

Range	 -. Class 1
Any continuous 60 s

S from injection to 1/6
Azimuth—elevation Centaur retro•sfart

Range Class]] and lit
6 Continuous from in-

jection to Centaur 1/6
Azimuth—elevation retro•sta rt

(2) .225.7 MHz (Centaur link) T — 300 s to T + 756 s
(Surveyor separation + 5 s) — recordings; analog
stripouts and real time transmiss.,m of data from
Antigua to building AO and to KSC; as well as
transmission of data from Antigua after LOS.

(3) 225.7 MHz, Centaur/Surveyor separation -i•5 s to
end of Centaya• retromaneuver —recording wher-
ever coverage was available.

3. S-band telemetry requirements. The AFETR was
required to receive, record and retransmit Surveyor
S-band (2295 MHz) telemetry in real-time starting when
the spacecraft transmitter high power is turned on until
15 min after DSS rise. For Surveyor III, Carnarvon was
configured to transmit S-band telemetry to DSS 42;
therefore, the AFETR was required to provide S-band
information until Carnarvon rise plus 15 min.

(1) All S-band systems were used only on a limited
basis as they -'0ere still under engineering control.
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Table 8 presents a detailed summary of the AFETR
telemetry coverage requirements for the spacecraft
data transmitted by the Centaur telemetry system
and for the data transmitted by the spacecraft
S-band telemetry system. Pre-launch requirements
as well as data recording requirements are also
shown in this table.

(2) During the class I interval after spacecraft separa-
tion, the spacecraft was not attitude stabilized.
Therefore, the ground telemetry station was to be
viewing the spacecraft with no knowledge of the
actual spacecraft - omni-antenna gain at any par-
tieular point in time. It was required that AFETR
base their coverage commitments of the 2295 MHz
telemetry link for the class I interval oil as-
sumption that the omni-.antenna nulls were not
deeper than —13 dB during 90% of the time.

(3) Requirements for coverage of the spacecraft telem>
etry through the spacecraft S-band or Centaur

JPL TECHNICAL MEMORANDUM 33-301



Table 8. Spacecraft system telemetry coverage requirements

Item Telemetry
link Class I Class 11 Class In

la Centaur T — 280 min to T — 260 min Some as class I Same as class I

b Centaur T — 5 min to station 1 loss of signal T — 5 min to Surveyor/Cenfaur Some as class II
electrical disconnect

c Centaur I	 MECO — 5 min to Surveyor high nn —
power on

2- Centaur T — 0 through Surveyor/Centaur — —
electrical disconnect

3 Spacecraft From Surveyor high power on to DSIF T — 5 min to DSIF late acquisition at T — 5 min to loss of signal
S-band nominal acquisition at injection approximately injection +27 min

-I-17 min

-Requirement Is only for recordlmp the data.

links were placed on the AFETR. A similar Cover-
age requirement was to transmit S-band telemetry
data in real time to building AO from T + 745 s to
T + 1583 s. Requirements also existed for cover-
age of the launch-vehicle telemetry for vehicle
evaluation. These latter requirements are placed
only on the AFETR. The frequency use and loca-
tion of telemetry equipment are listed below.

(e) Refined mapping to lunar encounter. Delivery
requested via teletype to building AO imme-
diately following delivery of item (b).

(f)AFETR inter-range vector (IRV). Concurrent
delivery to building AO and DSS 72 via tele-
type requested in near-real time after receipt of
data at RTCS facility.

4. Computer requirements. The RTCS was to provide
computed data for pre- and post-retromaneuver transfer
orbits. The software was certified and the RTCS partici-
p1,3d in joint operational readiness tests with the SFOF.

(g) DSN acquisition do a to station horizon break
plus 14 h for any three of five stations. Deliv-
ery requested via teletype to building AO in
near-real time after receipt of data at RTCS
facility with concurrent transmission to DSS 72
when DSS 72 is one of the three selected stations.

(1) The computer data requirements for the pre-
retromaneuver transfer orbit are summarized below:

(a) Single-station solution orbital elements and in-
jection conditions. Delivery requested via tele-
type to building AO in near real time after
receipt of data at the RTCS facility.

(b) Multiple-stat_on solution orbital elim ,"r)ttc " in-
jection conditions. Delivery requested via tele-
type to building AO within 2 h after delivery
of item (a).

(2) The computer data requirements for post-
retromaneuver transfer orbit are summarized below:

(a) Single-station solution orbital elements and
injection conditions. Delivery requested via
teletype to building AO within 30 min of receipt
of data at RTCS facility.

(b) Multiple-station solution orbital elements and
injection conditions. Delivery requested via
teletype to building AO within 2 h after deliv-
ery of item (a),

(c) Orbital elements and injection conditions from	 (e) Orbital element, and injection conditions from
telemetered Centaur guidance data. Delivery	 telemetered Centaur guidance data, Delivery
requested via teletype to building AO within 	 requested via teletype to building AO within
30 min of receipt of data at RTCS facility,	 30 min of data receipt at RTCS flipility,

(d) Quick mapping (B-plane) to lunar encounter,
Delivery requested via teletype to building AO
immediately following item (a),
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(d) Quick mapping (B-plane) to lunar encounter,
Delivery requested via teletype to building AO
immediately following delivery of item (a).
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(e) Refined mapping to lunar encounter. Delivery
requested via teletype to building AO imme-
diately following delivery of item (b).

(f) AFETR inter-range vector (IRV). Concurrent
delivery to building AO and DSS 72 via tele-
type requested within 30 min of receipt of data
at RTCS facility.

5. Contimunications requirements. The requirements
were as follows:

(1) The AFETR was required to have communication
lines wfth the range tracking stations. This was
especially needed by Surveyor with its requirement
of real-time transmission of spacecraft telemetry
data, However, with the AFETR functioning as
designed, the communications system would be
adequate to support Surveyor III. A possible ex-
ception is a state of RF "blackout" between a
station and the Cape. Such an occurrence (only
occasi5nally predictable) may cause a hold.

(2) Another requirement placed on the AFETR was
that the Centaur VHF signal or the spacecraft
S-band signal carrying the spacecraft information
be transmitted from each AFETR station to the
allocated Surveyor facilities at Cape Kennedy in
real-time. These data were then to be relayed to
the SFOF for spacecraft evaluation. The launch
vehicle and spacecraft discrete event information
obtained at the AFETR stations was to be trans-
mitted by voice lines to the Surveyor Operations
Center at AFETR in real-time for relay to the
SFOF. The spacecraft information recorded at
the AFETR stations was to be forwarded to the
Surveyor facilities at AFETR in non-real time.

(3) Surveyor real time data requirements are listed
below:

(a) Requirements are:

(1) T — 300 s to Station 1 LOS

(2) T t 300 s to T -1. 1583 s

(b) Data sources are;

(1) VHF or S-band telemetry until S-band high
power on

(2) S-band telemetry after S-band high power
on
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(c) Data deliveries were:

(1) 550-bits/s spacecraft data from up to three
AFETR stations or ships will be transmit-
ted to building AO.

(2) One of the three 550-bits/s PCM signals
being provided to building AO will be de-
commutated by AFETR with six channels
converted to analog and transmitted to
building AO for display.

(3) Each station receiving or transmitting 550-
bits/s spacecraft data was to decommutate
the data train and convert specified chan-
nels to analog for monitoring or voice re-
porting of events as the status changed.

(4) Certain real time voice communications require-
ments were also imposed upon the AI'ETR for the
Surveyor III mission. These were:

(a) To report by voice in near real time the initial
AOS and the final LOS of each station of the
telemetry link, containing spacecraft data. Re-
ports were to be time-tagged to the nearest
minute. (Links to be reported would normally
be the 225.7-MHz link prior to Spacecraft High
Power ON, and the 2295-MHz link after Space-
craft High Power ON. Should' there be a fail-
ure to acquire the 225.7-MHz link, reporting of
the 2295-MHz link was to be substituted.) Re-
port also by voice in near real time any anomaly
or unexpected occurrence during the station's
view period. (Examples included, but were not
limited to, loss of modulation or unexpectedly
low received signal level.)

(b) To report by voice spacecraft events and con-
ditions as observed at each station retransmit-
ting spacecraft telemetry in real time.

(c) To provide the SFOF with a backup to the real
time trar.,smission of the spacecraft 550-bits./s
PCM telemetry signal from: the AFETR stations.
Consequently, the requirement for voice re-
porting applied to each downrange station that
received the spacecraft signal and transmitted
it uprange in real time, specifically, Antigua,
RIS, Ascension Island, and other stations as-
signed this function, These reports were highly
desired at all times, They were of even greater
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importance if the quality of data being retrans-
mitted in real time was degraded for any reason.

The Surveyor III mission requirements for tracking
coverage resulted from the need to calculate orbital ele-
ments and DSIF look angles as acquisition aids and the
need for raw data to contribute to the accuracy and
reliability of the spacecraft orbit determination processes.
Until separation, the orbits of the spacecraft and the
Centaur were the same. At separation, a relative velocity
of about 1 ft/s was imparted by a spring system. Since
this separation velocity was small, the AFETR tracking
of the Centaur stage, both prior to and subsequent to
separation, was valuable in determining the spacecraft
orbit and in checking other tracking systems. Even after
the retro-maneuver of the Centaur stage (several minutes
after separation), tracking information was helpful dur-
ing flight.

It is clear that the processing of AFETR raw data after
injection is involved with, and conditional upon, the
telemetry identification of certain events. The relative
weighting of the different AFETR data types (e.g., range
and angles with respect to DSIF data) was a task requir-
ing more information than was available to AFETR,
Hence, it was important that raw data be supplied to
the DSN. Therefore, these requirements, stating that the
Centaur orbit would be determined by AFETR and that
raw tracking data would be furnished to the DSN during
launch, were greatly needed. Raw data can be defined
as raw azimuth, elevation, and range points which have
not been altered by smoothing, weighting, etc. One ex-
ception to this definition was exhibited by the desirability
to correct the RIS raw data for the ships' motiun. How-
ever, ships' range data are usually valuable even if the
ships' motion has not been removed.

Thus, the AFETR data were to significantly improve
the accuracy of the pre-midcourse orbit determination
process. However, the data had to be more accurate for
this process than for improving reliability. Table 7 shows
the AFETR tracking data accuracy requirements for
Surveyor orbit determination.

C. Goddard Space Flight Center

Tracking and telemetry coverage ,equirements placed
on the MSFN, managed by the GSFC, were as follows:

(1) Provide C-band radar beacon tracking of the
Centaur beacon for approximately 3,5 h,

(2) Provide telemetry receiving and recording of the
Centaur links from Bermuda (BDA) acquisition of
signal (AOS) until LOS at Carnarvon (CRO).
Table 9 indicates the MSFN instrumentation sup-
port capability.

(3) Provide real-time confirmation of certain mark

events.

(4) Provide real-time reformatting of CRO radar data
at GSFC from CRO hexadecimal system to the
38-character radar data format, and to retransmit
this data to the AFETR computers at Cape Kennedy.

(5) Provide receiving and recording of telemetry data
and transfer same via modern NASCOM facilities
to DSS 42.

(6) Provide NASCOM support to all NASA elements
for simulations and launch, and to provide this
communications support as necessary to interface
with the combined worldwide Network.

Table 9. MSFN instrumentation support capabilities

Station
System

BDA CYl KNO CRO GSFC MCC-K

Acquisition aid X X X ---X ---

C-band radar X X

Unified S-band

Telemetry:
PAM/FM
PCM/FM X X X X
FM/FM
Magnetic Tape X X X X
Real-time readouts X X X
Displays X X X

Command: -
Digital
Tone X.

Voice (SCAMA) x X X X X X

Teletype X X X X X X

High-speed data X X X X

Doppler tracking

Range safety X

Displays (Bldg, ld) X

Computer support X

^Range . Safety,

k

's
e
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(7) Provide the computing support required by the
supporting MSFN stations.

Only the DSN facilities of the TDS support the mis-
sion during the translunar and post-landing phases of the
mission, i.e., subsequent to the near-earth phase. The
Project required continuous tracking of the spacecraft
from injection to the end of the mission in order to satisfy
the data needs for the flight path analyses that were
essential to the achievements of the selected landing sites.
Furthermore, these data were necessary for determining
the actual post-landing position.

ability of the TDS resources, and the capability of these
resources. The Sv rveyor Project Class I requirements for
TDS support during the near-earth phase are depicted in
Fig. 10. Details of these requirements are stated else'xvhere
in the related applicable documents. The Project also has
requirements for TDS support during the translunar and
post-landing phases. These latter requirements are placed
on the DSN portion of the TDS. In summary, the DSN is
required to provide continuous telemetry coverage dur-
ing the transit phase and during the post-landing phase
from touchdown through the first lunar day and con-
tinuing through the first 10 h of the first lunar night.

With the two-burn parking orbit such as used on the
Surveyor III mission ascent mode, longer daily launch
windows are usually more available than in direct ascent
missions. Firing windows may range up to a maximum
of about 4 h in length. The monthly launch period typ-
ically ranges from five to nine daily firing windows. The
launch azimuth may vary from 73 to 115 deg during
the firing windows, and the exact launch time depends
upon the lunar lighting at arrival. A continuous launch
capability, with respect to launch azimuth/launch time
shift, is desired for launch windows up to 4 h in length.
The Centaur/Surveyor vehicle will first be injected into
a 90-n mi circular orbit, and the time spent in circular
orbit will vary, depending on launch time and date. At
the end of the coast phase, the Centaur main engines will
be restarted and the Surveyor spacecraft will he injected
into a translunar trajectory.

The Atlas booster engines cut off and will be jettisoned
shortly after launch. Sometime before the sustainer and
vernier engines burn out, commands from the Centaur
programmer will initiate ejection of the Centaur insula-
tion panels and the spacecraft nose fairing. After sus-
tainer and vernier engine burn out, the Centaur will
separate from the Atlas. Then, after a short coast, Centaur
ignition will take place and the spacecraft will be boosted
on a direct-ascent trajectory to the prescribed point of
injection.

For the Surveyor III parking orbit mission, the Centaur
stage will first inject into a parking orbit (90-nrni alti-
tude). Starting at the end of first burn (Main Engine
Cutoff), two 50-lb-thrust .H:,O, rockets will be operated to
stabilize propellant usage during the shutdown transient.

The ability of the TDS to satisfy the Project's tracking
and telemetry coverage requirements is strongly depen-
dent upon the characteristics of the trajectories, the avail-

Tracking and telemetry coverage requirements placed
on the MSFN, managed by GSFC, are specified below:

1. Tracking. During the powered-flight phase of the
mission, the Bermuda (BDA) FPQ-6 radar was to
beacon-track the Centaur vehicle in conjunction with the
AFETR radars. The BDA FPQ-16 radar was to passively
angle-track the Centaur vehicle with the range slaved to
the FPQ-6 radar. The radar data were to be transmitted
in real-time at both high- and low-speed to GSFC and
the RTCS at AFETR. The CRO FPQ-6 was to beacon-
track the Centaur vehicle and transmit real-time and
low-speed radar data to GSFC for reformatting and re-
transmission to the RTCS at AFETR.

The acquisition aids at BDA, Tananarive (TAN), and
CRO were to track the A/C-12 vehicle and were to pro-
vide RF inputs to the telemetry r-3ceivers and steering
inputs to the radar, where applict'.Ae. Parformance re-
corders were used to record Automatic Gain Control
(AGC) and angle error voltages for postmission analysis.
Acquisition aid coverage was necessary from BDA AOS
to CRO LOS.

Acquisition aid tracking of the Atlas (229.9 MHz) and
the Centaur (225.7 MHz) links were to be in the 300-kHz
bandwidth cross-correlation mode. BDA was required to
track the Atlas and Centaur links; TAN and CRO were
required to track the Centaur link.

2. VHF telemetry requirements. During the launch
phase, BDA and TAN were to receive and record the
Centaur TLM link from BDA AOS to LOS and from
TAN AOS to LOS. Bermuda was also to receive and
record the Atlas telemetry link. CRO ,was to ;receive
and record the Centaur telemetry link on a "best obtain-
able" basis. All stations were to confirm certain flight

36
	

JPL TECHNICAL MEMORANDUM 33-301



events. Carnarvon was to also receive and record the 	 flight events and the individual station confirmation re-
spacecraft USB 550-bit, bilevel, telemetry data and trans-	 quirement. Carnarvon coverage was to be on a `best
fer them via data-modem NASCOM facilities to DSN 42, 	 obtainable" basis, due to excessive range. Predicted
Tidbinbilla. In addition, all MSFN stations were required 	 telemetry coverage for April 17, 1967 is illustrated by
to confirm various flight events. Table 10 indicates the 	 Table 11 and Fig. 13.

table 10. Mark events for the Surveyor 111 mission

Station Mark
No.

Events
T f time

s
(min/s)

Link/channel
(kHz)/Pulse

Description

2-in. motion-liftoff 0 24n. motion from range

1" Atlas BECO 143 229.9/0.96/contd B-1 pump speed measurement goes
(02:23) out of band on low frequency

side

2` Atlas booster engine jettison 146 229.9/40/comm All booster section measurements

(02:26) to open

3- Centaur insulation panel jettison 177 229.9./70/5, 6 Segment levels change from 11%
(02:57) to 741Y

4" Centaur nose fairing jettison 204 229.9/5.4/contd Segment levels change from 50%
(03:24) 225.7/3.9/7 to 67% at jettison

5a Atlas SECO/VECO 236 229.1'/0.73/contd Sustainer pump speed measurement
(03:56) goes out of band on low

frequency side

BOA 6 Atlas/Centaur separation 238 225.7/30/1 Segment should increase from 0%'-, -
(03:58) to 100% at separation

BDA 7 Centaur MEIG No. 1 241 225.7/0.96/contd C-2 chamber pressure . goes from

(04:01) 0% to 75% of band

BDA 8 Centaur MECO No.a 574 225.7/0.96/contd C-2 chamber pressure goes from

- (09:34)-	 - - 75% to 1DWo of band

BDA 9 100-lb thrusters ON 574 225 .7/7.35/6, 25 Segments go slowly from 0% to
(09:34) 5D%of band

BDA 10 100-lb thrusters OFF 650 225.7/7.35/6, 25 Segments go slowly from 5D% to
(10:50) 0% of band

BDA 11 6-lb thrusters ON 650 225.7/7.35/7, 28 Segmentp go slowly from 0% to
(10:50) 50% of band

TAN 12 100•Ib thrusters ON 2037 225.7/7.35/6, 25 Segmimts go slowly from 0% to
(33:57) 50% of band

TAN 13 Centaur MEIG No. 2 2077 225.7/0.96/contd Same as mark 7
(34:37)

TAN 14 Centaur MEIG No. 2 2077 225.7/0.73/contd C•1 chamber pressure goes from
- (34:37) 0% to 75%

TAN 15 Centaur MECO No. 2 2185 225.7/0.96/contd Same as mark 8
(36:25)

TAN 16 Surveyor landing gear extend 2211 225.7/3/7 Segment goes from 0% to 100%
command sent (36:51) for one seg; signal is integrated

TAN 17 Surveyor omni-antenna extend 2221 225.7 3 11 Command goes to approx 10%
command sent (37:01)

"Vehicle is not in view of any MSFN station at this time.
NOTE:

1. The times listed for TAN and CRO are for a 25-min coast (variable 2-25 min).
2. Each segment represents two panel. sections. 	 -
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Table 10 (contd)

Station Mark
No.

Events
i f time

s
(min/s)

Link/channel
(kHz)/Pulse

Description

TAN 18 Surveyor high power ON .2242 2295.0 Mc Receiver AGC shows increased signal

(37:22)

TAN 19 C/S electrical disc 2247 225.7/3/22 Measurement goes to 98%
(37:27)

TAN 20 C/S separation 2253 225.7/14.5/22/52.5/ At release of payload signal goes
(37:33) contd to 100%

TAN 21 Begin Centaur turnaround 2258 225.7/70/5, 6 Both gradually increase from 600/

(37:38) to 80%

TAN 22 Start Centaur lateral thrust 2298 225.7/7.35/6, 25 Prior to mark 22, trace decays to
(38:18) high freq band. At mark 22,

trace turns and goes to low
freq band

Table 11. Predicted telemetry coverage for April 17, 1967

AOS TLM lock" TLM unlockb LOS
Launch Station

AZ GET AZ GET AZ	 j GET AZ GET AZ

96 BDA 0:03:50 252 0:04:20 249 0:10:40 137 _	 0:10:50 135

TAN 0:35:40 260 0:36:00 255 0:43:00 116 0:47:40 110

CRO° 0:43:50 254 1:05:40 60

99 BDA 0:03:50 251 0:04:30 248 0:10:20 146 0:10:50 140

TAN 0:35:10 251 0:35:30 248 0:42:40 118 0:52:20 107

- CRO•. ..0:43:1.0.	 _. 253 1:04:50 45

102 BDA 0:04:00 251 0:04:30 246 0:10:10 152 0:10:40 146

TAN 0:34:50 245 0:35:00 243 0:42:20 122 0:52:20 107

CRO4 0:42:40 252 - 1:03:40 12

105 BDA 0:04:00 250 0:04:40 245 0:09:50 160 0:10:30 152

TAN 0:34:10 242 0:34:30 238 0:41:50 127 0:52:20 108

CRO2 0:42:10 250 1:02:20 313

108 BDA 0:04;00 249 0:04:40 244 0:09:40. 167 0:10:10 159

TAN 0:33:30 239 0:33:50 236 0:41:20 133 0:52:10 108

CRO° 0:41:50 248 1:00:30 283

111 BDA 0:04:00 248 0:04:50 242 0:09:20 174 0:10:00 165

TAN 0:33:10 232 0:33:20234 0:40:40 142 0:52:00 i10

CRO° 0441:30 247 0:58:30 269

114 BDA 0:04:00 247 0:05:00	 - 240 0:09:00 182 0:09:40 172

TAN 0:32:40 234 0:32:50 231 0;39:50 151 0:51:50 112

CRW 0:4100 ..245 0:56:30 262

115 'BDA

TAN 0:32:30 232 0;32:50 230 0:39:30 157 0:51:50 113

CRO° 0:41:10 244 0:55:50 259

°Range in excess of 3600: no TLM coverage
oTLM coverage is based on the following: TLM range 3600'kyds; Acq, aid AOS/LOS Range 9000 kyds; 2-deg EL rise and set, — 100 dBmW received signal.
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Fig. 13. Predicted telemetry coverage for April 17, 1967

The MSFN telemetry transmitter and antenna charac-
teristics are listed below.

(1) Transmitter characteristics are:

Parameters Atlas Centaur

Frequency 229.9 MHz 225.7 MHz

Modulation PAM/FM/FM PAM/FM/FM

Bandwidth 300 kHz 300 kHz

Deviation ±150 kHz -4-150 kHz

Average power 5 W 5.5 W

(2) Antenna characteristics are:

Parameters Atlas Centaur

Type Cavity Stub

Frequency 228-248 MHz; 225-260 MHz;
range fixed tuned fixed tuned

Predominant Linear Vertical (on
polarization launch pad)

Maximum gain Essentially Less than 3 dB
(with respect isotropic
to isotropic)

Effective radi- 3 W 5 W
ated power

3. Computer requirements. The MSFN required sup-
port from GSFC computers for acquisition aid predicts.
The GSFC Data Operations Branch was to provide
computer support during prelaunch, launch, and orbital

1PL TE'CHNIC'AL MEMORANDUM 33-301

phases of the Surveyor III mission. Nominal pointing
data were required to include view times for the partici-
patina stations. Post-launch data were to be supplied to
the LeRC for launch vehicle analysis. Nominal pointing
data for Bermuda were to be provided by AFETR.

During the powered flight phase, GSFC computers
were required to receive launch trajectory data for the
vehicle from Bermuda and AFETR via the Launch
Monitor Subsystem. The trajectory was to be computed
and the resulting parameters made available to drive the
Operations Control Center displays at GSFC.

The GSFC computers were committed to update and
refine the orbit of the vehicle based upon the low-speed
TTY data received from the participating radars. The
resulting refined orbital parameters were to be available
to drive the displays at GSFC as required.

Acquisition messages were to be generated and trans-
mitted to the participating stations at 25 min prior to sta-
tion acquisition and at 5 min prior to station acquisition.

The lo-%v-speed TTY data from CRO were to be re-
formatted to the standard 38-character radar data format
by the GSFC computers and retransmitted via Mission
Control Center, Cape Kennedy (MCC-K) to the RTCS.
Reformatting and retransmission of data was to con-
tinue for approximately 15 min after.Centaur/Surveyor
separation.

At the end of Centaur first powered-flight ('MECO
No. 1, mark event 8), GSFC computers were to pass orbital
injection parameters to the MSFN Network. The Net-
work was then to pass these parameters by voice to
building AE and by TTY to building AE and LeRC.

At the end of the retromaneuver thrust (mark event 24),
GSFC was to pass orbital injection parameters to the
MSFN Network. The Network was again to pass these
parameters by voice to building AE and by TTY to build-
ing AE and LeRC. Additional appropriate orbit infor-
mation was to be passed to _ the Network as it became
available during the mission. The Network then was to
TTY this information to building AE and LeRC.

D. Deep Space Network

The Deep Space Network was required to support the
Surveyor III mission with the DSIF,- the GCF, and
the DSN facilities in the SFOF.
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The DSN requirements included S-band tracking and
two- and three-way doppler coverage. DSN responsibili-
ties were to obtain continuous spacecraft telemetry cov-
erage from the first acquisition by the Tidbinbilla,
Australia Station (DSS 42) to the end of the mission.
Three DSIF stations described below were required for
this coverage. The full Goldstone Duplicate Standard
(GSDS) S-band system in conjunction with the Surveyor
telemetry system was used at these stations.

The quality and type of tracking data required is de-
fined by Tables 12 and 13. NVith the requirements out-
lined by the foregoing tables, it was possible to specify
the tracking coverage required to meet the orbit deter-
mination accuracy requirements. Before presenting the
tracking coverage requirements, however, it would be
appropriate to delineate the ground rules upon which the
tracking coverage analysis was based.

The most basic and paramount ground rude was that
the primary objective of this effort was to ma-imize the
probability of mission success. Since the class I orbit
determination accuracy requirement had to be satisfied
to ensure that the primary mission objectives were met,
it was necessary that these class I requirements be hon-
ored at all times. In addition, it was necessary that some

class II orbit determination accuracy requirements be
met to ensure achieving a mission success. Finally-, the
class 111 accuracy requirements would not have to be
satisfied to ensure achieving a mission success. Therefore,
the greatest effort was directed toward the goal of deter-
mining the optimum scheme for meeting the class I orbit
determination accuracy requirements.

Speeilication of the class I tracking coverage require-
ments in support of the class I orbit determination accu-
racy was based upon the assumption that each DSN
station supplying necessary data would, in fact, supply
data of good quality. In order to ensure that there world
be a supply of good-quzdbty data, it was very- desirable
to assign additional DSN stations to a tracking pattern.
arranged so as to provide redundancy.

The requirements for allowable errors due to the orbit
determination are specified below:

Glass I: The semimajor axis (SNZAA) of the 1-v error
ellipse at the moon shall not be greater than
50 kin on the final premideourse maneuver
orbit itdng tracking data available up to 1 h
after the first Goldstone acquisition:

Table 12. USN tracking data accuracy requirements

Effective noise at f sample/min

Data accuracy
Correlation width

Tr, min

2-way
doppler
t1-a), Hz

Angles
(l-o), Hz

3-wuy
doppler
(I -a), Hz

Time
sync, r

Absolute frequency
stability over

l-min. intervals

A, guaranteed

Tr < 1 0.01 U5 0.05

0.005 5.0 X 10-r`1 -= Tt < 10 0.01 0.05 0.05

Tr^10 0.1 0.2 20.0

B, desired, not guaranteed

Tr < 1 0.005 0.01 0.005

0.001 3.0 X. 10"1. -^ Tr < 10 0.005 0.01 0.005

Tt ? 10 0.003 0.06 0.005

C, OFtmate Surveyor Block 1

Tr < 1 0.001 0,005 0.001.

0.0000i 3.0 X 10-"I = Tr < 10 0.001 0.005 0001

Tr ^. 10 0.001 0.014 0.001
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Table 13. DSN tracking data requirements

Coverage and sampling rata Data required

1. Track	 spacecraft from	 separation to	 firlit Doppler (two-way and
midcourse	 at	 1-min	 sample	 rate;	 (fror., three-way) and
initial DSIF acquisition to L 	 +	 1 h, the antenna pointing
sample rate is 1 sample per 10 s)" angles

2. Track spacecraft from first midcourse to Doppler (two-way and
touchdown at 1-min sample rate three-way)

3. Track spacecraft from touchdown to and Doppler (two-way and
of mission	 at	 1-min sample	 rate during throe-way) and
1	 h following 10-deg elevation rise, dur• antenna pointing
ing 1	 h centered around maximum ele• angles
vation, and during	 1	 Is	 prior to	 10-deg
elevation set for DSS 11, 42, and 62

4. Track	 spacecraft	 during	 midcourse	 ma . Doppler (two-way and
neuver and terminal maneuver executions three-way or
at 1-s sample rate, and transient data at one-way)
10-s sample rate.

"This	 coverage requirement may be partially satisfied by either AFETR
or MSFN stations.

A DSN/AFETR interface was required for proper
spacecraft initial acquisition and inflight predictions.

This interface was supplied by the DSN to provide
real-time transmission of down-range spacecraft telem-
etry data from building AO to the SFOF. The DSN was
also responsible for the AFETR meeting the require-
ments for S-band telemetry coverage.

The DSN provided an interface for down-range telem-
etry from both VHF and S-band sources. The nominal
switehover time was after S-band high-power-on was
commanded and the spacecrafts response.

This interface requirement was to provide early space-
craft orbit information to allow calculation of look-angles
for subsequent tracking. Thus, the DSIF could effect
proper initial acquisition with the aid of preflight predic-
tion data and inflight prediction messages based on acival
SC orbit determinations from the AFETR. Subsequent
acquisitions were to be made with prediction mesages
based on orbits calculated to satisfy the need for a final

Class II: There are two class II requirements. They 	 premidcourse maneuver orbit.
are listed below in order of their priority:

(1) The SMAA of the 1-cr ellipse must be
<50 km using all tracking data available
up to Johannesburg set —6 h (approxi-
mately 1 . + 4 h). A maneuver could then,
be executed during„-,the Jphannesburg
pass, if desired, and

,
 still meet the re-

quired premidcourse orbit determination
accuracy.

`(2) The SMAA of the 1-o ellipse must be
<25 km using all tracking data available
1 h after acquisition on the first Goldstone
pass. The orbit determination uncertain-
ties would then be comparable to the ex-
pected execution errors over the whole
ensemble of corrections as determined by
the statistical description of-the injection
vehicle inaccuracies. This figure is to be
contrasted with the figure given for the

class I requirement which assumed that
a 45 m/s maneuver was performed.

Class III: The SMAA of the 1-o ellipse must be <3 km,
6 h before the end of the Goldstone pass. The
orbit determination uncertainties would then
be negligfle (0.1) in comparison with the
midcourse execution errors.
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Additional interface requirements included: (1) down-
range telemetry data from building AO to the SFOF,
(2) providing down-range SC telemetry from both S-band
and VHF, (3) a nominal switchover after S-band high-
power-on is the input to the 'Command and Data-
Handling Console (CDC), and then to the GCF.

1. Deep space instrumentation facility. The DSIF was
required to provide coverage for the Surveyor I mission,
by at least three prime stations on a 24-h per day basis
from launch to lunar landing, and for the first lunar
day and night. For succeeding lunar days and nights, the
requirement was for 24-h per earth day coverage during
the first three and last two earth days, and for 10 h per
earth day in between.

The following Deep Space Stations, all having 85-ft
antennas, were committed as prime and/or secondary
stations for supporting the Surveyor III mission:

Prime:	 Pioneer, Goldstone, Calif.	 (DSS 11)

Prime:	 Tidbinbilla, Canberra, Australia (DSS 42)

Prime:	 Robledo, Madrid, Spain 	 (DSS 61)

Secondary: Johannesburg, S. Africa 	 (DSS 51)
(Cislunar phase support only on a
best effort basis)
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Secondary: Cape Kennedy, Florida 	 (DSS 71)
(Compatibility, pre-launch and
launch support)

Secondary: Ascension Island	 (DSS 72)
(Launch and pass number one
support)

Coverage for the Surveyor III mission by, the DSIF
stations mentioned above is provided in Table 14.

Requirements for data handling by the prime DSIF
stations were as follows:

(1) Tracking data, consisting of antenna pointing
angles and doppier (radial velocity) data, were re-
quired in near-real-time via teletype to the SFOF
and post-flight in the form of punched paper tape.
Two-way and three-way doppier data were re-
quired full-time during the lunar flight, and also
during lunar operations at the Surveyor Project
Office request. The two-way doppler function im-
plied a transmit capability at the prime stations.

(2) Spacecraft telemetry data were, to be received and
recorded on magnetic tape. Baseband telemetry
data were supplied to the CDC for decommutation
and real-time readout. The DSIF also performed

Table 14. DSIP-provided coveaa9

photo DSIF coverage

Transit 24-h/earth day

If landing is achieved
(1) first lunar day and night 24.h/earth day
(2) Second lunar day' (a) 24-h/earth day for first 3

earth days
(b) 24-h/earth day for last 2

earth days
(c) One 10-h pass/earth, day

-- between (a) and (b) above

(a) 24 .h/earth day for first 3(3) Succeeding lunar days
and nights' earth days

(b) 24-h/ear1h day for last 2
earth days	 -

(c) One 10-h pass/earthday
between (a) and (b) above

If no landing is achieved (a) 24 .h/earth day for not more
Man 3 earth days after
encounter

(b) 8-h/earth day fe additional
10 earth days

124•h/wrth day coverage required whenever valuable data can be provided by
spacecraft Instruments.

precommunication processing of the decommutated
data, using an on-site data processing (OSDP) com-
ptfter. 'file data were then to be transmitted to the
SFOF in near-real time, using high-speed data
modems.

(3) Command transmission was another function re-
quired by the DSIF. Approximately 280 com-
mands to the spacecraft were to be made during
the nominal sequence from launch to touchdown.
Confirmation of the commands sent was to be pro-
cessed by the OSDP computer and transmitted by
teletype to the SFOF.

The definition of the various cv!Wgories of received
data are listed below. Hard copy purveyor data required
for authorized users are divided into three categories as
follows:

(1) Category I: Those data which were to be collected
at a central location (SFOF Document Control,
Tv-1; each DSS, AFETR, and Central Tape Li-
brary), catalogued, reproduced, stored and/or is-
sued to authorized users. These data are used
primarily for post-flight analysis and are listed in
Table 15.

(2) Category Its Those data ;̀ ''which are produced as
output of DPS program ruins and which are used
within the Space Flight Operations System for eon-
trolling the mission. These data consist of' NCR
Print, F-80 copy from SC-4020, and SC-4020 Micro-
film Plots. These data are listed in Table 18 and
defined in accompanying notes. In the past, these
data have been defined iii the=-'iBulk Data Distribu-
tion Plan."

(3) Category III: Those data which were produced in
Operations Areas (FPAC, SPAC, SSAC and T&FA)
and were used for operational functions within the
area where the data are output. Included in this
category of data are 100 wpm and 80 wpm TTY
page print, 3070"printouts, 30- X 30-in, plots, Strip
Chart recordings, Administrative Printer Output,
etc. The actual data formats vary in real time ac-
cording to needs of the Area Director, There was
no requirement or commitment from the DSN to
collect, or distribute data in this category. Each
Area Director was responsible for collecting, han-
dling, and distributing this category of data. If
requested, the DSN aid microfilm and store data
in this category but would not guarantee data con-
tent. Users who had a requirement for data of this
type had to make pre-mission arrangements for
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their collection and use with the cognizant Area
AirecOr,

c.. Tracking, The DSIF tracking requirements were:

(1) Supply three deep space trucking stations for prime
trucking support,

(2) Supply trucking data (S-band),

(3) Supply antenna pointing angles,

(4) Supply doppler (radial velocity) two- and 3-way
data.

(5) Supply (24 h/day to touchdown first lunar day and
night, first three and last two lunar days, and
10 h/earth day in between) tracking coverage.

(6) Meet or exceed the class I tracking coverage re-
quirements so class I orbit determination accuracy
could be met,

(7) Supply tracking data III 	 real time (NR'1') via
TTY to the SFOF.

(g) Supply tracking data in the form of punched paper
tape at postflight,

Table IS. Category I data

Central _,rizad
Item

Data typeYP
Source of Format of storage user Additional remarks

no. collection central storage location agencies

1 Tracking data Each DSS TTY punched paper SFOF/DC MA&E Copies upon raquast
tape (primary TDH) SDA

2 Tracking data Each DSS TTY punched paper SFOF/DC MA 6 E Copies upon request
topo (secondary SDA
TDA)

3 Tracking date Each DSS Microfilm of TTY SFOF/DC MA d E One copy of original page print to 5DA upon
page print (primary SDA arrival from DSS
TDH)

4 -OSDP Comm buffer Each DSS 5 level paper tape Si )F/DC SFOD -
output (CVR only)

5 Page print of OSDP Each DSS Mlcrofilmod copy SFOF/DC SFOD
CCN output

6 Telemetry data Each DSS FR•1400original SFOF/DC SFOD Redundantly retarded on site, backup retained
and mag tape MA 6 E for 9C days
AFETR

7 Command data Each DS5 CDC command SFOF/DC PS Microfilm copies available upon request
f elntsr tape SCSM

8 Command dots Etich DSS CDC command Each DSS SFOD Retained	 on	 site	 for 30 days	 after and of
menage (5-level MA 6 E mission then destroyed unless otherwise In-
punched TTY tape) strutted

9 Command data Each DSS CDC command Each DSS SFOD Retained on	 Cite for	 30 days after	 end	 of
mucages (7davol mission then destroyed unless otherwise in•
punched mylar strucled
tape)

10 Video recordings Each DSS FR-1400 mag tapes SFOF/DC PS Available from overseas stations 	 In 10 days.
GDHS From DSS 11, for first 7 days after touch•

down,	 available	 within	 12	 h,	 thereafter
within 24 It except weekends.
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Table 15 (contd)

Central Authorised
from

Data 1YP e
Source of Format at storage user Additional remarks

no, - collection central storage location agencies

11 Video recordings Each DSS FR-800 rang Papas SFOF/DC GDHS Available	 from	 ovarian stations In 	 10 days.
From DSS 11 , for fiat 7 days offor touch-
clown,	 availabla	 within	 12	 h,	 thereafter

— `- within 24 h except woakonds,

12 CDC film Each DSS 35mm film axposad TV4	 __ GDHS DSN	 providrm transportation only ssme avail•
undavalopad ability is Yams no, 10 end 11

13 70mm film TV-11 70mm film oxposad TV-1 GDHS Available	 from	 ovarseas	 slnlions	 In	 10 days,
undavalopad From DSS-11,	 for first 7 days	 affor touch•

down,	 available	 within	 12	 h,	 theroaftar
within 24 h oxcapt wookends,

14 Ground imtrumonta• Each DSS Microfilrned CEC 36• SFOF/DC SFOD Copies upn• request
11on paremalars channol mcillogroph SCSM .Or^n!rpl to SCSM after microfilming

recordings

15 Station logs Each DSS Mlcrofilmod copias SFOF/DC MA & E :;dloclad	 portions	 available	 upon	 special	 re-
(I per pass) PS quoit to track chief

16 Subsystem logs Each DSS Microillmod copy SFOF/DC MA & E Selected	 portions	 available	 upon	 special	 ro•

quoit to track chief

1°7 CDC log Each DSS iDC data tape log SFOF/DC -MA At E Copies upon request

(mlcrofiimod) SCSM

18 CDC and TCP 1/0 Each DSS OSDP page print SFOF/DC SFOD Copies upon request
typewriter output (microfilmed)

19 Analog mag tape TPS FR.1400 original SFOF/DC SFOD Coplas upon request— user must supply

analog mag tape blank Papa for dubbing,

20 Digital mag tape TPS PDP-7 digital CTL SFOD Copies upon request— user must supply

mag tape SCSM blank tape for dubbing,
DPPE

21 7094 program output DPES TABS SFOF/DC MA & E Copies upon request
SFOD

'2 Same ODGX TABS SF0F/[1C SFOD Copies upon request
MA&E

23 Some TDPX TABS	 — SFOF/DC SFOD Copies upon request
MA&E
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Table 15 (conld)

Central Authorised
Item

Data type
Source of Format at Storage user Additional remarksno, collection central Storage location agenda

24 Same ODPS TABS 4020 microfilm SFOF/DC SFOD Copies upon request
MA&E

25 Same TRJX TABS 4020 microfilm SFOF/DC 5FOD Copies upon request
MA&E

PS

26 Some HPPS TABS SFOF/DC SFOD Copies upon request
MAdE

27 Some MTOS TABS 4020 microfilm SFOr/DC SFOD Copies upon request
MA&E

28 Same PRDX TABS SFOF/DC SFOD Copies upon request
MA&E

SDA

29 Same SCP TABS SFOF/DC SFOD Copies upon request

30 Some CVTS TABS SFOF/DC SFOD Copies upon request

31 Same PLAS TABS SFOF/DC SFOD Copies upon request
SCSM

32 Samo CPPM TABS 4020 microfilm SFOF/DC SCSM Copies upon request
MA&E

33 Some AGCM TABS 4020 microfilm SFOF/DC SFOD Copies upon request

34 Same EDPL TABS 4020 microfilm SFOF/DC SFOD Copies upon request
SCSM

35 Some TVCS TABS SFOF/DC SFOD Copies upon request

36 Some TRJX Traloctory love tap@ CTL DPPE Copies upon requett
MA&E

37 Some ODOX Orbit data file CTL DPPE Copies upon request
MABE

38 Same TDPX TDP master dote file CTL SDA Copies upon request
DPPE

MA&E
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DSI'P raw tracking data requirements are given in
Table 17,

b, S-band telemetry, The DSIF was required to ob-
tain S-band telemetry fromthe Surveyor III spacecraft
and provide the SFOF with such data,

Spacecraft telemetry data were to be received and
recorded on magnetic tape, Baseband telemetry data
were required by the CDC (mission-dependent equip-
ment) for decommutation and real-time readout, The
DSIF was also to perform precommunication processing of
the clecommutatcd data, using an onsite data-processing
(OSDP) computer, The data wero 'then to be transmit-
ted to the SFOF in near real time, using high-speed data
modems,

The telecommunications system is de igned to provide
it two-way communication link between the DSIF and
the Surveyor spacecraft, The DSIF-to-spacecraft up link
will be a PCM/FM/I'M system, The spacecraft-to-DSIF
down link may be operated PCM/FM/PM (transponder
mode), PCM/FM/FM, PCM/FM/PM, or direct FM
throughout all phases of the mission, Transponder mode
is employed during the transit phase to permit two-way
cloppler shift measurements.

Four spacecraft modes of operation were available
during the Surveyor III flight, for selection by SFOF/
DSIF command, with the total information bandwidth
of the down link dependent on the mode selected, The
modes and their usable infontriation bandwidths while
operating at lunar distance are:

(1) SC Mode A — high-gain antenna with transmitter
in high-power mode; ;)ominal information band-
width is 220 kHz,

(2) SC Mode Il — High-gain antenna with transmitter
In low-power mode; nominal info", ation band-
width is 2 kHz,

(3) SC Mode C — Omnidirectional antenna with trans-
mitter in high-power mode; nominal information
bandwidth should be 1 kHz,

(4) SC Mode D — Omnidirectional antenna with trans-
mitter in low-power mode; nominal information
bandwidth is 10 Hz,

c, Commands, Command transmission was Jnotho
function provided by the DSIF, The transmission df
approximately 250 commands to the spacecraft was re-
quired during the nominal sequence from launch to
touchdown. This command requirement placed a second
critical requirement for two-way communication With the
spacecraft, Confirmation of the commands sent was pro-
cessed by the OSDP computer and transmitted by TTY
to the SFOF, The OSDP computer was capable of being
used to verify command tapes punched on-site from
TTY instructions received from the SFOF, but this func-
tion was not to be used for the Surveyor I mission,

d, ,irtdeo data; It was 'required that video data be re
-ceived and recorded on magnetic tape, These data were

to be sent to the CDC, and at DSS 11 only, to the TV
Ground Data Handling System (GDHS) for photographic
recording, In addition, video data from DSS 11 were to
be sent in real time to the SFOF for magnetic and photo-
graphic recording by the TVGDHS,

p

t r
s

Table 17. Raw tracking.data required from DSIF zfations

tome/dlstann coverage and
sampling role

Data required
Accuracy" Data presentation

1: Inflight
2, postflightClass 1 Class It Class III

1, Track spacecraft from separation to Doppler (2 . and 3-way) A g C 11 TTY
first midcourse of I-min sample Angles A g C 2, Magnetic tape

rate (after first hour, 5•5 sample
rate to end of first hour),

2, Track spacecraft from midcourse to Doppler (2• and 3-way) A 0 C 1, TTY
touchdown at 1-min sample rote, 2, Magnetic taps

3, Track spacecraft from touchdown to up Doppler (2- and 3-way) A 0 C 1. TTY
to 90 days o f 1-min sample rate, = 2, Magnetic laps

'Accuracy codes A, e, or C rotor to the way that the dst- - accuracies are broken down.

JPL TECHNICAL MEMORANDUM 33-301

f

47



e, Additional requirements, The requirements were as
follows:

(1) DSS 42, The following minimum capabilities were
required from DSS 42:

(a) Acquisition and tracking of the Surveyor
spacecraft,

(b) Generation and transmission of tracking data
to the communications terminal equipment at
the site,

(c) Acquisition, recording, decommutation, dis-
play, and processing of Surveyor spacecraft
telemetry,._ data,

(d) Transmission of processed telemetry data both
high speed and TTY to the appropriate com-
munications terminal equipment at the site,

(e) Generation and transmission_ of Surveyor
spacecraft commands,

(2) DSS 61, At the start of DSS 61 visibility, the fol-
lowing minimum capabilities were required from
DSS 61:

(a) Acquisition and tracking of the Surveyor
spacecraft,

(b) Generation and transmission of tracking data
to the communications terminal equipment at
the site,

(c) Acquisition, recording, decommutation, dis-
play, and processing of Surveyor spacecraft
telemetry data,

(d) Transmission of processed telemetry data both
high speed and TTY to the appropriate com-
munications terminal equipment at the site,

(e) Generation and transmission of Surveyor
spacecraft commands,

(3) DSS 51 or 72, The following minimum capabilities
existed for DSS 51 or DSS 72 during the DSS 42/
DSS 61 visibility gap which occurred about 3 to
6 h after launch on April 18, 19, 20, 21, 1967:

(c) Acquisition, recording, decommutation, dis-
play, and processing of Suroeyor spacecraft
telemetry data,

(d) Transmission of processed telemetry data both
high speed and TTY to the appropriate com-
munications terminal equipment at the site,

(e) Generation and transmission of Surveyor space-
craft commands,

(4) DSS 11, At the start of DSS 11 visibility, the fol-
lowing minimum capability existed.

(a) Acquisition and tracking of the Surveyor
spacecraft,

(b) Generation and transmission of tracking data
to the communications terminal equipment at
the site,

(c) Acquisition, recording, decommutation, display,
and processing of Surveyor spacecraft telem-
etry data,

(d) Transmission of processed telemetry data both
high speed and TTY to the appropriate com-
munications terminal equipment at the site,

(e) Generation and transmission of Surveyor space-
craft commands,

(f) Acquisition, recording, and processing of
Surveyor spacecraft video data,.

2. GCF/NASCOM. The DSN GCF is that portion of
the NASCOM which supported the Surveyor III mission
by providing communication paths between the various
DSN tracking stations throughout the world and the
SFOF, This Communication System comprised the land-
lines, undersea cables, and radio circuits which carried
teletype, voice, and high-speed data in real-time support
of the Surveyor III mission, Figure 14 illustrates the con-
figuration of the GCF in support of Surveyor III and the
type of data carried over these circuits,

(a) Acquisition and tracking of the Surveyor	 Since NASCOM circuits are utilized to support many

spacecraft.

	

	 installations and activities, of which the DSN/GCF is
but one part, circuit usage must be on a requested and

(b) Generation and transmission of tracking data scheduled basis from GSFC, Those circuits that do not
to the communications terminal equipment at pass through GSFC must also be scheduled to ensure
the site,	 their availability,
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a, Voice, The DSN/GCF provide¢ a sys tern of full-
period, leased, four-wire, engineered, voice efreuit.4 to a
majority of the sites in the network. Most of the voice
circuits are routed via the GSFC Switching Center and
comprise the SCAMA, Circuits are routed by hardwire
and microwave- wherever possible, These circuits extend
to overseas points through transoceanic cables, or by
high-frequenw/ radio links in those cases where cables
are not available,

b, Teletype, The DSN/GCF provides a system of full-
period, full-duplex, leased links composed of leased and
cornmercial facilities obtained from national, interna-
tional, and foreign common carrier agencies, For pur-
poses of reliability, overseas circuits employ undersea
cables wherever possible, but are necessarily routed via
radio facilities to reach certain locations,

c, DSS 42 communications, The Surveyor project re-
quested that the outbound high-speed data lines from
the SFOF to DSS 42 and DSS 61 be interfaced with
project-supplied 202 data sets in order to permit trans-
mission of simulated telemetry data from SDCC to the
DSIF stations, Tbis was done and the system was used
to provide simulated data for Surveyor 111 testing, How
ever, since the data sets were not standard equipment
in the NASCOM system, some problems arose during test
operations, Another significant development was the use
of the Intelsat communications .cxte&ei to provid,
communications circuits to DSS 72, Ascension .Island,
Use of this ratellite was committed by NASCOM for the
Surveyor III mission, Due to the use of DSS 61, 71, and 72
in addition to the stations committed for the Surveyor 11
mission, additional lines hetween JPL and the Goddard
Space Flight Center communications terminal are re-
quired, These circuits were ordered and provided for the
C-5,0 test and the Surveyor launch, Also, an additional
circuit requirement was necessitated by the transmission
of real time telemetry data from the Carnarvon MSFN
station to DSS 42, One voice and one high speed data
line were to be supplied,

d. Additional requirements, The requirements were as
follows;

(1) AFETR/SFOF, The minimum capabilities were;

(a) Two voice lines,

(b) One high-speed data line,

(c) One simplex TTY line from AFETR to SFOF,

518

(S) DSS 42/SFOF, The minimum capabilities were;

(a) One voice line,

(b) Two duplex TTY lines,

(3) DSS 61/SFOF. At the start of DSS 61 vi;Tblity,
the following minimum communication capability
existed,

(a) One voice line,

(bl Two duplex TTY lines,

(4) DSS 51 or DSS 72, During the DSS 42/DSS 61
visibility gap, the following capabilities existed;

(a) One voice tinc,

(b) Two duplex TTY lines,

(5) DSS 1115FOF, At the start of DSS 11 vis` alfty,
the following minimum communication capabilities
were operational,,

(a) One voice line,

(b) One high-speed data line (1100 bits/s or
96 kH),

(c) One duplex TTY line,

8, DRVISFOF, The DSN/SFOF Commmnieations Sys-
teM was to provide the capability for transferring all the
necessary information required for space flight operations
within the SFOF. Such system was,  include;
(1) all voice communication eapabili^ies within the
SFOF, (2) all closed circuit TV, (3) all teletype distribu-
tion, (4) all high-speed: data distribution and (5) all data
received over microwave channels within the SFOF,

The SFOF was designed to provide a reliable, flexible,
centralized, and relatively mission-independent capability
to conduct and control simultaneous lunar or planetary
missions, The SFOF, in meeting its requirements to the
Surveyor Project, dedicated numerous of these mission-
independent capabilities in support of the Surveyor 111
mission, These capabilities included. such operating func-
tions as communications, displays, and data pravpssing,

a, Cornmunfcations, The DSN Intraeommunications
System (DSN/ICS), ! rAe Surveyor 111 mission consisted
of those circuits, ; switehingl facilities, terminals, equip-
ment, and personnel internal to the SFOF which were
required in. order to transmit; receive, and distribute
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various types of intelligence. The DSN/ICS was divided
into nine subsystems as follows:

(1) Operational Voice Communications Subsystem
(OVCS).

(2) Operational Status Recording Subsystem (OSRS).

(3) Operational Public Address Subsystem (OPAS).

(4) Operational Voice Recording Subsystem (OVRS).

15) Operational Miscellaneous Audio Subsystem
(OMAS).

(6) Operational Teletype Communications Subsystem
(OTCS).

(7) Television Communications Subsystem (TVCS).

(8) High-Speed Data Subsystem (HSDS).

(9) Wide-Band Communications Subsystem (WBCS).

b. Displays. Specialized wall and projector displays
were required to provide historical and current informa-
tion for use in each of the following areas:

(1) Operations Area.

(2) Flight Path Analysis Area (FPAA).

(3) Mission Support Area No. 1A (SPAA).

(4) Mission Support Area No. 1B (SSAA).

c. Data processing. Various data processing functions
were required, to effectively support the Surveyor III
mission, within the SFOF. These requirements were:

(1) Computation of acquisition predictions for DSIF
stations antenna pointing angles and receiver and
transmitter frequencies.

(2) Orbit determination.

(3) Midcourse maneuver computation and analysis.-

(4) On-line telemetry processing.

(5) Command tape generation.

(6) Simulation data generation (telemetry and track-
ing data).

d. Facilities. Mission control facilities were also to be
provided within the SFOF as follows:

(1) Space in the mission-dependent and mission-
independent areas was provided. Mission Control
Room No. 1 and Mission Support Area No. 1,
which included the Spacecraft Performance Area

and the Space Science Area, were devoted exclu-
sively to the Surveyor I mission.

(2) Flight Path Analysis Area No. 1 was a shared area:
however, the Surveyor I mission had its exclusive
use during the flight. Common users areas required
included DSIF Net Control, the Data Processing
Area, and the Communications Center.

e. Additional requirements. The following minimum ca-
pabilities were required within the SFOF for Surveyor III
support:

(1) One operational TPS 7288-7044 computer string
in the Mode III configuration.

(2) Two operational 7094 computers in the Mode IV
configuration.

(3) Diesel generators as the power source for all SFOF
computers committed to Surveyor.

(4) The OVCS system committed to Surveyor less its
intercom capability.

(5) CCTV displays of TTY data and line-status.

(6) Transmission of incoming telemetry data, both
high speed and TTY, to the appropriate processing
and display devices.

f. Ground communications. These included the
following:

(1) AFETR/SFOF. The requirements were:

(a) Two voice lines.

(b) One high-speed data line.

(c) One simplex TTY line from AFETR to SFOF.

(2) DSS 61/SFOF. The requirements were:

(a) One voice line.

(b) Two duplex TTY lines.

(3) DSS 11/SFOF. At the start of DSS 11 visibility, the
following minimum communication capabilities
were operational:

(a) One voice line.

(b) One high-speed dat a line (110 bits/s or 96 kHz).

(c) One duplex TTY line.



(4) DSS 42/SFOF. At the start of DSS 42 visibility,
the following minimum communication capability
need existed: one duplex TTY line.

(5) The Project had requested that the outbound high-
speed data lines from SFOF to DSS 42 and DSS 61
be interfaced with project-supplied 202 data sets
in order to permit transmission of simulated telem-
etry data from SDCC to the Deep Space Stations.
This was done and the system was used to provide
simulated data for Surveyor III testing. However,
since the data were not standard equipment in the
NASCOM system, some problems arose during test
operations. Another significant change was use of
the Intelsat communications satellite to pro-
vide communications circuits to DSS 72, Ascension
Island. Use of this satellite was committed by

Table 18. AFETR prelaunch configuration

Station Radar
VHF

telemetry
S-band

telemetry

Merrit Island X

Cape Kennedy X X X

Patrick AFB X

Grand. Bahama Island X X X

Grand Turk X

Timber Hitch X X

Coastal Crusader (RIS 1) X X

Ascension Island X X	 - X

Twin Falls X X X

Pretoria. . X X X

Sword Knot (RIS 2) - X X

NASCOM for the Surveyor III mission. Due to the

	

use of DSS 61, 71, and 72 in addition to the sta- 	 a. Tracking. The prelaunch configuration of the

	

tions committed for the Surveyor II mission, addi-	 AFETR is shown in Table 18 complete with each station

	

tional lines between JPL and Goddard Space 	 committed, radar, and telemetry capabilities.
Flight Center communications terminal were re-

	

quired. These circuits were ordered and provided 	 A major element in the Surveyor III AFETR config-

	

for the C-5.0 test and the Surveyor launch. Also,	 uration was the positioning of the RIS. The RIS were

	

an additional circuit requirement is caused by the 	 located (according to launch day, time, azimuth criteria)

	

transmission of real-time telemetry data from 	 for projected planned coverage of the Surveyor III launch.
the Camarvon MSFN station to DSS 42. One voice Figure 15 gives the RIS configuration for AFETR launch

	

and one high-speed data line were to be supplied, 	 coverage, which was necessary to meet the aforemen
tioned (see Section III, Table 8) class I requirements.

The Acquisition Aid's at Bermuda Grand Canary and
IV. Surveyor 111 TDS Flight Preparation	 Kano were configured to tract the vehicle and provide

	

The TDS had the responsibility to properly prepare for 	 RF inputs to the telemetry (TLM) receivers. Performance
the Surveyor III Flight. Such flight preparation was ac- recorders were configured to record AGC and angle

	

complished by unique TDS configuration and testing 	 errors for postmission analysis. The acquisition aids
which is treated in the following sections. 	 would provide TLM RF inputs from Bermuda acquisi-

tion of signal through loss o£ signal at Kano. The C-band
radars at Bermuda and Carnarvon were m Yro^ide radar

A. Configuration 	 beacon tracking, magnetic tape recording at a minimum

	

The configuration of individual agencies that comprise 	
of 10 points per second, and real time data transmission
t GSFC and AFETR. Bermuda configuration would

	

the TDS, in preparation for the St	 track,. aeyor III flight, is
given below. 

	 the Centaur vehicle in conjunction with AFETR
radars during the powered flight phase of the mission,
and transmit real-time, high-speed data to GSFC and to

1. Air Force Eastern Test Range. The AFETR config- the RTCS at AFETR. Also, Bermuda was to transmit
4,t	 d t	 t +1'	 is	 real-time, low-speed radar data to GSFC.urahon a was prepare o mee a reel m.en

placed on the TDS is presented here. The areas of prepa-
ration include (a) tracking, (b) VHF telemetry, (c) S-band
telemetry, (d) RTCS^..and (e) building, designated AO,
located at Cape Kennedy.

The resources required primarily to satisfy the
Surveyor III mission metric needs were:

(1) The FPQ-6 C-band radar at Antigua.
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(2) The C-band radar aboard the RIS Twin Falls.

b. VHF telemetry. The AFETR resources committed
to support the VHF telemetry requirements were: Tel 2,
GBI, Antigua, Timber Hitch, Twin Falls, Coastal
Crusader, Sword Knot, and Ascension Island. All class I
requirements were expected to be met. The coverage plan
in OD 3400 indicated some minor gaps in providing con-
tinuous coverage.

c. S-band telemetry. AFETR stations at Antigua,
Ascension Island and the three RIS were configured to
meet the Surveyor III S-band requirements.

A 3-ft S-band antenna with its associated downcon-
verter, receiver, etc. was in place at Ascension Island. This
system provided the S-band data from Ascension Island
for the Surveyor I launch and was to be used to backup
the TAA-3A antenna system. A similar backup system
was later provided to Antigua. In addition, the RIS
Coastal Crusader and Timber Hitch were to cover the
early interval after the interval when the Antigua view
was terminated.

The three RIS were to provide S-band coverage on a
limited data commitment. Confidence ran fairly high in
these systems because the RIS had successfully provided
S-band coverage for former Surveyor missions and other
space projects.

Following the single-station solutions, the RTCS was
to compute and transmit to the SFOF pre- arxj^l post-retro
recursive accumulative orbits, An I-matr !cN,, and a lunar
mapping message based on each solution was to be in-
cluded. Figure 16 gives the RTCS configuration for
metric tracking and computed data flow.

e. Building AO. The configuration of major equipment
components in building AO were the switch matrix for
selecting the AFETR data, the CDC for processing the
selected PCM spacecraft data, the bit synchronizer for
data smoothing and signal conditioning, the asynchro-
nous Bell 202-D data modem for data transmission, and
the synchronous Hallicrafters modem which served as a
backup. In addition, an analog display was available for
the display of next-station or look-ahead data.

The various AFETR stations were interfaced with
building AO to provide NRT and look-ahead data to the
SF[' ^ and committed stations. The stations were config-
ured as follows.

Tel-2 was equipped to receive both S-band (low
power) and VHF data before and after launch. From
L — 5 until LOS, Tel-2 was to supply spacecraft data
derived from the VHF link to building AO. The input
to the discriminator bank was as shown in Fig: 17. Look-
ahead data after launch was made available from GBI
as shown in Fig. 17, also.

Prior to launch, the AFETR expressed confidence in
the ability to meet all the Class I requirements,

d. Real-time computer system. The RTCS was config-
ured to provide effective support for the Surveyor III

mission.

RTCS configuration allowed for use of information
from AFETR radars (pre- and post-retro data), and
MSFN stations (post-retro data and post-injection data).
The RTCS was to use the above information to compute
orbital elements and injection conditions, which was to
be transmitted, to the SFOF. DSS acquisition information
based on pre-r tro orbital computations was also to be
prepared by the RTCS.

In addition, the AFETR/RTCS was to transmit IRV
messages and orbital predicts. A "mapping to lunar en-
counter" message was also required for both the pre- and
post-retro orbits.

GBI was configured to receive the VHF data link only.
These data wrae to be transmitted to Tel-2 on the sub-
cable 14.5-kHz sub-carrier. Data could then be selected
for transmission to the SFOF at any time after GBI
acquisition, by selecting the TDM serial PCM data. At
this point in time, there would be no look-ahead capa-
bility (due to sub-cable restrictions) until Antigua acqui-
sition and verification that data from Antigua were of
good quality. At this time, the switch was to be made
at GBI to allow that Antigua was of good quality on the
14.5-kHz sub-carrier. The switch configuration at that
time is as shown in Fig. 18. When this occurred, the
look-ahead capability, was retrieved to a limited extent.
At Ship 1 acquisition, look-ahead data were to be ob-
tained on the Ship 1/Cape HF link only.

Antigua was configured to serve as a relay for three
down-range stations: Ship 1, Ship 2, and Ascension
Island. Until spacecraft separation, Antigua was com-
mitted to receive and retransmit all data received on the
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VHF link. At Spacecraft separation, Antigua would re-
patch SCO inputs so that down-range data could be
relayed on 14.5-kHz, 22-kHz, 30-kHz, and 40-kHz sub-
carriers, respectively.

The up-range RIS would be equipped to receive either
S-band or VHF data links. If S-band signal strength was
sufficient before mark event 15 to give good data qual-
ity, this link was to be used to obtain PCM data for
retransmission.

The remaining RIS (2 and 3) and Ascension Island
were configured to receive S-band data and retransmit,
either directly by HF, or by HV relay, to Antigua. The
configuration during tracking at Ascension Island is
shown in Fig. 19.

2. Goddard Space Flight Center. The MSFN managed
by GSFC, was configured to support the Surveyor I mis-
sion by providing tracking, VHF telemetry, and computer
support.
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Table 19 indicates the GSFC/MSFN Station and equip-
ment configuration used for supporting Surveyor .TII.

a. Tracking. Acquisition Aid Tracking of the ;Atlas
(229.9 MHz) and the Centaur (225.7 MHz) links was con-
figured for the 300 kHz bandwidth cross-correlation mode.

Table 19. GSFC/MSFN Surveyor 111 station configuration

Real-
C_

r

time Radar
Station od TLM band SCAMA TTY

HSD read- LSD
UsB

radar
outs

BDA X X X X X X X X

TAN x x x x x

CRO X X" x X X X° X x

GSFC X X X

^IF TLM signal is adequate.
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The MSFN station at Bermuda was required to track
both the Atlas and the Centaur links. The stations at
Tananarive and Carnarvon had requirements, and were
configured to track the Centaur link at 225.7 MHz.

b. VHF telemetry. The MSFN stations at Bermuda,
Tananarive, and Carnarvon were to receive and record the
Centaur telemetry link from Bermuda acquisition of sig-
nal to the Carnarvon loss of signal. The Bermuda station
was also configured and required to receive and record

the Atlas telemetry link. Additionally, all stations were
to confirm various flight events. Carnarvon coverage was
only on a "best obtainable" basis, due to range.

Concerning mark events, Bermuda, Tananarive, and
Carnarvon were to confirm acquisition of signal, loss of .

signal and occurrence of mark events in the following
manner;

(1) The event was to be verbally confirmed in real
time. -

(2) The GMT occurrence of each event was to be ver-
bally confirmed as soon as possible after each
occurrence.

(3) Confirmation of each event, occurrence, and time
was to be reported via TTY in near real time.

(4) Tananarive was required to report readings at acqui-
sition, after one minute of track, and at loss of
signal.

(5) Carnarvon was required to report readings at
acquisition, and then report changes recorded dur-
ing the time the vehicle was in view.
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Fig. 19. Building AO from handover to Ascension Island

58	 JPL TECHNICAL MEMORANDUM 33-301

,.



With the advent of the Surveyor parking orbit trajec-
tory missions and the development of the unified S-band
system, the resources of the AFETR are being strained
in an attempt to provide full support. Therefore,
Carnarvon participation would plan a significant role in
solving this problem. Carnarvon was configured to receive
550-bit, bilevel, non-return-to-zero (NRZ) telemetry data
via the S-band link and was required to transfer this
data via the NASCOM facilities to the DSN Tidbinbilla
station (DSS 42). Also, applicable engineering instruc-
tions were to be provided by the MSFN to alter the uni-
fied S-band (USB) configuration to meet this requirement.
Figure 20 shows the Surveyor USB configuration.

The MSFN was also responsible to provide real-time
telemetry data recordings at low speed.

c. Computer. GSFC computers were required to gen-
erate predict information for MSFN stations. In addition,
the GSFC computers were to be configured to provide
data in real time to the AFETR RTCS for orbit
computation.

Prior to launch the GSFC Data Operation; Branch
(DOB) was to prepare nominal Centaur vehicle pointing
data for the MSFN stations at Carnarvon and Tananarive.
These data were required for transmission to the afore-
mentioned stations by L —7 days.

During the powered-flight phase, the GSFC computers
were to receive launch trajectory data from Bermuda
and AFETR via the launch monitor subsystem. The tra-
jectory was to be computed and the resulting parameters
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used to drive displays at GSFC Operations Control Cen-
ter (OPSCON), In Fig, 21, the Surveyor III ground com-
munications configuration and computer support is
shown,

At the end of the Centaur first powered flight (MECO
No. 1, mark event 8), the DOB was to pass orbital injec-
tion parameters to the MSFN Network Controller. The
Network Controller will pass these parameters by voice
to building AE and by TTY to building AE and LeRC.

GSFC computers were configured to receive in-flight
trajectory data from liftoff to LOS by AFETR stations
and appropriate RIS. Data were to be transmitted via
MCC-K to GSFC for computation Of acquisition messages
for MSFN stations.

Such acquisition messages were to be generated and
transmitted to the participating MSFN stations at H —25
and II —5 min. The II —25 acquisition messages were
based on actual first-burn and nominal second-bum data.
The II —5 acquisition messages for Camarvon would

take into account post-injection tracking data from
Pretoria (if available).

The low-speed TTY data from Camarvon would be
reformatted to the standard 38-character radar data for-
mat by the GSFC computers and retransmitted to the
RTCS at AFETR.

At the end of the retromaneuver thrust (murk event 24),
the DOB was to pass orbital injection parameters to the
MSFN Network Controller. The Network Controller then
passed these parameters by voice to building AE and by
TTY to building AE and LeRC. Additional appropriatL-
orbit information would be passed to the Network Con-
troller as it became available during the mission.

As soon as it is possible after fulfillment of real-time
mission support, the following data were to be reformat-
ted on magnetic tape for delivery to LeRC for analysis:

(1) High-speed data received from AFETR in the tape
format specified.
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1 2 3 4 5 9 155::-:
4	 8QA
6
9

10
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Fig. 21. Surveyor III near-earth phase ground communications configuration and computer support
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(2) Low-speed TTY radar data reformatted on mag-
netic tape using the standard GSFC time-azimuth-
elevation range format,

3. Near-earth phase coverage summary. A near-earth
phase summary is given in the following paragraphs for
all the agencies and their related stations supporting this
portion of the Surveyor III flight,

Coverage intervals for the AFETR and MSFN track-
ing, radar, and telemetry stations are presented in graph-
ical forms. Station coverage estimates, significant Centaur
and spacecraft flight events and Class I instrumentation
coverage requirements are also presented, so that cover-
age vs requirements may be evaluated.

Rise times for DSN stations are shown where they
affect spacecraft coverage of S-band stations. The class I
coverage requirements are shown as shaded areas on the
various following figures. Figure 22 shows the estimated
coverage of the 2295 MHz link for all days during the
April 1967 launch opportunity. Figure 23 shows the esti-
mated co terage of the 225.7 MHz link for all April launch
days. Figure 24 gives the estimated coverage of S-band
telemetry on the launch day of April 17, 1967. The pro-
jected coverage for C-band tracking radars is shown in
Fig. 25. Finally, Fig. 26 indicates an estimation of
the coverage that was expected for the Centaur WIF
telemetry.

Table 20 gives the near-earth phase station abbrevia-
tions and radar identification as an aid to understanding
the aforementioned Figs. 22 through 26.

All station and radar abbreviations used on the cover-
age charts (Figs. 22 through 26) are listed in Table 20.

a. C-band radar, The various rise and set times as noted
in Figs. 22 through 26 are based on the following data:

(1) Start Time = =tx 2 deg plus 10 s in most cases,
except where influenced by ground clutter or the
start of a range interval.

(2) End Time = __= 05 deg above the horizon for
Mipir radars, or 2 deg above the horizon for FPS-16
or MPS-25 radars. These times may also be influ-
enced by ground clutter. The FPS-16 and MPS-25
radars are carried out only to the end of the fourth
range interval (approximately 4000 n. mi). It was
expected that the beacon signal would be below
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Table 20. Near-earth-phase station abbreviations
and radar identification

A. Station abbreviations

Abbreviation Tracking station/location

Tel-2 CKAPS

Tel.4 KSC

GBI Grand Bahama Island (AFETR)

80A Bermuda (MSFN)

ANT Antigua (AFETR)

LIM RIS Timber Hitch (AFETR)

WHI RIS Coastal Crusader, (AFETR)

UNI RIS Twin Falls (AFETR)

ASC Ascension Island (AFETR)

PRE	 _ Pretoria (AFETR)

YAN RIS Sword Knot (AFETR)

CRO Carnarvon (MSFN)

DSS 42 Tidbinbilla

B. Radar identification

Roder Location

8DA Bermuda

7.18 Grand Turk

91.18 Antigua

T-TIC	 - RIS TwfaFalTr

13,16 Pretoria

CRO Carnarvon

12,18 Ascension Island

a trackable level at these sites beyond the fourth
range interval at 80 PRY,

4. Deep space network. The major elements of the
DSN, configured to support Surveyor Ill, were the DSIF,
the GCF, and the SFOF.

a. Deep space instrumentation facility, The DSIF con-
figuration for tracking and data acquisition stations
(Deep Space Stations) are located around the earth, so
the antennas of one of three selected stations situated
120 deg apart in longitude may continuously observe a
spacecraft during its mission. The stations (see Table 21)
were committed, as indicated, to support the 'IDS sys-
tem for the Surveyor III mission.
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Table 21. DSIF stations committed to support
of Surveyor 111

Station Designation Location Configuration

DSS 11 Prime Goldstone, Calif. GSDS
(Pioneer Site) -

DSS 42 Prime Tidbinbilla, GSDS
Australia

DSS 51 Cislunar phase Johannesburg, L/S

support only South Africa
(best effort
basis)

DSS 61 Prime Robledo, Spain GSDS

DSS 71 Compatibility, Cape Kennedy,
prelaunch and Florida
launch support

DSS'72 Launch and pass Ascension Island GSDS
no. 1 support

Many distinct changes were made in the DSIF from
the Surveyor II mission. These changes are described
below.

(1) DSS 61 became a prime station for Surveyor III,
essentially fulfilling the role that DSS 51 provided
for Surveyor II.

(2) DSS 72 was to be used to fill the gap in telemetry
coverage on certain days and on certain azimuths

64

3000	 3300

50	 55

that may occur between DSS 42 set and DSS 61
rise.

(3) DSS 71 was to be used , in a backup capacity for
receiving, processing, and transmitting AFETR
acquired down-range spacecraft telemetry data to
the SFOF.

(4) Telemetry and command processors (TCP) were
installed at all prime DSS stations. These were to
provide 100% redundancy !in on-site computing
capabilities, over that which existed during
Surveyor I and II missions.

(5) DSS 12 was to be used to provide backup transmit
and receive capabilities during critical mission
phases.

(6)A high speed data link was provided between the

Carnarvon station and DSS 42 for the transmission
of S-band telemetry data during Carnarvon's first
pass tracking. This was to provide the capability to
receive spacecraft telemetry data approximately
20 min to DSS 42 initial acquisition.

(7) The SPAA area in the SFOF was modified to
accommodate the T&FA group. This was done by
providing spacecraft telemetry data displays, re-
corders, and printers in parallel with those avail-
able to the SPAC performance analysis group.
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(8) PCM telemetry data received in TPS was routed
to the CDS 1219 computer at El Segundo, where
it was to be processed and provided to the SFOF
via six printers in the T&FA group area.

(9) The third computer string in the SFOF became
operational just prior to the Surveyor II launch.
A fourth computer string is also now operational,
with limited capabilities. Whether or not this
fourth computer string (V-string) is usable by the
Surveyor Project during succeeding missions is yet
to be determined. It does provide additional com-
puting capability in the SFOF and allows greater
flexibility in meeting the overall requirements
placed upon the computing facility.

Due to the parking-orbit trajectory to be used for the
Surveyor III mission, the initial two-way DSIF acquisi-
tion will be performed at DSS 42, Tidbinbilla. For this
mission, the main changes in the DSIF are the MSFN
modification, the addition of redundant computers to
perform the telemetry and command processing function,
and the use of FR-800 video recorders as com-
mitted equipment at all prime Surveyor stations. Inclu-
sion of the Soil Mechanics/Surface Sampler (SM/SS)
experiment on the spacecraft has required no changes to
DSIF equipment. However, some minor changes to
operational procedures at DSS 11 are required. In addi-
tion, DSS 42 will process real-time telemetry data re-
ceived by the Carnarvon MSFN station, as described in
Section IH-D-1. The project has also placed a require-
ment for playback of a tape recording of SC-3 video
calibration data at DSS 11 after each station pass during
which video operations are conducted with the space-
craft. This support is presently being negotiated with the
DSIF, and no problems are anticipated in meeting
the requirement.

DSS 71 coverage: Cape Kennedy, DSS 71, is commit-
ted to support RF compatibility tests between SC-3, lo-
cated on the launch pad, and DSS 71. These tests were
successfully completed on March 5 and 6, 1967. At time
of launch, DSS 71 receives and records telemetry data
from L — 5 min to loss of signal. In addition, DSS 71
will use its CDC and TCP computer to process AFETR
range telemetry data for transmission to JPL via
NASCODl high-speed data line.

DSS 72 coverage: Ascension Island, DSS 72, is commit-
ted to support the Surveyor III mission from launch until
DSS 11 acquisition + 1 h. The station will be capable of
performing the tracking, telemetry, and command func-
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tions using its 30-ft dish, parametric amplifier, GSDS
receivers, and 10 kW transmitter. It may be required to
provide fill -n telemetry coverage during a potential gap
in coverage between DSS 42 set and DSS 61 rise, for
certain trajectories between April 18 and 21, 1967. Two-
way doppler tracking data may also be requested from
this station to provide increased confidence in pre-
midcourse trajectory calculations.

DSS 51 coverage: Johannesburg, DSS 51, will partici-
pate in the Surveyor III mission on a best-efforts basis.
It is expected that the equipment modifications and
station reconfiguration now being done at that station
will be completed in time for them to participate in the
C-5.0 test. Configuration verification tests will be per-
formed during the week of April 3,1967. Lunar Orbiter III
was successfully tracked on April 4, in both the one-way
and two-way modes. DSS 51 may also be used to fill the
gap in telemetry coverage between DSS 42 set and
DSS 61 rise, as described above. With its 85-ft antenna
and maser, it will permit higher data rates than DSS 72.
Telemetry data will be provided on a best efforts  basis.

Criteria for DSIF acquisition. The criteria for DSIF
acquisition for a spacecraft are as follows:

(1) The DSIF twill employ the acquisition aid antenna
and either the parametric amplifier front end or
the maser amplifier front end to the receiver.

(2) The tracking phase lock loop phase error due to
the doppler rate will not exceed 30 deg.

(3) A signal to noise ratio of 9 dB in 2 B 1,0 is required
in the receiver phase lock loop.

(4) The angular rate of the DSIF-Spacecraft vector
must not exceed 0.1 deg/s during acquisition.

(5) The antenna angular rates must not exceed
0.85 deg/s during auto track.

(6) The acquisition procedure begins when the space-
craft appears above the local horizon. The initial
effort is an RF search.

(7) Auto track on SCM cannot be obtained when the
elevation angle is less than 10 deg above the local
horizon.

(8) From the 10 deg elevation point, 20 min will be
allowed for the DSIF to acquire the spacecraft
and obtain auto track on SCM.

(9) Any RF two-way operation, before SCM auto track
is obtained, will be on SAA aided track.
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Most of the DSS 51 trajectories include the second
burn of the parking orbit and the final injection. There-
fore, the criteria for the 10-deg elevation, before SCM
auto track, are not used; instead the 0.1 deg/s rate limi-
tation is applied to the acquisition procedure.

The range is at 10-deg elevation + 20 min, and the
range at the first SCM attempt is +20 min. This is
the range which would be experienced if the station
required the full 20 min to obtain auto track on SCM
after the first attempt. The range limitation for DSS 42
with acquisition aid antenna and maser at 152 Hz track-
ing loop bandwidth is 25,100 km to meet the criteria of
9 dB SNR. This range can be extended to 44,700 km by
using a tracking loop bandwidth of 48 Hz.

The Mange limitation for DSS 51 with acquisition aid
antenna and parametric amplifier at 152 Hz tracking
loop bandwidth is 11,650 km and can be extended to
20,750 km at 48 Hz. These limitations are based on
worst-case conditions.

GCF. The DSN/GCF thus interconnects the DSIF sta-
tions with the SFOF as well as the various non-DSIF
agencies with the SFOF.

The Goddard Space Flight Center has responsibility
for technical control of the NASCOM circuits used by
the DSN, and technical control maintenance of the com-
munications network, including restoration of service
and selection of alternate routes when available.

Mission control of the DSN/GCF is vested in the DSN
Communications Center, which is physically located in
the SFOF. The DSN Communications Center consists of
the personnel, hardware, and procedures required to
schedule, coordinate, and operationally control the DSN
Ground Communications System during DSN opera-
tional periods.

Figure 27 illustrates the Surveyor III support config-
uration and routing of the DSN/GCF circuits.

b. DSN communications system. The DSN Communi-
cations System is divided into two major categories:
(1) the DSN Ground Communications Facility (DSN/
GCF), and (2) the DSN Intracommunications System
(DSN/ICS). The DSN/GCF, in general, consists of those
circuits, equipment, facilities, and personnel external to
the SFOF that provide the means whereby the SFOF
may communicate with outside agencies. The DSN/ICS,
in general, consists of those circuits, equipment, facilities,
and personnel internal to the SFOF that provide not only
a means whereby intelligence may be transmitted to and
received from the DSN/GCF, but also a means of inter-
nal communications between the various areas within
the SFOF.

The DSN Communications System is capable of pro-
viding four distinct methods of intelligence transmission.
All four of these methods, (1) voice, (2) teletype, (3) high
speed data, and (4) wide band (including video), are
applicable to both the DSN/GCF and the DSN/ICS.

DSN/GCF: The DSN/GCF is a particular configura-
tion of NASCOM that includes the services, facilities,
and equipment required to provide an integrated net-
work for the DSN in the support of space flight
operations and systems tests. The DSN Communications
Center at JPL is not only a major end terminal of
NASCOM but is the major switching center of the DSN/

For the Surveyor III mission, the GCF transmitted
tracking, telemetry, and command data from the DSIF
to the SFOF and provided control and command func-
tions from the SFOF to the DSIF by means of NASCOM
facilities. It also transmits simulated tracking data to the
DSIF, and video data and baseband telemetry from
DSS 11, Goldstone DSCC, to the SFOF.

Voice circuits: The DSN/GCF configured a system of
four-wire engineered voice circuits to a majority of the
sites in the network. Most of the voice circuits were
routed via the GSFC Switching Center and comprised
the SCAMA. Circuits were routed by hardwire and
microwave wherever possible. Voice circuits to overseas
points used the transoceanic cables or high-frequency
radio links when cables were not available. These circuits
were to be used for operational and non-operational traffic.
Both common user and private lines were provided.

Teletype circuits: The DSN/GCF configured a system
of full-duplex links composed of leased and commercial
facilities obtained from national, international, and for-
eign common carrier agencies. For reliability purposes,
the overseas circuits were undersea cables wherever pos-
sible but were necessarily routed via radio facilities to
reach certain locations. Error detection and correction
systems were provided on the overseas circuits by the
common carriers to reduce error rates to the minimum
possible within the state of the art.
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GTS	 COMM NET	 MW 02203
GOLDSTONE	 DSS 11 NET	 MW 02204
DSS 11	 DSS I I NET	 MW 02206
DSS 14	 TS 2515 NET	 MW 02207

VOICE AS REQUIRED 	 MW 02208
TIME	 MW 02209
TN 1 TTY A	 TN 1
TN 2 TTY B	 TN 2
TN 3 TTY C	 TN 3
TN 4 TTY D	 TN 4
TN 5 TTY 14	 TN 5
TN 6 SDA	 TN 6
SDA NET	 MW 02212
HSD AGC	 MW 02102
HSD	 MW 02101
T AC WIDE-BAND DATA	 JPC 177
T MC VIDEO	 JPC 176
VOICE BACKUP	 CP 7205
VOICE BACKUP	 CP 7207
DATA BACKUP	 CDA 7214
TTY BACKUP	 CDA 7215

JHAC	 TOT 171	 TTY (ADMIN)
HUGHES	 CPED 14	 VOICE
EL SEGUNDO,	 TCDA 14	 DATA (TRANSMIT ONLY)
CALIF	

TCDA 16	 DATA (TRANSMIT ONLY)
TTY (RECEIVE ONLY)
TTY (RECEIVE ONLY)_

_	 TTY (RECEIVE ONLY)
TTY (RECEIVE ONLY)
TTY (RECEIVE ONLY)
TTY (RECEIVE ONLY)
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GDA 58167 DATA
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GT 58461 TTY A
GT 58462  TTY B
GT 58463 TTY C
GT 58461 . TTY D

GP 54267	 (VOICE OF SURVEYOR (L)) VOICE
1 GP 54206 VOICE

GP 54505 VOICE
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NOTES:

1. EXCEPT WHERE NOTED, ALL CIRCUITS ARE ROUTED VIA
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DUPLEX.
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NORMAL THROUGH — — PATCH REQUIRED.

Fig. 27. NASCOM DSN/GCF circuits supporting Surveyor 111 mission
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DSN/ICS: The DSN/ICS is the configuration of those
internal circuits and equipment required to provide an
integrated multipurpose communications network for the
support of all Surveyor space flight missions and simula-
tions conducted in the SFOF. Both special-purpose and
conventional communications equipment is used. The
DSN/ICS is configured to perform the following
functions:

(1) To provide an end-terminal and switching capa-
bility for NASCOM and other special-purpose cir-
cuits external to the SFOF. In this respect, the
DSN/ICS is capable of the reception of voice,
teletype, high-speed, and wide-band data from
the various data acquisition stations through the
media of the DSN/GCF. In addition to these re-
ception capabilities, the DSN/ICS is capable of
transmission of voice and teletype data from the
SFOF to various external terminals.

(2) To provide a facility whereby incoming data to
the SFOF may be properly routed throughout the
SFOF to user areas. In this respect, the DSN/ICS
is capable of distributing such data by both audio
and visual methods.

(3) To provide a facility whereby user areas of the
SFOF are interconnected to each other. In this
respect, the DSN/ICS is capable of providing
both audio and video transmission and reception
capabilities,

The subsystems that comprised the DSN/ICS config-
uration are listed below:

(1) Audio Subsystems. These included the Operational
Public Address Subsystem (OPAS), Operational
Voice Recording Subsystem (OVRS), Opera-
tional Voice Communications Subsystem (OVCS),
Operational Status Recording Subsystem (OSRS),
and Operational Miscellaneous Audio Subsystem
(OMAS).

(2) Operational Teletype Communications Subsystem.
The teletype subsystems were configured to serve
two prime functions: (1) the transmission and re-
ceipt of non-operational traffic, and (2) opera-
tional support. (See Fig. 28 for the Operational
Teletype Subsystem Block Diagram.)

(3) Television Communications Subsystem (WCS).
The TVCS was configured in three sections:
(1) video inputs, (2) central controls, and (3) mon-
itors. (Figure 29 gives a diagram of generalized
capabilities of the DSN/ICS T -VCS.) The TVCS
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was configured to perform the following functions:
(1) area surveillance, (2) teletype presentation,

(3) status and hard copy display, (4) commercial
TV display, and (5) Goldstone deep-space station
video display.

(4) High-Speed Data Subsystem. The DSN configured
a system of high-speed data circuits for the pur-
pose of transmitting spacecraft telemetry requiring
a higher bit rate than that of teletype. These cir-
cuits were used solely for operational traffic.

The high-speed data subsystem provided a method
of terminating the high-speed data circuits exter-
nal to the SFOF and a method of interconnecting
these circuits to various user areas.

The DSN Communications Center was equipped
with six high-speed data modems, any one of which
could be connected to any external high-speed
data circuit. Full-duplex capability was provided.
Internally, the outprit (or input) of these modems
was patchable to various internal circuits of either
the TPS or the SDCC.

(5) Wide-Band Data CircuYts. The DSN configured
several wide-band data circuits between the SFOF
and the Goldstone DSS stations. These circuits
were for operational traffic only.

The wide-band data subsystem provided a method
of patching external wide-band data circuits to
internal distribution circuits.

The DSN Communications Center was configured
to interconnect the 96-kHz circuit to Goldstone
(FDX) and to several areas of the SFOF including
TPS/TVGDHS and SDCC. In addition, the capa-
bility existed to interconnect the 6-MHz circuit to
Goldstone (Simplex) to the Ground Data Handling
Area of the SFOF.

DSN interfaces: The following paragraphs describe the
interfaces configured between the DSN Communications
Center and the indicated agencies.

(1) Simulation Data Conversion Center (SDCC). The
prime function of the SDCC was the simulation of
space-flight data for use within the SFOF. These
data were routed to various users throughout the
SFOF and DSIF stations by means of the existing
communications circuits and equipment. In this
manner, operations personnel were exposed to con-
ditions simulating the conditions that would exist
during actual space-flight operations. All means
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SEND AND RECEIVE	 COMMUNICATION!
MESSAGE CENTER

SEND AND RECEIVE	 SEND AND RECEIVE

EXTERNAL TTY LINES TELETYPE	 TELETYPE
CONVERSION	 SWITCHING
SUBSYSTEM	 SUBSYSTEM
(TTCS)	 (TSS)

I	 Ali

/	 TTY/TV
MONITOR

TELETYPE STATUS
DISPLAY BOARD

SFOF USER
AREA TELETYPE

'	 --►{	 COMPUTE

SDCC

Fig. 28. Operational Teletype Communications Subsystem

INPUTS	 CONTROL	 OUTPUTS

MISSION CONSOLES
AREA CAMERAS	 14-in. MONITORS WITH SELECTOR

SURVEILLANCE KEYS

TELETYPE CAMERAS	 23-in. MONITORS WALL OR CEILING
MACHINES MOUNTED

DSN
COMMUNICATIONS DESK OR TABLESTATUS AND CAMERAS	 CENTER	 11-in. OR 17-in. MOUNTED WITHHARD COPY MONITORS SELECTOR KEYS

CENTRALIZED
CONTROL -

COMMERCIAL TV RECEIVER	 VON KARMAN PUBLIC DISPLAY
STATIONS AUDITORIUM

GOLDSTONE	 COMME".CIAL
SIGNAL	 6-Mc CIRCUIT	 NETWORKS	 BROADCASTING

Fig. 29. Generalized capabilities of the DSN/ICS television communications subsystem
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used to communicate with the DSIF (i.e., teletype,
voice, high-speed data, and wide-band circuits)
were available for use to conduct simulations from
the SDCC.

(2) Telemetry Processing Station (TPS). The TPS pro-
cessed and formatted incoming telemetry data and
converted them into a format compatible with
computer processing requirements. Its interface
with external stations consisted of data lines from
the communications area. Lines that require TPS
processing were patched to one of the existing
communications/TPS lines for subsequent process-
ing by the computer.

(3) Television Ground Data Handling System
(TVGDHS). The functions of the TVGDHS were
to record television observations of the moon and
planets, to support NASA experiments and JPL
scientists, and to support spacecraft tests, opera-
tions, and TV operational tests. The interface be-
tween the DSN Communications Center and the
TV Ground Data Handling System consisted of
three wide-band data lines, two of which were
normally connected to the 6-Mc microwave line
from Goldstone.

(4) Data Processing System (DPS). The operational
functions of the Data Processing System were to
process, handle, and display information as re-
quired for space-flight operations. The operational
functions of the DSN Communications System
were to provide and operate communications as
required for space-fligbt operations. Since most of
the spacecraft data and operational information
entering the Data Processing System was obtained
by communications media, an important and inti-
mate functional interface existed between the two
systems.

(5) Public Information Office (PIO). As the name
implies, the PIO was responsible for the dissemina-
tion of information to the public and to other
interested parties. Space-flight operations informa-
tion was obtained from various sources within the
SFOF as well as from external agencies. Circuits,
controlled by the DSN Communications Center,
provided for those requirements to NASA Head-
quarters and the press.

(6) Teletype Status Display. This display indicated the
status of all active teletype circuits and indicated
how, in the SFOF, users could obtain page copy

JPL TECHNICAL MEMORANDUM 33-301

of teletype traffic or view this traffic on TV
monitors.

(7) Audio Status Display. This display indicated the
status of all active voice or HSD circuits, audio
bridges, and interconnections of modems to DSSs.

(8) DSN/AFETR/MSFN Interface. This included the
following:

(a) Carnarvon to DSS 42 data link. A new system
was implemented for transmission of Surveyor
real-time telemetry data from the MSFN sta-
tion at Carnarvon, Australia to the SFOF at
JPL. The 30-ft antenna, parametric amplifier,
and unified S-band receiver at Carnaraon were
used to receive S-band telemetry signals from
the Surveyor spacecraft. The Carnarvon station
then interfaces the 550 bits/s serial bit stream
from the spacecraft with a Bell 202 data set
in order to transmit the data to DSS 42,
Tidbinbilla. At DSS 42, the output of the 202
data set was fed to the CDC demodulator,
where it entered the normal system for process-
ing and transmission back to the SFOF. By this
method, the PCM data from Carnarvon was
processed in exactly the same manner as PCM
data from the receiver at DSS 42. Th6 system
was to be used for transmission of the data
from Carnarvon to DSS 42.

The purpose of implementing this capability
was to provide spacecraft data from the
Australian continent prior to DSS 42 rise and
to extend the total tracking and data system
capability for telemetry coverage over the
Indian Ocean. This, in turn, was to reduce
the requirements for AFETR telemetry ship
coverage in that area, and thereby make it
possible to satisfy the Project requirement for
continuous telemetry data from liftoff to touch-
down,: without restricting launch azimuth due
to unavailability of telemetry coverage.

The final version of the implementation plan for
this data link was issued prior to launch. Imple-
mentation was completed and the link was suc-
cessfully used in both C-3.0 tests. No problems
were anticipated in providing the required
telemetry coverage during the Surveyor III
launch.

(b) Processing of AFETR range telemetry data at
DSS 71. For the Surveyor III mission,•AFETR
range telemetry received at Building AO was
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to be sent to DSS 71 for processing by the CDC
and TCP computer and subsequent transmis-
sion to JPL via NASCOM high-speed data
lines. This capability was implemented in order
to providea standard data transmission inter-
face with the SFOF for AFETR real-time
telemetry data, in a manner similar to the data
transmission from prime DSIF tracking sta-
tions. This data transmission from DSS 71 was
to be done in parallel with the previously used
method of transmission. from BuildingAO to
the SFOF via Bell data sets, which is un-
changed from the Surveyor 11 mission. The
transmission route via DSS 71 was used as
the prime source for range data for Surveyor 111,
with the data-set data available for backup if
required. If the DSS 71 data were satisfactory,
this information will be the sole data source
for future Surveyor flights.

The data link from Building AO to DSS 71 to
SFOF was exercised in engineering tests and in
both C-3.0 tests. The only problem noted in the
C-3.0 tests was an operational problem asso-
ciated with the rapid spacecraft mode changes
during the spacecraft countdown, period. Cape
Kennedy (DSS 71) must respond rapidly in
identifying the data fed to the SFOF. To facili-
tate this, the Surveyor Telemetry Coordination
Net between Building AO and the SFOF was
extended to DSS 71 so that the station would
be immediately aware of any changes in space-
craftdata mode. No problems were anticipated
with this data link for the Surveyor III flight.

c. Space flight operations facility. The SFOF, located
at JPL, was the focal point of the DSN in supporting
Surveyor III. From this building, the operation of the en-
tire DSN in support of tests and missions was controlled.
All command, data processing, data analysis, communi-
cations, and support functions were controlled therein.
Capabilities existed to produce and/or control a number
of tests/missions simultaneously. The functions necessary
to support space activities were performed through the
following systems:

(1) DSN Monitor System (DSN Monitor Area) in the
SFOF: Monitored the operational status of all
major hardware complexes in the SFOF Data
Processing System (DPS); the status of the pro-
grams operating in the input/output (I/O) com-
puter; and the flow of data among the processing
components.
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(2) Data Processing System: Provided the means in
real time and near-real time for processing all data
generated for and during tests and missions. Telem-
etry, traAing, command, and station performance
data were processed to provide usable information
for the projects.

The significant DPS differences for the Surveyor III
mission as compared to prior missions are as follows:

(a) A new version of the Surveyor on-site computer
program (SOCP) was used which had the fol-
lowing new capabilities:

(1) Commands transmitted to the spacecraft
were also transmitted to the SFOF via tele-
type and in English text. They were in-
telligible as received and required no
computer processing.

(2) Spacecraft command 1101, TV Null
(Spacer), was interpreted as a 0.5-s delay
character on the TTY.

(3) An option was made to the SOCP to read
the average/alarm modes, heretofore
stored in memory, into the on-site computer
via punched paper tapes. Therefore, the
SOCP did not require a change when
spacecraft telemetry assignments were
made.

(4) The SOCP was capable of generating
NASCOM headers in order to transmit
teletype over the NASA Communications
Processors (CP), which were used occa-
sionally during lunar operations.

(b) The IBM 7044s at the SFOF were repro-
grammed to generate NASCOM headers for
transmitting teletype (predicts and commands)
to the tracking stations.

(c) A telemetry commutator frame dump capabil-
ity was added to SPAC's IBM 7094 computer
program.

(d) A new computer program for liftoff and trans-
lation was added to the FPAC repertoire of
programs. This program was checked out on
SFOF Mode 4, but was not used since the
experiment for lunar liftoff and translation was
not attempted.

(e) A checkpoint scheme was programmed into the
IBM 7094 monitor. This scheme stored, on
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the disk, a "snapshot" of the computer's mem-
ory at frequent intervals, permitting clearing
the computer's memory, reloading the disk, and
continuing to run the program.

(f) Numerous hardware changes were successfully
made to the computing system and interfaces
to the peripheral devices, including one to the
X string during the DSN freeze.

(3) DSN Communications System: Provided internal
communication circuits, such as voice nets, inter-
com, closed-circuit television, and public address
within the SFOF in addition to links connecting
the SFOF with the DSSs, facilities, NASA, and
manufacturing and research agencies, all of whom
were concerned with tests and the missions.

(4) Support System: Provided project requirements for
all peripheral services such as technical area assis-
tance, documentation, scheduling, data distribution,
reproduction and storage, access control, hardware
supplies, and building services such as electrical,
air-conditioning, and general plant maintenance.

(5) Simulation Data Conversion Center: Designed to
provide a centralized facility within the SFOF for

the conduct of DSN certification and training tests,
for use in harclWare and computer program valida-
tion and personnel training, as a means of generat-
ing prerecorded simulated data, and as a source of
real-time simulated data for insertion into DSS
systems via NASCOtii.

It should be noted that the SFOF is a flexible facility in
which areas and hardware can be configured to meet the
needs of the following various projects:

(1) SFOF/Data Processing System (DPS). The DSN
configured a Data Processing System (DPS) in the
SFOF that performed the following functions for
the Surveyor III mission:

(a) Computation of acquisition predictions for
DSIF stations (antenna pointing angles and re-
ceiver and transmitter frequencies).

(b) Orbit determination.

(c) Midcourse maneuver computation and analysis.

(d) On-line telemetry processing.

General configuration of the SFOF DPS is shown in
Fig. 30.

TELEMETRY
PROCESSING	 INPUT

	
CENTRAL COMPUTING COMPLEX

STATION	 CHANNEL 12

TTY DATA

PDP-7

PDP7

D/A

DATA

INPUT/OUTPUT OR USER
AREA EQUIPMENT

'^dO DIRECT DATA
CONNECTION

DISK
FIR
704LY	

13011

DIRECT DATA
CONNECTION

M BOX

CARD	 INQUIR
READER	 STATI,

'RIP CHART
RECORDER

MODE

2

3

4

3ULK 	30 X 30
PRINTERS I 1 PLOTTERS ( I 1 PRIMERS

Fig. 30. General configuration of the SFOF data processing system
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The SFOF DPS provided the data processing and data
display equipment necessary to analyze the spacecraft
engineering and scientific telemetry information and to
execute the mission control operation. All programs oper-
ating in the DPS were the responsibility of the Surveyor
Project. The DPS was divided into four subdivisions:
(a) Telemetry Processing Station (TPS), (b) Analysis Com-
puters, (c) the Input/Output (I/O) System, and (d) SFOF
Operational Readiness, as follows:

(a) Telemetry Processing Station. The TPS was
used to receive and convert all high-speed
telemetry data into a 36-bit format whereupon
it was transferred through the subchannels of
the IBM 7288 to the Analysis Computers. The
TPS configuration for Surveyor III consisted of
two PDP-7 computers and related software.
Both of these computers were thoroughly
checked out prior to the mission.

(b) Analysis Computers. The Analysis Computers
consisted of two strings of IBM 7044/7094
computer combinations. The 7044 computers
accepted all real-time data from TPS and the
Communications Center and also all requests
or parameters entered via the I/O devices in
the user areas. The 7094 computers served
as the high-speed arithmetic capability and
contained various analysis programs. Both
7044/7094 strings were totally operational.

(c) Input/Output System. The I/O System pro-
vided the means for entering data control pa-
rameters into the 7044/7094s and for obtaining
computed data in the technical areas via the
output or display devices. This system was
configured for full operational support of the
Surveyor III mission.

(d) SFOF Operational Readiness. 'With respect to
SFOF operational readiness, SFOF personnel
were given all Surveyor tests plus other Project
tests as well as conducting special proficiency
tests of their own. These mission-independent
personnel (BPS and COMM) operated on a
24-h/day, 7-day/week -basis regardless of which
Project was utilizing the SFOF. The SFOF
equipment was in the Surveyor configuration,
except for last minute change requests. The
last minute overall assessment was that the
SFOF was ready to support the Surveyor
launch as it was then scheduled.

(2) SFOF Facilities Support. Certain areas within
the confines of the SFOF were configured for the
purpose of providing effective support to the
Surveyor III mission. The areas were used for
Operations Flight Path Analysis and Mission Sup-
p=, which are briefly described below:

(a) Operations Area. Mission Status Board No. 1
display equipment consisted of: Eidophor Pro-
jector, Teleprompter Projector, Mission Events
Projector, Flight Path No. I DDTI Display
Board, special time displays (caamitdown/up
clocks), and miscellaneous supporting display
equipment.

(b) Flight Path Analysis Area. Displays in the
FPAA included: the Maneuver Board, Or-
bital and Mission Parameters Board, Tracking
Data Board, and a Trajectory Display Board.
Nall space, not specifically devoted to particu-
lar displays, was utilized for chalkboards and/
or information boards.

(c) Mission Support Area No. IA. Displays in the
SPAA included:

(1) SPAR Communications Status Display
Board (preformatted chalkboard)

(2) Space-&arc" Tol emetry Measurement Dis-
pla.y Beard (prPf=ated chalkboard).

(3) Flight Sequence Display Board (formatted
Digital Display Unit (DDU)/cbalkboard)

(4) Mission Status Board No. I and 2 in the
Operations Area (remotely actuated DDU
board)

(5) Spacecraft Model Room which was incor-
porated in the SPAR to permit visualiza-
tion of the attitude of the spacecraft in the
celestial sphere through which it was
traveling.

(6) Wall space not devoted to displays or glass
participations was utilized for chalkboards
and/or information boards for the use of
the technical personnel.

(d) Mission Support Area No. IB. Displays in
the SS-AA included. the Engineering Sensor
Display (preformatted DDU/chalkboard) and
the Television Identification (TV-ID) Display
Board. Wall space, not specifically devoted to
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particular displays, was utilized for chalk-
boards and/or information boards for the use
of technical personnel.

Mission-dependent equipment space and fa-
cility support was provided for the TVGDHS
(located in the west wing of the seco.2d floor
of the SFOF).

Support, including operation of display devices,
data distribution in the facility, supervision of
access control, and building housekeeping
functions, were also provided.

B. Tests

The Surveyor III mission required much support in the
area of testing, to ensure a successful mission. The vari-
ous classes of tests and actual testing performed are
listed below:

(1) "A" Tests — Facility Internal Tests. These tests
were scheduled and conducted by each Station
Manager and involve onlythe individual station.
The "A" tests utilized the standard Sequence of
Events and were employed by the station as a
countdown exercise. The two test phases were as
follows: Those that prepare the station for `B" tests
and those that were designed to train for "C" tests.
Both test phases developed the ability of personnel
to use the proper procedures and hardware within
a given time constraint. All prime stations com-
pleted sequences of "A" tests. The stations continu-
ally perform significant sequences in the "A" tests
for practice, station countdown, and training of
new people.

(2) `B" Tests —Functional Compatibility Tests. The
"B" tests were designed to ensure that ground
based facilities were capable of processing telem-
etry data and video data (DSS 11 only) as received
from the spacecraft. Command capability was also
verified in all configurations and modes of opera-
tion. The Sequence of Events was also incorporated
into this series.

Because the `B" tests were not performed in real
time, it was not necessary to adhere rigidly to the
operational procedures.

During these tests, data were sent from the prime
and support stations to the SFOFror process-
ing, and full mission support in the SFOF was
required.

The `B" tests were conducted in conjunction with
DSS 61 only.

(3) "C" Tests — Operational Tests. The purpose of the
"C" tests was to verify that all prime and support
stations, communications, and the SFOF were
fully prepared to meet Surveyor III mission re-
sponsibility. Selected portions of the Sequence of
Events were followed rigidly, using both standard
and nonstandard procedures.

All "C" tests were completed prior to launch. A
summary of tests conducted in support of the
Surveyor III mission is shown below in Table 22.

(4) Compatibility Tests. Compatibility tests were run
between the test spacecraft (T-21), and the prime
deep space stations, DSCC, CDC, and the SFOF,
to establish mutual compatibility between all of
these elements of the network. The tests include
RF tests, command tests, and telemetry tests.

Table 22. Summary of tests conducted prior to Surveyorlfllaunch

Tests

December

1966	 -	 -_

January

-"	 1967

March

1967

April

1967

3 10 17 24 31 7 14 21 28 4 11 18 25 1 8 15

A-1.2 (2 tests) ♦.

B•1.5 (1 test)

C-1.5 (I test) A

C•3.0 (2 tests)

C•5.0 (1 test)



1. AFETR. Testing of facilities used as regularly as
those the AFETR used in support of Surveyor III is so
routine as to require little comment. However, the situa-
tion in the S-band telemetry area was an exception. The
following information is provided for general. understand-
ing of the AFETR pre-launch status for Surveyor III
mission support.

a. Metric Data. Metric (C-band radar) data facilities
received routine testing. However, three Operational
Readiness Tests (ORTs) were necessary to- complete the
checkouts of range instrumentation and interface with
the range user. On the first two ORTs, RF propagation
problems prevented receiving sufficient information from
the RIS Sword Knot. Also on the first ORT, poor RF prop-
agation prevented adequate communication with the RIS
Coastal Crusader and Twin Falls. Similar problems with
communications to the Twin Falls were experienced on
the second ORT. It was stated that due to the range
initiative in making additional tests between ORTs to
prove the adequacy of range readiness in areas affected
by the poor RF propagation, the required nu-mber of
ORTs was reduced. Specifically, telemetry and radar
internal tests were conducted to ensure that the proper
configurations would be available for the last ORT. The
last ORT was very successful and all agencies were satis-
fied that this would be sufficient for the launch.

b. VHF telemetry. The VHF telemetry facilities were
tested in a routine manner. However, such testing in-
cluded reconfiguring telemetry equipment to band
frequencies that were to be used during the actual
Surveyor III flight.
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c. S-band. The committed S-band facilities were tested
in accordance with the operations directives. All primary
S-band systems were reported in a state of readiness to
support the Surveyor III mission.

d. Real time computer system. Surveyor real time data
facilities were tested on a routine schedule. The real time
computer system was in almost constant use and received
routine testing daily.

After tests of the various systems were completed,
several ORTs were conducted to demonstrate the readi-
ness of the AFETR to support the mission.

e. Operational readiness testing. There were three
ORTs run in preparation of the Surveyor III launch. One
special telemetry test and one special metric test were
run with only building AO participating with the range
sites involved.

(1) ORT 1: This test was plagued with many minor
anomalies and two significant problems. Because
of docking scheduling, the Sword Knot could not
participate. Communications were alternately fair
to very poor because of radio propagation effects.
The test was assessed as fair.

(2) ORT 2: The Sword Knot could not participate
in the second ORT either. Difficulties developed in
delivery of telemetry data from Pretoria to the
Cape. The cause was later identified as an opera-
tional limitation at Ascension brought about in
simulations only. The Twin Falls was not able to
deliver metric data in the plus count; however, its
role was simulated at the RTCF. Test evaluation 	 1

was fair. A special metric test was subsequently
run which established that the Twin Falls could
perform properly. A special telemetry test was run
at a different time of day to check again the telem-
etry configuration. The Sword Knot could not par-
ticipate in it. The test was successful. It was agreed
that if the Sword Knot did not deliver in the last
ORT, a series of special tests would be set up to
establish its readiness to support the launch.

(3) ORT 3: The last ORT was good. The system
operated as it should. The Sword Knot participated
and demonstrated its ability to support the , launch.

2. GSFC. Successful simulation tests to support the
Surveyor III mission flight were conducted the week
prior to launch by CSFC. These tests were held in con-
junction with the AFETR facilities involved.
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(5) Training Tests. DSS back-up and stations under
engineering cognizance conducted training tests
for operator crews. T-21 was used for SSAC/SPAC
lunar sequence training and as a data source for
B- and C-tests with DSS 11 only.

(6) Surveyor On-Site Computer Program Integration
Tests. These tests are designated to check out the
Surveyor on-site computer program (SOCP) and to
verify data that could be transmitted from a DSIF

i station of the SFOF and be processed there. Such
tests were run on a regular basis with each prime
station. 'J"ilese tests were concluded with a'check-
out of the final mission version of the SCOP
Program.
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Simulation tapes 405D and 107A were airmailed to
Carnarvon on or about February 28, 1967. Unfortunately,
these tapes arrived at the station on April 12; all simula-
tions having been accomplished. The initial simulations
were supported by recording PCM telemetry data trans-
mitted by DSS 42 to the Carnarvon MSFN site via high-
speed data.

Two additional tapes, 405F and 107C, were mailed to
Carnarvon and arrived on site March 21. These tapes
were employed for later simulations. In Table 23 is a
tabulation of telemetry data flow tests involving data
flow from Carnarvon to DSS 42.

Table 23. Carnarvon/DSS 42 simulation test results

Data Description Results

March 15, 1967 CRO/DSS 42 compatibility Very good	 --
tests

March 17, 1967 CRO on-site tests Very good

March 21, 1967 ORT I Very good

March 31, 1967 ORT II Very good

April 10, 1967 ORT III Very good

3. DSN. The DSN supported the Surveyor project test
plan which included various operational, compatibility,
and integration tests. Figure 31 shows the development
of DSIF equipment readiness. The actual testing con-
ducted for Surveyor III support is defined below.

a. CDC/DSIF Compatibility. These tests prove the
compatibility of the command data-handling console
with the DSIF. They are required after initial CDC
installation and after any significant modification of a
DSIF station or CDC.

Periodic compatibility tests are performed for person-
nel training and checkout. Table 24 shows the disposition
of DSIF compatibility testing the week prior to the
Surveyor III launch.

b. SC-31MOS Compatibility. The SC-3/Mission Oper-
ations System Compatibility Test was performed at the
AFETR on March 5 through 7, 1967. The total test effort
was divided into two parts: SC-3/Tel-2 Compatibility,
and SC-3/DSS 71 Compatibility. The SC-3/Tel-2 test
was essentially a functional compatibility test and was
completed on a non-interference basis during the J-Fact
test.

TO C -5.0 TESTS

Fig. 31. Development of DSIF equipment readiness

Table 24. DSIF test disposition

Test
DSIF/CDC

compatibility
DSIF/SC-3

compatibility

Configuration
verification

test

DSS 11 C N/A C

DSS 12 N/A N/A C

DSS 42 C N/A C

DSS 51 Required retesting; N/A F
could not be ac-
complished before
the Surveyor III
mission

DSS 61 C N/A C

DSS 71 C C C

DSS 72 C N/A C

C	 = Completed

N/A = Not Applicable
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The SC-3/DSS 71 compatibility test was begun on
March 5, 1967 and was completed on March 6, 1967.
This particular category of the test is discussed as
follows:

(1) SC-3/Tel-2 Compatibility Test: The objective of
this portion of the SC-3/MOS Compatibility Test
was to demonstrate the ability of a typical range
receiver facility, represented by Tel-2, to receive,
detect, and transmit to Building AO the Surveyor
SC-3 telemetry data received via the Centaur VHF
and spacecraft S-band RF links.

The test objectives were met on a non-interference
basis and required no special test configurations
or procedures. The test was essentially a functional
compatibility test for the purpose of demonstrating
the ability of the STEA-CDC decommutator to
acquire lock with the serial PCM obtained from
either the Centaur or SC-3 RF links via the Tel-2
VHF or Tel-4 S-band receivers, respectively. The
signal to the decommutator was switched between
the Tel-2 receiver output (after discrimination
of the PCM from the subcarrier) and the recon-
structed TDM-1 decommutator PCM output. At
Tel-2, a tape recording was made of the telemetry
subcarrier in the format specified in JPL PRD 3400.

(a) VHF Link Telemetry (6.2). The STEA CDC
decommutator successfully acquired lock with
the 550-bits/s serial PCM telemetry received
via the Tel-2 receiver output and the TDM-1
decommutator. The DSN bit synchronizer was
capable of maintaining lock with either the
Tel-2 bit stream or the bit stream from
the CDC decommutator.

(b) S-Band Link Telemetry (6.3). The same com-
ments that appear above for the VHF link
telemetry (6.2) apply here except that the te-
lemetry was received via the Surveyor space-
craft S-band RF link and the Tel-4 S-band
receiver. The Tel-2 S-band system was not
operational at the time of the tests, necessitat-
ing use of Tel-4.

(c) Conclusion. This portion of the SC-3/MOS
Test was considered successfully concluded.
All primary objectives were achieved and no
significant problems were encountered.

The STEA-CDC demonstrated the ability to
synchronize with the SC-3 spacecraft telemetry

received from both the Centaur VHF link and
the spacecraft S-band link.

(2) SC-3/DSS 71 Compatibility Test. The primary ob-
jective of this portion of the SC-3/MOS Compati-
bility Test was to demonstrate the ability of a
typical DSZF station, represented by DSS 71, to
acquire a command configuration with the SC-3
spacecraft. This involved measuring those space-
craft and ground RF systems' parameters that re-
lated to the command link. Such parameters
include transmitter and receiver frequencies, re-
ceiver thresholds, and receiver acquisition and
tracking ranges.

A secondary objective of this test was to obtain
measurements of the SC-3 telemetry modulation
parameters to verify the numbers, thereby gaining
further confidence in the telemetry subsystem's
performance predictions which are based on these
numbers.

During this test on March 5 and 6, 1967, the SC-3
spacecraft was encapsulated in the shroud and
mounted on the launch vehicle on pad 36, and the
entire assemblage was then enclosed by the service
tower. The directional RF link between the ser-
vice tower and Building AO was operational.
DSS 71, being within the beamwidth, thus com-
municated with the spacecraft through this link.

During the B-System tests, RF link fluctuations of
±0.5 dB or less were observed, while A-System
test fluctuations were up to ±1.5 dB. The reason
for link variations is unknown.

The DSS 71 configuration during this test was as
shown in Fig. 32. The variable attenuators between
the antenna and the transmitter and receiver were
for performing threshold tests of the spacecraft
and DSS 71 receivers. The printer was used to
print out an apparent biased doppler frequency
during the NBVCXO frequency drift test. The
spectrum analyzer provided a means of observing
the spectral content of the WBVCXO during the
1s7BFM test. The wave analyzer and RMS volt-
meter (part of the wave analyzer) were used dur-
ing tbs^ search for spurious signals and the carrier
suppression and subcarrier sideband power tests.
The magnetic recorder recorded all test se-

quences. The use of the DIS to control the DSS 71
transmitter frequency was devised by the station
personnel, This technique was especially useful'
during the phase-lock tuning range test and the
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PRINTER DOPPLER DIS TRUE T
VOLTMETER

DOPPLER
FREQUENCY

PCM/FM/PM 10 Mc OUTPUT SPECTRUM
5-BALg9 S-BAND ANALYZER

RECEIVER PM/TM OUTPUT

VARIABLE
ATTENUATOR

i	 S-BAND TO ANTENNA

VARIABLE
ATTENUATOR

S-BAND FROM ANTENNA

the SC-3 telemetry received via the spacecraft
S-band link, and data were transferred to the
SFOF at JPL.

(c) Spurious Signals. Both transmitters were
checked for spurious signals at signal levels
down to 30 dB below the carrier level; no
spurious signals were noted on their system.

(d) Carrier Suppression and Sideband Power. If
allowance is made for the measurement uncer-
tainty due to RF signal fluctuations, the SC-3
telemetry-modulations parameters fell within
the limits specified.

There was no significant change in carrier sup-
pression when the A/D converter was off (un-
modulated subcarrier) as opposed to when it
was on.

(e) DSS Receiver Threshold. There was no appar-
ent degradation in DSS receiver performance
as a function of the spacecraft telemetry mode
for any of the modes tested.

(f) NBVCXO Frequency Drift. The maximum
rate of change, of the transmitter B system,

TIME
MAGNETIC

RECORDER

Fig. 32. DSIF 71 test configuration

automatic phase control (APC) and AFC acquisi-
tion frequencies tests. The computer was pro-
grammed to slew the transmitter frequency linearly
in time at a prescribed rate. In the phase lock
mode tests, the desired spacecraft reaction resulted
in loss of down-link loci: which automatically
stopped the computer from further tuning the
transmitter. In the AFC mode tests, the STEA
telemetry engineer reported the occurrence of the
desired spacecraft response and the computer was
stopped manually.

The CDC at DSS 71 was used during all test
periods, except during power turn on, to command
the spacecraft. Command modulation was applied
for all up-link tests, except APC and AFC acqui-
sition frequencies tests.

(a) VHF Link Telemetry. The STEA-CDC decom-
mutator successfully acquired lock with the
spacecraft telemetry received via the Centaur
VHF link, and data were transferred to the
SFOF at the JPL.

(b) S-Band Link Telemetry. The STEA-CDC de-
commutator successfully acquired lock with
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the ground-based facilities were compatible
with, and were capable of processing, space-
craft command, telemetry, and video data.
Class B tests were not performed in real time
and did not require adherence to operational
procedures.

(b) B-1.5 DSS 61/SFOF Test: This test was con-
ducted in three sessions rather than the two as
originally planned. The DSS 61/SFOF config-
uration was exercised by tracking, telemetry,
and command data corresponding to those por-
tions of the flight sequence appropriate to the
DSIF station visibility periods. The first com-
mand test was unsuccessful due to a faulty
command tape reader at DSS 61 (Madrid).
However, the repeat of this test phase was suc-
cessful. This test was used to verify the DSS 61/
SFOF capability to:

(1) Handle selected combinations of engineer-
ing telemetry commutator modes and bit
rates.

(2) Correctly display known spacecraft status
bits and polarity-indicating words.

(3) Process tracking data.

(4) Transmit and receive, via TTY, command
messages and transmit, via the DSS 61
transmitter, valid spacecraft commands.

(5) Correctly process Command Confirmation
Network (CCN) information. a

(3) Class C Tests:
3

(a) Operational Tests: The primary objective of F

these tests was to ensure that all elements of the
SFO/DSN, including the technical and opera- }
tional personnel, were capable of totally sup-
porting the mission in accordance with the
Surveyor Space Flight Operations Plan (SFOP).
Class C tests were:

(1) Utilized the full complement of personnel
required for Surveyor flight operations.

(2) Included standard operational procedures
and heavily emphasized nonstandard opera-
tionalprocedures.

(3) Required handling, processing, and inter-
i

pretation of the full range of mission data
under conditions of normal and degraded
communications.
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NBVCXO, due to heating in the high power
mode, was 3.8 Hz and 3.0 Hz for the A trans-
mitter system.

(g) SCO Frequencies and Telemetry Error Rate.
All parity error rates were normal. SCO offsets
were noted but were within specifications.

(h) WBFM Telemetry. The frequency of transmit-
ter B in WBVCXO mode was 2295.010687 MHz,
and transmitter A was 2294.954624 MHz. No
spurious signals were observed in the spectrum.

(i) Conclusion. This portion of the SC-3/MOS
Test was also successfully accomplished. The
SC-3-spacecraft proved compatible with the
existing DSS 71 systems. The SC-3/DSS 71
systems test met or exceeded specifications or
requirements for the mission in all areas tested.

c. Operational readiness testing. For a mission success
to be realized, it was necessary for extensive tests to be
conducted to determine the DSN readiness to support the
Surveyor III mission. A summary of tests performed is
provided below:

(1) Class A Tests:
(a) Facility Internal Tests: The objective of these

tests was to ensure that the equipment, soft-
ware, and personnel at the SFOF and DSS have
the required capability and are prepared to
support subsequent tests and - the Surveyor
mission. The conduct of the tests is discussed
under each operational area.

(b) A-Test Series Summary. Two series of A-1.2
tests were conducted by the SPAC Director
prior to the Surveyor III mission. These tests
exercised the SPAC organization during the
midcourse and terminal descent phases of the
mission, with certain failures being simulated.
These tests were conducted with participation
from FPAC and DSS-11 (Goldstone), and re-
sulted in refined operating procedures that
would be used if the spacecraft should mal-
function in any of the ways simulated. A gen-
eral plan was evolved and recommended for
executing Terminal Descent, up to and includ-
ing failure of ignition. Timing techniques and
thrust level determination procedures were re-
fined for general case usage as standard oper-
ating procedures.

(2) Class B Tests:
(a) SFO/DSN Functional Compatibility Tests: The

broad objective of these tests was to ensure that
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(4) Generally established the operational readi-
ness of the SFO/DSN for the Surveyor
mission.

(b) C-Test Series Summary. This summary is as
follows:
(1) C-1.5 DSS-61/SFOF Integration Test: The

objective of this test was to exercise the
SFOF and DSS 61 personnel in conducting
the star verification portion of the mission
(for which DSS 61 is prime), the midcourse
correction (for which DSS 61 is the backup
facility), and the coast phase I activities.
The objectives were fully realized and it
was decided by the Space Flight Opera-
tions Director (SFOD) that the DSS 61/
SFOF interface was acceptable for future
tests and the mission.

(2) C-3.0 Integration Tests. The objective of
this test was to exercise the total Space
Flight Operations System (SFOS) in a sim-
ulated mission, emphasizing the sequential/
simultaneous interactions between the
SFOF, all DSIF stations, and the AFETR.
Two of these tests were conducted. Accord-
ing to planning, each test was to be con-
ducted in two phases: the first phase would
start with pre-launch activities and continue
through the midcourse correction; and the
second phase would start at retro firing
minus 5 h 40 min (R - 5 h 40 min) and
continue through lunar operations. Both
tests were to contain spacecraft and SFOS
anomalies that are inserted by the test
coordinator.
Phase I of both tests were completed suc-
cessfully even though certain deficiencies
were spotlighted. The coordination between
AFETR-AO and Bus 1 was poor since the
AFETR-AO did not know event times on
the simulated data. SPAC did not "catch' the
analog-to-digital converter problem as
quickly as was desired. When the problem
was first reported, it was incorrectly as-
sumed that the problem was in the ground
system. In the first C-3.0 test, simulation
accidentally caused a transmitter failure
and SPAC responded properly and quickly,
so that the midcourse was completed
successfully.
Phase 2 of both tests had similar problems.
The tests started at unrealistic R- times

(retro firing), and the operators were given
Mission-Director decisions for touchdown
much too late. In both cases, however,
SPAC was able to overcome the obstacle
and successfully complete the touchdown
phase. The lunar phase was a disappoint-
ment to SPAC, in both tests, in that the
simulation had not realistically simulated
the Bus, and SPAC was released from that
part of the test. (Realistic simulation and
testing of the lunar operations would have
been of great value.)

(3) C-5.0 SFOF/DSN/AFETR Operational
Readiness Test. The objective of this test
was to provide a final preflight verification
and demonstration of the adequacy of per-
sonal proficiency and ground equipment
capability to meet the requirements of the
mission. The planned test profile and par-
ticipation requirements for this test were
the same as for the previous C-3.0 tests.

d. Telemetry simulation. In support of the A, B, and C
test series, simulated telemetry data packages were de-
veloped to provide time-correlated spacecraft data both
in engineering units and telemetry signal voltages for a
simulated Surveyor mission. The time-correlated data
were entered on IBM cards for use in producing FR-600
telemetry magnetic tapes that utilized a PDP-1 computer
and the telemetry processing system at JPL. The mission
time covered by this simulation is from prelaunch
-• 1 h 30 min to touchdown +8 h.

V. TDS Flight Support

A. General

The Tracking and Data Acquisition Support, provided
by the AFETR, GSFC and the DSN, for Surveyor 117 are
summarized herein. A brief flight review and actual flight
coverage is presented, from countdown through the end
of the mission, placing emphasis on the significant events.

B.Countdown

The countdown included a total of 70 min of planned,
built-in holds; one of 60 min duration at T - 80 min and
a second of 10 min duration at T - 5 min. The launch
window for April 17 extended from 06:14 to 07:25 GMT,
giving a duration of 71 min.

The countdown proceeded normally dawn to the
built-in hold at T - 5 min. The count was not picked
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up as scheduled after the planned 10-min hold, however,
because of an apparent anomaly in the spacecraft roll-
actuator position signal. The hold was extended an ad-
ditional 51 min, while a special trouble-shooting sequence
was performed on SC-3 and on SC-5. Both of these tests
and the SC-2 data review showed similar characteristics;
it was determined that the space:raft was performing
properly and ready for launch. The countdown was
resumed at 07:00 and proceeded normally to liftoff,
which occurred at 07:05:01.059, with a flight azimuth of
100.809 deg.

All Atlas, Centaur, and spacecraft operations, with
the above exception, were normal and on schedule (or
ahead of schedule) throughout the supporting research
and technology (SR&T) and launch countdown.

No significant problems or anomalies were reported by
either the AFETR or the MSFN during the countdown.

During the countdown, the JPL/AFETR Field Station
kept the SFOF and MSFN informed of status and prog-
ress through the count; it also forwarded telemetry data

and radar static points from participating stations, as well
as information on spacecraft frequencies and anticipated
launch time and azimuth.

All systems of the launch vehicle, spacecraft, AFETR,
MSFN, and DSN were go at launch. A countdown sum-
mary of prelaunch events for Surveyor III is shown in
Table 25. A more comprehensive report of Surveyor III
countdown operations is presented in Table 26.

Table 25. Surveyor 111 mission countdown summary

Event Time, min Time, GMT

Started spacecraft SRBT T — 680 17:44
Started range countdown T — 335 23:29
Completed spacecraft SRBT T — 290 00:14
Started 60-min BIH T — 90 63:34
Started spacecraft countdown T — 90 04:19

t
End BIH; resumed count T — 90 04:34
Started 10-min BIH T — 5 05.59
Hold extended T — 5 06:09
Resumed count T — 5 07:00
Liftoff T — 0 07,05

Table 26. Surveyor 111 AFETR countdown operations log (AFETR test 6950, Launch Countdown 1, April 16-17,1967)

GMT Time, min Event GMT Time, min Event

17:00 — Mission operations center set up and opera- 23:15 T — 349 Update on weather forecast: surface winds: 8
tional knots, varying from 10 to 90 deg; maximum

17:44 T — 680 SRBT started wind at altitude: 50 knots at 45,000 ft from
310 deg; maximum shear: 6 knots per 1,000

19:20 T — 584 T — 500 (SRBT) spacecraft frequency report in
ft at 15,000 ft; all other conditions some

20:10 T — 534 T — 500 spacecraft frequency report TTY mes-
sage out 23:25 T — 339 C-band beacon on

21:30 T — 454 Nominal mark event times TTY message out 23:28 T — 336 Range interrogating C-band beacon

2133 T. — 431 T — 400 (SRBT) spacecraft frequency report in 23:29 T — 335 Starting range countdown

22:05 T — 419 T — 400 spacecraft frequency report TTY mes- 23:52 T — 312 Addition to weather forecast: relative humidly:
sage. out 80%

22:32 T — 392 Weather	 forecast	 for	 T — 0:	 ceiling:	 none; 23:57 T — 307 Spacecraft frequency report in
visibility;	 15	 mi;	 precipitation:	 none;	 low 00:03 T — 296 Spacecraft frequency report TTY message out
clouds:	 none;	 middle	 clouds:	 none;	 high 00:14 T — 290 Spacecraft SRBT complete
clouds: none; surface winds: 8 	 knots from

00:15 T — 289 Spacecraft power going off
290 deg; maximum wind at altitude: 50 knots"
of 45,000 ft; maximum shear: 6 knots per 01 A5 T — 239 Receiving DSS 42 TDH data from SFOF

1,000 ft; surface temperature: 66 deg F 01:07. T — 237 SFOF reports problem with backup computer at

22:40 T — 384 Above weather forecast sent verbally to SFOF DSS 42 (garbling average alarm)

2250 T — 374 C-band on 01:30 T — 214 Grand Turk static points coming in; Antigua
SPs following

'2234 T — 370 C-band off. Range readout will not be ready
until T — 335 01:37 T — 207 CammCaications failure between DSS 42 and

Carnarvon; no estimate
23:06 T — 358 T — 360 RF propagation forecast for T —.0

(1 = best, 4 = worst): Sword Knot: 3; Twin 01:44 T — 200 Communications between DSS 42 and Corn pr-

Falls: 2; Coastal Crusader: 2; Timber Hitch: von back in

2; Pretoria: 2; Ascension: 2 02:07 T — 177 RF silence lifted
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Table 26 (contd)

GMT Time, min Event GMT Time, mir. Event

02:08 T — 176 T — 190 RF propagation forecast for T — 0 0534 T — 10 Spacecraft frequency report Try message out
received; no change from T — 360 forecast 05:57 T-7 100 words/min circuit to Twin Falls down; will

02:30 T — 154 The only time DSS 42 has backup computer go 60 words/min (octal data)
problem is on CVR program 0539 T — i Started built in hold; estimated 10 min duration

02:39 T — 145 Problem experienced getting MSFN status net 06:06 T — 5 Hold extended a minimum of 15 min; possible
from AFETR anomaly with spacecraft roll-actuator signal

02:49 7 — 135 Hold-fire checks received 06:08 T-5 AFETR and MSFN go
03:033 T — 121 MSFN status net in

06:24 T — 5 Hold extended an additional 30 min
03:04 T — 120 Starting service tower removal

06:32 T-5 Spacecraft looks good (SC-5 exhibited some
03:12 T — 112 Maser 1 at DSS 61 in red (warmed up); no electrical characteristics); should pick up soon

explanation, no estimate
06:36 T — 5 Spacecraft frequency in; sent out verbally (2-

03:15 7 — 109 TPS locked up on Pretoria data
way rather than 1-way)

03:24 T — 100 DSS 61 Maser; no hardware problem at this
0632 T — 5 Hold extended an additional S min

time; just waiting for it to cool down; should
be on time with no problems 46:55 T — 5 Estimated count will be resumed in approxi-

mately 5 min03:34 T — 90 Started built-in hold; estimated 60-min duration
0335 7 — 90 Spacecraft power on	 to run trouble-shooting 0636 T — 5 Anticipated liftoff at 07:05:00; flight azimuth

sequence on roll actuator of 100:209 deg

04:27 T — 90 Receiving DSS 51 TDH data; sending to RTCS 07:00 T — 5 Resumed count; azimuth 100.809

04.32 T — 90 SFOF reports DSS 72 circuits to be lost for esti- 07:01 7 — 4 Centaur to internal; spacecraft to internal
mated 15 min because of reconfiguration of 07-02 7 — 2:35 Atlas I.O_ topping secured
satellite circuits 07:03 7 — 2:15 Starting flight pressurization

04:34 T — 90 Resumed count (end of built-in hold) 07:03 T — 2 Surveyor retro armed; Atlas to internal; range
04:37 T — 87 Spacecraft frequency report in safety commands armed
04:45 T — 79 Telemetry checkout complete for all downrange 07:04 7 — 90s Securing	 LHs tanking;	 spacecraft	 go;	 range

stations and ships except Sword Knot clear to launch
04:53. T. — 71 Spacecraft frequency report TTY message out 07;04 T-75s Securing Centaur L02 topping
0439 T — 65 SFOF reports DSS 51, 42, 11, 72, 61, net con- 07:04 T — 601 Flight azimuth verified as 100.809 deg; pres-

trol, comm, TPS, SPAC, FPAC all go surization to internal. Programmers armed
05:02 T — 62 Starting Atlas LO: tanking 07-05 T — 30s Launch director go
05:22 7 — 42 Spacecraft frequency report in; sent out verbally 07:05 T_ 0 Liftoff at 07-05:01.059 (GMT); azimuth 100.809
05:47 T — 17 Spacecraft frequency report in; sent out verbally 1 deg

C. Liftoff to DSIF Acquisition

Liftoff of Surveyor III occurred at 07:05:01.059 GMT
on day 107 (April 17, 1967) on a launch azimuth of
100.809 deg.

Performance of the Atlas/Centaur launch vehicle was
excellent throughout its Right period, as all mark events
occurred very close to the predicted times. A summary
of the Surveyor III, murk event times is contained in
Table 27. Injection of the spacecraft occurred at
07:38:49.8 GMT, Day 107, on a trajectory that would
have provided, with no midcourse correction, a total miss
of 290 mi from the targeted lunar site of —3.33-deg lati-
tude, 336.83-deg longitude. All spacecraft programmed
flight events (high power, extend landing legs, and extend

omnidirectional antennas A and B) were accomplished
and verified in near-real time, due to data outages from
AFETR. Surveyor physical separation from Centaur oc-
curred at 07:39:54.4 GMT. The sun was acquired, sun
sensor primary cell lock-on indicated at approximately
07:48 GMT, and the automatic sun acquisition sequence
completed at 07:51 GMT after an estimated minus roll
of approximately 181 deg and positive yaw of 38 deg.

The AFETR experienced no significant difficulties in
receiving spacecraft telemetry and transmitting the data
in real time back to Cape Kennedy, although some data
outage did occur. Good telemetry data were received
from Tel-2 and Tel-4, GBI, Antigua, Ascension Island,
Pretoria and the range instrumentation ships Sword Knot,
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Table 27. Surveyor 111 mission in flight event times

Event Time, GMT Readout from

Liftoff 07:05-01.059 Cape Kennedy

Mark 1 07-07:23.5 Cape Kennedy

Mark 2 07:07:26.5 Cape Kennedy

Mark 3 070767.5 Cape Kennedy

Mark 07-08:24.65 Cape Kennedy

Mark 5 07:08:58.3 Cape Kennedy
07 -08:58.3 Bermuda

Mark 6 07:09:01.0 Cape Kennedy
07:09:01.2 Bermuda

Mark? 07-09:11.7 Cape Kennedy
07-09:11.6 Bermuda

Mark 8 07:14:50.85 Cape Kennedy
07:14:50.8 Bermuda
07:1450.6' Antigua

Mark 9 07:14624 Cape Kennedy
07:14:52.0 Bermuda
07:1450.6" Antigua

Mark 10 07:15:19.55 Cape Kennedy
07:16:06.5" Antigua

Mark 11 07:17:20.3 Cape Kennedy
07:16:06.5' Antigua

Mark 12 Not reported -

Mark 13 07:3659.7 Preloria
07:36:59.68 Audit I

(telemetry aircraft)
07:36:59.68 Audit 2

(telemetry aircraft)

Mark 14 07:3659.7 Pretoria
07:3659.72 Audit 1
07:36:59.75 Audit 2

Mark 15 07:38:49.8 Pretoria
07:38:49.8 Audit 2

Mark 16 07:39:15' Pretoria

Mark 17 07:39:25' Pretoria

Mark 18 07:39:43.5 Pretoria

Mark 19 07:39:49' Pretoria

Mark 20 07:3954.4 Sward Knot
07:3935.5' Pretoria
07:3934.4" Audit I

Mark 21 07:3936.7 Pretoria

Mark 22 07A0.52.8 Tananarive

Mark23 Not reported -

Mark 24 07:4334.5 Pretoria
07:4334.5 Tananarive

Mark 25 07.48:04.8 Tananarive

Mark 26 07:49:44.6 Sword Knot
07:49:44.5 Tananarive
07:4934.7 Cornarvon

-Times were taken from the AFETR Preliminary Test Report, which was received
after the test, all other times were as reported during the plus count.

Coastal Crusader and Twin Falls. Inflight spacecraft
telemetry were received from the AFETR stations and
relayed to SFOF until approximately T + 56 min.

Station Tel-2 data were transmitted to SFOF from
liftoff to approximately T + 7 min, when a switch to
Antigua data was made. The Antigua data were left
on-line to SFOF until LOS at approximately T + 13.5
min. Telemetry data were not available from this point
until Crusader AOS at approximately T + 17 min. Cru-
.sad2r data were transmitted from T + 17 to T + 21 min,
when the data source was switched to Ascension Island.
Ascension Island data were left on line until T + 25 min
when Twin Falls data were selected. The Twin Falls data
started deteriorating in quality about one minute later
and, at approximately T + 27 min, were considered un-
usable. Data were not available from this point until
approximately T + 34.5 min when Pretoria and Sword
Knot AOS occurred. Sword Knot data were selected for
transmission to SFOF, and were left on-line until LOS at
approximately T + 56 min.

The downrange spacecraft event readouts were de-
leted in real time because of the excellent telemetry data
being received from the AFETR stations.-

Telemetry coverage, from the AFETR preliminary
test report, is shown in Table 27, which displays event
readouts.

Both Bermuda radar sites, as well as Camarvori;'deliv-
ered excellent metric data in real time.

Grand Turk and Antigua delivered good raw data in
real :time during the parking orbit. Ascension Island data
were delivered in real time and on the whole were con-
sidered good. However, data quality began to deteriorate
prematurely toward the end of the pass. The last data
points showed an elevation of about 7 deg. The Twin
Falls did not acquire any radar data during its pass. Pre-
toria was late in delivering raw data; the first data points
were at about 8-deg elevation. About 30% of the pass indi-
cated intermittent off rack. As is noted later, however, the
RTCS was able to compute a fair transfer orbit from
Pretoria data in a timely manner.

All data were received, reduced, and transmitted in a
timely manner.  Specifically, the parking orbit messages,
as well as the predicts based upon them, were delivered
on time. Transfer orbit computations and associated pre-
dicts were transmitted a little_ earlier than expected. Of
special note was the time that the first orbit using DSN

us
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data was generated at the RTCS. It was transmitted at
T + 85 min and the second orbit was delivered 20 min
later. Both of these orbits, as well as the one generated
from Pretoria data, compared favorably with the orbit
which was subsequently generated by the SFOF and
used as the basis for the midcourse maneuver.

ferred to DSS 51 at 1?:15:00, followed by a transfer to
DSS 61 at 14:30:00.

The transfer to DSS 51 at 17:00 was marked by an
acquisition delay; a two-way lock was confirmed at
17:17:11.

With the exception of a 30-s gap at L + 360 s, AFETR
land stations and ships obtained continuous S-band
telemetry coverage from liftoff through Antigua LOS at
L + 725 s. Although Ascension Island experienced a drop-
out between L + 1492 s and L + 1522 s, the interval was
adequately ,.^overed by the RIS Twin Falls. The RIS
Sword Knot experienced an expected dropout between
L + 2728 s and L + 2833 s as a result of acquisition
of the spacecraft transponder by DSS 42, which then
provided the required coverage.

Estimated and actual S-band telemetry coverages are
shown in Figs. 35; 40, and 41. All class I, II, and 111
requirements were met.

The Sward Knot, wbich was estimated to provide cov-
erage from L + 2037 s to L + 3222 s, dropped track at
about 3159 s because of a ship maneuver. This was
expected because the ship positions itself for optimum
acquisition and then during a prolonged tracking period
the ship's superstructure comes between the antenna and
spacecraft and the slip must maneuver to maintain the
antenna pointing at the spacecraft.

The RIS Twin Falls S -band system lost track sooner
than expected because on this flight azimuth the space-
craft passed over zenith. The RIS Twin Falls did not
reacquire die spacecraft.

All requirements were met. The VHF telemetry data,
including the spacecraft data, were transmitted in real
time to the SFOF from liftoff to spacecraft high power
on. At high power on, AFETR switched as planned to
real-time transmission of spacecraft S-band telemetry
data to building AO. Real time data flow was very good.
In addition, all mark events except 12 and 23 were read
out and reported.

Ascension Island (DSS 72) tracked the spacecraft one
way for a few minutes during the parking orbit phase.
Johannesburg (DSS 51) also tracked one way for a brief
post-injection period. Two-way lock was acquired by
DSS Ay at 08:00:22, and indicated that telemetry and
communications were good. The spacecraft was trans-

Control of the spacecraft was regained at DSS 61 by
transfer at 20:30:00. During this time, DSS 72 tracked
the spacecraft in one- and three-way lock for approxi-
mately 8?_> h. The DSS 61 to DSS 11 transfer was
accomplished at 22:15.

D. DSIF Acquisition to Midcourse Maneuver

Initial DSIF acquisition, one-ivay lock, was obtained
by DSS 42 at approximately 07:55 GMT with two-way
lock established at 08:01:50 GMT. Initial spacecraft
operations were initiated at 08:09:48 with the turnoff of
high power and completed at 08:2325 G-IT with the
spacecraft configured in Iow power; the coast phase com-
mutator was on and transmitting at 1100 bits /s. The flight-
control cruise mode on command was not utilized at this
time due to a high-intensity signal in the Canopus in-
tensity channel. Cruise mode was transmitted, however,
and receipt by the spacecraft was verified at 10:52:47
GNIT.

As a result of DSS 42 reporting that the sideband
energy of the spacecraft signal was lower than antici-
pated, a nonstandard telecommunication evaluation pro-
cedure was initiated by SPAC (during the DSS 51 pass)
at 13:07:03 GMT and completed at 14:12:23 GMT. The
result of this SPAC telecommunication evaluation was
that the spacecraft telecommunication system was normal
and the suspected anomalous condition was due to the
technique utilized for measuring sideband power. During
this test, the bit rate was dropped to 550 bits : 's at 13:31:55
GMT and remained at this bit rate until the star mapping
sequence.

Automatic Canopus acquisition was successfully ac-
complisbed at 16:27:51 after some 565 deg of roll. Dur-
ing the star mapping sequence (which started at 16:09:12
GMT), four stars (Procyon, Adhara, Canopus, and Altair),
one planet (Jupiter), as well as the earth and moon, were
positively identified. In addition to the aforementioned
celestial bodies, two unidentified objects seen during the
first roll were not seen during the second roll portion of
the star mapping sequence. At the completion of the
star map sequence, the spacecraft was returned to the
coast phase condition with a bit rate of 1100 bits/s.
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During coast phase I, there were six standard engineer-
ing assessments of the spacecraft, one gyro speed check,
and three gyro drift checks. The spacecraft continuously
gave normal indications during this period except that:
(at the SM SS auxiliary electronics temperature was
colder than predicted, and (b) the roll and yaw gyro
drift rates indicated out of specification: i.e., greater than
1 deg' hr. The above indications were carefully watched
and evaluated against any constraint during the upcom-
ing midcourse maneuvers.

Midcourse preparation was started at 04:1--):54 GILT,
day 108, with an engineering interrogation. The space-
craft was then configured to the high-power mode at
4400 bits %s at 04:21:31 GIIT. A pre-midcourse correc-
tion maneuver of a plus roll of 56.7 deg was executed at
04:46:49 GMT followed by a negative pitch of 39.1 deg
at 04:50:08 GMT. The vernier engines pressurization, and
the unlock of vernier engine 1, were commanded at
04:55:21 GMT. Thrust phase power was commanded at
04:57:03 GMT and the roll actuator null condition veri-
fied at 04:57:22 GMT. Midcourse velocity correction was
executed at 05:00:02 GMT (the scheduled nominal time)
for 4.277 s for a delta velocity change of 4.19 m, s (see
Table 2.) It was found that SPAC TLM verification and
doppler shift indicated the velocity correction was as
commanded. Following midcourse thrust, the reverse
maua rvers were commanded. Sun and star reacquisition
were obtained on day 108, at 05:04:11 GMT and
05:08:04 G=).iT, respectively. The midcourse maneuver
corrected the miss distance of the aiming point selected
during flight to a miss of only 1.8 mi.

E_ Midcourse Maneuver to Terminal Descent

Early analysis of the Surveyor III trajectory indicated
that a midcourse maneuver during the first pass over
DSS 11 would be advantageous; therefore, the midcourse
maneuver was executed during this pass. Engine ignition
was programmed for April 18, at 05:00:00 GMT, with a
total burn time of 4.275 s. Results of the maneuver as
seen in the two-way doppler data over DSS Il are pre-
sented in Fig. 14_

Following the post-midcourse maneuvers, the space-
craft was configured for coast phase lT and the spacecraft
left at 1100 bits; -s in low power. Postmidcourse analysis
by SPAC flight control and propulsion specialists indi-
cated that there was a possible unbalance in the thrust
Ievels of the vernier engines even thbugh all indications
were that the spacecraft was stable during the thrust
period. Considerable real-time analysis was performed by
SPAC and it was concluded that this erroneous indication

was probably due to a telemetry- offset or calibration
problem on engine 2 as these indications could not pos-
sibly be to a center of gravity shift. The TFR 18258 was
written against this anomalous indication. Coast phase H
was normal, with the exception that the SM SS auxiliary
electronic temperature remained lower than anticipated
and Trouble Failure Report 18257 cvas written against
this failure. Eight normal engineering assessments were
performed to asses the spacecraft thermal and opera-
tional status. Three power-mode cycling sequences were
performed. The bit rate of the spacecraft was reduced
at 08.50:08 GMT on day 108 to 550 bits s, and at 09:57:36
GMT on day 109 to 137.5 bits ,, s. The 137.5 bits ;'s rate
was maintained until start of preparations for terminal
descent

During transit phase, 10 gyro drift checks were per-
formed to validate and refine the out-of-specification drift
rates obtained for the roll and yaw gyros during the first
gyro drift check. The final gyro drift rates supplied to
FPAC and utilized during terminal descent were:
(1) roll -1.1 deg:h, (2) pitch —0.6 deg h and (3) yaw
—0.8 deg/h.

From the time of two-way ac quisition by DSS 4) until
the midcourse maneuver, the DSN tracked Surveyor III
in the two-way mode with only minor exceptions and
returned high-quality two-way doppler data with the
exception of the initial two-way track at DSS 61. At
14:032-:0222 GMT, on April i7_DSS of began taking two-
way doppler, and approximately one-half hour later the
results of the tracking data monitor program indicated
that the two-way doppler from DSS 61 was excessively
noisy. This program was subsequently traced to a faulty
bit in the last digit of the doppler counter. A transfer to
DSS 51 was scheduled at 17:00:00 but was not effected
until approximately 17 •?0:00 because of a minor pro-
cedural error at DSS 51. The problem at DSS 61 was
corrected and DSS 61 was able to reassume the trans-
mitter assignm ent at approximately 20:30:00; from this
time on, the transmitter returned high-quality doppler
data. The midcourse maneuver was executed according
to schedule, and from this time until the landing phase,
the DS\ tracked the Surveyor III spacecraft continu-
ously in the two--way mode and r"urned high quality
two-way doppler data througbd :his period.

F. Terminal Descent to Touchdown

Terminal descent was hiftiated during the DSS 11 pass
at 23:07:40 GMT on day 109. The spacecraft was com-
manded and successfully performed three terminal ma-
neuvers. The terminal maneuvers magnitudes were:
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(1) a minus yaw of 157.9 deg, (2) a minus pitch of
76.7 deg, and (3) a minus roll of 63.9 deg, initiated at
23:23:29.7, 23:30:112, and 23:34:35 GMT on day 109,
respectively. Touchdown strain gages were turned on at
23:17:46 GMT. The AMR power was commanded on and
verified at 23:56:32 GMT followed by thrust phase power
on at 23:57:32 GMT. The AMR was enabled at 23:59:32
and the emergency AMR signal was automatically trans-
mitted at 00:01:11.9 GMT on day 110.

The pre-touchdown maneuvers started at 23:21:30 and
were completed at 23:36:46. Following this event, the
receiver VCO frequency was offset -1-14.3 kHz to com-
pensate for doppler frequency shift. Retro-engine ignition
occurred at 00:01:24 on April 20 and touchdown oc-
curred at 00:04:18 without loss of receiver lock.

Spacecraft engineering interrogations were accom-
plished, followed by 200-line video configuration. This
sequence was repeated twice.

Canberra (DSS 42) acquired Surveyor III on pass 2 by
transfer at 08:40. On this pass, transfers were accom-
plished to DSS 61 at 14:40, to DSS 51 at 16:40, to DSS 61
at 18:10, back to DSS 51 at 21:10, to DSS 11 at 22:20,
to DSS 61 at 00:20, on April 19, 1967, and then back to
DSS 11 at 02:20.

Canberra (DSS 42) acquired the spacecraft at 06:20:06
and recorded 380 TV pictures commanded by DSS 11.
Two-way transfer to DSS 42 occurred at 10:10.

Final calculations indicated retro-engine ignition
would be initiated on April 20, 1967 at 00:01:17.7 GMT
and touchdown at 00:04:20.1 GMT. V. 33 presents the
Surveyor III landing profile, with the three separate

Frequent spacecraft transfers between Deep- Space	 touchdowns clearly indicated.,
Stations were employed to facilitate the determination
of doppler biases at the stations and to update orbit
determinations. The terminal descent appeared normal
until the 14-ft mark was not received; and the vernier
engines continued to thrust through touchdown. Touch-
down occurred at 00:04:18 on day 110. Shortly after
touchdown, the received data at the SFOF went bad and
it was impossible to ascertain accurately the condition of
the spacecraft. The normal postlanding shut-down pro-
cedure was executed, and it was later determined via
touchdown strain-gauge data, that there had been three
landings as the engines were still thrusting until com-
manded o$ in the post landing shut down sequence.

At 06:40, DSS 42 acquired the spacecraft in a two-way
lock for pass 3. From 06:44 to 08:22, during the mutual
review,period with DSS 42, DSS 11 conducted antenna
switching from right-hand circular polarization to left
hand circular polarization for an axial ratio experiment.
A nominal signal change of 7 dB was apparent. A transfer
back to DSS 11 occurred at 08:40, followed by transfers
to DSS 42 at 09:45, to DSS 61 at 14:20, to DSS 51 at
18:00, to DSS 61 at 18:45, and then DSS 11 at 22:15.

The remainder of the pass included the repositioning
of the solar panels and additional 2004ine and 6004ine
video sequences.

The Goldstone Echo Site (DSS 12) and Mars Site
(DSS 14) provided backup transmitter power and backup
telemetry recording, respectively, for DSS 11 during the
touchdown pass.

The first two impacts with the lunar surface also
affected various spacecraft subsystems. On the initial
contact, the RADVS high voltage was turned off (which
would normally indicate that a voltage transient on the
order of 4 to 6 V with a duration of 5 to 30 µs had
occurred). This high voltage was reapplied after 18 s,
during the first spacecraft hop, as it normally should. On
the second touchdown, the RADVS high voltage was
again turned off, and the decoders were indexed (from
B to A), the high current mode was turned off and the
power system reverted to the auxiliary battery mode
shortly thereafter, within three frames of data, and all
analog signals became erroneous (TFR 18256).

G. Touchdown to End of Mission

The Goldstone Pioneer Tracking Sitt (DSS 11) a-qu ired
the spacecraft in three-way lock of 92:10:54, on pass 3,
the touchdown pass, and went two-way at 22:15. At 22:57
the transmitter VCO offset frequency of 490 binary-coded
decimal (BCD) was set in. This provided the capability
for rapid reacquisition of the uplink, should it be lost
during retro-engine ignition or touchdown.
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The conclusions reached as a result of these sequences
were: (1) all analog data were affected on all bit rates
but the effect at the lower bit rates was less for.- .some
signals, particularly the electrical currents and- mecha-
nism signals, and (2) all discrete signals were normal'.

The engineering investigation was interrupted for an
interval to permit the SSAC group to take emergency

87 n



i

Vp = 1 ft/s

V = 10 ft/s

I	 >	 ^
I	 ^
I	 ATTITUDE REGAINED

3/r/
 (REBOUND 3 s)

^	 \\	 V.1 = 1 ft/s

34 ff	 /	 35 ft	 ^^

I	 100	 \1	 100

V=7 ^1/ 	 1
ft/s 7	 ^y

V = 6.4 ft/z y VP = 1 ft/s

i, V 7 ff/s^

_._	

I	 10°
1^-- APPROX 20 ft	 p(!— APPROX 8 ft

11 It

THRUST

APPROX 1 ft

Fig, 33. Surveyor fit landing profile

mode TV pictures. The first of these swa g taken at 58 min
14 s after touchdown. It was of interest to note that the
TV-frame ID data were all normal.

1. First lunar day. DSS 11 was the prime command
station for lunar phase television and commanded the
majority of television pictures. Television pictures, how-
ever, were both commanded and received by DSS 42 on
passes 11, 12, 13, 15, and 16, and DSS 61 on passes 15
and 16.

Operations consisted of engineering interrogations,
television pictures, and photographs of the eclipse on
April 24 as well as Soil Mechanics/^urface Sampler
experiments, which included surface bearing and trench-
ing experiments.

The spacecraft was turned off for the first lunar night
by DSS 42 at 00:03:58_±Jn May 4, 1967.

2.Second lunar day. On May 23, 1967 at 20:52:17,
DSS 61 attempted to revive the spacecraft by using points
of Nonstandard Procedure 32, Spacecraft Revival.

Deep Space Stations 61, 42, and 11 attempted to revive
the spacecraft on their first three passes with no success.
Thereafter, only DSS 11 was active in spacecraft revival
attempts on passes 4 through 9.

When DSS 11 locked up on a signal on pass 9, DSS 14
was brought up to provide the additional gain of the
larger antenna. It was decided that a spurious Lunar
Orbiter D spacecraft signal was being received.

The SFOD authorized the termination of the attempted
spacecraft revival at 18:56:09 on June 1, 1967.

y . Summary of DSIF Station Operations

1. General. The following comprises a summary of
DSIF station operations for Surveyor III mission. A de-
scription of the tabular columns of Table 28 follows.

a. Station number. This number refers to the designa-
tion of the DSIF station participating in this mission.
The stations participating were:

DSS 11 (Pioneer), Goldstone, California

DSS 12 (Echo), Goldstone, California

DSS 14 (Mars), Goldstone, California

DSS 42 Tidbinbilla, Australia

DSS 51 Johannesburg, South Africa

DSS 61 Robledo, Spain

DSS 71 Cape Kennedy Florida

DSS 72 Ascension Island
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Table 28. Summary of DSIF station operations

Ground- TV pictures
Acquisition/end of Tracking received Total receivedSta-

tion
track, GMT signal cam- Significant events, equipment failures,Length

No. Day of	 Time,
Ground

of time, level, moods By Non- and anomalies

year	 h, min, s
mode" h, min, s —d9m,. sent cam- cam-

max, min mand mood

Launch

71 107 07:05-01 1 00-03:29 0 0 0 Surveyor 111	 launch occurred at	 107/07:05:01.059.

07-08:30 Azimuth was 100.809 deg
Total 0003:29

Launch pass

72 107 07:29:38 1 0002:41 100 0 0 0 TDH	 doppler	 counter	 failed,	 dropping	 MSD	 of

07:32:19 117 doppier readout

Total 00:02:41

51 107 07:39:46 1 00:04:04 99 0 0 0 Receiver 1, 50 MHz IF, indicated strong sidebands

07:43:50 99 on spectrum analyzer. Problem was traced to VCO

Total 00:04:04 power supply

Pass 1

42 107 0735:00 1 00-04:39 90 50 0 0 At 107/10:41 TCP computers were changed to solve

14:21:00 2 04:1459 average alarm anomaly

3 02:05:39 136 At 107/10:29 sideband energy at 1100 bits/s rate

Total 06:25:17 was down 1.1 dB from carrier instead of nominal
2.5 dB separation. Later check showed 550 bits/s
rate was correct

Transfer	 of	 spacecraft	 to	 DSS	 51	 occurred	 at

107/ 12:15:00

51 107 12-04:19 _1 00:16:41 133.3 15 0 0 TDH preamble generator caused garbling due to
2305:00-- . _ 05:2753 low current at the generator. This caused distor-

05:16:07 135.7 tion of communications output to line

Total 11-00:41 Due to Exciter operator error, Transmitter was pre-
maturely turned on from	 107/16:5940 to 1071

16:59:30,	 just	 prior	 to	 standard	 transfer	 from
DSS 61 to DSS 51. Transmitter turn on was I s
late at transfer turn on at 107/17:00:1

Receivers locked onto sidebands and there was an
erroneous indication of phoselock caused by loss
of decommutator lock. Receivers were returned to
carrier and decommutator lock was re-established;
no phase-lock was confirmed. Uplink search was

necessary. Phoselock was obtained and confirmed
at 107/17:17:11

The spacecraft was transferred to DSS 61 at 107/
14:30:00 and 107/20:30-00

61 107 13:45:16. 2 04:15:41 116.3 32 0 0 VCO counter counted in error; sensitivity was ad-

168 02-07:22 3 08:06:12 145.7 justed. Transformer failed in CEC recorder

Total 12:21:53 TDH unable to print digit 8 or 9 in 81h position of
doppier counter. Doppler printout poor in 6th and
least significant digits

AIS galvanometer failed in CEC recorder
Average	 alarm	 skipped	 certain	 locations.	 Pan-

calibration test on PCM simulator showed the only
time error occurred was when a parameter was
zero and some other number during the 3-number
summation. Suspected error was in program since
most parameters are never zero

Spacecraft transferred to DSS 51 at 107/1700 and
to DSS 11 at 107/22:15

;
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Table 28 (contd)

r

t

Ground- TV picturesAcquisition/end of Tracking received Total receivedSto- track, GMT signal com- Significant events, equipment failures,Lengthgt1O^
No. Day of	 Time Ground of time, level, mends By Non- and anomalies

year	 h, min, s mode" h, min, s —dBm, sent com-
mood

com-
moodmax, min

Pass 1 (contd)

72 107 14:26:40 1 0011D:18 127.3 0 0 0 TTY preamble generator dropped parity bit
23:00:00 3 08:3042 149.5

Total 08:31:10

Midcourse pass

11 107/108 21:47:44 1 10:23:37 117.5 96 0 TDH data garbled at JPL. Momentary 10-dB drop in
09:35:48 3 02:24:27 141.8 signal level on Receiver 1 only, as monitored on

Total 12:48:04 CEC oscillograph. IMP will not display AGC
Pre-track TV-11 GDHS did not output good data
Spacecraft was transferred to DSS 42 at 108/08:40

12 107/106 23:00:00 3 06:24-00 117.0 0 0 0 Provided TXR backup to DSS 11
05:24:00 138.6

Total 06:24:00

Pass 

42 108 05:33:40 2 06-00-02 138.0 5 0 0 Reperforated tape of AVA unusable between 11:30
14:58:30 3 03:24:48 141.8 and 12:04 due to a stuck punch

Total 09:24:50 IMP does not process D3 doppler correctly
Filters inserted	 in CEC recorder angle channel to

reduce noise
Spacecraft transferred to DSS 61 at 108/14:40

51 .108 13:06:58 2 02A0:02 140.6 1 0 0 Patch missing from TCD to tracks 2 and 6; no TLM
23:19:00 3 07:32:00 143.6 recorded	 from	 13:07 to	 13:20.	 Patch	 removed

when	 checking	 FR	 1400 tape from	 Pass	 1	 an
FR 1200. Patch replaced at 13:20

Total 10:12:02 LF oscillograph channel 2 not working
Spacecraft transferred to DSS 61 of 108/18:10 and

to DSS it at 108/22:20

61 108/109 1346:25 2 07-00.-06 140.9 22 0 0 At 19:18 and at 01:35, CEC paper jammed, with no
02:41:17 3 05-04:48 165.0 loss of data

Total 12-04:54 Spacecraft transferred to DSS 51 at 108116:40 and
108/21:10 and to DSS 11 at 109/02:20

11 108/109 22-06:12 2 07:26:00 142.7 13 0 0 Isolation amplifier replaced an receiver 2
09:50:20 3 04:1808 152.5 At 0645	 IMP would not switch from D2 to D3

Total 11:44:08 predicts
From 06:44 to 08:22 antenna switching from RCP/

_ LCP for axial experiment; nominal signal change
of7dB

Spacecraft ltransferred to DSS 61 at 109/00:20 and
4o DSS 42 at 109/06:40 and 109/09:45

Pass 3

42 10 0601:30 2 06:3500 142.7 23 0 0 Spacecraft transferred to DSS 11 at 109/08:40 and_91
1507:00 3 02:30:30 147.5 to DSS 61 at 109/14:20

Total " 09-05:30

51 109 13:19:46 2 00.4502 145.5 4 0 0 Bad threshold due to rain collecting on cone
23:23:15 3 0918:27„ .-` 153.0 Spacecraft transferred to DSS 61 at 109/18:45

Total 10:03:29

61 109/110 14-04:15 2 07:0939 122.5 34 0 11 Spacecraft transferred to DSS 51 at 109/18:00 and
02:5607 3 05:42:03 165.0 DSS 11 at 109/22:15

Total 12:52:02
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Table 28 (contd)

ro

Ground- TV pictures
Acquisition/end of Tracking received Total receivedSta- track, GMT signal com- Significant events, equipment failures,Lengthtion

No. Day of	 Time, Ground of time, level, mands BY Non- and anomalies

year	 h, min, z mode° h, min, s _dBm, sent com-
mood

tom-
moodmax, min

Pass 3 (contd)

11 109/110 22:10:54 0 02:24:00 102.6 6,680 377° 0 Spacecraft touchdown at 00:04:18 on April 20
10:13:25 2 01-03:56 151.3 TCP-A failure necessitated switching to-TCP-B. TV-11

3 00:04:06 film	 recorder	 failed;	 undetermined	 number	 of
4 08:14:52 frames actually recorded

Total 11:46:54 Spacecraft transferred to DSS 42 at 110/10:10

"Includes fifty-four 200-line pictures

12 109/110 22:09:22 3 08:21:38 120.5 0 0 0 Backup TXR power for DSS 11
06:31:00 148.2

Total 08:21:38

14 109/110 22:39:00 3 0501:00 115.0 0 0 0 TLM backup recording far DSS I1
03:40:00 140.8

Total 0501:00

Pass 4

42 110 06:20:06 1 04:14:54 94.0 99 380 IMP doppler printouts outside limits because of in-
15:49:00 2 04:4502 correct	 DNS	 (computer equation) entry	 due to

3 00:28:58 145.0 operator error. Rectified error at 14:51

Total 09:2854 Spacecraft transferred to DSS 61 at 110/15:20

51 110/111 1352:00 3 10:45:15 98.0 0 0 70 LF oscillograph timing stylus heater opened
00:37:15 120.0

Total 10:45:15

- 61 110/111 14:33:48 2 0800-02 112.5 17 0 311	 - Spacecraft transferred to DSS 11 of 110/23:20
03:24.30 3 04:50:40 118.6

Total 12:50:42

11 110/111 23:00:42 2 00:3758 93.6 5,801 11089 0 The command generator was left in auto mode with
1105:30 3 00:29:53 inhibit switch off after a command search. Three

4 10:56:57 120.5 commands were sent in error

Total 12:04:48 Backup VCO counter bad

CDC-TCP	 Bravo	 interface	 intermittent.	 Spacecraft
transferred to DSS 42 at 111/1035

Pass 5

42 111 06:39:59 1 04:1501 99.5 553 0 279 Program hung up on TCP Alpha. Program was re-
17-03:50 2 05:13:18 loaded but anomaly still existed. TCP changed to

3 00:33:48 120.0 Beta Prime. Later checkout on Alpha could not
4 00:21:44 confirm anomaly with Alpha. Computer now good

Total 10:23:51 Spacecraft transferred to DSS 61 at 111/16:30

61 111/112 15:42:45 2 0735.02 118.7 46 0 131 TCP Beta computer down
03:5306 3 04:1509 167.0 Spacecraft transferred to DSS 11 at 112/0:1:25

Total 12:10:21

11 112 00:11:13 1 00:12:10 100.6 1,669 187 0 Replaced a blown fuse on the Beta computer; cause
11:57:12 2 015309 unknown

3 00:13:47 131.4 Spacecraft transferred to DSS 42 at 112/11:45
4 09:2533

Total 11:44:59
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Table 28 (contd)

i

i

Ground- TV pictures
AcquisitFOn/end of Tracking received Total received -Sta- track, GMT signal com- Significant event8, equipment failures,ten thBlion

No. Day of	 Time Ground of Pime, level, mands By Non- and anomalies

year	 h, min, s mode" h, min, s —dBm, sent com- com-
max, min mood mood

Pass 6

42 112 07:10:00 1 05:3943 115.5 15 0 42 Conducted uplink test from 14:33 to 17:22

18:10:30 2 02:0107 Spacecraft transferred to DSS 61 at 112/17:20
3 00:40:30 156.0

Total 08:21:30

61 112 17:07:08 2 08:00-00 96.1 361 0 7 Spacecraft transferred to DSS 11 at 113/01.30

113 04:23:16 3 03:16:08 146.2

Total 11:16:08

11 113 01:17:22 1 00:28:47 103.2 578 30 0 Bad connector on maser 1 was replaced

11:00:00 2 00:12:30 Maser 1 had intermittent low frequency modulation-
3 00:43:19 142.0 source unknown
4 08:13:05 Spacecraft transferred to DSS 42 at 113/10:30

Total 09:37:41

Pass 7

42 113 07:38:00 1 03:34:00 101.8 1,769 0 12 Spacecraft transferred to DSS 61 at 113/18:45
19:20:50 2 07:33:00

3 00:35:50 124.0

Total 11:42.50

61 113 18:17:50 1 00-0034 102.6 25 0 0 Spacecraft transferred to DSS 11 of 114/04:10

114 04:45:00 2 09:2236
3 01:0204 121.0

Total 10:2534

11 114 04:00:00 0 02:20:11 102.7 1,307 118 0 Intermittent command verification problem on TCP

12:59:00 2 00:1136 124.3 Beta
3 00:18.58 Spacecraft transferred to DSS 42 at 114/12:50
4 0537:40

Total 08.48:45

Pass 8	 —

42 114 08-08:00 2 07:2502 97.8 808 0 SO Backup photo recorder camera drive faulty
20:3700 3 05.03:58 134.5 Spacecraft transferred to DSS 61 at 114/20:15

Total 12:29:00

61 114 19:48:35 2 07:44:08 120.6 28 0 0 Spacecraft transferred to DSS 12 at 11510400
115 05:2400 3 01.49:13 128.4 -

Total 09:33:21

11 115 03:38:00 3 09:3700 122.8 0 0 0 Three-way with DSS 12 for antenna pattern experi-
13:15:00 ment	 -.

Total 09:3700 157.0

12 115 03:3000 1 00:25:30 99.2 159 0 0 Spacecraft transferred to DSS 42 at 115/13:15
13:2100 2 08:48:50

3 00:36:10 156.2

Total (19:50:30
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Table 28 (contd)

:

Acquisition/end of Tracking Ground-
received Total

TV pictures
receivedSte-

tion
track, GMT signal com- Significant events, equipment failures,Length

No. Day of	 Time, Ground of time, level, moods BY Non' and anomalies

year	 h, min, s
mode„ h, min, s —dBm, sent com- com-

max, min mand mand

Pass 9

42 115 _ 08:45:00 2 07.55:10 99.0 31 0 0 Tape reader in CDC area incompatible with TCP
21:55:30 3 04:50:28 157.0 At 13:39, maser 1 failed due to helium storage tank

4 00:2432 under pressure conditions. Rectification was made

Total 13:10:30 and maser 1 was used later in the pass

While on acquisition aid antenna, servo operator
erroneously switched antenna to slave mode, caus-
ing antenna to run away and drop lock on space-
craft

Spacecraft transferred to DSS 61 at 115/21:35

61 115 21:10:00 1 00-0334 122.1 7A9 0 5 Spacecraft transferred to DSS 11 at 116/05:10
116 05:55:00 2 07:30:40

3 01-07:06 122.9

Total 08:41:40

11 a	116 0437:00 0 01:24:27. 103.7 3,403 276 0 TV-11 film recorder problem
13:30-00 2 01:4931 Spacecraft transferred to DSS 42 of 116/1315

3 00:13.-00 150.8
4 03:28:45

Total 06:56:03

Pass 10

42 116 09:33:36 1 00:19:28 102.0 1.,800 0 28 lass of dummy frames after data transferred due to
2345:27 2 08:56:02 program hangup in B computer

3	 - 02:01:27 150.0 A 1-MHz ripple appeared on all receiver ISO amp
4 00:19:00 - outputs, fed to AIS. Cause was crosstalk in AIS

Total 11:3547 from 1 MHz mixed with 36-bit time code on re-
corder track 4. Crosstalk interferes with IMP

During	 pass- countdown, two	 unexplained	 5-min
periods of instability occurred in maser 1 cross-.
head. Mechanical operation found to be unsatis-
factory. Maser 2 was prime

FR 800 was operational for pass as it was tempo-
rority repaired

Spacecraft transfer to DSS 51 occurred at 116/22:30

51 116 22:02:47 2 05:58:22 98.0 1,878 0 0 Due to a mismatch in the AIS, no PCM data to track
117 06:22:40 3 02:19-41 155.0 5 of the recorders

Total 08:18:13 CDC and	 printer column 4 not printing;	 needed
proper adjustment

Spacecraft transfer to DSS 61 occurred at 117/04.30

61 117 0032:30 2 0149:18 121.6 5 0 - 0 Spacecraft transfer to DSS 11 occurred at 117/06:30
06:37.37 3 03.4330 122.3

Total 05:43:08

11 117 06:1847 0 06:00:41 122.5 1,169 190 630 TV 11 film recorder was inoperative for a long por.
1442:00 1 00:24-06 123.8 tion of the pass due tr power supply failure

2 00:20:25 I Spacecraft transferred to DSS 42 of 117/12:05
3 , 00:11:53
4 01:26:37

Total 08:23.42
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Table 28 (contd)

Acquisition/end of Tracking
Ground-
received Total

TV pictures
receivedSta- track, GMT signal com- Significant events, equipment failures,

Length8tion

No.No.
N Day of	 Time Ground of time, level, moods BY Nom- and anomalies

year	 h, min, s mode' h, min, s —dBtn, sent com- com-
max, min Mond mend

Pass 11

42 117 10:22:00 1 01:43:00 115.7 3,822 611 81 Tape reader 1 fails media test with TCP, but is satis-

118 00:16,00 3 00:26:00 factory with command generator. Any other com-

4 11.45,00 137.3 bination of reader and punch are all right

Total 13:54.00 Probable RF interference at 117/1066 thought to be
morse code

Decommutator 1 failed at 18:44
Spacecraft transfer to DSS 51 occurred at 117/2360

51 117 23:00:36 2 03:10:04 121.1 5 0 0 Spacecraft transferred to DSS 61 at 118/02:40 and

118 07:4400 3 05.33:20 123.6 to DSS 11 at 118/07:40

Total 08.43:24

61 118 0108:40 2 04:40:00 120.9 14 0 0 Spacecraft transferred to DSS 51 at 118/07:20

07:34:08 3 01:45:28 121.6

Total 06:25:28

11 lie 07:29:10 0 06:21:55 103.1 2,280 218 541 Spacecraft transfer to DSS 42 occurred at 118/13:45

15:39:00 2 00:35:06
3 00:1030 124.8
4 00:38:49

Total 07:46:40

Pass 12

42.. 11.8. 11:16:00 . ... 1 .02:29:00.. 120_.0 2,233.. 534. 41 Rubidium 	 an loan from DSS 41 was re-

119 01:06:00 2 08:14:00 turned. DSS 42 has only one rubidium standard at

3 00:21.-00 this time
4 02:46:00 :21.0 Alpha computer down due to probable program

Total 13:50.-00 loading	 error. Time	 was	 not	 available	 for	 re-
checking

Decommutator	 1	 has	 intermittent	 VCO	 card.	 Bit-
error rate portion inoperative. Holding as backup
otherwise

Spacecraft transfer to DSS 51 occurred at 119/00:45

51 1.19 00:19.00 2 0332:04 120.5 0 0 0 Spacecraft transferred to DSS 61 at 119/02:00 and

08:45:42 3 04:34:38 122.6 to DSS 11 at 119/08:37

Total 08:26.,42

61 119 0101:28 2 04.00.00 121.9 48 0 0 Spacecraft transferred to DSS 51 at 119/06.00

08:311 00 3 03:19:32 122.7

Total 07:19:32

11 119 08:27:34 1 02:51.40, 104.6 2,471 458 346 Maser 2 had a defective crosshead

16:31-00 2 00:07:47. Unable to saturate the klystron on the transmitter,
3 00:10:27 154.7 but able to maintain a constant 10 W. Did not
4 0464:12 anticipate any problems

Total. 08:03:26 .Noise spikes appeared in 50 MHz IF when station
TXR was on. This was a recurring problem but
cause is unknown at this time

Spacecraft transfer to DSS 42 occurred at 119,113:40
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Table 28 (contd)

Ground- TV pictures
Acquisition/end of Tracking re Total received

Sta- track, GMT signal
gnal

com- Significant events, equipment failures,Lengthgtion
No. Day of	 Time, Ground of time, level, mands By Non- and anomalies

year	 h, min, s mode" h, min, s —dBm, sent com-
mand

com-
mandmax, min

Pass 13

42 119 12:11:00 1 01:29:00 121.5 3,128 538 391 Spacecraft transfer to DSS 51 occurred at 120/01:30
120 02:03:00 2	 - 08:35:00

3 00:33:00 134.3
4 03:15-00

Total 13:52-00

51 120 00:4934 2 06-05:02 122.5 7 0 0 Spacecraft transfer to DSS 61 occurred at 120/07:35
08:02:30 3 01-07:34 123.1

Total 07:12:36

61 120 03:48-03 2 01:49:31 122.2 13 0 0 Due to poor communiccition with DSS 51, DSS 61
09:3047 3 035130 122.8 was requested to acquire spacecraft as soon as

Total 05:41:21 possible on a best efforts basis
Spacecraft transfer to DSS 11 occurred at 120/09:25

11 120 09:14:49 2 00-05:50 135.0 4,874 861 0 Spacecraft transfer to DSS 42 occurred at 120/17:35
17:57:36 3 -00:21:42

4 08:15:16 138.1
Total 08:42:48

Pass 14

42 120 15:2800 1 02-07-00 120.8 54 0 74 Acquisition delay of 9 min due to exciter unservice-
121 02:50:00 2 09:0000 ability.	 During countdown, exciter suffered 	 loss

3 00:10:00 121.9 of output, and acquisition volts became. erratic.
4 00:10:00 Replaced	 exciter acquisition 	 potentiometer	 and

Total 11:27:00 distributor amplifier
A 60-Hz ripple at exciter output. Investigation re-

vealed a test equipment installation problem
- - - Spacecraft transfer to DSS-61.-occurred at 1.21/02:45.

61 121 02:22:00 2 07:34-02 121.3 342 0 3 Spacecraft transfer to DSS 11 occurred at 121/10:20
10:44,00 3 00:46:33 123.1

Total 08:20:35

11 121 0950:45 2 00-07:35 125.1 2,215 289 0 Spacecraft transfer to DSS 42 occurred at 121/18:50
1905:00 3 00:29:45

4 08:3635 161.5
Total 09:14:15

Pass 15

42 121 18:00:00. 1 00-40:27 121.0 1,104 11 0-. IMP and APS apparently glitched about 19:48 when
122 03:3402 2 07.5902 APS pulled in 3 samples and drove antenna off

3 00:19:02. 122.0 predictions. Uplink and downlink were dropped.
4 00:20:33 IMP readouts slopped from 19:45 until 20,05 when

Total 09:29:04 program was reloaded. Spacecraft on high power
_ planar array for SAA/SCM (S-band ucquisition

aid/S-band cassegrain monopulse) collimation test
_- from 02:00 to 0250

Spacecraft transfer to DSS 61 occurred at 122/03:15

61 122 0255:15 2 07:20:02 121.4 1,488 5- 36 Spacecraft transferred to DSS 11 of 122/10.35
11:49:19 3 01.33:39 123.1

Total 08:53:41

11 122 10:24:41. 2 01:17:13 122.2 1,909 252. 2 Took 8 shadow progression pictures
20:09 ,00 3 00:18:34 Spacecraft transfer to DSS 42 occurred of 122/19:45

4 08-08.-08 123.4 -
Total 09:43:55

.. t
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Table 28 (contd)

Ground- TV pictures
Acquisition/end of Tracking received Total receivedSta- track, GMT signal com- Significant events, equipment failures,Lengthlion

No. Day of	 Time Ground of time, level, mends By Non- and anomalies

year	 h, min, s mode° h, min, s —dBm, sent cam-
mand

com-
mandmax, min

Pass 16

42 122 19:00:00 1 00:08:10 99.0 470 32 2 Decommutator 1	 did not hold lock on 	 17.2 bits/s.

123 03:52:00 2 07:35:00 Replaced a sheared wheel in the local oscillator
3 00:43:50 120.0 potentiometer
4 00:25:00 Took TV shadow progression pictures

Total 0852:00 Spacecraft transfer to DSS 61 occurred at 123/03:45

61 123 03:16:48 2 0659:50 100.5 419 28 0 New rubidium standard R-20 had	 16-V	 potential
1251:14 3 02:32:30 135.2 between the rubidium chassis and system ground.

Total 09:32:20 This created an intermittent short on the power
supply source through the power supply monitor.
The power supply source furnishes power for the
datex	 clock (PC-141) and	 Knight oscillator.	 Re-
moved rubidium R-20 from chassis for further anal-
ysis. Reset datex clock to astrodato and WWV

Spacecraft transfer to DSS 11 occurred at 123/10.55

11 123 10:45:17 1 00:28:57 120.7 869 222 0 Moser 1 high-pressure valve was low by 15 ps:. Con-
21c1640 2 01:3644 ducted voice test between SFOF/DSS 11/space-

3 0048:02 150.5 craft/and DSS 11 which was noisy, but legible
4 08:15:33 TV shadow progression pictures

Total 10:28:36 Spacecraft transfer to DSS 42 occurred of 123/2140

Pass 17

42 123 20.00:00 0 0154:17 118.9 57 0 32 Transmitter water leak problem corrected
124 00:06:15 1 0145:00 Spacecraft turned .off for lunar night

4 0146:58 119.8

..	 _.. _.__.._. Total 0446:15- _.
First lunar day, totals - 57,107 6,326	 3,705

TV pictures, total 10,031

Second lunar day, Pass 1

61 143 2052:17 604 0 0 Maser 1 unusable as a backup. Warming up
144 03:4540 TDH tape feed failure punch 2. Punch changed

_ Revival attempt unsuccessful. Used some points of
NSP 32

11 144 045640 236 0 0 At 01:17, FR 800 playback to TV 11 noisy
12:0855 At 01:30, receiver/TV 11 unable to interface

At 0456, servo off point due to Day 143 predicts
instead of Day 144 predicts. Servo on point with
new predicts at 05:47

Attempted spacecraft revival with negative. results.
Station performed receiver search over entire fre-
quency capability with no spacecraft carrier signal
received. Performed NSP 32

42 144 11:3640 524 0 0 TDH preamble generator 13 thought to be causing
21:4740 preambles because TDH was not being seen by

track. When TPG was changed track could see
TDH. later, however, there were similar outages.
The original fault may have been something in the
CP operation

Revival attempt unsuccessful. Used points of NSP 32
n
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Ground- TV pictures
Acquisition/end of Tracking received Total receivedSta- track, GMT signal com- Significant events, equipment failures,Lengthtion

No. Day of	 Time,
Ground

of time, level, mands By Non- and anomalies

year	 h, min, s
mode" h, min, s m, sent cam- cam-

max,  mfn mood mood

Pass 2

61 144 21:26:00 744 0 0 Moser 1 still unusable as backup
145 05:18:00 1 Spacecraft revival attempt failed

11 145 05:20:00 104 0 0 FR 800 and FR 1400 playbacks noisy

1.3-08:00 Lost receivers I and 2 dynamic phase error and AGC
for 8 min. Problem caused by a loose connector.
Performed receiver search over entire frequency
range with	 no spacecraft carrier received. Per-
formed NSP 32

42 145 13:05-00 541 0 0 At 13.32 the transmitter tripped due to collector flow
2254:00 interlock

NSP 32 performed but no spacecraft revival accom-
plished

Pass 3

61 145 22:40-00 580 Maser 1 still down; a carry-over from previous passes

146 06:12:00 Revival attempt unsuccessful. NSP 32. utilized

11 146. 06:19:00 176 0 0 Unsuccessful attempt to revive spacecraft. NSP 32

11:48-00 utilized.

42 146 12:665:00 464 0 0 Revival attempt unsuccessful. Utilized NSP 32

23:18:00

Pass 4

11 .147 07:11.-00 312 0 0 FR 800 marginal, Processed video had random blocks
of noise

The FR 1400 was unusable. The TV GDHS synchroni-
zation will not go out of lock at TXR off times

Spacecraft 	 revival	 attempt unsuccessful. Performed
N51 32, Rev. D, from point I to point 12

Pass 5

11 148 0755:00 312 0 0 FR 1400 B still noisy
T6:31:00 Attempted spacecraft revival with	 negative results

per NSP 32, Rev. D, from point 1 to point 12

Pass 

11 149 08:32:00 528 0 0 FR 1400 B still noisy
17:50-00 Attempted spacecraft revival per NSP 32, Rev. D,

with negative results, from point 1 to point 10

Pass 7

11 150 Revival attempt cancelled.

Pass a

11 151 304 0 0 Moser 2 out of service; crosshead problems. Estimate
15 h before service returns

TDH/TD NR 1 caused open TTY line; switched to
punch 2

Attempted revival of spacecraft per NSP 32, Rev. D,	 I
with negative results from point 1 to point 10	 J
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Table 28 (contd)

I

Ground- TV pictures 
Acquisition lend of Ticking rece:_. d Total received

Sta- tick,. GMT signal cam- Significant events, equipment failures,
Length9tlo^

No. Day of	 Time,
Ground

of time, level, mends By Non- and anomalies

year	 h, min, x
mode h, min, s —dBm, sent cam- cam-

ma:, min mood mood

Pass 9

11 152 10:15:44 400 0 0 TDH punch I is unreliable and maser 2 out of serv-

18:56;i9 ice. Both items are carried over from previous pass

From 117/11:47:09 to 12:31:30 and from 1404:00 to

14:23:47, receivers. appeared !o be in lock on a

spurious signal from Lunar Orbiter D

Attempted spacecraft revival per NSP 32, Rev. D, with

negative results

SFOD authorized the termination of spacecraft re-

vival attempts

14 152 1400:00 0 0 0 After first DSS 11 'ack an Lunar Orbiter D, spurious

185000 signal, station called to provide backup

Second lunar day, totals 5,929

First and second day, totals 63,036

TV pictures, totals 6,326	 3,705

10,031

"See Tattle 29_

b. Acquisition/end of track (GMT), day of gear, time
(h, min, s). Each station entry in these columns consists of
two sets of numbers. The first set is the day and tune,
in hours, minutes, and seconds, in GMT, of spacecraft
acquisition. The second set of numbers indicates the day
and time that tracking terminated.

c. Tracking, GbI, length of time (him). These columns
list the duration (in hours, minutes, and seconds) of each
tracldng ground mode. The ground mode indications,
numerals 0 'through 5, are defined in Table 29. At the
end of each station entry is the total tracking time in
all modes.

d. Ground-received signal level, —dBmW (max, min).
The ground-received signal level column contains two
figures for each station's entry. These figures are the
maximum and minimum signal levels received at the

Table 29. Ground modes

Indicator Ground mode

0: Transmit only

1	 '.. One-way (receive only)

2 Two-way coherent

3 Three-way coherent

4 Two-way noncoherent

5 Three-way noncoherent

98

indicated station. The values are given in minus decibels
relative to 1 mW (—dBmW).

e. Total commands sent. The figures in this column
indicate the number of commands sent by each station.

f. TV pictures received by command and noncommand.
Unless otherwise indicated, these figures represent 600-
line television pictures received by a station while the
spacecraft was under its command. Noncommand pic-
tures were pictures received by a station while the space-
craft was commanded by another station.

g. Significant events, equipment failures and anoma-
lies. As indicated, this column notes important events,
equipment failures, and problems. All times given in this
column are in GMT in hours and minutes (four-digit
numbers) or hours, minutes, and seconds (six-digit num-
bers). When the day is given with the time, the day and
time are separated by a diagonal.

h. Tracking summary.

DSS 11 (Goldstone). During the mission, Goldstone pro-
vided support for 16 passes, including the midcourse ma-
neuver and the terminal descent phase. These maneuver
portions of the mission were executed using command
tapes transmitted from the SFOF. The midcourse ma-
neuver portion was executed without any problems, and
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the spacecraft remained stable and completely controll-
able. The terminal descent was a standard sequence with
all commands transmitted at the predetermined time.
After touchdown, the analog telemetry signals indicated
incorrect readings, and commanding was performed to
obtain information as to the nature of the spacecraft
malfunction. About 1 h after touchdown, the decision was
made to turn on the TV camera; 54 pictures were taken
in the 200-line mode. During the remaindrr of the lunar
day, the activity . t Goldstone included 61x3-line TV oper-
ations, SM/SS operations, and engineering interrogations.
The TV operations were conducted mainly with pre-
punched command tapes, although extensive keyboard
commanding was done as the TV mirror became balky
when stepping in azimuth and elevation. All SM/SS oper-
ations were conducted by Goldstone. The computer was
used in the tape search mode to locate the proper minor
sequence on the SM/SS command glossary tape.

DSS 42 (Canberra). Canberra provided support for 17
passes, including initial acquisition. Spacecraft telemetry
was first acquired at L + 43 min via a dataphone link

from the Carnarvon station located on the western coast
of Australia. About 10 min later, the spacecraft, traveling
from west to east relative to the earth, came into view
of DSS 42 and the switch to its receiver was made. The
station was able to begin commanding approximately 1 It
after launch.

DSS 51 (Johannesburg). Johannesburg provided sup-
port for nine passes, including a period immediately after
Surveyor/Centaur separation when the CDC decommu-
tator was in lock for nearly 3 min. At this time, L + 35 min,
the spacecraft was traveling very fast and some unusual
techniques were required to obtain data. One of the
data analysts was present at the Pretoria tracking station
(AFETR 13) to observe the accelerometer data and some
telemetry signals being recorded there. The station had
a limited commitment for this mission but performed a
more active part than anticipated.

Table 30 gives a complete tracking data summary of
the individual participating stations from the near-earth
flight phase through lunar touchdown.

Table 30. Tracking data summary

Bad/questionable
Tracking Data received Sample Total Total samples Percentage

Day Pass good good Remarks
from to Bad Garbled Total

Station rate samples -sam lesP zam lesP
DC .

AFETR73 107 1 07-06:30 07:11:30 6s 51 30 19 3 21 58.82 -
AFETR 74 107 1 07:11:12 07:18:24 6s 73 63 8 2 10 .86.30
AFETR 82 107 1 07:07:06 07:15:00 6s 80 35 37 8 45 43.75

AFETR 75 107 1 07:2702 07:31:42 6s 47 16 31 0 31 34.04
AFETR 75 107 1 07:38:18 07:46:12 6s 80 37 43 0 43 46.25
AFETR 83 107 1 07:50-06 08:47:42 6s 577 54 8 24 32 94.45
DSS 51 107 1 07:35:10 07:44:10 105 55 23 32 0 32 41.82 One-way data. Good -

.. doppler, not auto
tracking

DSS 42 n 107 1 07:51:12 08-01:42 105 64 23 41 0 41 One-way data. Good
data when doppler
is goad

08,01:52 08:59:52 IDS 301 301 0 0 0 Two-way data
08:5202 12:15:02 1 min 196 186 3 7 10 Two-way data
12.1602 14:20:02 1 min 125 113 _"t 8 12 Three-way data

Total 686 623 1	 48 15 1	 63 1	 92.45 i.

DSS 51 107 ` 1 12:03,02 12:21:02 -	 1 .min 19 10 9 0 9. Three-way data
12:22.02 14:30:02 1 min '1291171 11 12 Two-way data
14:31:02 17.03:02 1 min 153 137 9 7 16 Three-way data
17.04:02 20:30:02 -1 min 207 183 13 11 24 Two-way. data
20:31-02. 22-02:02 1 min 92 84 2 6 8 Three-way data

Total 600 531 34 35 69 88.50

DSS 61 a 107/ 1 14:37:02 16-08:02 1 min 92 79 0 1:; 13 Two-way data
108 S ..

16:09,02 16:31.02 1 min 23 15 0 8 a One-wny data

"iomple rate converted to l sample /%for computation of percentage. 	 -
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Table 30 (contd)

Bad/questionable

Tracking Pass
Data received

Sample Total
Total
good

samples Percentage
good Remarks

Bad Garbled Total
Station

Da y
from	 to

role samples
samples samples

DCC

DSS 61° 16:32-02 16:54:02 1 min 23 19 4 0 4 Two-way data

(Contd) 1635:02 17:33:02 1 min 39 10 29 0 29 Three-way data;

station transfer

No DSS 61 data from

17:34 to 18:41 due to

station doppler

problem

18:41:02 18:52:02 1 min 12 12 0 0 0 Three-way data

18:5232 20:2432 10 s 553 536 0 17 17 Three-way data

20:25:02 20:49:02 10 s 144 80 62 2 64 Two-way data

20:50:02 22:1002 1 min 121 114 1 6 7 Two-way data

22:1102 02:08:02 1 min 238 213 9 16 25 Three-way data

Total 1245 _1078 105 62 167	
1

85.02

DSS li° 1071 1 21:45:02 22:10:02 1 min 26 14 12 0 12 Three-way data

108

22.11:02 04:39:02 1 min 389 366 7 16 23 Two-way data

0. 4:39:27 05:12:17 10 s 198 197 0 1 1 Two-way data, not

auto tracking

05:1302 08:4002 1 min 208. 206 2 0 2 Two-way data, seven

samples not auto

tracking

08:41:02 09:36:02 1 min 56 55 1 0 1 Three-way data

Total 877 838 22 -	 17 39 -	 94.64

DSS 51 108 2 11.06:02 16:41:02 1 min 216 191 10 15 25 Three-way data

16:42:02 18:1042 1 min 89 82 1 6 7 Two-way data

18:1102 21:1002 1 min ISO I	 166 5 9 14 Three-way data

21:11:02 22.20:02 1 min `70 67 1 2 _	 3 Two-way data

22:21.02 23:1902 1 min 59 55 3 1 4 Three-way data

Total 614 561 --20 33 5i.. 91.37

DSS 42 108 2 05:34:02 05:3602 1 min 3 2 1 0 1 One-way data

05:3702 08:40412 .1 min 184 180 1 3 4 Three-way data

08:41:02 14:40.02 ' 1 min 360 358 1 b 2 Two-way data

14:41:02.. 1439-02 - 1 min 19 17 2 0 2 Three-way data

Total 566 557 5i 9 98.41

DSS 61 108/ 2 13:55:02 14:3402 1 min 40 35 4 1 5 Three-way data

109

14:3502 16:3502 1 min 121 106 9 6 15 Two-way data

16:36:02 18:04:02 1 min 89 79 8 2 10 Three-way data

18:05:02 2105:02 1 min 181 169 9 3 12 Two-way data

2106:02 00:1902 1 min 194 171 21 2 23 Three-way data

00:20:02 02:1602 1 min 117 106 5 6 11 Two-way data

02:17:02 02:41:02 1 min 25 20 5 0 5 Three-way data

Total 767 686 61 20 _81 8941

^Sample rate converted to 1 sample/s for computation of percentage.

i
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Table 30 (contd)

Bad/questionable
Tracking

Data received
^ Sample Total

Total samples Percentage

Station Day Pass rate samples good good Remarks
from to samples Bad '` Garbled Total samples

DCC

DSS 11 108/ 2 22:03-02 22:19-02- 1 min 16 13 3 0 3 Three-way data
109

22:20-02 00:20:02 1 min 121 112 9 0 9 Two-way data
00:21:02 02:19:02 1 min 119 116 3 0 3 Three-way data

02:20:02 06:41:02 1 min 262 253 8 1. 9 Two-way data
06:42:02 08:3502 1 min 114 107 7 0 7 Three-way data
08:36:02 09:3902 1 min 64 56 7 1 8 Two-way data
09:40-02 0930:02 1 min 11 4 7 0 7 Three-way data

Total 707 661 44 2 46 93.49

DSS 42 109 3 05:58-02 06:35:02 1 min 38 27 11 0 11 Three-way data	 --
06:36:02 08:36:02 1 min 121 113 8 0 8 Two-way data
08:37:02 09:40:02 1 min 64 58 6 0 6 Three-way data
09:41:02 14:20:02 1 min 280 274 6 0 6 Two-way data
14:21:02 15:08:02 1 min 48 40 8 0 8 Three-way data

Total 551 512 39 0 39 92.92

DSS 51 109 3 16.18:02 18:00-02 1 min 103 84 5 14 19 Three-way data
18:01:02 18:45:02 1 min 45 44 1 0 1 Two-way data
18:46:02 23:19:02 1 min 274 215 14 45 59 Three-way data

Total 422 343 20 59 79 81.28 -

DSS 6i" 109 3 14:15:02 17:55:02 1 min -221 190 18 13 31 - Two-way data. Data
lost 14:16:02 through
14:26:02

17:56:02 18:39-02 1 min 44 35 8 1 9 Three-way data
18:40:02 22:13:02 1 min	 - 214 189 20 5 25 Two-way data

22:14:02 23:1942 1 min 66 61 4 1 5 -Three-way data
23:20:02 23:49:02 1 min 30 29 1 0 1 One-way data
23:50:10 00:09:20 10 s 116 116 0 0 0 One-way data
00:10:02 00:15:02 1 min 6 6 0 0 0 One-way data.

Terminate monitor

ground support
Total	 -- 697 626 51 20 71 88.17

DSS 11" 109 3 22:10:02 23:18:02 1 min 69 56 13 0 13 Two-way data
23:19:02 23:49:02. 1 min 31 -	 29 2 0 2 One-way data

23:50:1800:17:08 10s 162 162 0 0 0 One-way data.
- Terminate monitor

support
- Total 262 247 15 0 15 88.19

"Sample rote converted to 1 sample/s for computation of percentage.



I. Space Flight Operations Facility

1. Communications systems. The communications sys-
tem consisted of the DSN/ICS support, internal nets, and
the video.

a. DSN/ICS support. The DSN/ICS provided the
capability of receiving, switching, and distributing, to
designated areas of users within the SFOF, all types of
information required for space flight operations. The
system included all voice communication capabilities
within the SFOF, television communications subsystem
(TVCS) teletype, high speed data, and data received over
the microwave channels. This system (DSN/ICS) per-
formed in an exceptional manner with only minor prob-
lems noted.

b. Internal nets. There were some minor patching
problems on the Mission Commentary Net (Voice of
Surveyor) during launch due to the number of patches
required. During this touchdown phase it was patched to
Edwards Air Force Base and the Boeing Company,
Seattle, in addition to the NASA and DSS requirements.

The Surveyor command net was patched at all times to
the active DSS voice net. At one time there was a delay
in getting it patched to the DSS 11 voice net, which
caused a few minutes delay; this was rectified in real time.

From the Surveyor II mission, the communications
status display had been divided into two parts, one show-
ing TTY status and the second the voice and HSDL
status. This worked very well.

c. Video. Extensive tests were conducted prior to the
mission and no problems were experienced on the
COMM/TV CDHS 6-M141z video line interface.

Only minor equipment problems were experienced on
the TV communications subsystem and they were all
repaired in real time. There was a shortage of TTY/TV
monitors during launch phase as there were only 12
monitors and 23 active circuits. All;nonitors were assigned
to Surveyor'>roject. The output of the scan converter was
normalized' to PIO at all times and no problems were
encountered.

Many areas in the SFOF do not have the scan converter
or external buttons on the television area selectors. This
caused a myriad of requests for the scan converter to be
patched to individual area monitors during the lunar
operations phase.

2. Data processing system.

a. Communications error problems. The most signifi-
cant problem experienced during the Surveyor flight was
the command error 1 problems on the 7044-7094 computer
strings. Exhaustive diagnostic testing in May isolated this
discrepancy to a software problem, and this long-standing
problem may now be closed out.

b. C0111M/TPS patching. There was a great deal of
confusion prior to the Surveyor III flight as to the patch-
ing of HSD between the communications center and TPS
and the parties authorized to change this patching. This
area has also been thoroughly investigated, and the results
indicate that revised SOPs identifying the standard con-
figuration and procedures for operating this configuration
are mandatory; once these are initiated and complied
with, patching will no longer create adverse conditions to
the Surveyor project or DSN.

c. SFOF timing. A new timing system was implemented
in the SFOF and was used for the Surveyor III mission.
This system was synchronized with the Lab Standard
each day and demonstrated a deviation of 50-70 ms/day.
On May 3, 1967, the oscillator was adjusted and the
current deviation dropped to the microsecond level.

VI. TDS Performance Evaluation

A. Near-earth flight Phase

During the flight, the space-vehicle mark events were
reported in near real time, followed with a report of the
times at which they occurred. Table 31 lists the mark
events times as reported by the various tracking stations
during the operations. For purposes of comparison,
Table 31 also lists the nominal times of the events for the
actual launch, as well as the actual times determined by
postflight analyses from the recorded telemetry data.

The only notable deviations in the events from the
nominals were the durations of the first and second burns
Of the Centaur. The first burn was 13.4's longer than
expected and the second burn was 4.7 s longer than ex-
pected. All concern over the long first burn duration was
removed when the first RTCS parking orbit computation
indicated nominal parking orbit insertion conditions. This
first parking orbit, based on Antigua radar data, was
computed about 4 min after the end of the first propellant
settling phase of the Centaur at MECO 1 plus 76 s. The
second-burn duration was within the 3-sigma dispersions
of the trajectory.
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Table 31. Mark events, Surveyor 111 mission

Mark event
Mark times

Nominal, s Actual, s GMT actual

Liftoff L + 0 0 07:05:01.059

1 L + 142.9 142.546 07:07:23.605

'2 L + 146.0 145.441 07:07:26.500

3 L + 176.9 176.441 07:07:57.500

4 L + 203.9 203.591 07:08:24.650

5 L + 236.4 237.241 07:08:58.300

6 L + 238.4 239.941 07:09:01.0

7 L + 247.9 250.641 07:090 1.7

8 L + 574.9 589.79 07:14:50.85

9 L + 574.9 590.941 07:14:52.0

10 L + 650.9 618.491 07:15:19.55

11 L + 650.9 739.241 07:17:20.3

12 S- 216.0

13 S- 176.0 174.7 07:36:59.7

14 S- 176.0 174.7 07:36:59.7

15 S-67.9 64.6 07:38:49.8

16 S-42.0 

17 5--31.5

18 s- 11.0 10.9. 07:39:43.5

19 S-5.5 

20 S + 0.0 0 07:39:54.4

21 S + 5.0 2.3 07:39:56.7

22 S +45.0 58.4 07:40:52.8

23 S + 65.0

24 S + 240.0 240.1 07:43-.54.5

25. S + 490.0 490.1 074411:04:0 .

26 S + 590.0 590.1 07;41"h44.3.

Midcourse 05:00:00 Ap! 1.7R;`1967

Retro-engine 00:01:16.891 April 20, 1967
ignition -

Touchdown 00:04:19.299 April 20,1967

The normality of the flight frordlaunch to parking orbit
insertion was further confirmed by several information
sources. One of the most important of these information
sources was the real-time commentary of the "quick-look"
analyses of the real-time space vehicle telemetry data.
The commentary lasted from launch to the end of the
Antigua station view period, about 2 min after parking
orbit insertion. The reports of the uprange tracking sta-
tions view periods and the commentaries of the range
safety trajectory analyses also indicated a nominal flight.

For the remainder of the near-earth flight phase, the
evaluation of the status of the flight was dependent upon
the RTCS trajectory calculations, reports of spacecraft
performance, mark event reports, and reports of tracking-

stations performance and view periods. A post-view re-
play of some of the recorded channels of the Centaur
telemetry data from the Pretoria station also provided
some analysis of the second burn about', h after it had
occurred. Prior to initial DSN acquisition at DSS 42, four
tracking stations, two tracking ships, and two tracking
aircraft reported acquisition of the space vehicle at near
nominal times. The only exception to these reports was
the failure of the RIS Twin Falls to acquire the Centaur
C-band radar beacon, although it did acquire the space
vehicle telemetry signals.

As stated earlier, mark event reporting by the near-
earth stations is summarized in near-real time. The three
spacecraft events (landing gear extended, unlock omni-
antennas, and turn on transmitter high-power mode) were
commanded by the Centaur programmer as planned.
Spacecraft telemetry data confirmed these events.

The RTCS computed nine orbits: three parking orbits,
one theoretical transfer orbit based upon the actual park-
ing orbit and an assumed nominal second bum, four
actual transfer orbits, and one postretro Centaur orbit.
Three of the actual transfer orbits and the postretro
Centaur orbit were mapped to lunar encounter by the
RTCS.

The first transfer orbit, Number 5, was computed at
MECO 2 plus 19 min, and was based on the Pretoria sta-
tions radar data. Although the fit of this orbit was con-
sidered fair (the data contained many off-track points),
it did indicate that the spacecraft was on a lunar intercept
trajectory, well within the midcourse correction capa-
bility. In fact, rough calculations based on this orbit
indicated a midcourse maneuver of only 6-7 m/s (the
actual midcourse maneuver was 4.19 m/s). It should be
noted that DSS 42 acquired the spacecraft at about
MECO 2 plus 17 min (45 s later than the preflight nomi-
nal predicts for DSS 42 rise), or about 2 min: before the
first actual transfer orbit by the RTCS. This further points
out that the greatest value of the RTCS is that it provides
a quick and early evaluation of the trajectory which is of
sufficient accuracy for this purpose. On the other hand,
the value of the RTCS for providing DSN acquisition
information can only be realized if the DSN has acquisi-
tion problems, a situation of relatively small likelihood.

The RTCS computed three orbits based on DSS 42
tracking data. The second DSS 42 data orbit was com-
puted in order to obtain a better fit, while the third was
requested by the SFOF and entailed a mapping of the
second orbit back to an epoch selected by the latter.
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Thus, the t1drd DSS 42 data orbit by the RTCS provided
the best basis for comparison with the SFOF orbit. The
ninth orbit indicated that it was possible to ascertain
early that the Centaur retro maneuver was good and
would result in a lunar miss of about 32,000 km about
3 days after the retro maneuver.

The MSFN also performed well in support of
Surveyor III mission. Generally, all requirements were
met or exceeded. Mark events were read out where
required. The GSFC computers also performed their
required function well.

Figure 15 shows the Surveyor III near-earth phase at
earth track.

The following detailed support evaluation will provide
further understanding of the AFETR and GSFC activity.

1. AFETR. The AFETR provided coverage for track-
ing (metric) data, Atlas/Centaur telemetry (VHF), and
Surveyor telemetry (VHF and S-band), using land
stations, range instrumentation ships, and aircraft. The
AFETR stations from Cape Kennedy to Antigua provided
continuous tracking coverage to L + 00:12; Ascension
Island and Pretoria tracking followed. Continuous and
substantially redundant VHF telemetry data were re-
ceived from launch countdown through Sword Knot loss
of signal at L + 00:47; in fact, Atlas/Centaur telemetry
coverage was greater than predicted. Two telemetry air-
craft' were provided to help cover the gap between
Ascension Island and Pretoria in order to obtain data dur-
ing the critical Centaur second-burn prestart sequence.
Pretoria Observed Surveyor/Centaur separation. (The
data analyst from DSS 51 was at Pretoria for this event
and performed evaluation of the accelerometer data.)
The AFETR stations, ships, and aircraft also reported
on all but two (mark event 12 and mark event 23) of the
mark events requested.

AFETR land stations obtained nearly continuous
S-band telemetry coverage from liftoff through Antigua
Ioss •of signal at L + 00:12. Although Ascension Island
experienced a short dropout, the interval was adequately
covered by the Twin Falls. Since the MSFN station at
Carnarvon was configured to transmit S-band telemetry
to DSS 42, AFETR was required to provide S-band infor-
mation until after Camarvon rise. After this requirement
was 'met, the Sword Knot continued S-band coverage
until after DSS 42 acquisition. The ship experienced an
expected dropout for 1 min and 5 s when DSS 42 acquired
the spacecraft transponder, then finally lost receiver lock

at about L + 00:52:39 while maneuvering from its orig-
inal position. (During a prolonged viewing period, the
sbip's superstructure may come between the antenna and
spacecraft. Maneuvers are then required to regain an
unobstructed view of the spacecraft.)

Grand Bahama Island experienced a weak C-band sig-
nal which was apparently caused by balance-point shift.
Toward the end of its pass, Ascension Island radar noted
premature deterioration of signal strength and early loss
of signal, apparently resulting from launch vehicle roll
which changed the aspect angle. Pretoria radar also expe-
rienced the low-gaia portion of the antenna pattern.

The Twin Falls failed to acquire the Centaur's C=band
beacon, although signal strength records, thorough radar
system precalibration, and the ship's position indicated
that it should. have received a good signal. Acquisition
attempts included slaving the radar to the ship's S-band
system, which was receiving telemetry; however, the
results were unsuccessful. Tests performed immediately
after the pass verified that all radar systems were func-
tioning properly. The S-band system received telemetry
successfully but lost track sooner than expected since the
spacecraft passed through the zenith; the Twin Falls did
not reacquire the spacecraft.

All AFETR requirements for tracking and telemetry_
data were met. Real-time spacecraft data, via VHF, were
transmitted to the SFOF from liftoff to turn on of space-
craft high power, at which time AFETR switched to real
time transmission of spacecraft S-band '.telemetry to
building AO at Cape Kennedy.

The RTCS computed parking and transfer orbits as
well as predicts, and RTCS support was considered excel-
lent. The first lunar transfer orbit computation using DSN
data was transmitted at L + `00:85; the second orbit was
delivered 20 min later. Both orbits, as well as one gener-
ated from Pretoria data, compared favorably with the
orbit generated in the SFOF. The near-earth flight of
A/C-12/SC-3 was considered quite nominal with all
events occurring as expected, although the first burn of
the Centaur was 13 s longer than nominal. The RTCS
calculations of the parking and transfer orbits and the
associated B-Mane mappings showed that injection was
extremely accurate.

a. Tracking. The estimated C-band tracking coverage
support for Surveyor III mission, near-earth phase, was
775 s as opposed to the requirement of 665 s of continual
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Fig. 34. AFETR C-band radar coverage, liftoff through Antigua

coverage. Figure 34 shows the AFETR C-band radar, re-
quired estimated and actual coverage from liftoff through
Antigua set.

As indicated the actual data coverage compared very

favorably to that which had been predicted.

Figure 35 shows the AFETR radar coverage from
Ascension Island through Pretoria. Again, there was more
coverage provided than required. However, certain prob-
lem areas did arise, and these are treated below.

Problem areas. The FPS-16 radar at Ascension Island
experienced a decay in signal strength which was not
abrupt, but a gradual decay. It decreased from solid lock
to just noise. Since the radar has a computer which could
map ahead, the antenna was driven along the trajectory;
however, it did not receive any additi- nal signals. The
Twin Falls saw nothing and the range does not consider
this a problem. Since a thorough precalibration was made
on the radar before the track, immediately after the track
a sphere of known reflectivity and cross section was re-
leased and'the radar tracked it on skin track, verifying

JPL TECHNICAL MEMORANDUM 33-301

that the servo system and other systems of the radar were
functioning. The second test performed was that the
radar was locked on a beacon aboard the ship which was
attenuated. This tested for sensitivity and the beacon
track mode. Third, the power output of the transmitter
was tested. All of the measurements of the pre- and post-
calibrations compared with those of the prelaunch and
the nominal radar with very small tolerances. The con-
clusion is that the radar aboard the Twin Falls was opera-
tive. The Twin Falls did have a preflight interrange vector
(IRV) and did not receive the'inflight IRV; however, the
radar went to S-band slave mode in which the C-band
antenna was slaved to the S-band system which was
receiving telemetry.

As a further indication, there were no changes-made to
the radar. The system provided good data for the Lunar
Orbiter project. General Dynamics/Convair and Lewis
Research Center said that due to antenna patterns the
decay of the signal strength at Ascension Island could
be explained by the early loss of signal. Furthermore,
the late acquisition of C-band signal from the Pretoria
MPS-•L5 could also be explained. However, from their
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Fig. 35. AFETR radar coverage, Ascension Island through Pretoria

signal strength record, it could not be explained why the
Twin Falls did not acquire C-band track. This item will
continue to be investigated by Lewis Research Center,
General Dynamics/Convair, and AFETR.

The MPS-25 radar at Pretoria, South Africa acquired
the signal about at the estimated time, rather than early;
however, the signal strength was low. They lost lock at
2040 s due to signal-strength problems. During this loss
of track, the hydraulic system on the radar failed. They
went to a battle-short co adition; i.e., they bypassed the
safety switches and reacquired track shortly thereafter,
and tracked for the predicted amount of time. General
Dynamics/Convair did not expect decay; however, the
roll in aspect angle showed that it is not unreasonable,
and their data are in the jumbled part of the antenna
interference pattern during the early part of the track at
Pretoria and the late part of Ascension. However, at the
Twin Falls position it looked as if they should have seen
a good signal. The radar problem will be further reported
on at the next tracking panel,

Evaluation. AFETR met all C-band tracking coverage
requirements with the exception of the period between
L -I- 2040 , and L + 2127 s due to the lack of track
from the Twin Falls. Table 32 indicates all actual
AFETR C-band (metric) radar coverage by each station
individually.

It. VHF telemetry. The AFETR was to provide con-
tinuous launch vehicle telemetry coverage from launch

106

Table 32. AFETR C-bared (metric) radar coverage

Station and
radar

Coverage
intervals, s Comments

Cape Kennedy
1.16 0-360

19.18 18-510
0.18 19-520

Grand Bahama
Island -
3.16 93-230 Intermittent track 3.18 at 353
3.18 94-353,360-479, and 480-487 due to week

480-487 beacon; apparently a balance
point shift.

Grand Turk
7.18 195-661 HD/L0 data loss. No platting..

boards. The XY pen of P/B 7.2
malfunctioned. Loss of data
item 7.4-580. Malfunction
occurred in data handling.
Under investigation.

Antigua
91.18 397-803

Ascension
Island
12.16 1273-1440

Twin Falls --
TII-C Negative track T11-C problem under invest!-

. gation. Did not receive
good IRV.

Pretoria
13.16 1941-2040,2127.-2355

to the end of the Ceittaur retro maneuver; real-time telem-
etry data retransmission from launch to L -1- 10 min,
and near-real-time retransmission of selected portions of
telemetry data. In addition to land stations; four RIS
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were provided to support VHF telemetry data acquisi-
tion. The estimated VHF telemetry coverage was from
0-755 s; from 755-804 s was considered untrackable, and
from 804-1713 s good coverage was estimated. However,
from 17:13-19:39 s was estimated for a best obtainable
coverage, then from 19:39-24:47 s good telemetry was
again estimated obtainable.

The actual VHF telemetry coverage provided was more
than either that requirement or the estimated coverage.
Continuous VHF telemetry data were received from lift-
off through RIS Sword Knot LOS at 2833 s. Figure 36
shows the VHF coverage provided from liftoff through
Ascension Island. Figure 37 shows the coverage from
Ascension Island through Sword Knot set.

c. S-Band telemetry. The AFETR was required to re-
ceive, record, and retransmit Surveyor S-band (2295 MHz)

telemetry in real time starting when the spacecraft trans-
mitter high power is turned on until 15 min after DSS rise.
For Surveyor III, Camarvon was configured to transmit
S-band telemetry to BSS 42; therefore, the AFETR was
required to provide S-band information until Carnarvon
rise plus 15 min. Thus Surveyor III S-band telemetry
coverage was required from 2084 s to 3150 s. Estimated
S-band coverage was or intervals from 0 to 717 s, 1015 to
1322 s, 1338 to 1713 s, and 2075 to 3222 s.

Actual S-band telemetry coverage provided was con-
tinuous except for a 30 s gap at L -I- 360 s. Figure 38
shows the AFETR S-band telemetry stations and ships
coverage from liftoff through RIS Coastal Crusader.
Figure 39 gives the coverage from RIS Coastal Crusader
through RIS Sword Knot set. Table 33 gives the total
AFETR telemetry coverage for the Surveyor III mission.

MISSION TIME, s
REQUIRED COVERAGE

ESTIMATED COVERAGE

ACTUAL COVERAGE	 I7\\^	 .
Fig. 36. AFETR VHF telemetry coverage, liftoff through Ascension Island
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Fig. 37. AFETR VHF telemetry coverage, Ascension island through RIS Sword Knot set
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Problem areas. Ascension Island experienced a dropout
between L + 1492 and L + 1522 s; however,. the RIS
Twin Falls provided coverage during this interval. The
RIS Sword Knot experienced an expected dropout be-
tween L + 2728 and L + 2833 s as a result of acquisition
of the spacecraft transponder by DSS 42, which then pro-
vided the required coverage. To keep the antenna point-
ing at the spacecraft, the RFS Sword Knot maneuvered,
placing the ship's superstructure between the antenna and
the spacecraft. This maneuver caused a loss of track at
L + 3159 s, instead of the expected LOS of L + 3222 s.
The Twin Falls S-band system lost track sooner than
expected because on this flight azimuth the spacecraft
passed over zenith. The Twin Falls did not reacquire
the spacecraft.

Evaluation. The AFETR met all class I, II, and III re-
quirements with the exception of coverage from L + 2728
to L + 2833 s due to the expected acquisition of the space-
craft transponder byDSS 42, which then provided S-band
coverage.

109 -

d. RTCS. In general, support by the RTCS was con-
sidered excellent. There were no anomalies associated
with the facility during the support of this launch. In the
areas where metric support (raw and computed) was
critical, the AFETR and MSFN performance was con-
sidered excellent. Any anomalies noted were in non-
critical areas.

For the launch and near-earth phase of the mi=ssion,
the RTCS provided trajectory computations based on
tracking data and vehicle guidance data. The RTCS out-
put included:

(1) The IRV, the standard orbital parameter message
(SOPM), and orbital elements.

(2) Predicts, look angles, and frequencies for acquisi-
tion use by downrange stations.

(3) I-matrix and moon map for mapping injection con-
ditions and estimating trajectory accuracy. Pro-
vides for early orbit evaluation prior to orbital data
generated by FPAC.
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The RTCS computed parking and transfer orbit mes-
sages as well as predicts. The first orbit computation
generated at the RTCS using DSN data was transmitted
at L + 85 min; the second orbit was delivered 20 min
later. Both orbits, as well as one generated from Pretoria
data, compared favorably with the orbit which was sub-
sequently generated by the SFOF. Support by the RTCS
was considered excellent.

2. Real-time data. The AFETR retransmits Surveyor
data (VHF or S-band) to Building AO, Cape Kennedy,
for display and for retransmission to the SFOF. In addi-
tion, downrange stations monitor specific channels and
report events via voice communication.

For the Surveyor III mission, existing hardware and
software facilities were utilized to meet the real-time data
requirements.

All requirements were met. VHF telemetry data,
including the spacecraft data, were transmitted in real
time to the SFOF from liftoff to spacecraft high power on f;.

At bigh power on, AFETR switched as planned to real-
time transmission of spacecraft S-band telemetry data to
building ACS. Real-time data flow was very good. In addi

JPL TECHNICAL MEMORANDUM 33 -301

tion, all mark events except 12 and 23 were read out
and reported.

3. GSFC. A major change in MSFN support was imple-
mented on the Surveyor III mission. The Carnarvon sta-
tion was required to receive, record, and retransmit to
DSS 42 real-time spacecraft S-band telemetry data. This
capability, in turn, reduced the requirement for AFETR
ship coverage over the Indian Ocean and made it possible
to satisfy the project's requirement for continuous telem-
etry data from liftoff to touchdown, without unnecessarily
restricting launch azimuths due to unavailability of telem-
etry coverage. Carnarvon successfully received and re-
corded 550-bits/s unified S-band telemetry data for about
11 min, transmitting it in real time by dataphone to
DSS 42 where it was routed through the CDC to the
on site data processor, converted to 1200 bits/s, and trans-
mitted over the high-speed data line to the SFOF.

MSFN support was good, and there were no equip-
ment failures or discrepancies. The successful operation
of the USB system, which is different from regular
Camarvon coverage, );bas a bearing on future parking
orbit missions. The station could bridge a gap between
near-earth AFETR coverage and DSIF,acquisition if such
a gap should arise. r;°



i

COVERAGE

RIS COASTAL
CRU ISADER

ASCENSION
ISLAND

RIS
TWIN FALLS

PRETORIA

RIS
SWORD KNOT

M11	 1711111 1	 III	 f	 II

L>]1

COMBINED
	 JI M11111111111IM11III I	 Il	 I	 H	 1111 I	 -t.	 11MH II	 I.	 I

FM

1000	 1400	 1800	 2200	 2600	 3000	 3400

MISSION TIME, s
REQUIRED COVERAGE

ESTIMATED COVERAGE	 UJ:JJJJ3JJ.LLLL^y

ACTUAL COVERAGE

Fig. 39. AFETR S-hand telemetry coverage, Coastal Crusader through Sword Knot set

The MSFN stations at Bermuda, Tananarive, Carnar-
von, GSFC computers, and portions of the NASA
communications network contributed support for the
Surveyor III mission. The attached tables and figures
depict the actual coverage provided, versus predicted

coverage.

a. Tracking. The MSFN bad requirements to track the
C-band beacon on the Centaur stage of the launch vehicle
and provide real-time magnetic tape recording from AOS
through LOS.

At the MSFN station located on Bermuda the FPQ-6
radar achieved 432 s of auto-track with good beacon
return, reporting signal strengths up to 36 dB S/N ratio at
PCA. The FPS-16 radar achieved 246 s of automatic track-
ing, also reporting strong beacon replies. The reduced
amount of FPS-16 radar coverage was due to the obscur-
ing of the FPS-16 by the FPQ-6 antenna as described in
detail in the network operations plan (NOP) for the AC-12
mission. The estimated coverage for the Burmuda FPS-16
for the actual launch azimuth was approximately 232 s.

There were no system failures.

At Carnarvon the FPQ-6 radar achieved approximately
4100 s-of autotrack and reported beacon returns with up
to 22 dB SNR at PCA.

Figure 40 shows the estimated and actual NISFN radar
coverage for Surveyor III mission.

b. VHF telemetry. To meet the VHF-telemetry cover-
age requirements, the MSFN was to receive, decommu-
tate, and record the Centaur 225.7-MHz link from AOS
through LOS and receive and record the Atlas 229.9-MHz
link for AFETR safety purposes. Figure 41 shows the
MSFN VHF telemetry coverage.

At the Bermuda 'station the AFETR safety require-
ments on both the Atlas and Centaur links were meit with--
out difficulty, although they reported the data polarity as
being normal vice inverted, as specified in the NOR Mark
events 5 through 9 on the 225.7-MHz Centaur link were
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Table 33. AFETR station and link telemetry coverage

Station and link Coverage interval Comments

Tel-2
225.7 T — 80 to -1.531
229.9 T — 601a -1.499
2295 T — 80to +146, 160  — 184,190 — 207

Tsl-4
225.7 T — 80 to -1-528 Early LOS an 2295 due to flame attenuation
229.9 T — 80 to +496
2295 T — 80 to +226

Grand Bahama
225.7 28-555 S-Band signal fade before and of station commitment, $ . Bond sig•
229,9 28-555 not strength, — 80 dBmW, good until fade
2295 28-360

Antigua
225.7 350-802 S-Band signal strength average, — 80 dBmW, quality good
2295	 .. 390-725

Timber Hitch
225,7 713-1128

Coastal Crusader
225. 950-1362 Average S-Band signal strength, — 105 dBmW with slow, smooth

2295 955-1362 ripple, Tape reader on 1216 computer failed at +20 1, result.
ing in inability to load IRV

Ascension
225.7 1230-1641 S-Band signal strength„-100 4IBmW; quality good
2295 1242-1492,1522-1615

Twin Falls
225.7 1359-1761 Average S-Band signal strength, - 80 cIBmW. Max S •Band signal

2295 1361-1683 strength, — 90 dBmW

Audit 2
(Telemetry aircraft of 25,000 ft.)
225.7	 -- 1618-2099

Audit 1	 _.

(Telemetry Aircraft at !4,000 fl),!
225.7	 _ 1655-2157

Pretoria

225.7 1900-2520 S-band signal strength, — 100 dBmW, quality good
2295 1943-2500

Sword Knot
225.7 2048-2833,2950-2975 No, 1 pen recorder falledt transport stopped 2638-2683 s
2295 2061-2728,2833-3159,3258-3317

BERMUDA
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0	 20	 40	 6U	 ay.	 IU0	 14V

'MISSION TIME, min
ESTIMATED COVERAGE	 -

ACTUAL COVERAGE

Fig. 40. MSFN radar coverage
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Tananarive received "a strong signal on the 225.7-MHz
Centaur link and achieved good decommutate lock. Three
sets of continuous channel readouts for LHu, LOu, pitch,
yaw, and roll rate measurements were given in real time.
Mark events 22, 24, 25, and 26 were decommutated,; dis-
played and confirmed. Due to differences between the
NOP description and actual signals received, mark event
23 was not confirmed. There were no system failures dur-
ing the mission.

decommutated, displayed, and confirmed. (See Table 34
for mark event times.)

TAN received a strong signal on the 225.7-MHz
Centaur link and achieved good decommutator lock.
Three sets of continuous channel readouts for LHu, Will
pitch, yaw, and roll rate measurements were given in
real time. Mark events 22, 24, 25, and 20 were decom-
mutated, displayed and confirmed. Due to differences
between the NOP description and actual signals received,
mark event 23 was not confirmed. There were no system 	 Problem areas, Bkvmuda. All data and range safety
failures during the mission, requirements were met. Bermuda reported that their

PAM decommutators were set up to receive inverted
polarity data as specified in the NOP; however, at AOS

	

At Carnarvon there was ''&•ieavy interference on the 	 the data polarity was noted to be in a normal mode.
telemetry channels, and problems were experienced in 	 Through conversations with LeRC and an analysis of the
the decom. As a result, no readout was obtained for mark 	 mission tapes, it was determined that the data on each
event 25,, and only a postpass readout for mark event 28	 subcarrier oscillator charnel should have been in normal
was affected. The poor signal quality can be attributed to	 polarity. The Data Supplement Centaur-12, AC-12, dated
two factors: (a) the extreme range of the vehicle (greater 	 November 25, 1966, was used as the basis for that part of
than 3800 kyd), and (b) local interference from airport 	 the NOP. This document indicated inverted polarity on
distance measuring equipment radio signals, 	 all Centaur channels and one normal polarity channel on

the Atlas link; all others were to be inverted. Bermuda
alsosreported that segment 15, IRIG 11, of the 225.7-MHz

	

Table 34. MSFN predicted and actual mark want times	 Centaur link was received at 0 vice 100% calibration. This

	

Mork	 Pred icted, GMT	 Aclual, OMY	
did not result in loss of data but did require Bermuda to
use the sync pulse to lock the decomm*ator.

	

s	 070547	 w,oa5e.3

Problem areas, Tananarive. Tananarive reported they
were unable to confirm mark event 23 because the signal
did not vary according to the final NOP description.
However, an analysis of the Tananarive magnetic tape
confirmed that 'there was no discernible change of the
waveform characteristics in either direction at the time
mark event 23 was to have occurred.

6 07105159 0709,01.4
7 0709,04 47,090 1.6
5 0704,35 070450.5
9 0704135 07,1454.4

24 074309 0740,54.5
24 0746,34	 ,-_. _-, 074154.5
25 074044 0745,04.5
46 0715444 074944.5

111
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Problem areas, Carnarvon, The following information
was received from Carnarvon relative to the DME
problem:

"The DME,  at the local airport operated on a frequency
of 224 Hz. The signal caused very bad pulse interference
with the TI,M signal of 225,7 Hz, DME interference from
the airport has not been a pr oblem in the past, since we
rarely operate at frequencies below 230 Hz and most
mission passes occur at night when the DME is off."
Attempts will be made in the future to provide a workable
arrangement with The airport to have the DME switched
off during a pass.

c. S-Band telemetry, The S-band telemetry require-
ments placed on the MSFN was for Carnarvon to receive
and record 550-bit, bilevel, NR7 telemetry data, and to
transfer it via data modems of NASCOM facilities to
DSS 42, Figure 42 gives the estimated and actual MSFN
S-band telemetry coverage,

Carnarvon unified S-band system support was required
to bridge the gap from near-earth AFLT1l coverage to
DSN acquisition. This was accomplished. The expeditious
station reconfiguration and readiness achieved with re-
spect to it relatively brief time to mission status was of
s^b^.i"^cance,

Carnarvon acquired one-way at 07:47:57 GMT,
T' April 17, 1 inin and 3 s prior to predicted time on the

horizon PCM lockup (AOS) wits reported as 07:45:01
GMT. There were no problems with PCM data flow to
DSS 42. All data received by DSS 42 were satisfactory.
Continuity of USB receiver lock was disrupted, appar-
ently upon acquisition of the spacecraft transponder by
DSS 42. CRO attributed loss of lock to the 50-Hz-
bandwidth receiver loop filter being employed at that
time. During possible future missions, it is °suggested
CRO (1) be supplied with frequency predict information,

(2) switch to 200-Hz receiver loop bandwidth, and (3) be
provided with near-real-time frequency information or
any of the aforementioned to preclude a reocpurrenc^,

As expected, signal strength decreased inversely with
the range of the Surveyor 111 spacecraft. CRO reported
PCM loss of signal as 05:14:01 GMT. A total of two PCM
dropouts occurred with a maximum duration of 32 s. Total
PCM track time amounted to 1848s. CRO dropped track
at 05:40:45 GMT due to good PCM data at DSS 42, Dur-
ing track, it total of 3534 s was accrued, The BF dropout
attributed to DSS 42 uplink occurred at 05:00:14 GMT;
reacquisition recorded as 05:00:28 GMT.

d. Cothputer support. The GSFC data operations
branch prodded timely support for Surveyor III launch
and near-earth phase flight.

During the launch phase, GSFC computers accepted
high-speeddata from BDA and the BTCS at AFFTR via
the launch monitor subsystem, The resulting parameters
were used to drive displays in the GSFC OPSCON and
computer operations area.

GSFC DOB generated and transmitted H-25 and I°I-5
acquisition messages to TAN and CRO based on low-
speed data from ETR radars. BTCS transmitted look
angles to TAN and CRO based on actual first-burn data
and theoretical second burn.

GSFC DOB generated (off-line) and transmitted USB
29-point acquisition messages (at 'P + 20 min) to CRO
'based on the actual launch azimuth. Upon the arrival of
the state vectoi from JPL, USB 29-point acquisition mes-
sages were generated and transmitted to BDA, ASC,
GWM, CNB, HAW, TI;X, and MAD. These stations
received the acquisition messages as an aid in participa-
tion of one-way tracking of the spacecraft (on a non-
interference basis).

1

CARNARVON

0	 0.5	 1.0	 1.5	 2.0	 8,7	 9.0	 1010	 11.0

MISSION TIME, h
ESTIMATED COVERAGE ,.®

ACTUAL COVERAGE

Fig. 42. MSFN S-band telemetry coverage
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CRO hexidecirruul low-spoed data was reformatted at
CSFC to the standard 38-character octal-radar data for-
mat and retransmitted to R`1TCS, CSFC DOB provided
the network controller with printouts of the Centaur
vehicle orbital parameters shortly after MECO 1, nuirk
event 8, and end of blowdown, inork event 25.

Tile following data were reformatted on magnetic tape
for delivery to LeRC for analysis:

(1) High-speed data for AFFTII in tape format XYZ
and XYZ,

(2) Low-speed TTY data using the standard CSFC
time, azimuth elevation, and range format,

Bermuda high-speed raw-radar data was reformatted
to the 113M 729 format for delivery to Patrick AFB, Fla,

B. Deep Space Network Phase

With some rather minor exceptions, Surveyor III was
it nominal mission and the DSN provided support at a
high level of performance. Support was provided for
all operational tests and continuous tracking, and data
processing coverage was provided from DSS 42 acquisi-
tion at L, -I- 50 min until the end of first lunar clay activi-
ties, In general, the DSN did meet its commitments.

Figure 43 shows the Surveyor 111 mission deep-space
phase earth track, complete with major spacecraft events
and DSS rise and set times,,

From the time of two-way acquisition by DSS 42 until
the midcourse maneuver, the DSN tracked Surveyor III
in the two-way mode with only minor exceptions, and
returned high quality two-way doppler data with the
exception of the initial two-way track at DaS 61. At
14:32:02 GMT, on 17 April, DSS 61 began taking two-
way doppler, and approximately V., It later the results of
the tracking data monitor program indicated that the
two-way doppler from DSS 01 was excessively noisy, This
problem was subsequently traced to a faulty bit in the
last digit of the doppler counter, A transfer to DSS 51
wets scheduled at 17:00:00, but was not effected until
approximately 17:20:00 because of a minor procedural
error at DSS 51. The problem at DSS 61 was corrected
and DSS 81 was able to reassume thetransmitter assign-
ment at approximately 20:30:00, and from thii time on
returned high-quality doppler data, The midcourse ma-
neuver was executed according to schedule, and from
this time until the landing phase, the DSN tracked in
Surveyor III spacecraft cond uously in the two-way mode

and returned high-quality two-way doppler data through-
out this period,

1. DSIF. Tire following DSIF stations performed track,,
ing and telemetry functions in support of the Surveyor 111'
mission: The prime stations wore DSS 11, DSS 42,
DSS 51 (oil a best-effort basis during cislunar phase and
touchdown plus one pass), DSS 01, DSS 71 (prelaunch
support and track to loss of signal), and DSS 72 (tracking
provided during first pass only), The recording and trans-
mitter backup station, DSS 12, provided recording backup
during midcourse and retro/touchdown, and provided
transmitter capability to back tap DSS 11 transmitter,

DSS 14 was not committed for any support because of
mechanical work being done on the antenna bearings;
However, DSS 14 recorded the retro manouver and touch-
down, The recordings were included in the DSS 11 data
package,

The above DSIF stations supported Surveyor III with
a high level of performance, based on the quality of
telemetry data obtained and the spacecraft commanding
operations, Continuous tracking and telemetry coverage
was provided from L + 0049 to the end of the first lunar
day, From the initial two-way acquisition until the land-
ing phase; Surveyor 111 was tracked in the two-way mode
with only minor exceptions. During two-way track, high.
quality two-way doppler data were received, with the
exception of initial two-way truck at DSS 61, High-quality
angular tracking data were also received throughout the
mission.

All measured station parameters were within nominal
performance specifications. The signal levels received cor-
responded very closely to the normal limit of SPE. Several
best-look frequency measurements were made and the
predicts were biased accordingly,

SPAC AGC recorder calibration delays during the mis-
sion resulted in slow and complicated DSS 11/SFOF
integration.

On April 20 (Day 110), TV-11 did not film-record a few
200-line pictures due to high spacecraft-frequency drift
rate. Furthermore, the 70-mm film-transport journal lost
approximately 25 frames as the result of an incorrectly
adjusted film-tensioning spring, During countdown, the
film recorder-monitor photomultiplier gain adjust had
been found inoperative; it was remedied during this pass
by replacing the potentiometer. There was no effect on
the mission. Two other TV-11 anomalies occurred. Three-
fourths of the April 27 (day 117) data was lost and the

i
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rest was uncalibrated due to loss of vertical and horivontal
deflection In the film recorder, To correct the problem,
the amplifier, two power supplies, and two transistors
were replaced; hater the amplifiers and power supplies
were repaired, On May 3 (day 123), the last day of TV
operations, two frames were lost due to the difference in
sync tip frequency between the end of the previous pass
and the beginning of this one, The sync tip filter was
reset, and some corrective action was taken,

a, Station coverage and performance, Individual DS1F
station coverage and performance are provided Below,

DSS 12, Goldstone (Echo), California, The Vcho track-
ing site at Goldstone provided recording and command
backup to DSS 11 during nmideotime maneuver, termi-
nal descont, - -nd first pass after touchdown, During
Goldstone's pass, a microwave link was established
between the two stations, and un April 25 (day 115),
DSS 12 transmitted 159 commands, (The spacecraft was
used on that date to calibrate the 55-ft antenna at DSS 11,)
The station also received the telemetry signal, Both com-
mand and telemetry data were sent to DSS 11 via micro-
wave and processed In the normal manner, Dxcept for the
problem described under DSS 11 above, no problems or
anomalies occurred,

DSS 14, Goldstone (Mare), California, Prior to the mis-
sion, DSS 14 had been designated the backup station to
DSS 11, Howcvm due to mechanical work being clone
on the antenna, hydrostatic bearing, DSS 14 was not
committed argil the backup function was transferred to
DSS 12, DSS 14 did record during retro and touchdown,
and the recordings were included in the DSS 11 data
package, No problems occurred,

pSS 42, T'idbinbilla, Australia. Tidbinbilla was com-
mev id as a prime station, Participation during transit
included initial two-way acquisition, periodic command-
ing, fad telemetry processing during each view period.
During lunar operations, the station monitored TV and
SM/SS operations commanded by DSS 11 and performed
signal processing troubleshooting, sun and earth searches,
frequency checks, A/SPP positioning, thermal experi-
ments, and 000-line TV commanding, DSS 42 shut down
the spacecraft for lunar night on May 4 (day 124) at
W04 (GMT).

DSS 51, Johannesburg, South Africa, Johannesburg was
committed on a best-effort basis during transit since,
shortly before launch, the station RF equipment was
changed from the L/S configuration to full S-band con-

116

figuration, and full testing was not completed, flowever,
the station performed it much more active role, The CDC
was operating with less than a full complement of spares
and test equipment since some items had been sent to
DSS 01 for Surveyor 111, DSS 51 monitored the spacccraft
during haunch pass, then tracked in parallel with DSS 01
through transit and for one day after touchdown, when it
was relieved of further commitments to Surveyor, Three
days later, the station was required to track during four
more passes as prime station to relieve DSS 01 for other
commitments. DSS 51 performed planar array and solar
panel positioning on April 20 (day 110),

Hardware problems were negligible and involved the
low-frequency oscillator and command printer, During
first transfer from DSS 61, DSS 51 lost the uplink, with
subsequent loss of command capability and two-way
doppler for 17 min,

DSS 01, Robleelo, Spain, Robledo was committed as a
prime station, The station was able to achieve two-way
lock In less than 50 s and to promptly reconfigure for
either TV or PCM. During lunar operations, DSS 01 per-
formed RF communications tests, telecommunications
signal processing tests, dumping of spacecraft helium,
A/SPP positioning, an axial ratio test, and both com-
manded and monitored TV sequences, Almost every capa-
bility of the CDC was exercised, and no difficulties were
encountered.

The stu'tion reported that information received from
the SFOF concerning progress of the spacecraft and
selentific expoilments was excellent, that excellent ex-
change of Information was experienced with SPAC, and
that all inquiries were readily answered in a manner
Indicative of the demonstrated teamwork,

An average/alarm problem in the SOCP computer
occurred. Later in , the mission no average/alarm data
were printed out when TV PCM wds being received;
this was caused by an incorrect patching specification.

About'/ h after DSS 61 began taking two-way doppler,
a dropped 8-bit in the least significant digit of the DSS 61
doppler counter caused excessive noise in the data, DSS 61
twice stopped three-way tracking for repair operations,
which were complicated by having to give up the voice.
line for commanding periods, A transfer to DSS 51 could
not be scheduled until approximately 2 h later due to
Canopus acquisition, Approximately 2 h of two-way
doppler data were thus lost, but the effect on the mission
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was negligible. Aftei° repairing a bad plug in the TD11,
the station returned to high-quality data,

1755 y1, Cape Kennedy, Florida, Cape Kennedy was
designated as an alternate capability fdr processing
AIrt'I'll downrange telemetry data (received via Tel-2),
using the CDC and TCP computer, and transmitting the
data to the SFOF via high-speed data line, This was the
first mission in which the data were sent from DSS 71 in
the same format as that used by the other DSIF sta-
tions, The CDC decommutator remained locked, using
the various downrange data sources, until L + 00AVI1;e
data were good except for outages during gaps between
AVETH stations, No problems were encountered by
DSS 71,

DSS 12, Aseen91on Island, Ascension was activated pri-
marily to provide coverage during the latter part of the
launch period, The station promptly acquired the space-
craft during the launch pass and remained in look for
0 Main, The spacecraft was in the pre-injection, low-
power, antenna-stowed configuration, which is not the
usual configuration for D51F initial acquisition, however,
the decommutator locked up immediately after the re-
ceiver obtained lock, DSS 72 two-way doppler obtained
during the first postlaunch pass provided data for pre-
mideourse trajectory calculations,

The only problem encountered at the station involved
the VCO counter, which functioned incorrectly in the two
most significant digit printout po4flons,

DSS 11, Goldstone (Ploneeo, California, Goldstone was
committed as au prime station, Midcourse and terminal
descent sequences were executed on schedule and with-
out problems, using command tapes generated from
command dada-5ransmitted from the 5FOF, Lunar opera-
tions included commanding all SM/SS sequences and all
but a few TV sequences, During SM/SS operations, since
rapid changeover from TV to telemetry was desired,
TV-11 was used to process television pictures on one
receiver while the CDC remained in the engineering TM
mode on the other receiver,

During several passes, personnel problems between
DSS 11 and DSS 12 communications resulted in loss of
data on the 96-kflz line, Switching of TCP computers
from primary to backup on April 20 (day 110) delayed
commanding and caused loss of data for 12 min, The
excessive delay was due to equipment configuration and
location,

The SOCP program gave some problems, When a
telemetry value varied between 0 BCD and any other
number, the average/alarm printout of that signal was
meaningless, The command confirmation (CCN) garbled
several commands intermittently throughout the mission,

Several erroneous commands wore transmitted due to
operator error, As mentioneQ;only one of these incidents
had an adverse effect on the mission, Several hardware
failures occurred but did not adversely affect the mission
(Ref, 4), Invalid telemetry made spacecraft temperatures
unreliable after touchdown and prevented DSS 11 from
predicting best-lock frequencies of the spacecraft,

b, 'Trucking, All assigned tracking stations counted
down for launch with only several minor discrepancies,
till of which were removed prior to launch, Launch
occurred at 07,05,01,05OZ on April 17,,1W7=6n tfic
assigned launch azimuth of 100,809 deg, j

The D91F provided the Surveyor Project with continu-
ous support from launch to end of the first lunar day, The
support was adequate and the anomalies discussed in
Table 35 did not significantly affeef the mission,

The attached received signal level plot for the 6slunar
phase, Fig, 44, showed that the received signal levels
corresponded very closely with the predicted levels. The
predicted levels prior to star acquisition track were not
given because the spacecraft was not roll stabilized during
this period, Therefore, the received signal level could vary
over a wide range due to the variations in the spacecraft
antenna pattern. The groups of data points labeled star
acquisition, midcourse, and touchdown indicated bigh-
power operation and were 20 dB above the low-power
signal level. The data bit-rate changes occurred within
2 dB of tli predicted thresholds (not shown), The gyro
drift test was conducted during the track as shown at the
top of the plot, The random drift and subsequent antenna
pattern variations produced a spread in the received signal
levels of approximately _-3 dB, These variations can be
observed in the plot,

Ascension Island was approximately 10 dB below the
other DSN stations consistent with Its 30-ft antenna com-
pared with the 85-ft antennas, Goldstone DSS 11 was
consistently 1 to 2 dB below other stations tracking at the
same time, This difference is apparently due to differences
in calibration and is consistent with performance of. ``r
Surveyors I and 11, Table 35 gives a summary of tracking
data received from pass I through pass 3.

,.
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Item Sicilian Pass Time, GMT Anomaly Immediate reaction

1 51 Launch 17,100325 Receiver 1, 56 Mitt if indieating itdaiig sidebands on FVd6(em isolated to transmitter
spectrum anasyre/ power iuppfy

2 42 Launch 11164:46 Station reported offsef in HA channels on SAA anfenna

3 61 launch 11164".46 Moser I partial wormup Mate/ 2 used as prime

4 7,2 Launch 11;<05:58 Dropping two most significant digits in VC6 counter fa
THD prmfaut

5 51 1 11/13:24 Preamble generator causing distortion of commutator' Preambles entered manually
output to fine SA -

6 61 1 11114:33. _ CEC eseorder inoperative Switched to spare CEC

Y 61 1 1111,014s Of doppfer printout bad; no Of of 49 on feast significant
t	 1;,if, and the 6th position of count was incorrect

8 7,2 1 11l15f,„ SC1	 4tNmble generator, drappiog parity bit Unit	 by spare

4 61 1 fY/18 ;, .ft 5ct^omOte/ failed on CEC recorder Replaced defective galvanometer

10 11 1 1112&:6 TV^lf Y.DS PCM intermittent, CDC bas probfems frying
F lo lock ,,Vp

it 51 2 18/13:01 Pdleh missing tram XD K-17' f6fracks 2 and 6 Patch replaced of 13:20

12 It IS/20fZ TEIft=Ttr2-snayaratie: Swifewfospare-
13 if 31 14/04:00 11I 11 film processing problem

14 11 3 14/18,38 Ritcelve/ 2 noise femparoture 26 dog high

15 42 5 21/01,01 A)pka TCP program hung up Program refoadedi no improve
_ Changed to Seta computer

16 11 5 21/12,56 Blow" futo in Bata compute / Changed fuse
11 61 5 22/00:30 TCP Beta compute/ down

18 11 6 2310065 Motor 1, intermittent few-frequency modulofoon

14 42 24/11A1 Backup photo /eearde/ camera drove fault Slew" fuse replaced
20 42 4 25108:36 Tape reader in CDC area incompatible with TCP. Con use

With command generator but unable to pots TCP test
21 42 4 25/13133 Aform on mote/ 1 Switched to mate/ 2

22 42 4 25116:20 Servo operafo/ switched antenna to stove made in er/ar, Swept uplinks receivers on 2-way
whore on SAAf lest spaeeciaft lock at 16!28:35
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Table 35, Sut"yor 01 JS(F anomalies

to reastfon affect on the mission Current action Comments

to tromimitfer, VCO finder fnvesfigation problem temporarily cleared by a copocitive shunt or
the supply output, but anomaly did not reappear
when capocif6r was removed

Acquisition jeopardized, however,stow Undar investigation Reason is unknown of present and investigation is
fiajedary	 roles	 and	 fnfer:niHenf diffieuff since fault is intermittent and short-lived
nature of pe6bfem minfmized this

an6m6ty

rime Problem cleared before spacecraft rise 4117 by adjust, .
moot of JT pressures flow

Defective parallel digital outputs from the TDH VCO
counter. Awaiting replacements for final repair

manually Using 60•mA equipment into 40•mA PO circuits; problem
resolved when relay was installed

CEC }'raesfarmer P 802 faiI6& Station placed requisition for
replacement part

No doppfer data from 17715:24 to TDH printout normal after defective connector replaced
18/02:07 aY 08 36, April 18

Fare Defective unit being repaired

galvanometer No CBC recording during repair period

No effect an mission Under fovostigatfon Oscillations in PCM• reason unknown of this time

13:20 No telemetry recorded from 13A7 to ` Patch was removed when checking FR-0400 tape from
11:20 past 01 en FR 1200

Film sent to faboratery fee analysis Problem was in 54 emulsion, either film or processing.
Shipped all 5-1 to faborofory; using emulsion 7-1 with
good results

No spore for period Of ropuir ^ Replaced S-bond bond mfzei and system noise fem-
peroture returned to normal

no improvement. This was caused by reports entry. Possibly due to o long
computer, fame output on the W buffer, 1%0 Tr( occurring: the

same time as reports entry

Bad connection on fuse post repaired

No, backup computer 00:30 to _14:40 Card failurecfeared at 14:40,Aprii 22

After replacing defective connector', maser, was normal

d No explonalfen, possible mechanical overload

Under investigation -

2 Alarm winded due to tow, storage tank pressure

ivers in 2-way Pack
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Table 35 (contd)

Item Station Pass Time, GMT Anomaly Immediate reaction Effect on the

23 42 10 26/08-08 1 MHz on all receiver ISO amps fed to AIS

24 42 10 26/08.98 Motor drive amplifier failed an FR-800 Installed temporary replacement tran-
sistor until replacement arrived

25 11 10 26/05:12 Power supply -failure in 70-mm on-site film recorder Lost data during 2/3
TV-1 acquisition, d

26 51 10 26/21:55 No data on track 5 of the recorders due to mispalch in - No PCM data recar
the AIS from DSS 51

27 51 10 26/23-00 CDC command printer 4 not printing properly. Needs
- to adjustment throughout the pass

07:40 ----

28 42 11 27/21:22 Decommulalor 1 will not lock up Decommutator 2 prime at 08:44: No spare decommula

42 -	 12 28/11:00 Intermittent VCO card on,Jecommufalor 1.

42 16 02/17:45 Decommutator 1 will not hold back lock on 17.2 bile/s

- 29 11--. .12 -.29/04:20 .Moser . 2_ defective. 	 __. No backup maser

30 it 12, 29/05:30 Transmitter; unable to saturate klyslron Level checked; transmitter maintained No effect
a constant 10-kW output

31 42 14 30/12..00 During countdown, lost exciter output, acquisition volt- Exciter acquisition potentiometer'dis- DSS 42 acquisition

age became erratic tributian	 amplifier .replaced

32 42 14 30/12:00 60-Hz ripple at excitor output

33 61 16 03/08:21 Clock had 2 min outage 	 - Patch replaced at OW2

34 51 920 computer problem; incorrect TTY/TLM ouiput
S



t on the mission Current action Comments

Crosstalk in AIS wiring and patches, getting back to_
receiver ISO amplifiers, e.g., receiver age and affect-
ing IMP

Correct replacement installed week of April 28

ng 2/3 of DSS 11 pass. This involved the 32- and 100-v power supplies. Inade-
itioni data missed at 11 quate spares at TV-11 caused the delay

areiorded for 37 mini -1
v

mmutator Sheared gear wheel in	 local oscillator potentiometer,
made calibrated values for bit rate changes invalid

i

ser,
-	 -

Replaced defective crosshead
Caused by metering problem	 ---

isitiol delayed 68	 min
i
i
Ii

'Fault located as excessive 60 Hz between null meter
low-input	 and	 ground.	 This	 is	 a	 test	 equipment

, installation problem
Operator error

-- _	 - Repaired an intermittent ground wire solder joint on the
` arming interrupt chassis. In-hK;Ose tests and OSDP/

SFOF linkup on May 11 were conducted with no prob-
Idms.:..

^I\

n

I+

i
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c. Telemetry. After the mission, an assessment of the
quality of DSIF telemetry indicated that excellent sup-
port was rendered the Surveyor III mission.

Figure 45 shows the DSIF' cracking data received versus
time from DSIF acquisition to touchdown.

d. Commands. Table 36 lists the times each DSS tracked
the spacecraft, from the initial two-way acquisition by
DSS 42 to the end' of the first lunar day. Also shown are
the total commands per station per pass. The initiati^,^
and quality of commands sent were excellent, even in vi::
face of bad spacecraft data, particularly at touchdo y, --..

Figure 46 shows individual station track view periods
and commands from launch through touchdown. , Fig-
ure 47 shows the station view periods . and commands
transmitted from touchdown to lunar sunset.

e. Video data. Table 37 lists the total TV pictures
received by each station. These totals are divided into:
(1) pictures made by command, and (2) those received
and not commanded by that station.

Video data received were of excellent quality. The
selenograpbic information provided was evaluated to be
of great worth in support of Apollo.

Table 36. Tracking times and commands sent

DSS Day, GMT, 1967 Times, GMT Commandsian1 D55 Day, GMT, 1967 '" "` Times, GMT Commands
sent

71 April 17 07-05:01 0 14 April 19 and 20 22:39:00 0
07:08:30 03:40:00

72 Aprii 17 07:29:38 0 42 April 20 0640.96 99
07:32:19 15:49:00

5.1 April 17 07:39:46. 0 ,51 April 20 and 21 '062:00 0
07:43:50 00:37:15

42 April 17 07:55:00 50 61 April 20 and 21 14:33:48 17
p' 1441:00 03:24:30

51 April 17 12:04:19 15 11 April 20 and 21 2300:42 5801
23:05-00 11:05:30

61 April 17 and 18 13:45:16 32 42 April 21 06:39:59 553
02:07:22 17:13:00

72 April 17 14x26:40 0 61 April 21 and 22 15:42:45 46
23-00:00 03:53-06

11 April 17 and 18 21:47:44 96 11 April 22 00x11:13 1689
09:35:48 .11:57:12

12 April 17 and 18 23:00:00 0 42 April 22 07:10:00 15
05:24:00 18110:00

42 April 18 05:3340 5 61 April 22 and 23 1707:08 36
14:58:30 -	 04:23:1.6

51 April 18 1346:58 1 11 April 23 0107:22 578
23:19:00 1140:00

61 April 18 and 19 13:56:25 22 42 April 23 07:3840 1769
02:41:17 19:2050

I i April 18 and 19 2246:12 13 61 April 23 and 24 18:17:50 25
0940:20 04:45:00

42 April 19 06:01:30 23 11 April 24 04:0040 1307
15-07:00 1269:00

51 April 19 13:19:46 -	 4 42 April 24 08.98:00 808
23:23:15 20:3760

61 April 19 and 20 14-04:15 34 _ 61 April 24 and 25 19:48:35 28
02:56:17 9544:00

11 April 19 and 20 22:1064 6680 11 April 25 03:3840 0
10:13:25 13:1540

12 -	 April 19 and 20	 = 22-00:22 0 12 April 25 03:30.90 159
06:3140 13:21:00

i

r
5 I
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Table 36 (conid)

Y

r

I	 1

DSS Day, GMT, 1967 Times, GMT Commands
^.sont DSS Day, GMT, 1967 -	 Times, GMT Commands

sent

42 April 25 08:4500 31 42 April 29 and 30	 - ^.,.^ -._	 1?411 AO 3128
' 21:55:30 ': 02.03:00

61 April 25 and 26 21:1000 789 51 April 30 00:49:54 7
05:55:00 08:02:30

11 April 26 04:57:00 3403 61 April 30 03:48:03 13
13:30:00 09:30:47

42 April 26 09:33:36 1800 11 April 30 0904:49 4874
230547 17:57011

51 April 26 and 27 2202:47 1878 42 April 30, and May 1 15:28:00 54
06:22:40 02:5000

61 April 27 003230 5 61 May 1 02:22:00 342
06:37:37 10:44:00

11 April 27 060807 1169 11 May 1 096045 2215
1442:00 19:0500

42 April 27 and 28 10:2200 3822 42 May 1 and 2 :6:00:00 1104
00:16:00 03134:02

51 April 27 and 28 23:00:36 5 61 May 2 02:5505 1488
074400 1,1:49:19

61 April 28 010840 14 11 May 2 10:2441 1909
07:34:08 20:09:00

11 April 28 07:2940 2280 42 May 2 and 3 1910000 470
15:39:00 03:5200

42 April 28 and 29 11116:00 2233 61 May 3 030648 419
010600 1231:14

51 April 29 00119100 0
0845:42 11 May 3 10:45:17 869

21+16:00
61 April 29 01:1.L28 48

_0813100 42 May 3 and 4 20:0000 57

08:27134 - 00-08`00
11 April 29 2471

16131:00
i

TOTAL 57,107

1

Table 37. TV pictures received

DSS Commanded Noncommanded

71 0 0

72 0 0

42 1726 1412

51 0 70

61 33 504

11 4567 1719

12 0 0

Total 6326 Total 3705

f. Spacecraft center frequencies. In order that space-

craft predictions may be generated and supplied to the
DSN tracking stations for purposes of spacecraft acqui-
sition, aided track, and station -to-station transfers of the
spacecraft, it is essential that the spacecraft transmitter

(one-way) center frequency and spacecraft transponder
(two-way) center frequency be accurately known. The
nominal values for these frequencies are 2295 .000"-
MHz/s (at carrier level) for the transmitter center fre-
quency and 22.013870-MHz (at station VCO level) for
the transponder center frequency. Normally, these fre-
quencies are measured months before the mission for use
in the preflight prediction document, and then they are
measured several times in the last 10 h of the countdown
for use in real time predictions. The frequencies which
were used in the preflight prediction document were:

2294 .998887 (one-way, transmitter A)

2294 .995700 (one-way, transmitter B)

22.013886 (two-way, transponder A)

22.013703 (two-way, transponder B)

1
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DSS 51

DSS 61

DSS 11

DSS 42

I	 I	 I	 I	 I	 I	 I	 _ .. I 	 I	 I	 I
PASS NUMBER I	 DAY 107	 PffJJ,

13 AND 14
15

1	 18
20 AND 21

2	 22

3 4	 — 
24	

25
5
6
7

8

9
10

1	 5	 10	 IS	 2n	 25	 30	 35	 40	 45	 50	 55

LAUNCH PLUS TIME, mIn

PASS No.I	 MIDCOURSE	 NEXT >RAPH BEGINS

^	 I	 I
I	 I	 I
1	 1	 I

I	 I
I	 I

I	 i	 I

1

CONTINUED	 DAY 107^r DAY 1D8T— 	jFROM ABOVE	 1	 I	 CONTINUES ON
_ _ _ N _ NEXT GRAPH

12	 14	 16	 IS	 20	 22	 24	 01	 03	 05	 07	 09	 11	 13

TIME, h

I	 1	 I	 I	 I	 I	 I	 I	 I	 I	 I	 I	 I

..PASS No., 7	 _	 NEXT GRAPH. BEGINS

CONTINUED FROMCONSIDERED PASS No. 3
PASS No. 1	 I	 I

	

I	 II
I
I

DAY 108 -04 ► DAY 109 1

14	 16	 18	 20	 22	 00	 02	 04	 06	 OB	 10	 12	 14

DSS 42

DSS 51

73 GRAND TURK

74 ANTIGUA

75 ASCENSION

i
	 76 PRETORIA

82 BERMUDA

83 CARNARVON

DSS 51

DSS 42

DSS 61

DSS 11

DSS 51

DSS 61

DSS 11

DSS 42

TIME, h

I	 I	 I	 I	 I	 I	 I	 I	 I	 I	 I	 I

PASS No. 3
RETRO^	 TOUCH DOWN

I
j	 SURVEYOR III

STATIONS TRACKING a TIME

CONSIDERED PASS No. 2 	 I

® TRACKING DATA (TWO-WAY)
ALSO SHOWN ON PASS No. 2	 I	 ® TRACKING DATA (THREE-WAY)

DAY 109 < i DAY 110	 ® TRACKING DATA (ONE-WAY)

nA	 M	 10	 12	 I4	 IA	 7 	 7n	 77	 on	 02	 nA

TIME, h

Fig. 45. DSIF tracking data time
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00:00
1 MIDCOURSE

CORRECTION TOUCHDOWN
00:03

00:24 07:21
72

T ' F
00:27 15:55

00:34 04:59	 30:01 54:19

51 4 1	 15 F1
4	 j

00:38 16:00	 40:14 64:18

04:59 22:28	 46:56

f2 50 ^	 23

07:15	 31:53 56:02

06:40	 30:51 r54:59

61 32	 22 I — 34

19:02	 43:36 67:51

14:42	 39:01

11 - - 96	 -	 13
26:30	 50:55

15:55 62:55

12

22:19 71:26

63:34

14 NUMBERS WITHIN STATION VIEW Fp
PERIOD BLOCKS INDICATE 68:35NUMBER OF COMMANDS TRANSMITTED
DURING THE PASS

n A	 o	 to	 it	 on	 oA	 9R	 119	 '1A	 An	 AA	 AR	 59 5A	 An	 AA	 AR	 72

t

Z

O

Qti
N
W
V
Qa
aww0

DATE, GMT
4117	 4/18	 4119	 4/20

I

MISSION TIME, h

LIFT OFF
07:05:01

Fig. 46. Surveyor 111 DSIF view periods, launch through touchdown
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These frequencies were abstracted from preflight data
supplied by HAC for an estimated launch temperature
of 90°F. During the countdown, frequency measurements
were made and sent to the SFOF at T — 500 min,
T — 400 min, T — 274 min, T — 90 min, T — 40 min,
T — 20 min, and T — 5 min as called for in the sequence
of events. These measurements were used to adjust the

preflight frequency versus temperature curves by a con-
stant bias in frequency (see Figs. 48-51). Finally, using
the temperature predictions for Surveyor III generated

by the SFOF, tables of the appropriate frequencies to be
used throughout the mission were constructed and in-
corporated in the various inflight prediction sets (see
Table 38). The one deviation from this sequence was the

2295.01

Y

2295,00

W

z
2

P 2294.95

I	 i

2295,02

T-500 TRANSMITTER-A (ONE-WAY) FREQUENCY of TEMPERATURE
REPORT

T-274
\ REPORT

_PREFLIGHT DATA

-- ADJUSTED BY COUNTDOWN
FREQUENCY REPORTS

2294.98

50	 60	 70	 80	 90	 100	 110	 120	 130

TEMPERATURE, OF

Fig, 48, Transmitter A,temperature, °F frequency! ranging,

2295.01

u
Z
W

OW
2295,00

cew

Z
Z
Q
° 2294,99

2295.02

2294.981 
so

TRANSMITTER-B (ONE-WAY) FREQUENCY vi TEMPERATURE

\ T-90
REPORT

T-400
\\ REPORT :PREFLIGHT DATA

\ ----ADJUSTED BY COUNTDOWN
FREQUENCY REPORTS

T-40
REPORT

T-5
^^^.REPORT

60	 70	 80	 90	 100	 110	 .120	 130

TEMPERATURE OF

Fig. 49. Transmitter B temperature, ° F frequency ranging
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6
ffi
Z
O

2

013.950 —T
TRANSPONDER-B(TWO-WAY) FREQUENCY w TEMPERATURE

T-90
REPORT

013.825 \\ T-40
REPORT

—PREFLIGHT DATA\

7_400 ^^^` —_ ADJUSTED BY COUNTDOWN
REPORT ` FREQUENCY REPORTS

013.700

T-20 ^`\
REPORT \^

013.575

L013.450 1-- —
So	 60	 70 so	 90	 100	 710 120	 130

22.

1 22.

Z

22.

ffi

Z
O

22,
. n

22.

22.013.825
TRANSPONDER-A (TWO -WAY) FREQUENCY vs TEMPERATURE

PREFLIGHT DATA
\\

— — — ADJUSTED BY COUNTDOWN

\\
FREQUENCY REPORTS

22.013.700

T-500 1\\
REPORT

22.013.575

T-274
REPORT

22.013.450

TEMPERATURE, OF

Fig. 50. Transponder A temperature, ° F frequency ranging

TEMPERATURE, OF

Fig. 51. Transponder B temperature, °F frequency ranging

predict set for initial acquisition at DSS 42, which utilized
special acquisition frequencies as predicted by the SFOF
(2294.995900 and 22.013704, for transponder B).

g. Spacecraft predictions. Spacecraft predictions, which
are composed of time -tagged station observables such as
pointing angles, one-way doppler, two-way doppler, best-
lock ground transmitter frequency, etc., are more or less
routinely provided to the DSN tracking stations to ensure
the success of spacecraft acquisitions, aided track, and
stationtransfers of the spacecraft. However, during the
launch phase, th-, provision of accurate predictions to

DSS 42 and other tracking =̀stations becomes a critical
matter because of the crucial need for early acquisition

and commanding of the spacecraft. For first two-way
acquisition at DSS 42 there are three distinct sets of
predictions available:

(1) Preflight predicon document

(2) L — 5-min predictions based on actual launch azi-
muth

(3) AFETR predictions based on actual p6stinjection
tracking data
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Table 38, Surveyor 111 inflight frequency predictions"

Time Temperature, O F Frequency, MHz

Transmitter A

Launch to L +30 h 75 2295.005500
L +30 h to L •1-65 h 65 2295.014600
L -1-65 h to L +68 h 72.5 2295.008200

Transmitter 8

Launch to L +3 h 110 2294,991500
L -1-3 h to L +30 h 97.5 2294,995500
L +30 h to L 41-65 h 85 2294.98000
L +65 h to L +68 h 105 2294,993350

Transponder A

92.5 22.013614Launch to L +4 h
L -1-4 h to L +30 h 85 22.013626
L +30 h to L +65 h 80 22.013638
L +65 h to L +68 h 87.5 22.013623

Transponder 6

92.5 22,013704Launch to L +4 is
L +4 h to L +30 h 85 22.013738
L +30 h to L +65 h 80 22413752
L -1-65 h to L -1-68 Is 87.5 22.013732

^Trammiller 0 and Transponder 8 were used during the entire in-flight portion of
the Surveyor fit mission,

During the cruise phase, predictions were routinely
supplied to the participating Deep Space Stations, and
after touchdown exact "on the moon" predictions were
generated with the use of a newly added capability to
the prediction generation (PRDX) program and were
subsequently supplied to the DSS,

h, Initial two-way acquisition at DSS 42, Predictions
indicated a Surveyor III rise at DSS 42 at 07:54.57
(GMT), 17 April, DSS 42 reported good one-way doppler
data at 07:55:42 (rise + 00;45), automatic tracking on the
SAA (acquisition-aide antenna) at 07:57 ,50 (rise+02:53),
automatic tracking on the SCM (antenna main beam) at
08:00:44 (rise + 05:47) and good two-way doppler data
at 08:01:52 (rise + 06:55), The current acquisition pro-
cedure does not allow transfer to the SCM and uplink
(two-way) acquisition searc"IT to begin until the space-
craft is 10 deg above the local horizon, which in this case
occurred at 07;58:10 (rise + 03:13). In light of this, the
initial acquisition at DSS 42 can be considered smooth
and close to optimum. Analysis of the one-way doppler
data from DSS 42 indicates a spacecraft transmitter B
center frequency (no doppler) of 2294.993500 MHz at

Although botl"_ the preflight predictions and L — 5-min
predictions are generated before launch, the L — 5-min
predictions have two important advantages over the pre-
flight predictions in that they are based on updated fre-
quency information, and they are generated for the exact
actual launch azimuth, Because of these two factors, the
L — 5-min predictions were generated and sent to DSS 42,
DSS 51, and DSS 72 with the advisement that they be
used instead of the preflight prediction document. DSS 72
acknowledged receipt of the L — 5-min predicts approxi-
mately 2 min before rise and were able to successfully
acquire and view the Surveyor III parking orbit pass over
DSS 72 using these predicts. At about L + 20 min, pre-
dictions from AFETR based on actual post-parking-orbit
injection tracking data were received at JPL, which ver;--
closely matched the L — 5 min predictions, thereby veri-
fying that DSS 51 had accurate acquisition predicts.
These predicts were used by DSS 51 to acquire the
Surveyor III in one-way during their launch pass, which
included viewing part of the Centaur second burn and
the subsequent injection into lunar transfer orbit, At
approximately L + 55 min, AFETR predicts based on
actual postinjection tracking data were received at JPL,
which again closely matched the L — 5 min-predicts,
indicating that DSS 42 had accurate acquisition predicts,
Accordingly, DSS 42 used the L — 5 min-predicts for its
initial acquisition; no difficulties were encountered.
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07:57:47, as compared to the predicted value of
2294,995900. Acquisition of the uplink by DSS 42 at
08:00:07 at a ground transmitter frequency of 22.013946
MHz would indicate a corresponding value of 22.013739
MHz for the spacecraft transponder B center frequency,
as compared to the SPAC prediction of 22,013704 MHz
for= transponder B.

i, Near real-time tracking-data monitor, All two-way
tracking data taken during the in-flight portion of the
Surveyor III mission was computer monitored in near-
real time; this resulted in the timely discovery of a hard-
ware malfunction in the doppler counter at DSS 61 during
their first pass,

j. Tracking performance. The DSN provided continu-
ous angular and doppler tracking of the Surveyor III
from initial one-way acquisition by DSS 42 at 07:55:42
on April 17, 1967 until lunar touchdown of Surveyor III
at 00:04:18.1 on April 20, The DSN then continued to
track the spacecraft on the lunar surface through the first
lunar day, with tracking being terminated at.00 :03:58,
on May 4, or approximately 2 h and 23 min after lunar
sunset. In general, the overall quality , of the tracking
data taken during the Surveyor III mission can be de-
scribed as very good. Data types used before touchdown
in the orbit determination program (ODP) were angular
data taken during the first pass over DSS 42, DSS 61,
and DSS 51 and two-way doppler taken during all passes

L.



Preliminary pre-midcourse orbit = PREL

Data consistency orbit

Nominal midcourse orbit

Last pre-midcourse orbit

Pre-midcourse cleanup orbit

Post flight analysis orbit

Nth post-midcourse orbit

Computer string X

Computer string Y

= DACO

= NOMA

= LAPM

= PRCL

= POST

=N POM

=X

=Y

over DSS 42, DSS 51, DSS 61, and DSS 11. A summary
of the data used in the ODP, together with data statistics,
is given in Table 39. The relative quality of the tracking
data taken at each station can be obtained by comparing
the standard deviations, the root-mean-squares, and the
first moments of the data as listed in the table, Changes
in the quality of the same data as reflected in different
orbits are largely attributable to the particular selection
criteria of each orbit as determined by the Orbit Deter-

,	 mination Group. Orbit identifications are as follows;

Predict orbit	 = PROR

Injection condition evaluation orbit =10EV

Table 39, DSIF premaneuver tracking data used in computing Surveyor III orbit

Orbit
identification

DS'IF
$to

Data
type

E ginning of
data (month/

day, GMT)

End of data,
month/day,
time (GMT)

Number
of

points
Standard
deviation

Root
moan
square

Moan
error

Sompfe
rate, s

PROR YA 42 CC3 4117.08:01:57 4/17.08:1749 93	 {
I

0.0189 0.0189 0.000478 10

HA 4/17-07:57:42 4/17.08.17:52 104	 f .. 0.0210 0.0210 -0.000318 !10

Dee 4/17-07:57:42 4/17.08:17.-52 104 `%,0438 0.0438 -0.00103

.

-' 10

PROR XA 42 CC3 4i17-08:04:37 4/17-08:22:07 99 &0271 0.0902 -0.0861 10

HA 4117-07:57:42 4/17.08:22:12 107 0.0106 0.0106 -0.000196 10

Dee 4/17.07:57:42 4/17.08:22:12 106 0.00500 0.00501 -0.000335 10

KEY YA 42 C0 4/1708:01:57 4/17.09:20:32 319 0.0382 0.0389 0.00735 10,60

HA 4/17.07:58:02 4/17.09:21:02 331 0.00672 0.00825 -0.00479 10,60

Dee 4/17.07:58:02 4/170941:02 331 0.0200 0.0216 -0.00818 10,60

ICEY XA 42 CC3 4/17.08-04:37 4/17.09:55:32 318 0.0375 0.0382 0.00720 10,60

-	 - -	 - -HA- -	 -4/17-07:58:02 4-/17.09:56:02 -329- 0.00791 -0:00969 --0.00559 -10,-60..:

Dec 4/17.07:58:02 4/17.09.56:02 329 0.0187 0.0203 -0.00787 10,60

PREL XA 42 CC3 4/17.08:04:37 4/17-10:24:32 342 0.0190 0.0190 0.000420 10,60

PREL YA 42 CC3 4/17-08:01:57 4/17-10:24:32 364 0.0453 0.0462 0.00869 10,60

HA 4/17.07:58:02 4/17.10:25:02 383 0.0087 0.0107 -0.00629 TO, 60

Dec 4/17.07.58:02 4/17-10:25:02 383 0.0211 0.0243 -0.0121 10,60

UPDATE X8 42 CC3 4/17.08:04:37 4/17-1145:32 401 0.0176 0.0176 0.00018 TO, 60

51 CC3 411712:23:32 4/17-13:41:32 67 0.00907 0,00907 0.000364 60

UPDATE YA 42 CC3 4117.08:01:57 4/17-11:45:32 427 0.0169 0.0169 -0.000056 10,60

51 CC3 4/17-12:23:32 411743:47:32 63 0.00809 0.00810 -0.000349 60	 .-

61 CC3 4/17-14:32:32 4/17-14:41:32 10 0.0456 0.0456 -0.00132 10

UPDATE YS 42 CC3 4/17.08:01:57 4/17.08:56:32 287 0.0201 0.0201 0.0000817 TO

CC3	 - -" 4/17-08:57:32 4/17-1145:32. 139 0:00429 0.00429 -0.000302 60

51 CC3 4/17-12:23?32 4/17-14:27:32 94 6.00879 0.00881 -0.000473 60

61 CC3 4/17-14:32:32 4/17-1544:32 39 0.0151 O.OT51 -0.000313 60

DACO YA 42 CC3 4/17-08:01:57 4/17.08:56:32 287 0.0201 0.0201 0.000116 10

42 CC3 4/17-11:45:32 4/17-11:45:32 139 0.00422 0.00423 -0.00033 60

61 CC3 4/17-12:23:32 4/17-14:32:32 1 0.0000 0.000977 -0.000977 60

61 CC3 4/17.14:33:32 4/17-16:49:32 55 0.0154 0.0154 0.0000888 60

DACO YB 51 CC3 4117.08:01:57 4/17-14:27:32 93 0.00844 0.00641" -0.00080 60

CC3 4/17-17:04:32 4117-18.16..32 45 0.00984 0.00989 -0.00106 60

61 CC3 4/17-14:32:32 4/17-14:32:32 1 0.0000 0.000977 -0.000977

CC3 4/17-14:33:32 4/17-16:49:32 1 55 1 0.6153 - 0.0154 1 -0.00103 1	 46
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Table 39 (eontd)

Orbit
identifieation

DSIG
SIC

Data
type

Beginning of
data (menlF/

day, GMT)

End of data,
month/day,
time (GMT)

Number
of

points
Standard
deviation

Root
mean
square

Mean
error

Sample
rate, s

DACO )(A 61 CO 4/17-14-32:32 4/17-14:32:32 1 0.0000 0.000488 0.000488 60

HA 4117-14:22:02 4/17-14:32:02 5 0.00402 0.0076 0.0064 60

Dec 4/1714:22:02 411714:32:02 5 0.00402 0.0120' -0,011 60

CC3 4/17-14:33:32 4/17-16:52:32 83 0.0470 0,0478 0.00923 60

HA 4/17-14:33:02 4/17-16:53:02 712 0,0122 0.0123 0.00121 60

Dec 4/1714:33:02 4/1716:S3:02 112 0.0160 0.0276 0.0225 60

HA 4/17-17:07:02 4/17-17:33:02 13 0,00577 0.0065 -0,00299 60

Dec 4/17-17:07:02 4/17-17:33:02 13 0.00773 O,OTT 0.00781 60

DACO XA Sl CO 4/17-T2.23:32	 _ 4/17-14:27:32 49 0.0121 0.0131 0.00540 60

HA 4/1712;16:02 4/17-14:28:02 115 0.00533 0.0572 0.0570 60

Dec 4/17-12.16:02 411714;28:02 115 0.00505 0.0353 -0.0349 60

CC3 4/17-17:04:32 4/17-17:58:32 36 0.0101 0:0118 -0.00613 60

HA 4/17-14:34:32 4/17-18:02:02 166 0.0077 0.055 0,0545 60

Dec 4/1744:34:32 4/17-18:010: T66 0.0102 0.0299 -0,0281 60

42 CC3 4/17-08:04:37 4/17-08.52:47 276 0.038 0.038 0,00198 10

HA 4/17.07:58:02 41 T7.08:55:02 283 0.00586 0,00722 -0,00422 10

Dec: 4/17-07:58:02 4/17-08:55:02 283 0.00666 0.0472 -0.0467 10

HA 4/17.08-,57:02 4/17-08:57:02 T 0.000 0.00219 0.00219 60

Dec 4/17-08:5702 4/17-08:57:02 1 0.000 0.0516 -0,0516 60

CC3 4117-08:57:32 4/17-08:37-32 1 0.000 0.040 0.04 60

CC3 4/17-08:58:32 4/17-11:45:32 124 0.0367 0.0385 -0.0117 60

HA 4/17-0868:02 4/17-11:51:02 137 0:00669 0.0158 -0.0143 60

Dee 4/17-0868:02 4/17-11:51:02 137 0.00445 0.0478 -0.0476 60

- -	 HA 4/17:12:28:02 .4117-7449:02 98 O,OT02 0,0353 -0.0338 60..

Dec 4117-12:28:02 4/17-14:19:02 97 0.0103 0.0373 -0.0359 60

DACO XB 61 HA 4/17-12:16,02 4/17-T4,32:02 5 0.00403 0.00907 0.00812 60

Dec 4/17-12:16-02 4117-14-32:02 5 0.00404 0,0154 -0.0149 60

HA 4/17-14.33:02 4/1716:53:02 112 OAt22 0,0125 - 0.00284 60

Dec 4/17-14:33:02 4117-16:53:02 112 0.0159 0.0244- 0.0185 60

HA 4/1747:07:02 4/17-18:44:02 16 0.00653 0.00720 -0.00304 60

Dec 4/17-17:07:02 4/17-18:44;02 T6 0.0165 0,0169 -0.00388 60

51 CC3 4/17-12:23:32 4/17-14,27:32 99 0.00986 010109 0.00454 60

CC3 4/17-17:21:32 4/17-17:21:32 1 0.000 0.0337 0.0337 60.

CC3 4117-17:22,32 4/17-18:42:32 62 0.0118 0.0306 0,282 60

42 CC3 4177-08:04:37 4/170842:47 276 0.0334 0.0346 0.00903 TO

HA 4/17.0748:02 4/17-08:55:02 283 0:00594 0.00495 -0.00023 TO

Doe 4/17-07:58:02 4/17-0845:02 283 0.00953 0.0406 -0.395 10

HA 4/T7-08:57:02 4/17-08:57:02 1 0,000 0.00548 0.00548 60

Dec 4/17-08,57:02 4/17-08,57:02 1 0.000 0.0487 -0.0487 60

CC3 4/17.08:57:32 4/17.08-5732 1 0.000 0.0352 0.0352 60

CC3 4117-08:58132 4/17-11:45:32 124 0.0401 0.0495 --0.0289 60

HA 4/17-08:58:02 4/17-15:51:02 137 0.0069 0.0137' -0.0119 60

Dec 4/170858:02 4117114T:02 137 0:00503 0.0484 -0,0481 60

HA 4/17-12:28:02 4/17-14,1962 98 0.0102 0.0337 -0.032T 60

Dec 4/17-72,28:02 14/17-T4,T9:02 97 0:0101 6.0403 -0.03466

t^

E
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Table 39 (contd)

Orbit
identification

DSIF
$to

Data
type

Beginning of
data (month/

day, GMT)

End of data,
month/day,
time (GMT)

Number
of

points
Standard
deviation

Root
mean

square
Mean
error

Sample
rate, s

DACO YC 42 CC3 4/17-08:01:57 4/17-08:56:32 288 0.0204 0.0204 0.000268 10`

CC3 4/17.08:57:32 4/17-11:45:32 139 0.00432 0.00432 0,000102 60`=

51 CC3 4/17-12:23:32 4/17-17:21:32 94 0.00836 0.00836 0.0000779 60

CC3 4/17-17:22:32 4/17-18:41:32 61 0.00923 0.00923 0.00064 60

DACO XC 61 HA 4/17-14:22:02 4/17-14:32:02. 5 0.00403 0.00465 0.00233 60

Dec 4117-14:22:02 4/17-14:32:02 5 0.00400 0.0114 -0.0107 60

HA 4/17.14:33-02 4/17-16:53:02 112 0.0122 0.0125 -0.00283 60

Dec 4/17.14:33:02 4/17-16:53:02 112 0.0162 0.0287 0.0237 60

HA 4/17-17:07:02 4/17-19:21:12 176 0.00547 0.0166 -0.0156 60

Dec 4/17-17:07:02 4/17-19:21:12 176 0.0122 0.0323 -0.0299 -60

51 CC3 4/17-12:23:32 4/17-14:27:32 99 0.00843 0.0137 0.0108 60

HA 4/17.07:58:02 4/17-14:28:02 115 0.00532 0.0529 0.0526 60

Dec 4/17.07:58:02 4/17-14:28:02 115 0.00493 0.0354 -0.0350 60

HA 4/17-14:34:02 4/17-17:21:02 128 0.00678 0.0525 0.0520 60

Dec 4/17-14:34:02 4/17-17:21:02 128 0.0102 0.0313 -0.0296 60

CC3 4/17.17:21:32 4/17-17:21:32 1 0.000 0.0259 -0.0259 60

CC3 4/17-17:22:32. 4/17-19:20:32 103 0.0172 0.0306 -0.0254 60

HA 4/17-17:22:02 4/17-19:21:02 117 0.00509 0.0447 0.0444 60

Dec 4/17.17:22:02 4/17-19:21:02 117 0.00476 0.0135 -0.0126 60

42 CC3 4/17.08:04:37 4/17-08:52:47 276 0.0227 0.0238 -0.00689 10

*- CC3 4/17-08:57:32 4/17-08:57:32 1 0.0000 0.00195 -0.00195 60

CC3 4/17.08:58:32 4/17-11:45:32 124 0.0141 0.0220 O.W69 60

DACO XD -61- CC3 4/17-14:32:32 4/17.14:32..-32- i- 0.000 -0.0176 -M0176 60

CC3 4/17-14:33:32 4/17-16:52:32 83 0.0464 0.0497 -0.0178 60

51 CC3 4/17.12:23:32 4/.17-14:27:32 99 0.00847 0.0183 -0.0162 60

CC3 4/17.17:21:32 4/17-17:21:32 1 0.000 0.0244 -0.0244 60

CC3 4/17-17:22:32 4/17-19:44:32 121 0.0160 0.0273 -0.0221 60

42 CC3 4/17.08:04:37 4/17.0&52:47 276 0.0211 0.0223 -0.00742: 10

CC3 4/17.08:57:32 4/17.08:57:32 1 .0.000 0.00488 -0.00488 60

CC3 4/17.08:58:32 4/17-11:45:32 124 0.00460 0.0130 -0.0122 60

DACO YE 61 CC3 4/17.14:32:32 4/17-14:32:32 1 0.000 0.00146 -0.00146 60

CC3:: 4/17-14:33:32 4/17-16:49:32 55 0.0153 0.0153 -0.0000089 60

51 CC3 4/17-12:23:32 4/17-17:21:32 94 0.00840 0.00846 -0.00103 60

CC3 4/17-17:22:32 4/17-19:44:32 122 0.0161 0.0162 -0.00164 60

- 42 CC3 4/17.08:01:57 4/-17-08:56:32 287 0.0201 0.0201 -0.000362 10

CC3 4/17.08:57:32 4/17-11:45:32 139 0.00423 0.90423 -0.0000703 60

NOMA XA 61 CC3 4/17-14:32:32 4/17-14:32:32 1 0.000 0.00684 -0.00684 60

CC3 4/17.14:33:32 4/17-20:31:27 54 0.0155 0.0160 -0.00380 60

CC3 4/17-20:31:37 4/17-22:02:32 84 0.0137 0.0160 0,00824 60

51 CC3 4/17-12:23:32 4/17-17:21:32 100 0.00841 0.00841 _	 0.0000293 60

CC3 4/17-17:22:32 4/17-20:29:32 145 0.0106 0.0115 -0.00435 60

42 CC3 4/17-08:04:37 4117.08:57:32 274 0.0205 0.0205	 I 0.000127 10

CC3 4/17-08:58:32 4/17.11.:45:32 124 0.00440 .- 0.00445 0.000665 60
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Table 39 (contd)

Orbit
identification

DSIF
sto

Data
type

Beginning of
data (month/

day, GMT)

End of data,
month/day,
time (GMT)

Number
of

points
Standard
deviation

Root
mean
square

Mean
error

Sample
rate, s

NOMA YA 61 CC3 4/17-14:32:32 4/17-14:32:32 1 0.000 0.00684 -0.00684 60
CC3 4/17-14:33:23 4/17-20:31:27 55 0.0155 0.0161 -0.00435 60
CC3 4/17-20:31:37 4/17-22:07:32 86 0.0146 0.0162 0.00696 60

51 CC3 4/17-12:23:32 4/17-1741:32 92 0.00772 0.00772 -0.000138 60
CC3 4/17-17:22:32 4/17-20:29:32 133 0.0079•-- 0.00:03 -0.00431 60

42 CC3 4/17.08:01:57 4117.08:56:32 275 0.0186 0.0186 0.000087 10

CC3 4/17-08:57:32 4/17=1.1:45:32 139 0.00439 0.00439 0.000239 60
NOMA YB 61 CC3 4/17-14:32:32 4/17-14:32:32 1 0.000 0.00586 -0.00586 60

CC3 4/17-14:33:32 4/17.20:31:32 55 0.0155 0.0156 -0.00171 60
CC3 4/17-20:31:57 4/17-22:07:32 84 0.0161 0.0185 0.00917 60

51 CC3 4/17-12:23:32 4/17-17:21:32 90 0.00777 0.00851 -0.00347 60
CC3 4/17.17:22.32 4/17-20:28:32	 -: 134 0.00807 0.00845 -0.00249 60

42 CC3 4/1,7---OU:01:57 4/17-08:56:32 272 0.0187 0.0187 0.000582 10
CC3 4/17-08:57:32 4/17-11:45:32 139 0.00564 0.00565 0.000341 60

1.1 CC3 4/17-2208:32 4/17-23400:32 10 0.00426 0:0170 0.0165 60
NOMA XB 61 CC3 4/17-14:32:32 4/17-20:31:32 52 0.0121 0.0122 -0.00199 60

CC3 4/17-20:31:57 4/17-22:07:32 82 0.0119 0.0151 0.00923 60
51 CC3 4/17-12:23:32 4/17-17:21:32 93 0.00756 0.00888 -0.00466 60

CC3 4/17-1742:32 4/17-20:28:32 132 0.00846 0.00488 -0.00270 60
42 CC3 4/17.08:04:37 4/17-08:57:32 260 0.0189 0.0189 0.000193 ;.	 10

.CC3 4/17.08:58:32 4/17-1.1:45:32 124 0.00636 0.00638 -0.000441 60
11 CC3 4/17-22:18:32 4/17-2306:32 21 0.00426 0:0101 0.00918 60

LAPM YA - - 61 ..CC3 4/17.1.4:32:32 4/17-20:31:32 56 0.0154 0.0156 -0.00245 60
CC3 4/17-20:31:57 4/17-22:07:32 84 0.0160 0.0176 0.00733 60

51 CC3 4/17-12:23:32 4/17-17:21:32 84 0.00718 0.0100 -0.00699 60
CC3 4/17-17:22:32 4/17-20:28:32 132 0.00841 0.00911 -0.00350 60

42 CC3 -	 4/17-08:01:57 4/17-08:56:32 275 0.0193 0.0193 0.000151 10
CC3 4/17.08:57:32 4/17-11:45:32 139 0.00697 0.00719 -0.00175 60

11 CC3 4/17-22:18:32 4/17.00:28:32 119 0.00562 0:00594 0.00193 60
LAPM XA 61 CC3 4/17-14:3132 4/17-20:31:32 52	 ' 0.0120 0.0122 -0.00221 60

CC3 4/17-20:3147 4/17-22:07:32 82 0.0120 0.0146 0.00841 60
51 CC3 4/17-12:23:32 4/17-17:21:32 89 0.00733 0.00935 -0.00581 60

CC3 4/17-17:22:32 4/17-20:28:32 13C 0.00847 0.00911 -0.00336 60 :-
42 CC3 4/17.08:04:37 4/17-08:57:32 258 0.0188 0.0188 -0.0000927 10

CC3 4/17-08:58:32 4/17-11:45:32 124 0.00697 0.00710 -0.00131 60
11 CC3 4/17-22:18:32 4/17-00:20:32 92 0.00461 0.00522 0.00245	 - 60

LAPM YB 61 CC3 4/17-14:32:32 4/17-20:31:32 56 0.0154 0.0154 -0.000872 60
CC3 4/17-20:31:57 4/17-22:07:32 84 0.0160 0.0182 0.00862 60

51 CC3 4/17.12:23:32. 4/17-17:21:32 84 0.00724 0.00971 -0.00648 60
CC3 4/17-17:22:32. 4/17-20:28:32 134 0.00846 0.00896	 - -0.00296 60

42 CC3 4/17-08:01:57 4/17.08:56:32 275 0.0193 0.0193 0.000914 10
CC3 4/17-08:57:32 4/17-11:45:32 139 '0.00706 0.00719 -0.00138 60

11 CC3 4/17-22:18:32. 4/17-00:57:32 145 0.00666 0.00767 0.00380 60
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Orbit
identification

DSIF
%to

Data
type

Beginning of
data (month/

dav, GMT)

End of data,
month/day,
time (GMT)

Number
of

points
Standard
deviation

Root
mean
square

Mean
error

Sample
rate, s

LAPM XB 61 CC3 4/17-14:32:32 4/17-20:31:32 52 0.0120 0.0210 -0.0000563 60

CC3 4/17.20:331:57 4/17-22:07:32 82 0.0120 0.0156 0.0101 60

51 CC3 4/17-12:23:32 4/17.17:21:32 89 0.00723 0.00952 -0.00619 60

CC3 4/17-17:22:32 4/17-20:28:32 131 0.00841 0.00886 -0.00278 60

42 CC3 4/17.08:04:37 4/17.08:57:32 277 0.0216 0.0216 0.00162 10

CC3 4/17-08:58:32 4/17-11:45:32 124 0.00716 0.00730 -0.00144 60

11 {C3 4/17-22:18:32 4/18-01:19:32 156 0.00731 0.00877 0.00484 60

LAPM YC 61 CC3 4/17-14:32:32 4/17-20:31:32 56 0.0154 0.0157 -0.00308 60

CC3 4/17-20:31:57 4/17-22:07:32 83 0.0149 " 0.0162 0.00635 60

51 CC3 4/17-12:23:32 4/17.17:21:32 77 0.00641 0.0102 -0.00796 60

CC3 4/17-1732:32. 4/17-20:28:32 131 0.00830 0.00983 -0.00526 60

42 CC3 4/17-08:01:57 4/17-08:56:32 274 0.0190 0.0190 0.000672 10

CC3 4/17.08:57:32 4/17-11:45:32 139 0.00735 0.00801 -0.00318 60

11 CC3 4/17-22:18:32 4/18.01:22:32 165 0.00719 0.00728 0.00117 60

PRCL YC 11 CC3 4/17-22:18:32 4/18.04:37:32 344 0.00969 0.0109 0.00490 60

CC3 4/18-04:39:32 4/18.04:46:32 43 0.0214 0.0245 0.0119 60

42 CC3 4/17-08:01:57 4/17-08:52:47 288 0.0221 0.0222 0.00254 10

CC3 4/17-08:55:32 4/17-11:45:32 141 0.00950 0.0110 -0.00549 60

51 CC3 4/17-12:23:32 4/17.18:48:32 155 0.00844 0.0115 -0.00779 60

.CC3 4/17-18:49:37 4/17-18:52:37 19 0.0358 0.0385 -0.0141 60

CC3 4/17-18:54:32 4/17-20:24:32 68 0.00825 0.0179 -0.0159 60

1 POM YD 11 CC3 4/18.05:09:12 4/18.05:12:12 19 0.0346 0.0372 -0.0137 10

CC3 4/18.05:14:32 4/1"8-.33.-32 180 0.0043 0.00431 0.000301 60

42 CC3 -	 4118-08:43:32 - 4/18-13:44€32 °°288 °0.00585	 - °0.00585 -'	 0.0000543 °°60-

2 POM YA 11 CC3 4/18-05:01:92 4/18.05:12:12 19 0.0345 0.0371 -0.0138 10

CC3 4/18.05:14:32 4/18.08:33:32 18 0.00429 0.0043 0.000168 60.
42- CC3 4/18-08243:32 4/18-14:39:32 338 0.00638 0.00638 -0.0000455 60

51 CC3 4/18-16:42:32 4/18-17:07:32 26 0.00846 0.00853 -0.00106 60

61 CC3 4/18.14:43:32 4/18-16:33:32 94 0.00528 0.00529 0.000183 60
2 POM YD 11 CC3 4/18.05:09:12 4/18.05:12:12 10 0.0148 0.0172 -0.00869 10

CC3 4/18.05:14:32 4/18.08:33:32 180 0.00505 0.00505 -0.0000814 60

CC3 .4/18.22:23:32 4/18.23:21:32 56 0.00422 0.00842 0.00728 60
42 CC3 4/18.08:43:32 4/18-14:39:32 338 0.00611 0.00627 0.00138 60
51 CC3 4/18-16:42:32 4/18.21:11:32 75 0.00771 0.0139 -0.0s.'3 60

CC3 4/18-21:12:32 4/18.22:19:32 62 0.00844 0.00952 -0.00429 60
61 00 4/18-14:43:32 4/18.16:33:32 94 0.00550 0.00735 -0.00488 60

CC3 4/18-18:13:32 4/18-21:03:32 153 0.00618 0.00760 0.00442 60
3 POM YA 11 CC3 4/18.05:09:12 4/18.05:12:12 10 0.0146 0.0163 -0.00725 10

CC3 4/18.05:14:32 4/18.08:33:32 180 0.00475 0.00476 0.000281 60
CC3 4/18-2233:32 4/18-23:50:32 85 0.00480 0.00817" 0.00667 60

42 CC3 4/18-08:43:32 4/18-14:39:32 338 0.00616 0.00629 0.00125 60
51 CC3 4/18.16:42:32 4/18.21:11:32 75 0.00781 0.0147 -0.0124 60

CC3 4/18-21:12:32 4/18-22:19:32 62 0.00851 0.00939 -0.00397 60
- 61 CC3 4/18-14:43:32 4/18-16:3132 94 0.00539 0.00824 -0.00623 "` 60

CC3 4/18-18:13:32 4/18.21:03:32 153 1	 0.00629 -	 0.00749 0.00408 60

:

Table 39 kontd)
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Table 39 (contd)

1

Orbit
identification

DSIF
$to

Data
type

Beginning of
data (month/

day, GMT)

End of data,
month/day,
time (GMT)

Number
of

points
Standard
deviation

Root
mean
square

Mean
error

Sample
rate, s

3 POM YA
(contd)

3 POM YE 11 CC3 4/18-05:0902 4/18.05:12:12 11 0.0135 0.0144 -0.00510 10

CC3 4/18-05:14:32 4/18-08:38:32 169 0.00566 0.00600 0.00201 6D

CC3 4/18.22:23:32 4/19-00:07:32 102 0.00530 0.00532 0.000511 60

CC3 4/18.02:22:32 4/19.06:34:32 246 0.00522 0.00524 -0.000429 60

42 CC3 4/18-08:43:32 4/18-14:33:32 290 0.00607 0.00625 -0.00149 60

CC3 4/19.06:43:32 4/19-07:33:32 37 0.00593 0.0119 -0.0103 60

61 CC3 4/18-16:42:32 4/18-16:33:32 93 0.00581 0.00637 -0.00260 60

CC3 4/18-18:13:32 4/19.00:28:32 151 0.00629 0.00683 -0.00267 60

CC3 4/19.00:29:32 4/19.02:11:32 94 0.00836 0.00906 0.00349 60

4 POM XF 11 CC3 4/18-05:09:12 4/18.0502:12 12 0.0161 0.0163 -0.00222 10

CC3 4/18.05:14:32 4/18.08:33:32 169 0.00553 0.00596 0.00223 60

CC3 4/18-22:23:32 4/19.00:07:32 86 0.00508 0.00516 0.000887 60

CC3 4/19.02:22:32 4/19.06:34:32 246 0.00512 0.00515 -0.000558 60

42 CC3 4/18.08:43:32 4/18-14:33:32 275 0.00465 0.00471 -0.000785 60

CC3 4/19-06:43:32 4/19-14:19:32 318 0.00586 0.00661 0.00305 60

51 CC3 4/18-21:11:32 4/18-21:11:32 1 0.000 0.00684 -0.00684 60

CC3 4/18.21:12:32 4/18-22:13:32 59 0.00711 0.0106 -0.00788 60

61 CC3 4/18-14:43:32 4/18-16:33:32 71 0.00460 0.00554 -0.00310 60

CC3 4/18.18:13:32 4/19-00:28:32 151 0.00624 0.00681 -0.00272 60

CC3 4/19.00:29:32 4/19.02:11:32 71 0.00900 0.00989 0.00410 60

CC3 4/19-14:23:32 4/19-16:18:32 50 0.00903 0.0104 -0.00517 60

4`POM YF 1'1' - CC3 ' 4/18=0501:92 - 4/-1.8=05:12:12	 - 19	 ' -	 0.0346	 - --0.0348 -0.00320 -.. 10.,,.

CC3 4/18=05:14:32 4/18-08:33:32 180;- 0.00623 0.00624 0.000412 60

CC3 4/18-22:23:32 4/19-00:13132 92 0.00519 0.00528 0.000983 60

CC3. 4/19.02:22:32 4/19.06:34:32 242 0.00500 0:00573 -0.00281 60

42 CC3 4/18.08:43:32 4/18-14:33:32 287 0.00442 0.00444 -0.000419 60

CC3 4/18.06:43:32 4/19-14:19:32 329 0.00512 0.00549 0.00196 60

61 CC3 4/18.21:11:32 4/18-16:33:32 72 0.00453 0.00488 0.00182 60

CC3 4/18.18:13:32 4/19-00:28:32 155 0.00586 0.00586 0.000197 60

CC3 4/19.00:29:32 4/19.02:13:32 67 0.00829 0.00833 -0.000813 60

CC3 4/19-14:23:32 4/19-16:28:32 61 0.00981 0.00995 -0.00165 60

5POM XD 61 CC3 4/19.18:49:32 4/19-20:32:32 87 0.00625 0.00625 0.0000884 60

FINAL YA 61 CC3 4/19-18:21:32 4/19-21:52:32 162 0.00766 - 0.00766 0.000190 60

FINAL XA 61 CC3 4/19.18:21:32 4/19-21:57:32 151 0.00779 0.00779 0.000125 60

FINAL Y8. 61 CC3 4/19-18:21:32 4/19-22:09:32 173 0.00779 0.00779 0.0000734 60

FINAL XB 11 CC3 4/19.22:18:32 4/19-22:25:32 8 0.00312 0.00990 0.00940 60

61 CC3 4/19-18:49:32 4/19-22:11:32 157 0.00949 0.00949 -0.000304 60

FINAL YC 11 CC3 4/19.22:18:32 4/19-22:26132 9 0.00384 0.00952 0.00871 60

61 CC3 4/19.18:21:32 4/19-22:12:32 176 0.00896 0.00896 --0.000153 60

FINAL XC 11 CC3 4/19.22:18:32 4/19-22:40:32 23 0.0127 0.0128 0.00202 60

FINAL YD 11 CC3 4/19-2208:32 4/19-22:45:32 28 0.0111 0.0111 0.00142 60

61 CC3 4/19-18:21:32 4/19-22:12:32 176	 - 0.00949 0.00949 -0.000221 60

FINAL YD 11 CC3 4/19-22:18:32 4/19.22:50:32 33 1	 0.00797 0.00811 0.00154 60

i
j

n
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Table 39 (contd)

Orbit
identification

DSIF
sta

Data
type

Beginning of
data (month/

day, GMT)

End of data,
month/day,
time (GMT)

Number
of

points
Standard
deviation

Root
mean
square

Mean
error

Sample
rate; s

FINAL YE Ii CC3 4/19-22:18:32 4/19-22:56:32 39 0.00349 0.00413 0.00221 60

61 CC3 4/19-18:21:32 4/19-22:12:32 176 0.0111 0.0111 -0.000298 60

1 POM YA 42 CC3 4/18.08:43:32 4/18.09:59:32 76 0.00534 0.00534 O.OD0077 60

11 CC3 4/16-05;09:12 4/18.05:12:12 19 0.0346 0.0362 -0.0105 10

CC3 4/18.05:14:32 4/18.08:33:32 182 0.00428 0.00429 0.000278 60

5 POM YA 11 CC3 4/18-05:09:12 4/18.0502:12 19 0.0346 0.0346 -0.00204 10
CC3 4/18.05:14:32 4/18-08:33:32 180 0.00617 0.00649 0.00200 60

CC3 4/18-22:23:32 4/19-00:13:32 92 0.00508 0.00508 0.00000398 60

CC3 4/19.02:22:32 4/19-D9:38:32 272 0.00512 0.00605 -0.00322 60

42 CC3 4/18-08:43:32 4/18-14:33:32 287 0.00438 0.00461 -0.00144 60

CC3 4/19-06:43:32 4/19-14:19:32 329 0.00525 0.00649 0.00381 60

61 CC3 4/18-21:11:32 4/18.16:33:32 72 0.00455 0.00490 0.00181 60

CC3 4/18-18:13:32 4/19.00:28:32 155 0.00582 0.00584 -0.000438 60

CC3 4/19.00:29:32 4/19-02:13:32 67 0.00830 0.00957 -0.00477 60

CC3 4/19-14:23:32 4/19-17:54:32 140 0.06990 0.00993 -0.000746 60

5 POM YD 11 CC3 4/18.05:09:12 4/18-05:12:12 19 0.0345 0.0346 0.00227 10
CC3 4/18-05:14:32 4/18-08:33:32 180 0.00618 0.00882 0.00629 60

CC3 4/18-22:23:32 4/19.00:13:32 92 0.00468-- - 0.00729 -0.00559 60

CC3 4/19.02:22:32 4/19-09:38:32 272 0.00565 0.00700 -0.00412 60

42 CC3 4/18.08:43:32 4/18-14:33:32 287 0.00442 0.00544 -0.00317 60

CC3 4/19-06:43:32 4/19-14:19:32 329 0.00647 0.00791 0.00454 60

61 CC3 4/18-21:11:32 4/18-16:33:32 72 0.00456 0.00462 -0.000744 60

CC3 4/18-18:13:32 4/19.00:28:32 155 0.00583 0.00604 -0.00156 60

CC3 4/19.00:29:32 4/19-02:13:32 67 0.00838 0.0131 -0.0101 60

CC3 4/19-14:23:32 4/19-20:34:32 236 0.0104 0.0109 0.00308 60

POST 1 11 CC3 4/18-05:09:12 4/18-05:12:12 19 0.0344 0.0355 0.0085 10
CC3 4/18.0504:32 4/18.08:38:32 169 0.0072 0.0117 0.0092 60

CC3 4/18-22:23:32 4/18.00:07:32 86 0.0049 0.0049 0.0003 60

CC3 4/19-02:22:32 4/19-08:43:32 247 0.0050 0.0075 -0.0056 60

42 CC3 4/18-08:43:32 4/18-14:33:32 275 0.0051 0.0062 -0.0035 60

CC3 4/19-06:43:32 4/19-14:19:32 318 0.0052 0.0061 0.0032 60

51 CC3 4/19.21:11:32 4/18.21:11:32 1 0.0000 0.0010 0.0010 60

CC3 4/18-21:12:32 4/19.18:44:32 100 0.0069 0.0069 0.0004 60

61 CC3 4/18.14:43:32 4/18-16:33:32 71 0.0046 0.0116 -0.0106 60

CC3 4/18-18:13:32 4/19-00:28:32 151 0.0068 0.0095 -0.0067 60

CC3 4/19-00:29:32 4/19.02:11:32 71 0.0090 0.0090 -0.0008 60

CC3 4/19-14:23:32 4/19-22:11:32 1	 288 1 0.0141 1 0.0151 10.0055 60

In general, DSIF station operations during the
Surveyor III mission were effectively implemented. This
is best judged by the fact that the DSN was able to
provide such high-quality data to the ODG that they
were able to meet all orbital accuracy requirements for
such events as the midcourse maneuver, retro motor igni-
tion backup, etc. From the time of first acquisition of the
spacecraft " over DSS 42 until the time of lunar touch-
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down, the spacecraft was almost continuously in two-way
lock; with one exception, station transfers were rapid and
efficiently executed. The exception occurred on the first
transfer from DSS 62 to DSS 51; the transfer was sched-
uled at 17:00:00 on April 17. Johannesburg DSS 51 lost
lock at the timeof transfer and was not able to reacquire
the uplink until 17:17:00 because: (1) there was a delay
in forwarding instructions from JPL to DSS 51, (2) the
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frequency search used by DSS 51 was too small, and
(3) the frequency tuning rate used by DSS 51 was too
slow. The only significant loss of prime two-way doppler
data during the Surveyor III mission occurred during
the first pass over DSS 61. At 14:32:02, on April 17,
DSS 61 began taking two-way doppler data, and approxi-
mately 15 min later the results of the data monitor pro-
gram indicated excessive noise in the DSS 61 data. The
problem was traced to a dropped 8 bit in the least signifi-
cant digit of the doppler counter. A transfer to DSS 51
could not be scheduled until 17:00:00 because of Canopus
acquisition. At 17:33:02, DSS 61 stopped three-way
tracking to repair the counter. Three-way tracking was
resumed at 18:36:31. Investigation disclosed that bits
were being dropped from the fifth significant digit in the
doppler counter and DSS 61 stopped tracking from
19:24:32 to 19:51:22 to again effect repairs on the doppler
counter. After 19:51:22, no further problems were en-
countered with the DSS 61 doppler counter. The effect
on the mission of the loss of approximately 2 h of two-way
doppler data was negligible.

The pre-midcourse phase is described in the following
paragraphs.

Angular tracking. In general, doppler data yield far
greater accuracy in the determination of a spacecraft
orbit than do angular data and are, therefore, used
almost exclusively in the orbit determination process
during most of the mission. The one exception is the
launch phase, when few doppler data are available and
a quick determination of the orbit necessitates the use
of both doppler and angle data. During the Surveyor III
mission, angle data from DSS 42, DSS 61, and DSS 51
were used in the orbit determination program during the
pre-midcourse phase of the mission. To improve the
quality of the angular data to be used in the orbit deter-
mination program, they are first corrected for antenna
optical pointing error (OPE). The OPE is determined
by having the DSS optically track several stars at the
expected, mission-dependent, spacecraft declinations. A
polynomial curve fit is then made to the differences be-
tween the refraction-corrected ephemeris values of the
star positions and the observed values as read from the
antenna angle encoders. The correction coefficients used
in the Surveyor III mission-inf[ight orbit computations
can be seen in Table 40.

Experience gained in past missions has shown that the
OPE correction coefficients do not remove all systematic
pointing errors. This is reasonable since the RF and opti-
cal axes of the antenna are not necessarily the same;

Table 40. Antenna correction coefficients for DSS 42a

Coefficient Correction Coefficient Correction

Am 1.241637739E-02 Boo 7.580054461E-02

Aas 2.788428530E-04 fins 7.158720897E-04

Au: 1.107933456E-06 Bn_ 1.265069671E-05

Am -6.075030236E-09 on. -4.082247376E-07

Ain -3.906063323E-04 BID -3.114752889E-05

All 5.944488677E-06 all -4.326730631E-06

Are -9.943308762E-08 Bis -8.348400771E-07

Asa 7.454471863E-10 Bsa 1.769479559E-08

A, 2.211845590E-06 a. -7.768849965E-06

A„ 1.058964062E-07 gas -1.697554984E-07

A22 -7.393294554E-10 B2. -3.111461041E-09

Aa - 1.914168005E-10 8, 3.246078218E-10

An 2.123897135E-08 Boo -3.018066365E-08

AD , 2.436833188E-09 Bat 4.904492523E-10

Am 7.920282695E-11 B3. 2.0566122526-10

Asa 1.055377395E-12 833 -3.812621648E-12

AN) -2.823094562E-02 Bon 1.529098827E-02

Aos 5.353777033E-05 Bos 3.410829831 E-04

Ana -3.082597437E-05 Bn2 -4.336071801 E-06

Ana -6.626461141E-07 Bog 6.109815447E-07

A in -3.171398680E-04 But -1.559484352E-04

An 9.542137245E-06 Bit -2.032267916E-06

An -3.367726933E-07 'Bsa 5.779247847E-08;

A li -8.201321554E-09 B13 -2.831355530E-1f.

Am 1,589100967E-06 Ben-, -1.186130483E O:j_

An 1.835756063E-07 821 -5.239310283E-08

Am 3.851291638E-09 B22 -2.152496155E-10

A23 -8.191144217E-11 81, -4.436567279E-11

Am 4.599327736E-08 Bin -2.298149026E-08

Aii 3.344301616E-09 B31 8.193320409E-10

As2 1.386713245E-10 Br -1.910069905E-11

Am 1.816077278E-12 an -7.276751867E-13

"The	 useful range of these functions.. is for elevations. 315 d,; Do,  between
30 dog N and 30 deg 5 inclusive.

i.e., the RF axis is a function of the position of the quad-
ripod feed, whereas the optical axis is not. Thus, if there
is a quadripod=deflection (due to thermal effect or gravi-
tational loading) at some given instant of time, the optical
error and the RF error would not be the same. Further-
more; -the optical refraction and the RF refraction are not
the same due to the difference in respective wavelengths.
In addition to these effects, the RF pointing error is also
a function of feed alignment, received signal-to-noise
ratio, and received polarization angle, since the antenna
null pattern does not have the same slope at all polariza-
tion angles.
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Since DSS 42 was the initial acquisition station, the
angular data taken by it were the most important angular
data for use in the early orbits. These data, when fit
through the final postflight orbit, show a bias of —0.015
deg in hour angle and a bias of —0.050 degin declina-
tion. These biases are quite consistent with the results
of a study of the present DSS 42 correction coefficients
made by the ODG. The results indicated at the time that
the DSS 42 correction coefficients worked reasonably
well in hour angle but were less satisfactory in declina-
tion. DSS 42 angular residuals are seen in Figs. 52 and 53.

First-pass angular data from DSS 51, when fit through
the final post flight orbit, show biases of -1-0.040 deg in
hour angle and —0.025 deg in declination. These values
are in reasonable agreement with the ODG study of
DSS 51 correction coefficients and also correlate well with
past experience on the Surveyor Project. For instance,
the first pass over DSS 51 during the A/C-9 mission
indicated a bias of -1-0.030 deg in hour angle and —0.030
deg in declination. The DSS 51 angular residuals are
presented in Figs. 54-57.

Angular data from DSS 61, for which no correction
coefficients exist, showed a bias of —0.020 deg in hour

angle and —0.015 deg in declination; these data compare
favorably with the data from the corrected stations
(DSS 51 and 42). The DSS 61 angul,.i data also show a
marked improvement over similar data taken during
Surveyor I, when the corresponding residuals were
—0.030 deg in hour angle and —0.050 deg in declination,
and the hour angle data exhibited excessively high, short-
term noise. First-pass angular residuals for DSS 61 may
be viewed in Figs. 58-61.

The DSS 72 tracked the Surveyor III spacecraft during
its first pass, and postflight analysis indicates a bias of
—0.070 deg in azimuth and —0.165 deg in elevation.
DSS 72 angular data are also uncorrected, but these
values, besides being poor, are significantly worse than
those resulting from angular data taken during previous
Surveyor missions at DSS 72 (for instance, the A/C-9 and
Surveyor II average biases of -1-0.043 deg in azimuth
and —0.057 deg in elevation). DSS 72 angular residuals
are presented in Figs. 62-64. Finally, it should be noted
that efforts are under way to use RF sources (Surveyor,
posttouchdown) to generate new, and, hopefully, more
accurate, correction coefficients.
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Fig. 54. D55 51 angular residuals, pass 1, 12 h 16 min
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Doppler trucking. DSS 42, the first prime station to see
the spacecraft after injection, began taking good two-
way, 10-s-count doppler data at 08:01:52 on April 17,
1967. The switch to 60-s-count doppler was made at
08:54:02, and DSS 42 stayed in this configuration until
12:15:02, when a transfer of the spacecraft was made to
DSS 51. The early data from DSS 42 were nominal, show-
ing a standard deviation of 0.020 Hz for the 10-s-count
data and 0.010 Hz for the 60-s-count data; very few
data were lost. The doppler residuals for this initial pass
over DSS 42 may be seen in Figs. 65 and 66. DSS 51 v: -is
in good data, two-way mode at 12:22:02 and continued
in this configuration until 14:30:02, when the transmitting
.assignment was transferred to DSS 61. The doppler data
taken by DSS 51 during this period were, like previous
DSS 42 data, nominal, showing a standard deviation of

0.009 Hz for 60-s-count data. The DSS 51 doppler data
taken during this period, and later during its first pass,
can be seen in Figs. 67-69. As was already discussed, a
malfunction of the DSS 61 doppler counter caused the
two-way doppler data from 14:30:02 to 17:00:00 to be
bad. These data can be seen in Fig. 70. After the problem
was substantially cleared, DSS 61 took two-way doppler
from 20:25:02 to 22:10:02; these data are shown in
Fig. 71. As can be seen, the higher-than-normal incidence
of bad data during this period indicates that perhaps the
problem was still not entirely eliminated. DSS 11 began
taking good two-way doppler at 22:20:02 and continued
to do so until the time of the midcourse maneuver at
05:00:00 on April 18. The data from DSS 11 was quite
good, having a standard deviation of 0.009 Hz, and can
be seen in Figs. 72,75.

Fig. 65. DSS 42 doppler residuals, pass 1, 08 h 01 min

Fig. 66. DSS 42 doppler residuals, pass 1, 10 h 01 min
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Fig. 67. DSS 51 doppler residuals, pass 1, 12 h 23 min
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Midcourse maneuver. Early analysis of the Surveyor III
trajectory indicated that a midcourse maneuver during
the first pass over DSS 11 would be advantageous, and,
therefore, the midcourse maneuver was executed during
this pass. Engine ignition was programmed for April 18
at 05:00:00 GMT, with a total burn time of 4.275 s.
Results of the maneuver as seen in the two-way doppler
data over DSS 11 are presented in Fig. 76. As can be
seen in the data, the midcourse maneuver resulted in a
doppler shift over DSS 11 of approximately —48.0 Hz.

Post=mideourse phase. All post-midcourse orbit compu-
tations used only two-way doppler from the prime sta-
tions, DSS 11, DSS 42, DSS 51, and DSS 61. Good.to very
good hvo-way doppler data were obtained throughout
the post-midcourse phase without exception. Doppler
data returned by-DSS 42 and DSS 11 were of uniformly
high quality and generally indicated a standard deviation
of approximately 0.006 Hz. DSS 11 residuals during the

148

postmidcourse phase are shown in Figs. 77-83, and those
for DSS 42 are seen in Figs. 84-89. The doppler data
taken by DSS 51 during this period was not as good as
that taken at DSS 11 and DSS 42; the doppler data
showed an average standard deviation of approximately
0.010 Hz. Furthermore, one block of DSS 51 data from
16:40:00 to 18:10:00 on April 18 shows an unusually
large bias of.about —0.030 Hz, which is so far unexplain-
able (see Fig. 90). Two-way doppler residuals for DSS 51
are presented in Figs. 90-92. Doppler data taken during
the post-midcourse phase of Surveyor III by DSS 61,
although quite acceptable, were also not quite as good
as the data taken by DSS 42 and DSS 11. In general, the
DSS 61 data seemed -to be a bit more noisy than the
other stations; for instance, the second pass standard
deviation of the two-way DSS 61 doppler data was
0.007 Hz and the third pass standard deviation was
greater than 0.010 Hz. The DSS 61 residuals can be seen
in Figs. 93-100.

JPL TECHNICAL MEMORANDUM 33-301



1,025,71

x

21

0
O

Q
3
O

1,025,72

•s ^r

MIDCOURSE MANEUVER DOPPLER DATA, DSS 11

i
APRIL 18, GMT

Fig. 76. Midcourse maneuver doppler data, DSS 11

o.

o.

w
i
O
c

Q
3

0.

0.

200

«

too
10- COUNT DATA

k«
«

kk
f t^

« K^k^ ik
Y^	 kk^Y 1^ ^ Y k ^«^Y i« ^«kh'^Y

0
kY

«Y
«

«	 k 60s COUNT DATA
Y	 ««
Y

k
100

k

k

200
0	 20	 40	 60	 80	 100	 120

TIME IN MINUTES FROM,APRIL 18, 1967, 05:01 GMT, ITERATION 1

Fig. 77. DSS 11 post mideourse doppler data, pass 1, 05 h 01 min

JPL TECHNICAL MEMORANDUM 33-301



0.100

N
Z

dWJ6

v	 0

Q
3:
O
3

0 100

Y ^.'..' 1'1!k { {{ 14fK fF t Yffi * t f f
Y	 Y •	 f

0	 20	 40	 60	 BO	 100	 120

TIME IN MINUTES FROM APRIL 18, 1967, 07:01 GMT, ITERATION 1

Fig. 78. DSS 11 post midcourse doppler data,
pass 1, 07 h 01 min

.I•x.
	 {{ E. ,s	 ,x { s Y t

r { 4 { i
f

i
t
i
i

t
1
t

i
i
i
I

0	 20	 40	 60	 80	 100	 120	 '..

TIME IN MINUTES FROM APRIL 18, 1967, 22:23 GMT, ITERATION I

Fig. 79. DSS 11 post midcourse doppler data,
pass 2,22 h 23 min

0.100

H

W

6

a	 0
Y
Q
3
O

0	
0.100

0.100

N

KZ
W
J
1
1

0	 0

Q
3
O
F

0.100

f

Y	 Y	 * f Y	 f
^Y	 if ^ f{ ^..	 f Y t	 Y f	 Y fY	 Y{ Yi

0	 20	 40	 60	 90	 100	 120

TIME IN MINUTES FROM APRIL 19, 1967, 02:22 GMT, ITERATION 1

Fig. 80. DSS 11 post midcourse doppler data,
pass 2, 02 h 22 min

150	 JPL TECHNICAL MEMORANDUM 33-301

a	 I



S.{

ifi	
* #'^'	 * # yj,f114 ###'114 i#'tff	 '5R'If ff fi

	
#	 ^'^ 6<fi#'F## C	 is

0.100

N

K
J66
0	 0

Q
31
O
F

i
	

0 100

11R.X%' *^11 A . M^^N*1F11^} „1L .MS*.

0.100

_H

K
J
1
O
0	 0

31
O
3
Y

0:100

0	 20	 40	 60	 80	 100	 120

TIME IN MINUTES FROM APRIL 19, 1967, 06:22 GMT, ITERATION 1

Fig. 81. DSS 11 post midcourse doppler data, pass 2, 04 11122  min

0	 20	 40	 60	 80	 100	 120

TIME IN MINUTES FROM APRIL 19,1967, 08:43 GMT, , ITERATION I
n

Fig. 82. DSS 11 post midcourse doppler data, pass 2, 08 11143  min

0.200

= 0.100

8Ssd
O0
6
3

O
0

j	 0.100	 _..
0	 20	 40	 60	 80	 100	 120

TIME IN MINUTES FROM APRIL 19, 1967, 22:18 GMT, ITERATION 1

Fig. 83. DSS 11 post midcourse doppler data, pass 3, 22 h 18 min

JPL TECHNICAL MEMORANDUM 33-301

i

fIr

f ff,

rt• IRREGULARITY IN DATA PROBABLY
# CAUSED BY NEAR-MOON TRAJECTORY

# MODEL ERRORS

f
R

ff

151



0.100

N

IN
J1

0	 0

Q
30
O

0.100

,fj iY i	 i	 R ! #	 R i!	 ii R	 ! # i.

!	 i R# ! #i #	 s '	 i Y s	 i

0	 20	 40	 60	 80	 1.00	 120

TIME IN MINUTES FROM APRIL 18, 1967, 08:43 GMT, ITERATION 1

Fig. 84. DSS 42 post mideourse doppler data,
pass 2, 08 h 43 min

tR # i. ^# #
 yty

0 20	 40	 60	 80	 100	 120

TIME IN MINUTES FROM APRIL 18, 1967, 10:43 GMT, ITERATION I

Fig. 85. DSS 42 post midcourse doppler data,
pass 2, 10 h 43 min

n 	
0.100

0.100

N

K
W
J
6a
0	 0
Y
Q
30
O
3

0.100

J
6

0	 0

3
O
3r

0.100
0

i^#'M S,R i^;#liLk'^s '^	 !.
#	 ## #

iv g#s #s#♦ • Y s ##	 si4	 8 x
##.

+
# ice! # i ^s^ #

I

20	 40	 60	 80	 100	 120

TIME IN MINUTES FROM APRIL 18, 1967, 1243 GMT, ITERATION 1

Fig. $6. DSS 42 post midcourse doppler data,
pass !-, 1'2 h 43 min

152
	

JPL TECHNICAL MEMORANDUM 33-301



0.100

J

0	 0
}
Q
3
O
3

0 100

sss	 ss as	 i # ;	 s r # s 4 r	 ;

s s Y Y s r •

K

;

0	 20	 40	 60	 80	 100	 120

TIME IN MINUTES FROM APRIL 19, 1967, 06:43 GMT, ITERATION 1

Fig. 87. DSS 42 post midcourse doppler data,
pass 3, 06 h 43 min

100

; K K +_^	 ; ;	 x	 s z 4^ x zYY

;

100 1 1
n	 on	 nn	 An	 Fin	 Inn t20

TIME IN MINUTES FROM APRIL 19, 1967, 09:47 GMT,ITERATION 1

Fig. 88. DSS 42 post midcourse doppler data,
pass 3, 09 h 47 min

0.100

JL

n	 0

Q
3

O
3

0.100
0	 20	 40	 60	 80	 100	 120

TIME IN MINUTES FROM APRIL 19, 1967, 11--47 GMT, ITERATION 7

Fig. 89. DSS 42 post midcourse doppler data,
pass 3, 11 h 47 min

JPL TECHNICAL MEMORANDUM 33-301

0.

N

JL
It

Y4
3
O
3

0.

#it i %
K

i ^Yf ij YY i	 t

r

i^i^ f K K
fi ^^^rY ;

;
i i'^-C3#i^f ^

Ll

153
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Touchdown phase. Final inflight calculations by the
ODG indicated that retroengine ignition occurred on
April 20 at 00:01:17.7 GMT, and touchdown at 00:04:20.1
GMT. The results of the retroengine burn as seen in
the one-way doppler data at DSS 11 are presented in
Fig. 101; the vernier engine phase after retroengine cut-
off is shown in Fig. 102; Fig. 103 presents the touchdown
phase. To approximate the doppler of a stationary space-
craft on the lunar surface, a least-squares linear-curve fit
was performed on the data immediately after touchdown;
i.e., from 00:05:00 to 00:06:00. It was hoped this would
remove the major effects of both one-way frequency drift
and lunar surface/DSS 11 relative velocity. This data
reduction indicated that during the touchdown period,
the Surveyor III, doppler value, had the spacecraft been
stationary on the lunar surface, could have been repre-
sented by

DI = [1,010,522.87 + 2.18 (GMT — 00:05:00.5)] MHz

JPL TECHNICAL MEMORANDUM 33-301

O

This function is plotted against the actual data in
Fig. 104. Table 41 lists the actual doppler, (D l), the effec-
tive zero-velocity, lunar-surface referenced doppler,
(D2) and the difference between D. and D_,

2. GCS/NASCOM. The Deep Space Network Ground
Communications System (DSN/GCS) is that portion of
NASCOM that provides communications between the
various DSN tracking stations throughout the world and
the SFOF at Pasadena, California. This communications
system comprises the land lines, undersea cables, and high-
frequency radio circuits that carried teletype, voice, and
high-speed data in real-time support of the Surveyor III
mission. The performance of the NASA communications
network used to support the Surveyor III mission was
considered excellent, again demonstrating its high degree
of reliability. Goddard circuit restoration support was
considered excellent. Figure-105 gives the GCS circuit
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performance for the Surveyor III mission from launch
through the first lunar day.

Except dtuing periods of poor HF propagation at
DSS 51 and 72, voice and teletype circuits were reliable
with only minor problems. The high-speed data lines per-
formed very well, and both the -,videband microwave
link and the 6-MHz video line between DSS 11 and the
SFOF were 100% reliable. Commercial voice circuit per-
formance was generally poor and unreliable.

a. Voice lines. The'NASCOM voice circuits provided
for Surveyor C and tests performed well within expecta-
tions. Failures occurred on the DSS" 51 voice circuit prior
to launch due to propagation path. The circuit cleared
prior to launch. During this time the commercial call
was also out. Th failure was longer on the commercial
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The more outstanding communications problems and
equipment failures are given below. None of these
proved detrimental to the ultimate success of the mission.

(1) Prior to launch, the DSS 51 voice circuit failed due
to HF radio propagation; the circuit was cleared
before liftoff and completely restored at L + 00:25.
During this time, the commercial overseas voice
circuit was also out. The commercial call was
maintained from L — 01:00 to L + 01:00 but was
never usable when needed.

(2) Outages occurred on DSS 51 and DSS 72 teletype
circuits due to propagation over HF radio paths.
(\To outages occurred on the DSS 72 satellite cir-
cuits.) A 3-h data loss occurred at DSS 51 during
a period in which DSS 61 was not scheduled.

DSS 61 was brought up in real time to handle the
balance of the pass.

(3) Tracking data were lost at the beginning of mid-
course pass due to an equipment and communica-
tions patch problem at DSS 11. Troubleshooting
and restoration of circuits were delayed due to the
split responsibility of DSS 12/DSS 11 communica-
tions and SFOF communications.

(4) Due to a patch problem in the SFOF (OVCS net),
a bad patch between the Command Net and the
DSS 11 voice net delayed commanding for 10 min
at the beginning of midcourse pass.

(5) One of two 202 data lines from the SFOF TPS to
the HAC 1219 computers in El Segundo was out
for 6.5h during midcourse. This was caused by a
PT&T line failure. The PT&T maintenance person-
nel did not restore the circuit on a priority basis,
and the outage restricted the 1219 computers to
processing only one station's data at a time.
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Fig. 104. Touchdown phase doppler, DSS 11

call than on the normal voice circuit. This call was main-
tained from L — 1 h until L -4- 1 h but was never usable
when needed. The DSS 72 voice circuit was by satellite
during the C-5.0 test and mission, and performed excep-
tionally well.

b. Teletype lines. The teletype circuit operation was
highly reliable. There were outages due to propagation
by high-frequency radio path on the DSS 51 circuits and
the DSS 72 circuits.

During the C-5.0 test and the mission, the A and C
circuits were via satellite and suffered no outage.

There was a 3-h delay getting one circuit from DSS 71
during the first C-3.0 test, due to rewiring at Cape
Kennedy Space Center.

No make-good was available. During the C-5.0 test,
all circuits with DSS 61 were lost due to a shorted cable
in AT&T frame room at Garden City, Va.

c. High-speed data lines. This portion of the communi-
cations system performed exceptionally well during both
the testing and mission phases. Both NASCOM and
Hallicrafter data set were used.

d. Wide band data link. The Goldstone/SFOF Micro-
wave System operated by the Western Union Company
provided excellent communications service with 100%
reliability.

3. DSN/SFOF. SFOF support during mission C was
good. Personnel` were provided as requested and also
scheduled on a standby basis. Internal access control,
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Table 41. Touchdown phase doppler data, DSS 11

Time, Doppler frequency, Hz Difference,
DI - D: Time, Doppler frequency, Hz Difference,

D: - D,
GMT GMT

Dr Dz Hz ff/c % D2 Hz H/s

00:04:00.5 1,010,536.00 1,010,392.07 143.93 61.68 00:04:54.5 1,010,517.50 1,010,509.79 7.71 3.30

04:01.5 527.50 394.25 133.25 57.11 04:55.5 512.50 511.97 0.53 0.23

04:02.5 516.50 396.43 120.07 51.46 04:56.5 514.00 514.15 -0.15 -0.06

04:03.5 503.50 398.61 104.89 44.95 04:57.5 515.50 516.33 -0.83 -0.36

04:04.5 489.50 400.79 88.71 38.02 04:58.5 517.00 518.51 -1.51 -0.65

04:05.5 476.00 402.97 73.03 31.30 04:59.5 519.00 520.69 -1.69 -0.72

04:06.5 461.50 405.15 56.35 24.15 05:00.5 522.50 522.87 -0.37 -0.16

04:07.5 451.00 407.33 43.67 18.72 05:01.5 523.00 525.05 -2.05 -0.88

04:08.5 446.00 409.51 36.49 15.64 05:02.5 526.00 527.23 -1.23 -0.53

04:09.5 443.00 411.69 31.31 13.42 05:03.5 529.00 529.41 -0.41 -0.18

04:10.5 439.00 413.87 25.13 10.77 05:04.5 530.50 531.59 -1.09 -0.47

04:11.5 432.50 416.05 16.45 7.05 05:05.5 534.00 533.77 033 0.10

04:12.5 432.50 418.23 14.27 6.1.2 05:06.5 535.00 535.95 -0.95 -0.41

04:13.5 437.00 420.41 16.59 7.11 05:07.5 537.00 538.13 -1.13 -0.48

04:14.5 439.50 422.59 16.91 7.25 05:08.5 539.50 540.31 -0.81 -0.35

04:15.5 443.00 424.77 18.23 7.81 05:09.5 542.00 542.49 -0.49 -0.21

04:16.5 444.50 426.95 17.55 7.52 05:10.5 544.50 544.67 -0.17 -0.07

04:17.5 447.00 429.13 17.87 7.66 0501.5 547.00 546.85 0.15 0.06

04:18.5 440.00 431.31 8.69 3.72 05:12.5 549.00 549.03 -0.03 0.01

04:19.5 432.00 433.49 -1.49 -0.64 05:13.5 552.00 551.21 0.79 0.34

04:20.5: 432.50 435.67 -3.17 -1.36 05:14.5 553.50 553.39 0.11 0.05

04:21.5 437.50 437.85 -0.35 -0.15 05:15.5 556.00 555.57 0.43 0.18

04:22.5 440.00 440.03 -0.03 -0.01 05:16.5 557.50 557.75 -0.25 -0.11

04:23.5 442.50 442,21 0.29 0.12 05:17.5 559.00 559.93 -0.93 -0.40

04:24.5 444.50 444.39 0.11 0.05 05:18.5 563.50 562.11 1.39 0.60

04:25.5 447.50 446.57 0.93 0.40 05:19.5 565.00 564.29 0.71 0.30

04:26.5 450:00 448.75 1.25 0.54 05:20.5 567.00 566.47 0.53 0.23

04:27.5 453.00 450.93 2.07 '0.89 05:21..5 570.00 568.65 1.35 0.58

04:28.5 _ 457.00 - 453.11 3.89- - 1.67 - ` - - 05:22.5.:.- 71.50 570.83- 0.67	 - :0.29: .
04:29.5 459.50 455.29 4.21 1.80 05:23.5 574.50 573.01 1.49 -	 0.64

04:30.5 463.50 457.47 6.03 2.58 05:24.5 575.50 575.19 0.31 0.13

04:31,5 466.50 459.65 6.85 2.94 05:25.5 576.50 577.37 -0.87 -0.37

04:32.5 469.00 461.83 7.17 3.07 05:26.5 $79.50 579.55 -0.05 -0.02

04:33.5 473.00 464.01 8.99 3.85 05:27.5 581.50 581.73 -0.23 -0.10

04:34.5 475.50 466.19 9.31 3.99 05:28.5 583.00 583.91 -0.91 -0.39
04:35.5 479.00 468.37 10.63 4.56 05:29.5 585.50 586.09 -0.59 -0.25
04:36.5 482.50 470.55 11.95 5.12 05:30.5 590.00 588.27 1.73 0.74
04:37.5 484.50 472.73 11.77 5.04 05:31.5 592.50 590.45 2.05 0.88
04 .38.5 487.00 474.91 12.09 5.18 05:32.5 594.50 592.63 1.87 0.80
04:39.5 489.50 477.09 12.41 5.32 05:33.5 598.00 594.81 3.19 1.37
04:40.5 492.00 479.27 12.73 5.46 05:34.5 599.50 596.99 2.51 1.08
04:41.5 495.00 481.45 13.55 5.81 05:35.5 602.00 599.17 2.83 1.21
04:42.5 490.50 483.63 6.87 2.94 05:36.5 604.50 601.35 3.15 1.35
04:43.5 487.50 485.81 1.69 0.72 05:37.5 606.00 603.53 2.47 1.06
04:44.5 488.50 487.99 0.51 'J 0.22 05:38.5 607.50 605.71 1.79 0.77
04:45.5 493.00 490.17 2.83 1.21 05:39.5 610.50 607.89 2.61 1.12
04:46.5 495.50 492.35 3.15 1.35 05:40.5 611.50 610.07 1.43 0.61
04:47.5 496.50 494.53 1.97 0.84 05:41.5 613.00 612.25 0.75 0.32
04:48.5 500.00 496.71 3.29 1.41 05:42.5 615.00 614.43 0.57 0.24
04:49.5 502.50 498.89 3.61 1.55 05:43.5 616.50 616.61 -0.11 -0.05
04:50.5 506.00 501.07 4.93 2.11 05:44.5 618.00 618.79 -0.79 -0.34
04:51.5 509.00 503.25 5.75 2.46 05:45.5 620.00 620.97 -0.97 -0.42
04:52.5 512.00 505.43 6.57 2.82 05:46.5 622.50 623.15 -0.65 -0.28
04:53.5 515.00 507.61 7.39 3.17

-Effective doppler frequency of zero -velocity spacecraft, referenced to the lunar surface.
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Table 41 kontd)

i

Time,
GMT

Doppler frequency, Hz . Difference,
01-02 Time,

GMT

Doppler frequency, He
Difference,

D, - Dr

D, Ds H: fl/s D, D, Hz Tt/s

00:05:47.5 1,010,624.50 1,010,625.33 -0.83 -0.36 00:05:54.5 1,010,640.00 1,010,640.59 -0.a9 -0.25

05:48.5 626.50 627.51 -1.01 -0.43 05:55.5 642.00 642.77 -0.77 -0.33

05:49.5 630.00 629.69 0.31 0.13 05:56.5 644.50 644.95 -0.45 -0.19

05:50.5 631.00 631.87 -0.87 -0.37 05:57.5 646.00 647.13 -1.13 -0.48

05:51.5 633.50 634.05 -0.55 -0.24 05:58.5 647.50 649.31 -1.81 -0.78

05:52.5 636.50 636.23 0.27 0.12 05:59.5 649.50 651.49 -1.99 -0.85

05:53.5 637.50 638.41 -0 1 F:06:00.5 652.00 1 F 653.67 -1.67 -0.72

special access control, and documentation services were
provided as needed.

a. Communications. The DSN/ICS provides the capa-
bility of receiving, switching, and distributing to desig-
nated areas of users within the SFOF, all types of
information required for space flight operations. The sys-
tem includes all voice communication capabilities within
the SFOF, television communications subsystem (TVCS),
teletype, high-speed data, and data received over the
microwave channels. This system (DSN/ICS) performed
in an exceptional manner with only minor problems
noted.

The major communications changes for Surveyor III
were: (1) the provision of satellite circuits to DSS 72 for
highly reliable voice, teletype, and HSDL communica-
tions during launch pass; and (2) the addition of a data
circuit between Carnarvon and DSS 42. NASCOM also
provided seven additional teletype and three additional
voice circuits between JPL and Goddard to support the
mission.

Voice audio patch panel. There were some minor
patching problems on the mission commentary net (voice
of Surveyor) during launch, due to the number of patches
required. During touchdown phase it was patched to
Edwards Air Force Base and Boeing Company, Seattle,
in addition to the NASA and DSS requirements.

Special NASCOM support. Special circuit coverage;
was activated during the launch, midcourse,, and touch-
down phases. During touchdown, all JPL/Goldstone mi-
crowave relay points and terminals were manned by
Western Union. No circuit failures occurred on micro-
wave.

1NTASCOM provided seven additional teletype and
three additional voice circuits between JPL and GSFC

JPL TECHNICAL MEMORANDUM 33-301

to support the mission and tests. There were not enough
permanent circuits to support multimission requirements.

NASCOM data sets. The NASCOM data sets were used
with all stations except DSS 51 and the reliability was
very high. Sets 1, 2, and 3 were designated to Surveyor
only. This gave some problem during launch when sev-
eral stations were active and caused some problems in
switching sets for each station to run data transfer tests.
The DSS 51 used the Hallicrafter data sets, and the nor-
mal circuit problems due to propagation were experi-
enced. Equipment problems did not occur.

Television communications subsystem. Only minor
equipment problems were experienced on this system
and theywere°all repaired in real time. There was  short-
age of TTY/TV monitors during launch phase as there
were only 12 monitors and 23 active circuits. All monitors
were assigned to Surveyor Project. The output of the
scan converter was normalized to PIO at all times and
no problems were encountered.

Many areas in the SFOF do not have the scan con-
verter or external buttons on the television area selectors.
This caused a myriad of requests for the scan converter
to be patched to individual area monitors during the
lunar operations phase.

Evaluation of COMM support. In general, all com-
munications support provided for this mission, including
NASCOM, DSN/GCS, ISSN/ICS, SFOF communications,
and other contractor-furnished communications, was
considered excellent-to-outstanding with communications
imposing no constraints or major problems affecting the
mission. New, highly reliable satellite circuits provided
by NASCOM to DSS 72 ( 1-VCE, 1-HSDL, 2-TTY) during
final test and launch phases are considered the spectac-
ular change from the previous mission.
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b. Data processing system. The overall performance of
the DPS was consistent with previous mission perform-
ance. Special computer runs requested by the area direc-
tors were accommodated with no significant perturbation
to the scheduled runs. The two PDP-7 computers were
used extensively to process high-speed telemetry data for
the mission. Data flow procedures, data transfer tests
with the tracking stations, and DACON procedures and
interfaces with TPS personnel caused the following:

Communications Errar 1 problems. The most signifi-
cant problem experienced during the Surveyor flight was
the communications error 1 problems on the IBM 7044//
7094 computer strings. Exhaustive diagnostic testing in
May isolated this discrepancy to a software problem and
this long-standing problem may now be closed out

Cammunications/TPS patching. There was a great deal
of confusion prior to the Surveyor flight as to the patching

Table 42. Surveyor III mission problems

Problem Effect of mission
Real-time corrective

action
Recommended

permanent solution
Remarks

1. Communications problems Loss of data on 96-kHz line Station investigated prob- Assign the responsibility Diverse philosophy between

between DSS I1 and Echo lem until it was of the Echo. communica- DSS 11. Manaaer and

communications during corrected lions system to the GCS Communications Manager

several passes at DSS 11 an responsibilities

2. SPAC—AGC recorder tali- DSS 11/SFOF integration None Simplify procedure and None

bration, entire mission slow and complicated reduce the number of

people. involved.

3. Loss of uplink for 17-min No command capability or None More specific procedures Transfer from DSS 61 to

period. DSS 51, Pass 01. two-way doppler for time to cover this type of DSS 51. Lost uplink

107/17:00 to 17:17 period event be placed in the

TIM

4. Eighth digit in TDH- Doppler data were invalid Repaired bad plug None Excessive time to repair,

doppler was invalid. for the time interval complicated by the pre-

DSS 61, Pass 01. ceding event and by

107/15:24 to 19:32 having to give up the voice

line to the station for

commanding periods

5. IMP did not process three- Three-way doppler and None Correct the IMP program Program problem

way doppler, entire deviations not documented

mission as were one—way and -
two--way

6. Three erroneous commands None None Better training of oper- None

transmitted by DSS 11, ators if this is the

Pass 111/01:04 problem (perhaps better

human engineering an

CDC subsection)

7. Invalid telemetry made Probably operated outside Several best-lock fre- None This would have been no

spacecraft temperatures i>	 normal limit of SPE quency measurements problem had the telemetry

unreliable and prevented were made and the been reliable

DSIF from .predicting best- predicts were biased

lock frequencies of the accordingly

spacecraft after touch-

down

B. DSS 42 acquisition Delayed transfer from DSS 11 Waited until Bhe antenna None Station unable to identify

delayed due to radio to DSS 42 scheduled for was several degrees _ source of RFI

frequency interference, 10:55 above the horizon and

117/10.22 to 11:59 RFI disappeared

9. DSS 11 switched TCP Delayed commanding and Switched computers Improvement in switching Excessive time to switch com-

computers from primary loss of data for time capabilities puters due to equipment

to backup. Switching took period configuration and location

12 min, 110/06:06 to at the station

06:18
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of HSD between the communications center and TPS
and the parties authorized to change this patching.
This area has also been thoroughly investigated and the
results indicate that revised SOPS identifying the Stan-
dard configuration and procedures for operating this con-
figuration are mandatory. Once these procedures are
initiated and complied with, patching will no longer
create adverse conditions to the project or DSN..

SFOF timing, A new timing system was implemented
in the SFOF and used for the Surveyor mission. This
system is synced with the Lab Standard each day and
has demonstrated a deviation of 5040 ms per day. On
May 3, 1964, the oscillator was adjusted and the current
deviation is on the microsecond level.

Table42 shows Surveyor III mission problems encoun-
tered.

VII. Surveyor IV Mission Synopsis

A. Introduction

The Surveyor IV mission TDS consisted of those
activities, agencies and organizations associated with the
preparation, testing, and support of pre-launch, launch
and flight operations.

For Surveyor missions- the TDS performs tracking,
in-flight control and data acquisition functions. To ac-
complish this task, the TDS is configured to include
the launch facilities and tracking capabilities "of the:
(1) AFETR, (2) GSFC, MSFN, (3) the DSN, (4) SFOF at
JPL, and (5) the GCF for transmitting the acquired track-
ing and telemetry data to the required organs within the
tracking and data system.

B. Mission Synopsis

Following a very smooth countdown, with the excep-
tion of a 29 s Centaur stage hold at T — 40 s, and a
possible receiver anomaly reported by the launch facili-
ties at the AFETR, Surveyor IV was launched from
launch pad 36A toward its target in the Central Bay
(Sinus Medii) of the moon on day 195 at 11:53:29 GMT,*
July 14, 1967. The mission was normal in all respects
until terminal descent. At L -h 62:09:12, (approximately
2 min and 20 s prior to the predicted touchdown time),
all contact with the spacecraft was lost; less than 2 s

"All times are Greenwich Mean Time (GMT) unless otherwise
noted.
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Table 43. Surveyor IV mission milestones

Event
Date,

PDT

rime

rime after
PDT	 launch

Launch July 14, 1967 04:53:29 0

Injection 05:04:50 11:21

Separation

(1)	 Electrical disconnect 05:05, W 12:30

(2) Mechanical 05:06:05 12:36
separation

Automatic sun acquisition 05:10:21 16:52
completed.

Automatic solar panel 05:16:06 22.37
deployment completed

Spacecraft visibility at 05:04:53 16:24
Ascension Island begins

Initial DSIF acquiiSfon 05:14:03 20:34
(2-way lock) confirmed

First ground command 05:29:46 36:17'
sequence initiated

Canopus verification 10:51:27	 - 5:57:56
started

Canopus acquisition 11:10:29 6:16:53
completed

First pre-midcourse July 15,. 1967 19:15:29 38:22:00
attitude maneuver
initiated.. -

Midcourse thrust 19:30:02. 38:36:33
executed

Sun reacquired 19:34:40 38:41:11.

Canopus reacquired. 19:40:57 38:47x28.

First terminal descent July 16, 1967 18:24:44 61.:31:15
attitude maneuver --
initiated

Retro thrust direction 18:32:41 61:39:12
properly positioned.

Final roll completed 18:35:56 61:42:27

Altitude marking radar- _ 1.9:01:56.339 62:08:27.339
mark generated

Vernier engine ignition 19A1:59.039 62:08:30.039

Retro engine ignition - 19:02:00.139 62:08:31.139

Spacecraft signal 19:02:41.037 62:09:17.007

disappeared

remained before the expected retro engine burnout. Ef-
forts to reestablish contact with the spacecraft were
unsuccessful.
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Table 43 is a timetable that indicates the time at which
.major milestones of the mission occurred. In order to
accomplish all operations, 322 commands were sent
to the spacecraft.

The launch vehicle, AC-11, was a direct-ascent vehicle
and was the last of its type. This launch was accom-
plished during the second window; the first attempt was
canceled due to a connector problem in the Centaur
sta^e. All aspects of the m=:;sion went according to plan
with no problems or anomalies interfering with the flight.
It was decided to conduct the midcourse correction at
L -1- 39 h instead of the nominal L -1- 16 h because cal-
culations indicated that a higher degree of accuracy in
attaining the landing site would be achieved by using
the later midcourse correction time.

Injection, separation, sun acquisition, solar panel de-
ployment, DSIF acquisition, initial commanding and
interrogations, Canopus verification and acquisition,
midcourse maneuvers and thrusting, and terminal ma-
neuvers were all successfully executed and completed.
Terminal descent proceeded normally through ignition
and up to loss of signal during retro burn.

Throughout the transit phase through loss of spacecraft
signal, the Surveyor mission was conducted during the
period of July 14, 1967 (GMT day 195) through July 17,

1967 (GMT day 198) with the spacecraft correctly re-
sponding to 322 commands. The launch was delayed
until the second opportunity on July 14, 1967, at
11:53:00 GMT, day 195. The final countdown of the
Atlas-Centaur/Surveyor on pad 36A proceeded smoothly
until approximately T — 40 s when an approximate 29 s
hold was called to verify the liquid hydrogen level of
th_• Centaur vehicle. Liftoff was accomplished at
11:53:29.215 GMT on day 195, with a launch azimuth
of 103.82 deg. The performance of the Atlas/Centaur
launch vehicle appeared excellent throughout its flight
period as all Mark events occurred very close to the pre-
dicted times.

A summary of the mission profile is contained in
Table 44. Injection of the spacecraft occurred at
12:04:57.2 GMT on day 195 on a trajectory that would
have provided, with no midcourse correction, a total :hiss
of approximately 110 mi from the target landing  site
within the Central Bay of 0.58 deg N and 0.83 deg W. All
spacecraft programmed flight events (high power, extend
landing legs and extend omnidirectional antennas A and
B) were successfully completed and verified in real time.
The Surveyor IV spacecraft was physically parated
from the Centaur at 12:06:06.1 GMT. The sus was ac-
quired, the sun sensor primary cell-lock-on indicated at
approximately 12:10:21, and the automatic sun acquisition
sequence completed at 12:11:04.

Table 44. Mission profile

Time° Command sequence
Event

Time after launch, L+ GMT° Major Minor

-	 Mission phase: munch to separation

0 11:53:29.215 — Launch
(July 14, 1967)

11:57 12:05:26 — — Extend landing gears commanded by Centaur

-	 12:09 12:05:38 — — Extend omni -antennas commanded by Centaur

12:35 12:06:04 - — Transmitter high voltage on commended by Centaur

12:33 12:06:02 — — Spacecraft/Centaur electrical disconnect

- — — Separation

15.24 12:08:53	 - — — Sun acquisition cell illuminated (after 59-deg roll)

16:52- 12:10:21	 - -	 — -Sun lock- n achieved (primary sun sensor cell illuminated after
44-dep yaw)

18:30 . 12:11:59	 - — -	 — Solar panel locked in transit pos Eon

22:37 12:16:06 — —	 - Roll axis locked in transit position

— - Initial DSIF acquisition completed (2-way lock)

JPL TECHNICAL MEMORANDUM: 33-301
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Table 44 (cantd)

Time' Command sequence
Event

Time after launch, L+ GMT° Major _	 Minor

Mission phase: OSIF acquisition through star acquisition

36:17 12:29:46 0040 0052 Initial 100 bits/s selection (change from 550 bits/s—low
modulation index)

40:39 12:34:08 0040 0552 Turn off S/C high-power transmitter

44:25 13:38:14 0040 0050 Turn off accel. amplifiers and solar panel deployment logic

46:01 12:39:30 0040 0454 "Rocking" solar panel back and forth to seat locking pin

47:04 12:40:33 0040 0455 "Rocking" roll axis back and forth to seat locking pin

47:57 12:41:33 0040 0051 Mode 1 interrogation

50::8 12:43:40 0040 0055 Mode 4 interrogation

53:20 12:46:49 0040 0251 Mode 2 interrogation

56:20 12:49:49 0040 1356 Mode 6 interrogation

58:18 12:51:47 0040. - 1354 Return to Mode 5 for coast phase monitoring

3:29:18 15:22:47 0040 0054 Flight control commanded to cruise mode

5:33:29 17:26:58 0046 0250 Start of pre-stac ooverifiaation engineering interrogation

5:33:37 17:27:06 0046 0250 Mode 4 interrogation

5:35:42 17:29:11 0046 0251 Mode 2 interrogation

5:37:34 17:31:04 0046 0252 Made 1 interrogation

5:39:53 17:33:22 0046 ' . 0550 Return to Mode 5

5:51:21 17:44:05 0041 0652 Transmitter filament turn on

5:53:05 17:46:34 0041 0653 Transmitter high voltage turn on

5:54:17 17:47:47 0041 781 Selection of 4400 bits/s (change from 1100 bits/s)

5:;6:34 17:50:04 0041 0654 Manuel delay mode and positive angle maneuver commanded

5:57:57 17:51:27 0041 1251 Start of roll

6:14:29 18:07:59 0041 0655 Star acquisition mode commanded to permit automatic star lock
on to occur

6:19:20 18:12:54 0041 0054 Cruise mode on

6:20:05 18:13:34 7A2 '`Return to I1CO bits/s

6:'11:27 18:14:50 0041 0552 Turn off of transmitter high power

Mission phase Coast I

7:10:32 18:46:01 0041 0354 Initiate gyro drift check No. 1, 3 axis

9:00:45 20:54:14 0041 0054 Terminate gyro drift check

9:04:14 20:57:43 0354 Initiate gyro drift check No. 2, 3 axis

10:43:55 22:37:24 0054 Terminate gyro drift check

12:05:34 23:59:03 0046 0250 Mode 4 interrogation

12:09:13 00:02:42 0046 0251 Mace 2 interrogation

12:14:17 00:07:46 0046 0550 Return fc Mode 5

12:15:56 00:09:25 0354 Initiate gyro drift check No. 3, 3 axis

14:15:55 02:09:24 0054 Terminate gyro drift check

14:2';423 02:18:52 0317 Initiate gyro drift check No, 4, roll axis only

I
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Table 44 (contd)

Time' Command sequence
Event

Time offer launch, L+ GMTb Ma)or 'niner

Mission phase: Coast I (contd)

16:17:59 04:11:28 0250 Mode 4 interrogation

16:22:36 04:16:05 0251 Mode 2 interrogation

16:24:38 04:18:07 0550 Return to Mode 5

19:59:02 07:52:31 7113	 I Reduce bit rate from 1100 to 550 bits/s

20:01:27 07:54:56 0054 Terminate gyro drift check

20:07:27 08:00:56 0354 Initiate gyro drift check No. 5, 3 axis

,,0:09:19 08:02:48 0250 Mode A interrogation

-:37 08:06:06 0251 Mode 2 interrogation

20:14:48 08:08:17 0550 Return to Mode 5

22:04:58 09:58:27 0054 Terminate gyro drift check

22:26:43 10:20:12 0354 Initiate gyro drift check No. 6, 3 axis	 -

23:53:31 11:47:00 0054 Terminate gyro drift check

24:08:07 12:01:36 0250 Made 4 interrogation

24:10:54 12:04:23 0251 Mode 2 interrogation

24:14:01 12:07:30 0550 Return to mode 5

28:06:21 15:59:50 0250 Mode 4 interrogation

28:10:27 16:03:56 0251 Mode I' interrogation

28:13:44. 16:07:13 0550 Return to Mode 5

28:15:04 16:08:33 0354 Initiate gyro drift check No. 7, 3 axis

29:45:04 17:38:33 0054 Terminate gyro drift check

30:09:48 1&03:17 0354 Initiate gyro drift check No. 8, 3 axis

31:49:07 19:42:36 0054 Terminate gyro drift check

33:46:20 21:39:49 0357 Initiate gyro drift theck No. 9, roll only

34:33:57 22:27:26 I 0054 Terminate gyro drift check

36:17:58 00:11:27 0042 0250 Initiate premidcourse interrogation

36:18:05 00:11:34 0042 0250 Made 4 Interrogation

36:20:15 00:13:44 0042 0251 Mode 2 interrogation

36:22:17 00:15:46 0042 0252 Mode 1 interrogation

36:23:59 00:17:28 0042 0550 Return to Mode 5

-Mission phnsa: midcourse correction

36:24:56 00:18:25 0042 0350 Initiate gyro speed check

36:25:44 00:19:13 0044 0351 Select next gyro 3 times

36:28:29 00:21:58 Select next gyro one additional time

36:29:01 00:22:30 -	 0042 0451 Gyro speed signal processing off and return to Mode 5

37:53:52 01:47:21 0043 0250 Initiate midcourse correction interrogation.

37:53:59 01:47:28 0043 0250 Mode 4 interrogation

37:56:11 01:49:40 0043 0251 Mode 2 inlerrogation

I
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Table 44 (cantd)

:

Time` 'Command sequence
Event

Timm after launch, L+ GMTa Major Minor

Mission phase: midcourse correction (contd)

37:57:59 01:51:28 0043 0252 Mode 1 interrogation

38:07:05 02:00:34 0043 0652 Transmitter filament turn on

38:08:49 02:02:18 0043 0653 Transmitter high power turn an

38:09:48 02:03:17 0043 0253 Increase bit rate from 550 to 4400 bits/s

38:14:57 02:08:26 0403 1150 Command desired roll maneuver magnitude and direction (roll

+72.5 deg)

38:22:00 02:15:29 0403 1251 Start of roll near zero crossing of Canopus error signal

38:25:05 02:18:34 0403 1151 Command desired yaw maneuver magnitude and direction

(Yaw — 64.3 deg)

38:27:41. 02:21:10 0403 1253 Start of yaw near zero crossing of primary sun sensor error
signal

38:30:32 - 02:24:01 0403 0251 Mode 2 interrogation

38:32:11 02:25:40 0403 0252 Return to Mode 1

38:32:41 02:26:10 0403 0751 Propulsion strain gage powered, inertial mode and reset,
Group IV outputs commanded

38:33:56 02:27:25 0403 0750 Turn off cyclic loads SMSS, AMR, vernier line heaters

38:33:58 02:27:27 0740 0750 Pressurize vernier system (helium), unlock vernier engine No. 1

38:28:24 02:27:53 0043 0752 Thrust phase power on

38:34:40 02:28:17 0043 0753 Command desired thrust duration (10.475 s)

38:36:33 02:30:02 0043 0754 Execute midcourse thrust

38:36:46 02:30:15 0043. 0754 Command terminate thrust

38:37:01 02:30:30 0043 0754 Turn off thrust phase power

38:3736 02:30:55 0043 0754 Turn off propulsion strain gage power

38:37:49 02:31:18 0043 0550 Operations to obtain coast made data

38:38:21 02:31:50 0043 0755 Cyclic loads turned on. Vernier line, AMR, SMSS hasten

38!38:50 02:32:19 0043 1252 Command reverse yaw maneuver magnitude and direction
(+64.3 deg)

38:39:24 02:32:53 0043 1253 Execute yaw (sun reacquired at 02:35:44)

38:42:58	 - 02:36:27 0043 1250 Command reverse roll maneuver magnitude snd direction
(-72.5 deg)

38:43:56 02:37:25 0043 1251 Execute roll (Canopus. reacquired at approximately 02:40:57)

Mission phase: Coast 11

38:47:54 ' 02:41:23 0043 :0157. Mode 2 interrogatioi

38:49:24 02:42:53 0043 0055 Mode 4 interrogation

38:50:54 02:44:23 0043 0550 Return to Mode 5

38:51:32 02:45:01 0043 0151 Reduce bit rate from 4400 to 550 bits/s

38:52:34 02:46:03 0043 0552 Turn off transmitter high power

40:22:29 04:15:58 0046 0354 Initiate gyro drift check No. 10, 3 axis

41:57:15 05:50:44 0046 0054 Terminate gyro drift check



Time` Command sequence
Event

Time after launch, L+ GMT" Major Minor

Mission phase: Coast 11 (contd)

43:17:10 07:10:39 0046 0250 Mode 4 interrogation

43:19:43 07:13:12 0046 0251 Mode 2 interrogation

43:24:49 07:18:18 0046 0550 Return to Mode 5

44:04:48 07:58:17 0046 2053 Initial power mode cycling to determine load sharing of main
and auxiliary batteries

44:57:30 08:50:59 0046 0357 Initiate gyro drift check No. 11, roll only

48:05:09 11:58:38 0046 0.150 Mode 4 interrogation

48:08:27 12:01:56 0046 0251 Mode 2 interrogation

48:11:10 12:04:39 0046 0550 Return to Mode 5	 -

49:09:02 13:02:31. 0046 2054 Perform subsequent power mode cycling to determine battery
load sharing and leave both batteries directly on line

50:42:49 14:36:18 0046 0054 Terminate gyro drift check

50:43:55 14:37:24 0046 1350 Vernier oxidizer tank No. 2 thermal control on

51:22:51 15:16:20 0046 0250 Mode 4 interrogation

51:26:29 15:19:58 0046 025:1 Mode 2 interrogation

51:29:13 :..15:22:42 0046 0550 Return to Mode 5

51:47:06 15:40:35 0046 0354 Initiate gyro drift check No. 12, 3 axis

53:37:02 1.7:30:31 0046 0054 Terminate gyro drift check

53:46:13 17:39:42 0046 0354 Initiate gyro drift check No. 13, 3 axis	 -

55:19:28 19:12:57 0046 0054 Terminate gyro drift check

55:30:35 19:24:04 0046 0250 Mode 4 interrogation

55:38:13 19:31:42	 -^ 6046 0251 Mode 2 interrogation

55:47:57 19:41:26	 -^ 0046 0550 Return to Mode 5

56:20:26 20:13:55 0046 2054 Subsequent power mode cycling

57:15:20 21:08:49 0046 1750 Survey TV electronics thermal control on

57:42:12 21:35:41 0046 0250 Mode 4 interrogation

57:45:08 21:38:37 0046 0550 Return to Mode 5

58:44:25 22:37:54 0046 --' 0250

I

Made 4 interrogation

58:46:46 22:40:15 0046 0251 Mode 2 interrogation

58:49:13 22:42:42 `0046 0550 Return to Mode 5	 -
r

59:52:08 23:45:37 0046 0250 Mode 4 interrogation

59:56:03 23:49:32'- 0046 '0251 Mode 2 interrogation

59:58:03 23:51:32 0046 0252 Mode 1 interrogation	 -

60:00:13 23:53:42 0046 0550 Return to Mode 5

Mission phase: terminal descent

60:01:31 23:55:00 0046 0350 Initiate gyro speed check

60:02:25 23555:44 0046 0351 Select next gyro 3 times

60:04:34 23:58:03 0046 0451 Return to Mode 5

I

Table 44 (contd)

i
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Table 44 (contd)

Times Command sequence
Event

Time after launch, L1- GMT° Maior Minor

Mission phase: terminal descent (contd)

60:07:28 00:00:57 0046 1050 Narrow band
1053 VCXO check

61:06:00 00:59:29 0044 1355 Mode 6 interrogation

61:11:14 01:04:43 0044 0250 Mode 4 interrogation

61:12:45 01:06:14 0044 1757 Survey camera vidican temperature control on

61:14:14 01:07:43 0044 0652 Transmitter filament turn on

61:15:51 01:09:26 0044 0653 Transmitter high power

61:16:26 01:09:55 0044 0255 Increase bit rate from 550 to 1100 bits/s

61:17:08 01:10:37 0044 2057 Pre-summing amplifier off

61:18:09 01:11:38 0044 0251 Mode 2 interrogation

61:19:35 01:13:04 0044 0550 Return to Mode 5

61:22:04 01:15:23 0044 1755 Propulsion strain gage power turned on

6i:22:45 01:16:14 0044 1756 Touchdown strain gage power and SCOs turned on

61:23:40 01:17:09 0044 1050 Transponder power turned off and one way lock achieved

61:25:56 01:19:25 0044 1154 Cruise mode commanded

61:25:56 01:19:25 0044 1154 Roll maneuver magnitude and direction commanded (1-80.9 deg)

61:31:15 01:24:44 0044 1251 Execute sun and roll at Canopus error signal null

61:34:23 01:27:52 0.344 1155 Yaw magnitude and direction command (1-92.7 deg)

6136:05 01:29:34 0044 1253 Execute yaw at primary sun sensor yaw error null (retro thrust
direction aligned properly)

61:39:40 01:33:09 0044 1157 Roll maneuver magnitude and direction commanded (-25.3 deg)

61:41:36 01:35:05 0044 1257 Roll executed	 _.	 -

61:47:20 01:40:49 0044 1751, Vernier thrust level (200 lb) for retro phase and delay between

1656 AMR mark and vernier ignition (2.725 s) commanded:

61:50:.13 01:43:42 0044 1355 Command on Mode 6 data

61:51:34 01:45:03 1652 Command reset Group IV outputs

62:02:51 01:56:20 0044 1657 Retro sequence mode on commanded

62:03:11 01:56:40 0044 1752 Vernier lines and tanks SMSS, TV, and AMR thermal control
commanded off

62:03:46 01:57:15 0044 1753 AMR on

62:04:46 01:58:15 0044 1754 Thrust phase power on

62:06:46 02:00:15 0044 -. 2051 AMR enabled

62:08:25 02:01:54 0044 2051 <_-Back-Up AMR mark commanded

— — AMR mark

— Vernier ignition

— — Retro ignition

62:08:27.339 02:01:56.339` — — RADVS on

62:08:30.039 02:01:59.034` — — RADVS

62:08:31.139 02:02:00.139` — — RORA	 -
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Table 44 (contd)

rime, Command sequence
Event

Time after launch, Lt GMT° Maier Minor

Mission phase: terminal descent (contd)

62:09:57 02:03:26 0044 2152 Pre-summing amplifier on commanded (to get touchdown strain

gage data)

-Times listed are from TM Data received in Performance Analysis Area of SFOF (i.e., Includes transit time from spacecraft to ground, SFOF processing
delay, and commutation delay).

bSubtract 8 h from GMT values to obtain PST.

c Bosed on reduced data obtained directly from the 96 kHz microwave link data (1.21 s must be subtracted to account for RF propagation).

DSN stations utilized in a prime capacity were:
DSS 11 (Pioneer) at Goldstone, California; DSS 42
(Tidbinbilla) at Canberra, Australia; DSS 51 at
Johannesburg, So. Africa; DSS 61 (Robledo) at Madrid,
Spain; DSS 71 (AFETR) at Cape Kennedy, Florida;
and DSS 72 at Ascension Island. DSS 14 (Mars)
was committed in real time to support the Surveyor pro-
gram for the first time and was used during the terminal
descent phase as a back up to DSS 11. DSS 12 (Echo)
was employed, in addition to DSS 11 and 14, in an at-
tempt to regain contact with the spacecraft after signal

was lost by DSSs 11 and 14 during terminal descent.

. During initial DSN acquisition one-w .y lock was ac-
complished by DSS 72 (Ascension Island) at 12:10:07 GMT
with two-way lock established at 12:14:00 with a signal
strength of —90 dBmW. DSS 51 acquired the spacecraft
in one-way at 12:16:00 GMT with a signal strength of
—113.6 dBmW, Initial spacecraft operations were started
at 12:29:46 GMT with the increasing of the spacecraft
bit rate to 1100 bits/s from 550 bits/s. This operation was
a deviation from specifications in order to assure data
for DSS 72. Transmitter high power was commanded off
at 12:34:08 GMT after 28 min and 8 s of high power
operation. Initial spacecraft operation was completed at
12:51:47 GMT with the spacecraft configured in low
power, coast phase commutator on and transmitting at
1100 bits/s. The flight control cruise mode on command
(0704) was not transmitted at the planned time due to a
high-intensity signal indication in the Canopus intensity
channel. However, cruise mode was transmitted, and re-
ceipt by the spacecraft verified at 15:22:47 GMT.

The real-time operational :assessment indicated that the
Surveyor IV performance as well as that of the entire
TDS supporting the mission was practically flawless up

to the moment of loss' of signal during retro burn. At
that time, an attempt was made to back up the flight
,,control programmer with an emergency command se-
quence to ensure a soft landing in deference to working
a possible data link/power anomaly. The standard com-
mand to turn-on strain gauge modulation preceded the
emergency command and was transmitted in the blind
according to a planned command countdown at
02:03:26.5 GMT. Spacecraft modulation was commanded
off 66 s later to increase the chance of carrier detection

by the tracking stations. This action reflected confidence
in a soft Ianding and in a successful resolution of the
telecommunications/power anomaly after touchdown.

During Coast Phase I and prior to star map some'un-
identified objects passed through the Canopus sensor
field of view at approximately 15:27:00, 16:04:00, 16:16:00
and 16:36:20 GMT. Star map sequence was commenced
at 17:51:26.9 and automatic Canopus acquisition was
accomplished at 18:10:22 after some 572 deg of ro1^.
During the star mapping sequence four stars (Eta Ursa1O\
Majoris, Delta Velorum, Gamma= Cassiopeiae, and",
Canopus), the earth and the moon were positively iden-
tified. In addition to the above celestial bodies, one un-
identified object was observed during the second roll of
the star map. During the standard pre-midcourse project
management conferences, it was decided by project man-
agement not to execute an L + 15 h midcourse but to
delay the midcourse correction until L + 39 h. This de-
cision was primarily based on the excellent injection con-
ditions of the spacecraft and the expected overall landing
site accuracy improvement obtained by executing the
maneuvers at 39 h rather than 15 h.

During Coast Phase I, there were six standard engi-
neering assessments, nine gyro drift checks and one gyro

"I
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speed check. The spacecraft bit rate was reduced from
1100 to 550 bits/s at 07:52:47.2 on day 196 when DSS 42
reported a bit error rate of greater than 3 X 10- 1 . Space-
craft data continuously gave indications that all subsys-
tems were normal and within their predicted operational
limits.

However, the temperature (P-15) of vernier oxidizer
tank No. 1 showed an unexplainable and rapid increase
(rate of 5 BCD per hour) at 19:24:00 GMT on day 196.
At 20:19, the temperature stabilized at approximately
52°F, well within the upper temperature limit of 100°F.

Midcourse preparation was initiated at 01:47:21 GMT
on day 197 with an engineering interrogation. The space-
craft was configured in high power and 4400 bits/s at
02:03:17. A pre-midcourse correction maneuver of a plus
roll of approximately 72.497 deg (desired 72.5 deg) was
successfully execut(A at 02:15:29 GMT and followed by
a successful minus yaw. of approximately 64.35 deg (de-
sired 64.3 deg). The vernier engines system was pressur-
ized (offset of 217 psi noted, as expected) and vernier
engine No. 1 unlocked at 02:27:27 on day 197. Thrust
phase power was commanded and verified at 02:27:53.
Midcourse velocity correction was loaded and verified at
02:28:17. At 02:30:02.3 (the scheduled nominal time), the
midcourse velocity correction was executed with a bum
of approximately 10.5 s (desired 10.46 s) for a velocity
change of 10.27 m/s.. The SFOF TLM verification and -
doppler shift indicated that the velocity correction was
as commanded. Following the midcourse thrust, the re-
verse maneuvers were commanded. Sun and Canopus
lock on signals were obtained at 02:34:37 ! and 02:39:41
respectively on day 197. The midcourse maneuvers cor-
rected the miss distance of the inflight lunar aiming
points of 1 0 20'W and 00 25'N to a real-time calculated
miss of 3-6 mi. It should be noted that during the pre-
mideourse and post-midcourse maneuvers several uniden-
tified and unexplained objects passed through the
Canopus field of view. During the pre-midcourse maneu-
ver execution, a new commanding technique was used
with the objective of reducing the spacecraft pointing
error: the gyro error limit cycle was observed and each
maneuver executed when the respective gyro error was
at zero or as near to zero as practical.

Following the post-midcourse maneuvers, the space-
craft was configured for Coast Phase II by returning to
coast commutator low power and 550 bits/s (550 bits/s
was used up to terminal descent as was the case with
Surveyor 1). Coast Phase 11 was very normal as four gyro
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drift checks, six engineering interrogations and one
gyro speed check were performed. Initial power mode
cycling was conducted at 07:58:17 on day 197 and sub-
sequent power mode cycling was conducted at 13:02:32
and 20:13:55 on day 197.

During the transit phase 13 gyro drift checks were per-
formed; this relatively large number of drift checks was
performed to refine the pitch gyro drift rate which indi-
cated near or above' specification. The final gyro drift
rates supplied for utilization during the terminal descent
were: (1) pitch —1.0 deg/h; (2) yaw 1-0.15 deg/h; and
(3) roll — 0.5 deg/h.

Terminal descent preparations were initiated during
the DSS 11 pass at 00:00:57 on day 198 by turning the
transponders off. The spacecraft was then assessed and
configured as follows: (1) high power; (2) 1100 bits/s;
(3) transmitter B; and (4) omnidirectional antenna B. The
spacecraft was commanded and successfully performed
the following three terminal maneuvers: (1) roll of +80.4
deg; (2) yaw of +92.7 deg; and (3) roll of — 25.3 deg.
These maneuvers were initiated at 01:24:44, 01:29:34 and
01:35:04 respectively on day 198. Once again, to more
accurately align the thrust vector, the commanding tech-
nique used during midcourse was implemented to initiate
the first two terminal maneuvers.

The DSIF signal strength at the end of the third ma-
neuver was reported as —123.9 dBmW (the predicted sig-
nal strength at this time was within 0.2 . dBmW), well
within the —132.7 dBmW touchdown strain gauge turn-on
criteria. The retro delay quantity of 2.725 s was loaded and
verified at 01:41:53 GMT. The AMR power on was com-
manded at 01:57:14, thrust phase power or at 01:58:14
and enable AMR at 02:00:14.

The terminal descent maneuver started normally and
continued very smoothly until 02:02:36 GMT on day 198
(Monday, July 17, 1967) when there was an abrupt loss
of signal. Up to this point, the spacecraft had performed
almost perfectly and had responded to 292 commands.
The loss of signal occurred 40 s into the retro bum phase
of the mission, just 2 s prior to retro burnout. At 02:0.2:41
DSS 11 reported an abrupt loss of spacecraft signal. The
spacecraft signal was never reacquired by the DSIF and:
the mission was terminated.

Figure 106 shows the Surveyor IV mission flight se-
quence in the direct ascent trajectory.
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Vlll. Surveyor IV TDS Mission Requirements

A. General

In general the TDS requirements for the Surveyor IV
mission were the same as for Surveyor III; only the dif-
ferences in requirements between the two missions are
discussed in their related categories.

The Surveyor IV mission objectives were similar to
those for Surveyor 111 and were as follows:

(1) Primary objectives were to:

(a) Perform a soft landing on the moon within the
Apollo landing zonE ' and east of the Surveyor I
landing site.

(b) Obtain post-landing television pictures of the
lunar surface.

(2) Secondary objectives were to:

(a) Obtain information on lunar surface bearing
strength, - , , radar reflectivity and thermal
propestie

(b) Use the surface sampler to manipulate the
lunar surface and observe the effects with
the television camera.

The only landing site planned for the Surveyor IV
mission was located at the center of the lunar disk; that
is, at approximately 0.0 deg, This area is called Sinus Medii,
a prime Apollo landing site, and is shown in Fig. 107.
The poten iAl Apollo landing sites are contained in the
area bounded by ±45 deg in longitude and ±5 deg in
latitude. The landing site assignments for particular
Surveyor spacecraft, based on the success of the preced-
ing missions, are also indicated in the above figure.

Except for the different landing site, the mission ob-
jectives of Surveyor IV were very similar to those of
Surveyor 111. The Surveyor IV spacecraft was equipped

with a surface sampler; for the following two missions,
Surveyors V and VI, the spacecraft will c>.rry an alpha-
scattering experiment in place of the surface sampler.

The ability of the TDS to satisfy the Surveyor proj-
ect's tracking and telemetry coverage requirements was

u

Fig. 107. Surveyor lunar landing sites
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strongly dependent upon the characteristics of the tra-
jectories, the availability of the TDS resources, and the
capability of these resources,

B. Mission Constraints

If the TiDS was to successfully provide the commit-
ted support to the Surveyor IV mission, it was necessary
that certain mission constraints be observed.

1. Launch. For haunch:

(1) The Atlas/Centaur boost vehicle was to be used in
the direct ascent mode of operation.

(2) Launch was to take place from complex 36A of
the Cape Kennedy facilities of the AFETR.

(3) Launch azimuth sectors were restricted between
85 deg and 120 deg E or true N,

(4) The launch countdown was to provide two built-in
holds, one of at least 00-mit: duration at 7' — 90 min.
The duration of the hold at T — 5 min was to be/,.
established.

178

:	 I

4, Telecommunications. For telecommunications:

(1) No trajectot'y was to have an hour angle or de,li-
nation rate in excess of 0,85 deg/s and acceleration
In either hour tingle or declination in excess of
5,0 deg /s l when station tracking was required.

(2) For the downlink initial acquisition phase follow-
ing injection, there was to be 20 min of visibility
(not in violation of item 1) and for which the
spacecraft slant range would ensure at least 959r
confidence in having the antenna gain required for
zero minimum margin_

(3) For the uplink a0uisition phase following injec-
tion, there was to be 20 min of visibility (not in 	 i
violation of item 1) and for which the spacecraft
slant range would ensure at least 99%, confidence
in having the antenna gain required for zero mini-
mum margin,

(4) The spacecraft-centered angle between the sun
and any DSIF station was not to exceed 175 deg
to prevent degradation of the DSIF receiver sensi-
tivity by solar noise. This constraint guaranteed
that signal-to-noise ratios would not be degraded

2. Pre-injection. For pre-injection: 	 by more than 1 dB.
(1) The nose fairing was to be ejected prior to injec- 	 (5) The Mars station (DSS 14), the 210-ft disk at

	

tion, but not until the value of the product of the 	 Goldstone, was required for telemetry acquisition

	

atmospheric density ane , the earth-fixed velocity 	 during terminal descent phase
(pV') was less than 16; X 10' lb/s°.

(2) The 3-o integrated value of pV", from shroud jetti- 	 5. Thermal control. For thermal control:

	

son through the end of significant aerodynamic 	 (1) The spacecraft was to be limited to a maximum of

	

heating effects, was not to exceed 10,800 lb-min/s"' 	 42 min in ths'earth's shadow immediately after
(3) Subsequent to 1 min after shroud ejection, the in-	 launch.

stantaneous 3-a value of the aerodynamic heating
_	 parameter, pV", was not to exceed 5020 lb/s".

1l
(4) The instantaneous 3-o value of pV3 was not to ex-

ceed 500 lb/s' during the period between 1 and
5 min after shroud ejection unless; theiotal integral
was less than 10,000 lb-min/sa.

3. Post-injection. For post-injection:

(2) The spacecraft was to be limited to a maximum of
30 min in the earth's shadow during any phase
after initial sun acquisition,

(3) The spacecraft was to be limited to a maximum of
30 min at a random attitude to the sun during any
phase between initial sun acquisition and lunar
touchdown.

..	 ,

(1) The Centaur retro maneuver was to be such that
the Surveyor/Centaur separation distance at 5 h
after injection would be at least 330 km.

(2) The targeted trajectories'+mere to require no more
than a 2 m/s midcourse maneuver at 20 h after
injection to achieve the specified landing location,
and a 4 m/s midcourse maneuver at 20 h after in-
jection to achieve all specified target crittria.

(4)'The spacecraft was tube limited to a maximum of
30 min in the lunar penumbra shadow during any
phase prior to touchdown.

(5) Initial spacecraft acquisition and the establishment
of a command link were to occur no later than 1 h
after the high power on command in order to per-
mit switching the transmitter from high to low
power to satisfy thermal constraints.
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6. Midcourse maneuver. For midcourse:

(1) The spacecraft was to be capable of performing
midcourse maneuvers at rates as great as 43 m/s,
Nominal midcourse maneuver time was to be ap-
proximately 15 h after launch,

(2) A minimum midcourse maneuver would not be
required,

(3) The landing accuracy goal was to be less than or
equal to 30 km.

7. Lunar arrival. For lunar arrival:

(1) Flight time from injection to lunar impact was to
be in the 63-h range,

(2) Transit trajectories were to be designed so that
lunar arrival would occur no earlier than 2 h after
DSS 11 (]Goldstone, Pioneer Station) moonrise and
no later than 3 h before DSS 11 moonset, (These
constraints were to apply only to targeting, The
visibility constraints to be used at midcourse were:
earliest arrival, 80 min after DSS 11 rise; latest
arrival, 3 n before DSS 11 set.) Furthermore,
D85 it post-landing visibility was to be maximized,

(3) It was desired that landing occur before the sun
elevation angle exceeded 25 deg at the landing site,

8. Terminal descent, For terminal descent:

(1) The incidence angle at unbraked impac was not
to be greater than 45 deg from the vertical,

(2) The range of allowable nominal unbraked impact
speed was from 2650 to 2662 m/s,

(3) The landed spacecraft roll orientation was to be
when the sun azimuth wits 14 deg past the —X
axis in the direction of the —Y axis,

C. Trajectory Characteristics

The tracking and telemetry data requirements for
the TDS weri) also dependent upon the following
Surveyor IV trajectory characteristics and available launch
windows,

1. Pre-infection. Of the remaining missions (Surveyor
IV—VII) Surveyor IV was the only one to use the direct
ascent launch mode, In this mode, the , transfer orbit injec-
tion conditions are achieved with a single Centaur-
powered phase; this (MECO) occurs at approximately
L + 680g.

The powered flight phase was shaped to maximize pay-
load capability within the specified mission configuration

100
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Fig. 108. Pre-injection trajectory parameters
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Table 45, Surveyor IV mission target criteria

Arrival time conefrainls"
Launch dale, Landing location

GMT solonographic Impact Earliest arrival Latest arrival

speed,

m/a Date GMT Date GMT

Day Month Year
Latiluda,

dog

longitude,
dog Day	 Month	 Your Hour Min Day	 Month	 Year Hour	 Min

13 July 1967 0,58N 013W 2630 16	 July	 1967 04	 40

13,. July 1967' 0,83W 2662 is July 1967 23 56

14 July 1967 0,58N 0,83W 2662 17 July 1967 01 10

15 July 1967 0,58N 0,83W 2662 18 July 1967 02 25

16 July 1967 0,58N 0183W 2662 19 July 1967 03 42

17 July 1967 0,58N 0,83W 2662 20 July 1967 04 46

10 Aug 1967 0,58N 0163W 2662 12 Aug 1967 23 01

11 Aug 1967 0;88N 0183W 2662 14 Aug 1967 00 16

12 Aug 196'/ 0,58N 0,83W 2662 is Aug 1967 01 32

13 Aug 1967 0158N 0183W 2662 16 Aug 1967 02 39

14 Aug 1967 0,58N 0,63W 2662 17 Aug 1967 03 34

15 Aug 1967 058N 0,83W 2662 18 Aug 1967 1	 04 14

cConsirainl specified only whin applicable, -

and trajectory constraints, Nominal ascent trajectory
profiles are presented in Fig. 106. In Fig, 106, the
three profiles represent three different injection flight
path angles for the range of applicable values.

2. Post-injection. The transfer trajectories were highly
elliptical earth orbits with injection conditions that satis-
fied arrival requirements specified by the target criteria
listed in Table 45, These criteria consisted of the landing
site defined by the selenographic latitude and longitude,
the unbraked impact speed, and the earliest and latest
arrival time for each launch day.

The range of values for the key injection parameters
is given in Table 46, The more negative values of injec-
tion energy are applicable to the first day in the launch
period and increase throughout the period.

Table 46. Key Injection parameters

Inertial flight path angle .................. -3.40 to +7,20 dog

Injection energy ............... . : ^ ... , --1.54 to — 1.22 W/P

Flight time ...........	 62.5 h

3. Launch windows. Table 47 lists the launch windows
determined from the defined constraints. It should be
noted that these windows do not reflect launch vehfole
heating constraints or constraints due to Inadequacies in
the T'DS support of class I tracking and/or telemetry
coverage requirements, Specifically, the windows shown
in the table are constrained by launch vehicle perfor-
mance, by range safety launch azimuth constraints, and
by the spacecraft impact speed constraint.

Requirements for tracking and data acquisition were
placed in accordance with their importance to the suc-
cessful accomplishment of the mission and were grouped
into three classes, The classes were defined as follows:

(1) The class 1 requirements reflect minimum essen-
tial needs to ensure accomplishment of the primary
flight objectives. These are mandatory require-
ments which if not met may result in the decision
not to launch.

(2) The class 1I requirements define the needs to ac-
complish all stated flight objectives.
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Ŷ
 5

}Q
a

V14

L

^p
t9i

M
M

1
4

4C
r
,
 
. iQ
	

E
	

c

N
y
 

IE
 
P

G

i E
S

=a^^ 	
^

d
g

z
 Z

 Z
 Z

 z
X

3
3
3
3

Y
Y

Y

_

s
g

o

g
o

Al

t̂ tV
ry•YY

10+,{

Y N
.Y

NY
mY

'`g
1

;8

V
V

Iy
Y

Y'-^
^

^
^	

^ ^ G
r

OZN"ea

JP
L TE

C
H

N
IC

A
L M

E
M

O
R

A
N

D
U

M
 33-301

Y.



n

(3) The class III requirements define the ultimate de-
sired support, Such support should enable, the
project to achieve the flight objectives early in
the program,

D. Near-earth Phase Requirements

The AFIJTR, MSFN and DSN elements of the T&DS
were required to support tracking and telemetry require-
ments from launch to L + 4 h during the near-earth
flight of Surveyor 1V, The Surveyor project placed the
near-earth tracking and data acquisition support require-
ments on those elements of the TDS to obtain a timely
and continuing evaluation of the status of the mission
during this phase, This early evaluation was used to aid
in maximizing 01 , Ombility of acquisition by the deep
space stations and to provide information for the conduct
of stibsequent space flight operations,

The aforementioned class I near-earth TDS require-
ments of the Surveyor IV mission are shown in Fig, 109,
Additionally, Fig, 110 shows the variable azimuth and
direct ascent earth track,

1. AFIE, TR. The AFITR was to provide pre-flight and
in-flight support, including metric (C-band) and telem-
etry (V13F and S-band) data acquisition and recording,
as well as real-time 'transmission from launch through
injection into the trarofer trajectory, until the spacecraft
was acquired by the I,)SN,	 -

Requirements for AF1;TR tracking and telemetry cov-
erage were determined by: (1) Surveyor mission require-
ments; (2) launch vehicle requirements; and (3) config-
uration requirements, These requirements are defined in
the following paragraphs,

a, Trao'Hing, The AFETR and MSFN were required to
track the C-band beacon on the Centaur stage, Continu-
ous tracking of this beacon was required from launch to
transltmar trajectory injection, To establish the free-fall
trajectories of the vehicles, it was required that the
Centaur C-band be tracked continuously for at least 60 s
between injection in the translunar orbit and start of the
Centaur retro-maneuver, There was also a requirement
that the C-band beacon be tracked continuously for at
least 80 s after the end of the Centaur retro-maneuver"to
establish the final trajectory of the Centaur. The AF)TR
11TCS was to utilize these tracking data in computing the
orbits of the spacecraft and the Centaur, .and for orbit
mapping to lunar encounter to permit an early evaluation
of the trajectories, It was also required that the RTCS

process these orbits in order to obtain in-flight acquisition
data for the DSSs,

The AFtTR was committed to provide class 1 track-
ing data from launch to insertion into the translurlar
trajectory, C-band (5-0 GIIz) radars at Merritt Island,
Cape Kennedy, Patrick AFB, Grand Bahama Island,
Grand Turk, Trinidad, and Antigua were to provide
data from launch, through Atlas/Centaur separation, to
Centaur MFCO, C-band radars at Antigua, Ascension
Island and Pretoria were to provide real-time preaetro
and post-retro metric tracking data to JPL building AO,
The data were then relayed to the SFOV for generation or
orbital elements, Inject!-" conditions and DSIF acqui-
sition data,

Listed in Table 48 are the class I tracking coverage
requirements, the basis for levying these requirements,
their ratings of relative importance, and the required
supporting stations, Three rating categories were se-
lected, These are referred to as critical (class 1), highly

Table 48, Near-earth Class I tracking
coverage requirements

source

Claus I
tracking(racking
coverage

requirements

for requirements
Requited

tracking 
stallene 

Launch From launch (1) Provides a rosuonoble Cape
vehicle to MEW level of conndena for Kennedy

being able to track the
vehicle offer MECO
(I»m 2)

(2) Required by Range Ang4ua
Safely until orbital
velocity Is acquired

Any 60 s of Input data for calculation Antigua
continuous of actual transfer orbit
tracking te thah
from ' (1) Iaflight acgG(iition
MECO data pre be pro.
t 3 s vided to the DSN
to
refro slut (2) Acquisition rotor•

motion an be sup,
plied to the AFETR
station at Ascension
Island

(3) An early evaluation
of the tramlor tra.
factory an be mode
using lunu mapping
technique
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Fig, 111, Surveyor iV radar cdvorafiAN, July 14, 1967

desirable (class 11), and dcsfrable ((Aass 111), in deseend-
Ing order of importance,

The estimated periods of time that supporting AFETR
stations were to provide coverage, for the launch azimuth
availabie on f my 14, 1061, are shown in Fig,111,

The Sarvelfor 1V mission requirements for tracking
coverage resulted from the need to calculate orbital
elements and D9V look angles as tt-eq€ fsitioir aids, and
the need for raw data to contribute to the accuracy
and relfabilfty of the spacecraft orbit determination pro-
cesses, Until separation, the- orbits of the spacecraft and
the Centaur were the same, At separation, a relative
velocity of about 1 ft/,q was imparted by a spring system,
Since this separation velocity was small, the AFETR
tracking of the Ccntatir stage, both before and after
separation, was valuable in determining the spacecraft
orbit znd in checking other tracking systems. Even after
the retro-maneuver of the Centaur stage (several minutes
after separation), tracking information was helpful during
flight,

It is clear that the processing of AFETR raw data after
injection is jAvolved with, and conditional upon, the
telemetry identification of certain events, The relative
weighting of the different A:FETR data types (for exam-
ple, range and angles with respect to DSIF data) was a
task requiring more information than was avalabie to
AFETR and it was important that raw data be supplied
to the DSN. Therefore, the requirements stating that the
Centaur orbit would be determined by AFiTR, and that

raw I ,cR+f1f ^'L,ka would be furnished to the DSN during
lawn/ ^»r< rw^;lmportanE,

Rkw data c be defined as raw azimuth, elevation,
and range points which have not been altered by smooth-
ing, weighting, etc„ one exception was the correction of
the raw data for the motion of the IM, flowever, the
range data of these ships is usually valuable even if their
motion has not been rcm,oved. Thus, the AMTR data was
to sfgn eantly improve the accuracy of the- pre-mfdcoarse
orb+it determsr ation process, Flowever, the data bad to be
more accurate for this process than.-fir improving relf-
xb$fty, Table 6 shows the Al%1•;T11 tracking data accuracy
requirements for determination of the Surveyor orbit,
Additional metric requirements included;

(1) Any continuous 66-s span between injection into
transfer orbit and start of Centarar retro-maneuver,

(2) Any continuous 86-s span after completion of
Centaur retro-maneuver,

(3) Delivery of data was requested in decimal format
via teletype to building AO in near-real time,

AFETR pre-flight and in-flight requirements in-
eluded metric and telemetry data acquisition, and
recording and real-time retransmission during par-
ticular intervals, 1n general, this data support
included the period of launc'ithrough injection
into the transfer trajectory, and the transition pe-
riod until the spacecraft was acquired by the DSN,.
DSN provided the spacecraft tracking and com-
mands required to support the mission objectives,
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The AFETR was also required to generate accurate
in-flight predictions to produce satisfactory look-angles
for DSfF stations, In general, these accuracy require-
ments wore mot if eiass f data accuracy was met during
the class f inwrvais gpeeificd. The DSIF look-angles had
to lie received at the site prior to the station view period.
Thus, the AFETR operations were designed to provide
these look-angles within a few minutes after receiving
the racy tracking data.

Raw tracking data was required from AFETR for
reliable and accurate determination of the spacecraft
orbit, The reliability was closely correlated with the
number of tracking stations contributing data. For exam-
ple, an independent third data source can prove invalu-
able in resolving apparent discrepancies between two
other data sources, both of which appear to be operating
properly, Thus, RIS data would be invaluable under a
variety of circumstances, and it was important to know
the locations of the ships as accurately as possible,

The AFETR tracked the Gband beacon of the Centaur
stage to provide metric data, Metric data requirements
were as follows,

(l.) Class f metric data requirements included tabula-
tion of acceptable Gband beacon performance pa-
rameters and readouts, and S-band tracking,

(2) Metric orbital and spice data requirements in-
eluded mapping to lupmr enenunter (based on final
post-retro orbit) in-flight TAER and related data,

(3) Transmission of in-flight trajectory data, by AFETR
stations and appropriate RIS, was required from
liftoff to 1,-'OS, is well as other raw data which was
provided the DSN by 100 words/min TTY. Process-
ing raw DSN tracking data was also necessary in
real or near-real time, Table 1 lists the tracking data
required by AFETR,

b, VIIF telemetry requirements. To meet tbe' class I
telemetry requirements, the AFETR was to continuously

receive and record Atlas telemetry (229,9-Mflz lintel from
before liftoff until shortly after Atlas/Centaur separation,
phis Centaur telemetry (2,)5,7-Mffz link) until shortly
after spacecraft separation, Thereafter, Centaur <elemetry
was to be recorded as station coverage permitted until
completion of the Centaur retro-maneuver, In addition
to the land stations, the AFETR was to provide the RIS
Coastal Crasarler,

This data was required for evaluating overall launch
vehicle performance, the monitoring and verification of
important launch vehicle events (mark events), and post-
flight analysis, Class I VHF telemetry coverage require-
ments for the AFETR are shown in Table 48,

The coverage requirements and UHF frequency band
allocation which was to be used by the AFETR in sup-
port of the Surveyor IV mission were as follows,

(1) From T — 300 s to T f 306 s, 229,9 MHz (Atlas
link) , recordings and real-time analog stripouts,

(2) From 'T — 300 s to T + 156 s (Surveyor separa-
tion f 5 s), 2251 Mffz (Centaur Zink): record-
ings; analog stripouts and real-time transmission of
data from Antigua to building AO and to T(SQ
and transmission of data from Antigua after LOS,

(3) Centaur/Surveyor separation plus 5 s to end of
Centaur retro-maneuver, 225.7 MHz, recording
wherever coverage was ava;table.

The estimated periods of time that supporting AFETR
stations were to provide coverage are shown in Fig. 112,

c. S-band telemetry. The AFETR was required to re-
ceive; record and re-transmit Surveyor S-band (2295 MHz)
telemetry in ipal time from spacecraft transmitter, high-
power-on until DSN continuous view plus 2 min, Class 1
S-band telemetry requirements placed on the AFETR
are shown fir, Table 49. The S-band: telemetry resources
assigned to meet those requirements, and the estimated
periods of time that coverage was to be provided are
shown in Fig, 113, Alf primary S-band systems were used

Table 49, Near-earth Class f 3 -band overage requirements

Class i telemetry R", uired fefemetry,
Sowee [average requirement Basis ter, requirement Requirements rating station

Spaceeraft foam Centaur/spacecraft Provides spseeeraff status irlfarmarwi Critical far receive and Cisasfaf Crusader

(S•band) electrical disconnect fa record A armoo Island
DSN initial acquisition r	 '-Higb;fdifsnsble fa Ietrans^

1ft fn real lime
n
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Fig. 112. Surveyor IV telemetry coverage, July 14, 1967
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Fig. 113. Surveyor IV S-bt.nd telemetry coverage, July 14, 1967

on a limited commitment basis, since the Centaur vehicle	 d. Computer requirements. The real time computer

was not roll-attitude stabilized and the aspect angle 	 system (RTCS) was to provide computed data for the

could not be predicted.

	

	 pre-retromaneuver and post-retromaneuver transfer or-

bits. The software was to be certified and the RTCS was

Spacecraft data was needed to confirm the occurrence	 to participate in joint operational readiness tests with

of critical events during the near-earth phase. This telem-	 the SFOF.

etry would provide an early indication of the status of

the mission and would be of particular value in the event 	
The computer data requirements for the pre-

retromaneuver transfer orbit are summarized as follows:
of abnormal spacecraft performance. 

(1) Single-station. solution orbital elements and injec-

The RIS Coastal Crusader was positioned at 15.0 deg N 	 tion conditions `'Delivery requested via teletype to

]at and 42.0 deg W Ion on July 14, 1967 as an aid in meet- 	 building AO in near-real time after receipt of data ..

ing the aforementioned S-band requirements. 	 at the RTCS facility.)
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(2) Multiple-station solution orbital elements and in-
jection conditions. (Delivery requested via teletype
to building AO within 2 h after delivery of item 1.)

(3) Orbital elements and injection conditions from
telemetered Centaur guidance data. (Delivery re-
quested via teletype to building AO within 30 min
of receipt of data at RTCS facility.)

(4) Quick mapping (B-plane) to lunar encounter. (De-
livery requested via teletype to building AO im-
mediately following item 1.)

(5) Refined mapping to lunar encounter. (Delivery re-
quested via teletype to building AO immediately
following delivery of item 2.)

(6) AFETR inter-range vector (IRV). (Concurrent de-
livery to building AO and DSS 72 via teletype
requested in near-real time after receipt of data at
RTCS facility.)

(7) DSN acquisition data to station horizon break
plus 14 h for any three of five stations. (Delivery
requested via teletype to building AO in near-real
time after receipt of data at RTCS. Concurrent
data transmission went to DSS 72 and one of the
three selected stations.)

e. Communications requirements. The AFETR was
required to have communication lines with the range
tracking stations; these lines were particularly needed by
Surveyor IV with its requirement of real -time transmis-
sion of spacecraft telemetry data. However, with the
AFETR functioning as designed, the communications
system would be adequate to support Surveyor IV. A
possible exception would be a state of RF "blackout"
between a station and the Cape; such an occurrence (only
occasionally predictable) may cause a hold.

It was also required of the AFETR that the Centaur
VHF signal or the spacecraft S-band signal carrying the
spacecraft information be transmWtt,'1 from each AFETR
station to the allocated Surveyor facilities at Cape Kennedy
in real-time. These data were then to be relayed to the
SFOF for spacecraft evaluation. The launch vehicle: and
spacecraft discrete event information obtained at the
AFETR stations was to be transmitted by voice lines to
the Surveyor operations center at AFETR in real-time for
relay to the SFOF. The spacecraft information recorded
at the AFETR stations was to be forwarded to the
Surveyor facilities at AFETR in non-real time.

Surveyor real-time data requirements were as follows:

(1) Coverage requirements:
The computer data requirements for post-retromaneuver

transfer orbit are summarized as follows:	 (a) T — 300 s to Station 1 LOS.

(1) Single-station solution orbital elements and injec-	 (b) T + 300 s to T + 1583 s.
tion conditions. (Delivery requested via teletype to

	

building AO within 30 min of receipt of data at 	 (2) Data source:
RTCS facility.)	 (a) VHF or S-band telemetry until S-band high

(2) Multiple-station solution orbital elements and in- 	 power on.
jection conditions. (Delivery requested via teletype

	

to buiiding AO within 2 h after delivery of item 1.) 	 (b) S-band telemetry after S-band high power on.

(3) Orbital elements and injection conditions from 	 (3) Data delivery:
telemetered Centaur guidance data. (Delivery re-

	

quested via teletype to building AO within 30 min	 (a) 550-bits/s spacecraft data from up to three
of data receipt at RTCS facility.)

	

	 AFETR stations or ships were to be transmit-
ted to building AO. One of the three 550-bits/s

(4) Quick mapping (B-plan :;'to lunar encounter. (De- 	 PCM signals being provided to building AO

	

livery requested via teletype to building AO im- 	 was to be decommutated by AFETR with six
mediately following delivery of item 1.) 	 channels converted to analog and transmitted

(5) Refined mapping to lunar encounter. (Delivery re-
quested via teletype to building AO immediately
following delivery of item 2.)

(6) AFETR inter-range vector. (Concurrent delivery to
building AO and DSS 72 via teletype requested
within 30 min of receipt of data at RTCS facility.)

to building AO for display.

(b) Each station receiving or transmitting 550-bits/s
spacecraft data was to decommutate the data
train and convert specified channels to analog
for monitoring, or voice reporting of events as
the status changid.
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Table 50. GSFC network configuration

Location Acquisition aid VHF telemetry C-band radar SCAMA
Radar high-speed

data
Real-time
readouts

Bermuda x X X X X X

Grand Canary X X X X

GSFC X X

n

Certain real-time voice communications requirements
were also imposed upon the AFETR for the Surveyor
mission. Included in these requirements was a report by
voice in near-real time of the initial AOS and the final
LOS of each station of the telemetry link containing
spacecraft data. Reports were to be time tagged to the
nearest minute. (Links to be reported would normally be
the -225.7-MHz link prior to spacecraft high power on,
and the 2295-MHz link after spacecraft high power
on. Should there be a failure to acquire the 225.7-MHz
link, reporting of the 2295-MHz link was to be substi-
tuted.) Report was also required by voice in near-real
time of any anomaly or unexpected occurrence during
the station's view period. (Examples included, but were
not limited to, loss of modulation >e -unexpectedly low
received signal level.) Spacecraft events and conditions,
as observed at each station retransmitting spacecraft te-
lemetry in real time, were also to bereported by voice.

The purpose of this voice reporting was to provide the
SFOF with a backup to the real-time transmission of
the spacecraft 550-bits/s PCM telemetry signal from the
AFETR stations. Consequently, the requirement for voice
reporting applied to each downrange station that re-
ceived the spacecraft signal and transmitted it uprange
in real time: specifically, Antigua, range instrumentation
ships, Ascension and other stations assigned this function.
These reports were very desirable at all times; they were
of even greater importance if the quality of data being
re-transmitted in real time was degraded for any reason.

2. Goddard Space Flight Center. The Manned Space
Flight Network, managed by GSFC, was to support
the Surveyor IV mission by performing the following
functions:

(1) Tracking of the Centaur beacon (C-band).

(2) Receiving and recording Centaur-link telemetry.

(3) Providing real-time confirmation of certain mark
events.

JPL TECHNICAL MEMORANDUM 33-301

1,i) Providing NASCOM support to all NASA elements
for simulations and launch, and extending this
communications support as necessary to interface
with the combined worldwide network.

The GSFC tracking and telemetry far'ities and equip-
ment which were to support the Surveyor IV mission are
listed in Table 50. GSFC was also to support the ORT
prior to launch.

a. Tracking — metric data (C-band). Bey nuda was to
provide C-band radar beacon tracking, magnetic tape
recording (at a minimum of 10 points/s) and real-time
data transmission to GSFC and AFETR. The radar re-
quirements imposed on the MSFN were:

(1) Bermuda was to provide beacon tracking of the
Centaur from AOS to LOS and range safety
backup support to AFETR.

(2) Bermuda was to provide real-time transmission of
high-speed and low-speed radar data to GSFC and
RTCS.

(3) Bermuda was to provide magnetic tape recordings,
strip chart ''recordings and PL1M data sheets.

The required C-band radar coverage is shown in Table 51.
Bermuda FPS-16 coverage was obscured by the FPQ-6
as follows:

Launch	 Antenna	
GETazimuth	 azimuth

99 178 to 143 0:08:54 to 0:10:42

102 178 to 148 0:08:54 to 0:10:30

105 178 to 157 0:08:58 to 0:10:06

108 178 to 165 0:09:03 to 0:09:43

111 178 to 114 0:09:08 to 0:09:20

189



Table 51. MSFN estimated radar coverage for July 14, 1967

,

Launch GET Range", kyd ai2.. ;!t. deg
azimuth, Station

cloy AOS LOS ADS LOS AOS LOS

99	 j BDA 0:04:34 0110:56 1351 1561 3.0 3.0
CRO 0:50:20 1:05:00 16215 19959 3.0 16.0

102 BDA 0:04:42 0:10:30 1342 1471 3.0 3.0
CRO I 0:52:40 1:03:00 17287 19945 3.2 11.9

105 EDA 0:04:50 000:06 1339 1412 3.0 3.0
CRO 0:54:40 1:01:20 18221 19945 3.2 8.5

108 BDA 0:04:59 0:09:43 1341 1387 210 3.0
CRO 0:56:40 1:00:00 19091 19956 3.2 5.7

111 BDA 0:0108 0:09:20 1343 1861 3.0 3.0
CRO 0:58:20 0:59:00 19814 19988 310 3.5

114 BDA 0:05:18 0:08:54 '1352 1353 3.0 3.0

*Coverage is limited to track above 3 dog elevation and less than 20,000 kyd slant range.

Table 52. Mark events, Ber`irda and Grand Canary

i
9
4

i

l
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Station
Mark
No. Event -	 Time

Link/channef
kHz/segment Description

Lift-off (2 in. motion) 0 2-in. motion from range

1 Atlas BECO 02:23 229.9/.96 8.1 pump speed measurement goes out of bend
- (continuous) on low frequency side

2 Atlas booster engine jettison 02:26 229.9/22 All booster section measurements go open

-.	 3 Centaur insulation panel._ 02:57 229.9/70 Segment levels change from — 11-74%. Each
jettison.. 7 and 22 segment represents two panel sections

8 and 23

BDA 4 Centaur nose fairing jettison 03:24 225.7/3.0/24 Segment level changes from 50-67% at jettison

BDA 5 Atlas SECO and VECO 03:58 229.9/0.73 Sustainer pump speed measurement goes out of
(continuous) band on low frequency side

BDA 6 Atlas/Centaur 04:00 255.7/30.0 Segment should increase from 0-100% at
1 and 16 separation

BDA 7 Centaur MEIG 04:09 225.7/0.96 C-2 chamber pressure goes from 0-75% of bend
(continuous)

BDA 8 Centaur MECO (Injection) Refer to 225.7/0.96 C-2 chamber pressure goes from — 75-0%
Para 1.5.6 (continuous), of band

BDA 9 Surveyor landing . gear 11:53 225.7/3.0/7 Segment should go from 0-100% for each
extend commend sent signal segment integrated

10 Surveyor Omni antenna 12.06 225.7/3.0/11 Same as mark 9
extend command sent

1.1 Surveyor high power 12:27 2295 Receiver AGC, indicates increased signal
'transmitter on of 20 dB

12 Cenfaur/Surveyor electrical 12:32 225.7/3.0/22 Measurement goes to 100%
disconnect -

13 Centaur/Surveyor separation 12:37 225.7/14.5 At release of payload, signal goes to 100%
22, 52.5

(continuous)



Table 52 (contd)

Station
Mark
No. Event Time

Link/channel
kHz/segment Description

14 Begin Centaur turn around 12:42 225.7/70.0 Both gradually increase from 60—BOao
maneuver 6,6

CYI 15 Start blowdown (Centaur 16:37 225.7/70/12, 13, Pump inlet pressure increases from 0-20%,
propellants) 18, 6 22 approximately

CYI 16 End blowdown 20:47 As above Pump inlet pressure decreases to 0%

CYI 17 Power changeover switch 20:47 225.7/.4 400•Hz frequency goes from 50% to open

Table 53. Estimated VHF telemetry coverage for July 14, 1967

Azimuth STA
AOS TLM lock TLM unlock LOS

GET Azimuth GET Azimuth GET Azimuth GET Azimuth

99 BDA 03:50 252 04:20 249 11:10 137 11:20 134

CYI 17:30 198 19:40 176 20:10 172 25:10 149

102 BDA 03:30 251 04:20 264 10:40 145 .11:00 141
CYI 18:00 195 26:40 _ 150

105 BDA 03:50 250 04:30 246 10:20 153 10:50 148
CYI 18:30 192 27:20 152

108 BDA 04:00 249 04:40 245 10:00 161 10:20 156

CYI 19:20 188 25:50 156

111 BDA 04:00 248 04:20 243 - 09:40 169 10:10 161

CYI 21:00 181 25:40 164

114 BDA 04:10 ..247 04:50 241 09:20 177 10:00 167

-1.15 BDA 0400` - 246 8500- 239 - 09:00 -' `185 09;50 --	 175

I

Acquisition aids Wt Bermuda and Grand Canary were to
track the vehicle and provide RF inputs to the telemetry
receivers from AOS to LOS. Performance recorders were
to record AGC and angle errors for post-mission analysis.
BDA was to track the Atlas 229.9-MHz link and the
Centaur 225.7-MHz link. The acquisition aid at Grand
Canary was to track the 225.7-MHz link.

b. VHF telemetry. Bermuda and Grand Canary were
to receive, record and decommutate the Centaur telemetry
link 225.7-MHz and confirm flight mark events. Bermuda
was also to receive and record the Atlas telemetry link
229.9-MHz for range safety purposes.

Mark event readouts (Table 52) were required from
both stations in real time or as near real-time as possible
when the vehicle was in view of the station. The time
periods in which the MSFN was to provide VHF telem-
etry coverage are shown in Table 53.

c. Computer requirements. The Goddard Space Flight
Center DOB (Data Operations Branch) was to provide
computing support for the MSFN stations during the
prelaunch, launch and orbital phases of the mission.
The computer requirements were as follows:

(1) To provide pointing data printouts for supporting.
MSFN station view periods fri mission planning
purposes.

(2) To generate and transmit nominal pointing data to
participating MSFN stations, with the exception of
Bermuda. Bermuda powered-flight data were to be
supplied to GSFC by AFETR.

(3) To receive launch trajectory data from Bermuda
and AFETR via the launch trajectory data system.

(4) To update and refine the orbit of the Centaur,
based on low-speed TTY data received from par-
ticipating C-band radars and to pass these param-
eters to the MSFN network controller.
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(5) To use the refined orbital parameters to drive dis-
plays at the GSFC operations control center.

(6) To generate and transmit real-time acquisition mes-
sages to participating MSFN stations, based on
post-injection tracking data.

(7) To reformat on magnetic tape the high-speed radar
data received fro-rn AFETR in the tape format
specified (XYZ and xyz) and to reformat on mag-
netic tape the low-speed TTY radar data received
from AFETR and MSFN in the standard time,
azimuth, elevation and range format for shipment
to the Centaur Vehicle Office at Lewis Research
Center.

(S) To reformat, on magnetic tape, the Bermu^ i high-
speed raw radar data, including a list of the con-
tents and formats, for shipment to the RCA Data
Processing Requirements Group at Patrick Air
Force Base, Florida.

d. Communications. Existing NASCOM facilities were
to provide the required voice, teletype, and data cir-
cuits to participating stations.

The MSFN was to provide four TTY, eight voice and
one high-speed data circuit, of the type and quantity
indicated below:

Site TTY Voice HSD

BDA

CYI

1

1

3

2

1

E. Daep Space Network

The DSN was required to support the Surveyor IV
mission with the integrated facilities of the DSIF, the
CCF, and the SFOF. However, only the DSN facilities
of the TDS were required to support the mission during
the translunar and post-landing phases of the mission
subsequent to the near-earth phase.

The DSN was required to provide a command and
telemetry link with the spacecraft upon initial acquisition
of spacecraft signals by a DSIF station; this would enable
the DSIF station to control the spacecraft and furnish
range rate, angular tracking data and real-time telemetry
data to the _ ^ . . Continuous tracking and control was
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to be provided throughout the remainder of the mission
by the prime DSIF stations designated to support the
Surveyor IV mission.

Following the accumulation of sufficient tracking data
by the SFOF, an orbit was to be determined that would
predict the future path of the spacecraft, These data
were required to allow the computation of a midcourse
maneuver to compensate for injection errors.

The DSIF was required to command the midcourse
maneuver, after which engineering telemetry and track-
ing data were to be gathered and transmitted via the
GCF, to the SFOF, where the mideourse maneuver was
to be evaluated and appropriate commands for the ter-
minal maneuver were to be computed. After touchdown,
DSIF stations were to receive video, and engineering and
scientific telemetry data, as well as command the space-
craft during lunar operations.

1. Deep Space Instrumentation Facility. At least three
prime DSIF stations were required to support the
Surveyor IV mission; these were located approximately
120 deg apart girdling the earth. The following DSSs
were required . as prime stations for support of the
Surveyor IV mission:

(1) DSS 11— Pioneer, Goldstone Deep Space Commu-
nications Complex (DSCC),.Barstow, Calif.

(2) DSS 42 — Tidbinbilla, Australia (near Canberra).

(3) DSS 51— Johannesburg, S. Africa (transit phase
coverage only).

(4) DSS 61— Robledo, Spain.

(5) DSS 72 — Ascension Island (initial acquisition to
DSS 11 acquisition f 1 h).

a. Tracking. Tracking data, consisting of antenna
pointing angles and doppler (radial velocity) data, was
to be supplied in near-real time via TTY to the SFOF
and post-flight in the form of punched paper tape. Two-
way and three-way doppler data were to be required
full-time during the lunar flight, and also during lunar
operations, at project request. The two-way doppler re-
quirement implied a similar requirement for transmit
capability at the prime stations.

The tracking coverage requirements are specified in
Table 54. Also included in the table are the raw tracking
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data rates required and the form of the data (for exam-
ple, one-way, two-way, or three-way doppler) and an-
tenna pointing angles.

1

Table 54 below shows that the project requires con-
tinuous tracking of the spacecraft from injection to the
end of the mission. This requirement is imposed to satisfy
the data needs for the flight path analyses that are essen-
tial to the achievements of the selected landing sites,
Furthermore, these data are necessary for determining
the actual post-landing position. The required DSN con-
figuration for achieving the tracking data needs is pre-
sented in Section IX.

b. Telemetry. Spacecraft telemetry data was to be
received and recorded on magnetic tape. Baseband
telemetry data was to be supplied to the CDC (mission-
dependent equipment) for discrimination decommutation
and real time readout. The DSIF also was to perform
pre-communication processing of the decommutated
data, using an on-site data processing computer. The data
was then to be transmitted to the SFOF in near-real
time, using high-speed data modems. It was required
that continuous telemetry coverage be provided during
the transit phase of the mission, and that such coverage
be provided for the first hear day and for 10 earth days
of the first lunar night if landing was achieved. If land-
ing was not achieved, continuous coverage would be re-
quired for no more than three earth days after encounter.
Coverage of the mission beyond the time specified above
was only required periodically.

Table 54. D5N tracking data requirements

Coverage and sampling rate Data required

Track spacecraft from separation to first Doppler (two-way and three -

mideourse at 1-min sample rate (from way) and antenna pointing
initial DSIF acquisition to L -h	 1 h, angles
the sample rate is I sample/10 s).

Track spacecraft from first midcourse to Doppler (two-way and
touchdown at 1-min sample rate. three-way)

Track spacecraft from touchdown to end Doppler (two-way and three.
of mission at 1-min sample rate during way) and antenna Pointing
1 h following 10-deg elevation rise, angles
during 1 h centered around maximum
elevation, and during 1 hprior to
10•deg elevation set for 'DSS 11,
42, and 62.

Track spacecraft during midcourse Doppler (two-way and three -

maneuver and terminal maneuver way or one-way)
executions at I/s sample rate, and
transient date at a 10/s sample rate.
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c, Commands. Command transmission was another
function required of the DSIF, The transmission of
approximately 250 commands to the spacecraft was re-

.,Ired during the nominal sequence from launch to
ichdown. This command requirement placed a second

critical requirement for two-way communication with the
spacecraft. Confirmation of the commands sent was to
be processed by the OSDP computer and transmitted by
TTY to the SFOF, The OSDP computer was also to be
used to verify command tapes punched on-site from TTY
instructions received from the SFOF.

d. Video. Video data was to be received and recorded
on magnetic tape. This data was to be sent to the com-
mand and data handling console (CDC) and, at DSS 11
only, to the TVGDHS for photographic recording. In
addition, video data from DSS 11 was to be sent in real
time to the SFOF for magnetic and photographic record-
ing by the TVGDHS.

e. Additional requirements. In addition to the above
technical support, the DSIF was required to provide the
following;

(1) Facilities support for mission-dependent equip-
ment, including space for CDCs at all prime sta-
tions and for the TVGDHS at Pioneer (DSS 11),

(2) Maintenance and operation of all mission-
independent equipment.

(3) Maintenance and operation of some mission-
dependent equipment by negotiation with the
Surveyor project. For example, DSIF operators
were trained for maintenance and operation of the
CDC, A similar agreement was to be negotiated
for the TVGDHS at DSS 11.

(4) Logistic and spares support for mission-dependent
equipment.

(5) At lunar landing, two receivers were to be used for
different functions. One was to provide a signal
to the CDC, the other to the TVGDHS. Signals for
the latter system were a prime project requirement
at that stage of the mission,

The following minimum capabilities were required
from DSS 51 or 72:

(1) Acquisition and tracking of the Surveyor IV
spacecraft.

(2) Generation and transmission of tracking data to the
communications terminal equipment at the site.
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(3) Acquisition, recording, decommutation, display,
and processing of Surveyor IV spacecraft telemetry
data.

(4) Transmission of processed telemetry data, both
high speed and TTY, to the appropriate communi-
cations terminal equipment at the site.

(5) Generation and transmission of Surveyor 1V space-
craft commands,

A high degree of probability was required that, at the
start of DSS 61 visibility, the following minimum capa-
bilities would be required of DSS 61:

(1) Acquisition and tracking of the Surveyor IV
spacecraft.

(2) Generation and transmission of tracking data to the
communications terminal equipment at the site.

(3) Acquisition, recording, decommutation, display,
and processing of Surveyo r IV spacecraft telemetry
data.

(4) Transmission of processed telemetry data, both
high speed and TTY, to the appropriate communi-
cations terminal equipment at the site.

(5) Generation and transmission of Surveyor IV space-
craft commands.

(1) Acquisition and tracking of Surveyor IV spacecraft.
(2) Generation and transmission of tracking data to the

communications terminal equipment at the site.

(3) Acquisition, recording, decommutation, display,
and processing of Surveyor IV spacecraft telemetry
data.

(4) Transmission of processed telemetry data, both
high speed and TTY, to the appropriate communi-
cations terminal equipment at the site.

(5) Generation and transmission of Surveyor IV space-
craft commands.

(6) Acquisition, recording, and processing of
Surveyor IV spacecraft video data.

A high degree of probability was required that the
following minimum capabilities would exist at DSS 42:

(1) Acquisition and tracking of the Surveyor IV
spacecraft.

(2) Generation and transmission of tracking data to the
communications terminal equipment at the site.

(3) Acquisition, recording, decommutation, display,
and processing of Surveyor IV spacecraft telemetry
data.

(4) Transmission of processed telemetry data, both
high speed and TTY, to the appropriate communi-
cations terminal equipment at the site.

(5) Generation and transmission of Surveyor IV space-
craft commands,

2. Ground Communications Facility, The DSN GCF, a
portion of the NASCOM, was required to support the
Surveyor IV mission by providing communication paths
between the various DSN tracking stations throughout the
world and the SFOF. This communication system was to
consist of landlines, undersea cables, and radio circuits
and was to transmit teletype, voice, and high-speed data
in real-time support of the Surveyor 1V mission.

The DSN/GCF was to transmit tracking, telemetry,
and command data from the DSIF to the SFOF; and
control and command functions from the SFOF to the
DSIF. The GCF was also to transmit simulated tracking
data to the DSIF, and video data and base-band telem-
etry from DSS 11, Goldstone DSCC, to the SFOF.

Voice, The DSN/GCF was to provide a system of
full-period, leased, four-wire, engineered, voice circuits
to a majority of the sites in the network. Most of the
voice circuits were to be routed via the GSFC switching
center and comprise the signaling, conferencing, and
monitoring arrangement. Circuits were to be routed by
hardwire and microwave wherever possible. These cir-
cuits were to extend to overseas points through trans-
oceanic cables, or by high-frequency radio links in
those cases where cables were not available. Circuits
were to terminate at the SFOF side of the first switching
level: that is, the OVCS console. At the DSIF, the intsr-
face was to be at the DSS side of the first switching
level.

b. Teletype. The DSN/GCF was to provide a system
of full-period, full-duplex, leased links composed of
leased and commercial facilities obtained from national,
international, and foreign common carrier agencies. For
purposes of reliability, overseas circuits were to employ
undersea cables wherever possible, but were to be routed
via radio f^ cilities to reach certain locations. Circuits

A high degree of probability was required that at the
start of DSS 11 visibility, the following minimum capa 	 a
bilities would exist:
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were to terminate at the SFOF (user) side of the Com-
munications Processor (CP) System, except that the JPL
nonoperational teletype message center and the equip-
ment therein is a portion of the GCF at the DSIF; the
interface was to be at the DSS side of the do switching
facility,

One voice, one HSD and two TTY circuits serving the
DSS 72 site were to be routed via the communication
satellite; the remaining two TTY circuits were to be
routed via HF radio to communications control at
Cape Kennedy, JPL was to advise GSFC which of the
four teletype circuits were the most critical.

c, High-speed data. The DSN/GCF was to provide a
system of full-period, leased, high-speed data circuits for
the purpose of transmitting spacecraft telemetry requir-
ing a higher bit rate than that of teletype. These circuits
were to be assigned solely to operational traffic. Cir-
cuits were to terminate at the SFOF side of the do
switching/testing facility between the SFOF and the
IISD transmission/monitoring facilities. For project-
supplied data sets that used GCF circuits, the interface
was to be at the SFOF side of the eommunic^-..:ons
switching jacks equipment, At the DSIF, the interface
was to be at the DSS side of the switching/testing fa-
cility between the DSS and the HSD transmission/
merging/monitoring facilities (currently the de patch-
fields in the IISD racks).

DSS 51 circuitry was to be diversely routed over four
paths: three TTY and one voice via London; one TTY
and one HSD via Tangiers; one TTY via Perth; and one
TTY and one voice via Ascension, The latter could be
routed via the communication satellite, or directly to com-
munications control at Cape Kennedy using HF radio.

The communication processors were not to be used
during the launch and translunar phases of the mission;
however, plans called for a switch to fill CP support at
end of first DSS 11 pass after touchdown (approximately
July 19),

NASCOM special coverage was to be implemented at
L — 6 h through L + 5 h for all domestic stations. Over-

d, Wide-band. The DSN/GCF was to provide several	
seas sites wern to hp envererl as o„alined below-

full-period, ]eased, wide-band data circuits between the
SFOF and the Goldstone DSSs. These circuits were to be 	 Site
used for operational traffic only. Circuits were to termi-
nate at the SFOF side of the first-level switching and 	 DSS 51
monitoring facilities (currently the wide-band jackfields 	 DSS 61
in Roc.n 133). At the DSIF, the interface was to be at
the DSS side of the wide-hand transmission, first-level
switching and monitoring facilities (currently the station
wide--band patch jacks). Figure 114 illustrates the con-	 DSS 72
figuration of the GCF in support of Surveyor IV and the
type of data carried over these circuits, 	 DSS 42

Coverage time

L — 2 to L + 11 h (launch and first pass)

L + 3 to L + 13 h (first pass translunar)
L + 55 to L + 62 b (touchdown and

terminal)

L 2 to L+ 4 h (launch and first pass
only)

L + 18 to L + 24 h (first pass translunar)

I

e. Additional requirements. The NASCOM network
was to provide 22 TTY, 9 voice, and 6 high-speed data
circuits to the DSN/GCF for the Surveyor IV mission, as
described in the following table.

Site TTY Voice HSD

DSS 71 3 1 1
DSS 72 4 1 1

DSS 61 4 1 1

DSS 51 4 _1 1

DSS 42 4 1 1

A>r'EM (AO) 3 4 1

JPL TECHNICAL MEMORANDUM 33.301

The NASCOM special coverage requirements were
defined as follows: (1) an alerting m,:ssage to switching
centers involved in mission support, advising them of
anticipated special event schedule during which uninter-
rupted communications are necessary and requesting
that close supervision be given the circuits to stations
involved; (2) dual communication processor operation;
(3) immediate availability of programming personnel and
UNIVAC engineering at each switching center; (4) low-
speed monitoring of mission critical teletype circuits
incoming from supporting sites to the communication
processors; and (5) official modification to the earn-
mercial carriers and the request that priority be given
to restoration/maintenance on equipment and circuits to
specified critical tracking sites.
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Fig. 114. DSN/GCF conf igurof ion diagrom
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IIF propagation forecasts were to be provided for all
fIF radio circuits scheduled to support the mission. Fore-
casts were to cover the launch, mid-course and touch-
down phases. The first forecast was to be issued at
L — 12 h and was to cover the period L — 8 to L + 20 b,
A touchdown forecast was to be issued at T — 12 h and
was to cover the period L + 58 to L + 66 b,

3, DSN/SPOF. The SFOF was required to perform
the functions of (1) tracking and telemetry data process-
ing, (2) trajectory and performance computation, and
(3) performance analysis in support of operational con-
trol of the Surveyor IV spacecraft during flight and lunar
operations,

a, Data Processlnle System (DPS). The SFOF Data
Processing System was required to perform the following
functions for Surveyor missions.

The DSN/ICS was to be composed of the internal
(2) Orbit determinations,	 circuits and equipment required to provide an integrated,

`3) Midcourse maneuver computation analysis. 	
multipurpose, internal communications network for the
support of all space flight missions and simulations con-

(5) On-line telemetry processing, 	 ducted in the SFOF. Both special purpose and conven-

(6) Command tape generation.	
tional communications equipment were to be used, The
majority of this communications equipment is owned by

(7) Simulated data generation (telemetry and tracking 	 JPL; however, certain end items of equipment and nearly
data for tests). 	 all audio equipment are leased from commercial sources.

circuits external to the SFOF, In this respect, the
DSN/ICS was to be capable of the reception of
voice, teletype, high-speed and wide-band data
from the various data acquisition stations through
the media of the DSN/GCF. In addition to these
reception capabilities, the DSN/ICS was to be
capable of transmitting voice, teletype, high-speed
and wide-band data from the SFOF to various
external terminals,

(2) To provide a facility whereby incoming data to the
SFOF could be properly routed to u. er areas
throughout the SFOF. In this respect, the DSN/
ICS was to be capable of distributing such data by
both audio and visual means.

(3) To provide a facility whereby user areas of the
SFOF interconnected with each other. In this
respect, the DSN/ICS was to be capable of fo-
viding be .audio and video transmissions ?-,Id
reception cap'bu1ities,(1) Computation of acquisition predictions for DSIF

stations (antenna pointing angles and receiver ancl,
transmitter frequencies).

The following minimum capabilities were required of
the SFOF:

(1) One operational TPS 7288-7044 computer string in
the Mode 3 configuration,

(2) Two operational 7094 computers in the, Mode 4
configuration.

(3) Diesel generators as the power source for all SFOF
computers committed to Surveyor.

(4) The OVCS system committed to Surveyor less its
intercom capability.

(5) CCTV displays of TTY data and line status.

(6) Transmission of incoming telemetry data, both
high speed and TTY, to the appropriate processing
and display devices.

b. DSN/ICS. The DSN Intraeommunications System
(DS\'/ICS) requirements were as follows;

(1) To provide an end terminal and switching capa-
bility for NASCOM and other special purpose

JPL TECHNICAL MEMORANDUM 33-301

The DSN Ground Communications Facility was re-
quired to provide the following:

(1) AFETR/SFOF

(a) Two voice lines.

(b) One high-speed data line building AO to SFOF
or DSS 71 to SFOF,

(c) One simplex TTY fine from Ar'ETR to SFOF.

(2) DSS 51 or 72

(a) One voice line.

(b) Two duplex TTY lines.

(3) DSS 61/SFOF —A high degree of probability was
required that at the start of DSS 61 visibility,
the following minimum communication capability
would exist,

(a) One voice line.

(b) Two duplex TTY lines.
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(4) DSS 42—A high degree of probability was re-
quired that at the start of DSS 42 visibility,
the following minimum communication capabilities
would exist;

(a) One voice line.

(b) Two duplex TTY lines.

(5) DSS Il/SFOF —A high degree of probability was
required that at the start of DSS 11 visibility,
the following minimum communication capabilities
would be operational-

(a) One voice line.

(b) One high-speed data line (1100 bits/s or
96 kHz).

(e) One duplex TTY line.

IX. Surveyor IV TDS Flight Preparation
Tracking and data acquisition was an essential part of

the Surveyor IV mission. This section summarizes the
tracking and data system requirements and the manner
in which the system was prepared for the Surveyor IV
flight.

Table 55. AFETR, MSFN, and DSN sfafion facilities

Station Tracking capability (radar type) Telemetry capability

AFETR stations

Cape Kennedy Area C-band VHF; S-band

Patrick AFB 0.18 (FPO-6)
Cape Kennedy T.16 (FPS-16) (Tat--2)

KSC 19.18 (TPQ-TB) (Tel-4)

Grand Bahama Island C-band VHF, S-band

116 (FPS-T6)
3.18 (TPQ-18)

Eleuthera VHF

Grand Turk Gband VHF

tlg (TPQ-T 8)

Trinidad UHF skin track 40A3 (FPS-43) --

Antigua Gband 91.18 (FPQ-6) VHF; S-band

Ascension Island Gband VHF; S-band

T2.16 (FPS-16)
T2.18 (TPQ-TB)

Pretoria C-band 13,16 (MPS-25) VHF, S-band`

AFETR ships

Timber Hitch (10-knot cruising speed) — VHF

Rose Knot — VHF

Sword Knot (10-knot cruising speed) — VHF; $-band

Coastal Crusader (10-knot cruising speed) —. VHF; S-band

Twin Falls (1.4-knot cruising speed) C-band (FPS-16) VHF; S-band	 -

MSFN stations

Bermuda Gband (FPS-T6 d FPQ-6) ,. VHF; S-band

Grand Canary' C-band (MPS-26)	 - VHF; &band

Tananarive, Malagasy C•band (modified FPS-16) to be operational in VHF
third quarter of T967

Carnarvon, Australia Gband (FPO-6) VHF; S-band
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Table 55 (contd)

Station Tracking capability (radar type) Telemetry capability

DSN stations'

Goldstone, Pioneer (DSS 11) One, two, and three-way doppler and antenna Full S-band 85-ft antenna with maser
angles

Goldstone, Mars (DSS 14) One, two, and three-way doppler and antenna Full 5-band 21041 antenna with maser
angles

Tidbinbilla (DSS 42) 	 - One, two, and three-way doppler and antenna Full S-bond 85-ft antenna with maser
angles

Johannesburg (DSS 51) One, two, and three-way doppler and antenna S-bend 85-ft antenna with maser (not committed
angles to Mission C)

Robledo (DSS 61) One, two, and three-way doppler and antenna Full S-bend 85-ft antenna with maser
angles

Cape Kennedy (DSS 71) One-way doppler Full St;Sand compatibility and launch support
- (4only-ft manual antenna)

Ascension Island (DSS 72) One, two, and three-way doppler and antenna Full S-band 30-ft antenna with paramp
angles

n 3-ft antenna only.
°DSS 11, 42, 51, 61, and 72 have CDC command capability; DSS 12 uses the DSS 11 CDC for commanding. The CDC at DSS 71 is used during
prelaunch testing only.

A. Configuration

Based on trajectory data and other requirements, the
TDS agencies selected the appropriate metric and
telemetry data acquisition instrumentation from resources
available at the sites listed in Table 55. Particular atten-
tion was given to class -I intervals to assure a high prob-
ability of providing the required coverage.

1. AFETR. The overall AFETR configuration for the
Surveyor ICS mission is presented in Table 56 and Fig. 115.
The configuration is similar to that of the Surveyor III,
except that the only RIS supporting the mission was the
Coastal Crusader.

a. Tracking. The AFETR configuration for acquiring,
processing and transmitting metric data is shown in
Fig. 116. As indicated in the figure, it was planned that
the AFETR radars at Antigua, Ascension Island and
Pretoria would provide real-time pre-retro and post-retro
metric tracking data to JPL at building AO, for relay to
the SFOF. For certain northerly azimuths, Bermuda
would provide some post-injection data; however, the
majority of Bermuda data would be obtained during
the powered-flight phase.

In addition to relaying these data to JPL, the AFETR
RTCS was configured to compute orbital elements and

JPL TECHNICAL MEMORANDUM 33-301

Table 56. AFETR configuration for Surveyor I`3

Station
C-band
radar

VHF
telemetry "

S-band
telemetry

KSC (Merritt Island) X X X

Cape Kennedy	 -- -	 X X

Patrick AFB X

` -.Grand Bahama Island X X X

Grand Turk X

Antigua X X X

Trinidad X

Coastal Crusader X X

Ascension Island X X X

Pretoria X X X

injection conditions (both pre-retro and post-retro) which
were to be transmitted to JPL in the following formats:

(1) Standard JPL orbital message format.

(2) AFETR IRV.

(3) AFETR standard orbital parameter message
(SOPM).

DSS acquisition information based on the pre-retro or-
bital computations was to be prepared by the RTCS and
forwarded to JPL. In addition, AFETR was to transmit
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IRV messages and DSS 72 predictions directly to DSS 72.
A "mapping to lunar encounter" message was to be pre-
pared for both the pre-retro and post-retro orbits.

Following the single-station solutions, the RTCS was
to compute and transmit to JPL pre-retro and post-retro
orbit information. An I-matrix and a lunar mapping mes-
sage based on each solution was to be included.

b. Telemetry. The AFETR configuration for acquiring,
processing and transmitting telemetry data is shown in
Fig. 117. As indicated in the figure, the AFETR stations
that were expected to acquire and transmit spacecraft
telemetry were: the Central Telemetry Facility at Station 1,
Grand Bahama Island; Antigua; one RIS (Coastal
Crusader); Ascension Island; and Pretoria. The Rixon 1,
2 and 3 lines on the diagram represent PCM telemetry
data transmitted via direct HF radio links from the RIS,
Ascension Island and Pretoria to Cape Kennedy. Pretoria
data were to be relayed through Ascension and then by
RF link directly to the Cape. The ship had an alternate
route by RF link to Antigua and then up the subcable to
the Cape. Not indicated on the drawing is the ability of
Antigua to act as a relay for the other downrange sta-
tions. The lines on the diagram identified as DISC 1, 2,
3 and 4 represent four subcable data channels.

In addition to being fed directly to building AO, data
from each of the Rixon sources was to be fed to central
telemetry for selection as an input to the TDM-1. The
TDM-1 is a time division multiplex system with a self-
contained core memory. TDM parity and sync were to
be displayed in the JPL/AFETR communications center
to assist in selecting the best data source for retransmission
to the SFOF.

The primary sync of the TDM-1 was to also provide
reconstructed PCM data and data clock to building AO.
These are listed as TDM DATA and TDM CLOCK on
the diagram.

During the operation, the best data source was to be
selected at the switch matrix in the JPL/AFETR commu-
nications center for transmission to the SFOF. The normal
data path was to be through the switch matrix to the
CDC, then back through the switch matrix to the bit
synchronizer in the JPL/AFETR communication center.
The bit sync was to condition the data stream for input to
the bell modem and provide necessary control functions
to the modem. The modem output was then to be trans-
mitted over the high-speed data line to the SFOF. The
bit sync also was to feed DSS 71 simultaneously with
the bell modem.

In the event of a CDC failure, or if it was desired to
bypass the CDC, the data stream could be sent directly
from the switch. matrix to the bit sync, from which it
would follow the normal path as described above. An
additional backup mode was available, wherein the TDM
data from central telemetry could be routed directly
from the switch matrix into the bell modem and out to
the SFOF.

In the normal mode of operation, the data being trans-
mitted to the SFOF was to be simultaneously monitored
at the CDC, while the data quality display panel was to
be evaluating the quality of the data being received from
the next station downrange.

2. GSFC. The GSFC tracking and telemetry facilities
and equipment used in support of the Surveyor IV are
listed in Table 57.

a. Acquisition aids. Stations at Bermuda and Canary
were equipped with acquisition aids to track the vehicle
and provide RF inputs to the telemetry receivers from
AOS to LOS. Performance recorders were used to record
ACC and angle errors for post-mission analysis.

b. Telemetry data. Bermuda and Canary were also
equipped to decommutate, receive and record telemetry.

f_

Table 57. GSFC configuration for Surveyor IV

Location Acquisition aid VHF telemetry C-band radar SCAMA
Radar high-speed

data

Real-time

readouts

Bermuda X X X X X X

Grand Canary' X X X x

GSFC X X

•Grand. Canary was not scheduled to support on July 13 or 14; however, the station was called up on a "bast-obtainable' basis on launch day.
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3. Deep Space Network. The DSN is the NASA fa-
cility for the two-way precision communication system
designed to communicate with, and to permit :-,e control
of, the Surveyor IV spacecraft after it had travelled
approximately 10,000 mi from earth. The DSN was re-
quired to perform four basic functions in support of
Surveyor IV mission: (1) tracking-locating the spacecraft,
measuring its distance, velocity, and position, and pro-
viding the data necessary for orbit determination;
(2) acquisition of telemetry data from the spacecraft;
(3) command; and (4) sending control instructions to
guide the spacecraft in its flight to the moon, to direct
the spacecraft in terms of when to perform required
maneuvers and when to turn on instruments for perform-
ing certain operations, and determining trajectories from
analysis of telemetry data from the DSIF, as well as
from standard sequence of events.

n.e main elements of the DSN are:

(1) The DSIF with space communication and tracking
stations located around the world.

(2) The GCF.

(3) The SFOF.

The DSIF, through precision radio tracking and com-
munication, obtained angular position and velocity (dop-
pler) of the spacecraft from the tracking stations as well
as providing command control (up-link) and data recep-
tion (down-link) from the spacecraft. The Cape Kennedy
DSS 71 supported the final checkout of the spacecraft
prior to launch and verified telemetry and tracking com-
patibility between the DSN and the flight spacecraft dur-
ing the prelaunch and first flight phases of the mission.

The GCF is that portion of the'::DSN which provides
communications between all parts of the DSN through
telephone, teletype, submarine cables, and high-speed
and wideband microwave links.

The SFOF is the control center, (Srom Surveyor launch
through mission completion) for DSIF tracking and data-
acquisition activities, spacecraft trajectory and orbit de-
terminations, generation of commands transmitted to the
spacecraft, and analysis and interpretation of the data
received. It is equipped with control consoles, status and
operation displays, computers, data processing and com-
munication equipment. The SFOF provid'ps'communica-
tion by telephone and teletype throughout DSN, and
internal communication at JPL by telephones, voice

intercom units, public address systems, closed-circuit
television, apd other types of visual displays. Figure 118
is a block diagram depicting the SFOF and associated
DSN/GCF for Surveyor IV.

a. Deep Space Instrumentation Facility. The following
DSSs, all of which have 85-foot antennas, were commit-
ted as prime stations for the support of Surveyor IV
mission:

(1) DSS 11, Pioneer, Goldstone DSCC, Barstow,
California.

(2) DSS 42, Tidbinbilla, Australia.

(3) DSS 61, llobledo, Spain.

Due to the direct-ascent trajectory to be used for the
Surveyor IV mission, initial acquisition was to be per-
formed at either DSS 72, Ascension Island, or DSS 51,
Johannesburg, depending upon the particular trajectory
selected and upon station availability. The Surveyor
project planned to use DSS 72 for initial acquisition.
DSS 51 would also provide tracking support during the
transit phase of the mission; that is, two-way tracking
data would be provided upon request to assist in deter-
mining an accurate orbit.

DSS 71 coverage. DSS 71, Cape Kennedy, Florida, was
committed to support RF compatibility tests between the
Surveyor IV spacecraft located on the launch pad, and
DSS 71. These tests were successfully completed on
June I and 2, 1967. At time of launch DSS 71 would re-
ceive and record telemetry data from L — 5 min to loss
of signal. In addition, DSS 71 would use its CDC and
TCP computer to process AFETR range telemetry data for
transmission to JPL via NASCOM high-speed data lines.

DSS 14 coverage. The DSIF was to usa DSS 14, the
210-ft Mars station antenna, for backing up DSS 11 dur-
ing the midcourse and terminal descent phases of the
Surveyor IV mission. This would include on-site telemetry
recording and availability of a backup transmitter if re-
quired for commanding. DSS 14 was to be available to
the end of the touchdown pass.

b. Ground Communications Facility. The DSN Com-
munications System is an integrated, operational, commu-
nications network and distribution system that was divided
into two separately administered communications systems:
(1) The DSN/GCF, external to the SFOF and technically
controlled by Goddard Space Flight Center; and (2) the
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SFOF Intracommunications System (ICS), internal to
tha SFOF and technically controlled by the JPL. The
services thus provided are available 24 h per day and are
controlled by the DSN Communications Center located
in the basement of the SFOF. Figures 119-127 show the
DSN/GCF circuits and SFOF nets configured to sup-
port the Surveyor IV mission.

DSN/GCF. The DSN/GCF is a particular configura-
tion of the NASCOM which supports DSN space flight
operations. Comprising teletype, voice, high-speed data
and wide-band lines, the DSN/GCF consists mostly of
NASCOM circuits including the Pasadena-Goldstone mi-
crowave link. Since NASCOM circuits are used to support
many installations and activities, of which the DSN/GCF
is but one part, circuit usage must be on a requested and
scheduled basis from GSFC. Those circuits that do not
pass through GSFC must also be scheduled to ensure their
availability.

The DSN/GCF provided a system of full-period,
leased, four-wire; engineered, voice circuits to a majority
of the sites in the network. Most of the voice circuits
were routed via the GSFC switching center and com-
prised the SCAMA. Circuits were routed by hardwire
and microwave wherever possible. These circuits ex-
tended to overseas points through transoceanic cables, or
by high-frequency radio links in those cases where cables
,vere not availab1?. Circuitse termnated at the SFOF side
of the first switching level; that is, the OVCS console. At
the DSIF, the interface is at the DSS side of the first
switching level.

The DSN/GCF also provided a system of full-period,
full-duplex, leased links composed of leased and commer-
cial facilities obtained from national, international, and
foreign common carrier agencies. For purposes of reli-
ability, intercontinental circuits utilized undersea cables
wherever possible, but were necessarily routed via radio
facilities to reach certain Iocations. Circuits terminated
at the SFOF (user) side of the CP system, except that
the JPL nonoperational teletype message center and the
equipment therein is a portion of the GCF at the DSIF;
the interface is at the DSS side of the do switching
facility.

A system of full-period, leased, high-speed data circuits
for the purpose of transmitting spacecraft telemetry re-
quiring a higher bit rate than that of teletype was also
provided by the DSN/GCF. These circuits were assigned
solely to operational traffic. Circuits terminated at the

SFOF side of the do switching/testing facility between
the SFOF and the HSD transmission/monitoring facilities.
For project-supplied data sets that used GCF circuits, the
interface was at the SFOF side of the communications
switching jacks equipment. At the DSIF, the interface
was at the DSS side of the switching/testing facility be-
tween the DSS and the HSD transmission/merging/
monitoring facilities.

In addition, the DSN/GCF provided several full-
period, leased, wide-band data circuits between the
SFOF and the Goldstone DSS. These circuits were used
for operational traffic only. Circuits terminated -at the
SFOF side of the first-level switching and monitoring
facilities. At the DSIF, the interface was at the DSS side
of the wide-band transmission, first-level switching and
monitoring facilities.

SFOF/ICS. The SFOF/ICS is composed of the inter-
nal circuits and equipment required to provide an inte-
grated, multipurpose, internal communications network
for the support of all space flight missions and simula-
tions conducted in the SFOF. Both special purpose and
conventional communications equipment are used. Most
of this communications equipment is owned by JPL;
however, certain end items of equipment and nearly all
audio equipment are leased from commercial sources.
Figures 128 and 129 show the DSN/ICS configuration in
support of Surveyor IV mission.

The three functions of the SFOF/ICS were as follows:

(1) To provide an end terminal and switching capes
bility for NASCOM and other special purpose cir-
cuits external to the SFOF. In this respect, the
SFOF/ICS is capable of the reception of voice,
teletype, high-speed and wideband data from the
various data acquisition stations through the media
of the DSN/GCF. The same capability exists in
terms of transmitting from the SFOF to various
external terminals.

(2) To provide a facility whereby incoming data to
the SFOF may be properly routed to user areas
throughout the SFQW. In this respect, the SFOF/
ICS is capable of distributing such data by both
audio and visual means.

(3) To provide a facility whereby user areas of the
SFOF are interconnected with each other. In this
respect, the SFOF/ICS is capable of providing
both audio and video transmission and reception
capabilities.
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SFOF	 GSFC	 AFEfR-XY	 DSS 71

REQUEST OF ACE 1, VOICE LINE TO HAC LAUNCH	 -
OPERATIONS REVERTS FROM SURV CMD NET TO
SPAC A/O NET.

Fig. 119. Surveyor Mission D voice/high-speed data configuration diagram, AFETR-AO and DSS 71
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Fig. 120. SFOF/AFETR-AO initial circuit configuration diagram
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LONG-LINE CIRCUITS SFOF/DSN OVCS/TTY	 SFOF
DSS 71 DSWGCF DISPLAY	 AREA

DESIGNATIONS

STA MGR
VOICE LINE COMM- DSS 71 NET	 TRACK

CHIEF

VOICE OF SURVEYOR
BACKFEED

SFOF-SPACECRAFT (L-2H TO L+4H)
-0TM COORD

VOICE LINE HSDL (1200 bas)

TCP'	 r1w - TPS
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TCP REC AREAS
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TM NOTE:	 SEE SEQUENCE OF EVENTS
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•DOWNRANGE TM DATA VIA ETR-AO THROUGH DSS 71 TCP

Fig. 121. SFOF/DSS 71 initial circuit configuration diagram
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i
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1w
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oil	 OPS V
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O VOICE 4
SEE CIRCUIT ACTIVATION TIMES,	 O HSDL
STANDARD SEQUENCE OF EVENTS i
(L-7H30M). q TTY

Fig. 122. SFOF/DSS 51 initial circuit configuration diagram
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EXTERNAL SFOF COMM

CENTER

OVCS/TTY	
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BACKFEED SURV CMD
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TRACK
CHIEF
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TDH
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TTY - "B" (FDX)CENTER
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TTY - "72B"	 OPSTV-IN
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d
TX
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ETR/IRV/PREDICTS/ADMIN TV-OUT SFOF
TTY - ..C.. (FDX)
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Fig. 123. SFOF/DSS 72 initial circuit configuration, diagram
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CENTER
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TRV/ETR PREDICTS/ADMIN
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SOC TTY - "C" (FDX)
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CMD MSG
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CHIEF

NASCOM DATA SET SFOF
TPS

TV-OUT
SF0

TTY - 61 "A" TV-IN OPS
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TTY
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Fig. 124. SFOF/DSS 61 initial circuit configuration diagram
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ACE I
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TV-1
AREA

I

DSS 12	
36-BIT TIME CODE	 DPS

VOICE (PRE-PASS COORD ONLY)	 TV DATA NET (VOICE)

TV-1 I	
6 Mc (WBI	 6 Mc (WB-9) 70 kc/200 LINE TV

6 Mc (WB-10) 5 Mc/600 LINE TV
STATUS NET (L) (BACKFEED)

SOC	 L-1H TO L+IH
STA MGR

HSDL (1200 bps) NASCOM DATA SET FCM DATA '.
TO 920P 

PHASE DET DATA TPS
96 kc (WB) (WO GREEN-2)

CDC

OPEN TV-OUi
DSS I1 _ _. _ SFOF

R/O TTY - A (FDX) TTY - 11 "A" OPS ?.
sp AREA

TDH
DSS I1 TK DATA TV-IN	 PRIME TK DATA

JPL PREDICTS (DPS) TV-OUT
R/O SFOF

TCP TTY - B (FDX) TTY - 11 "B" OPS
AREA

BUFFER
NO. C CN/FM TV-IN

ADMIN TV-OUT j'
STA MGR SFOF I

SOC TTY - C (FDX) TTY - 11 "C" OPS
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COMM AREA
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RECORDER
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5 PAC	 I	 SDA	 I
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-	 AGC

SDA 12
COMPUTER	 TTY - SDA	
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DSS TK DATA	 TTY - 19 "A"
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O VOICE	 0 TTY
STANDARD SEQUENCE OF EVENTS (L-5H35M) 	 _	 O HSDL	 q VIDEO

Fig. 125. SFOF/DSS 11 initial circuit configuration diagram
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LONG-LINE CIRCUITS	 SFOF COMM OVCS/TTY SFOF
DSS 42 EXTERNAL	 CENTER DISPLAY AREAS

DESIGNATIONS

ACE 
SURVEYOR COMMAND NET DIKE 1

COMMAND LINE VOICE (ON REQUEST) -
BACKFEED SURVEYOR CMD

STA MGR NET (L) (ON REQUEST)
SOC

DSS 42 NET

TRAC K
CHIEF

STATUS NET (L) L-3H TO L+IH
STA MGR  VOICE OF SURVEYOR L+IH (ON REQUEST)

SOC
HSDL (1200 bps) FOX NASCOM DATA SETTCP TPS

COMM
BUFFER

r

COMM OPEN TV-OUT SFOFCENTER TTY - "A" (FDX) TTY - 42' A" OPS
TDH DSS 42 TK DATA TV-IN

AREAS

COMM JPL PREDICTS TV-OUT
CENTER SFOF j

TTY - ' B" (FDX) TTY - 42 "B" OPS I	 '
TCP am AREAS

BUFFER NO. 2 CCN/TM TV-1N

IRV/ETR PREDICTS/ {
ADMIN TV-OUT

STA MGR r 40 SFOF
SOC	 j TTY - "C" (FDX) TTY - 42 "C" OPS
COMM 111

ADMIN TV-1N	 -._	 __. _ AREAS

( CMD MSG TV-OUT I	 S
SFOF

TCP TTY - "D" (FDX) TTY - 42 D" OPS q.I
BUFFER NO. 0 l AREAS

AVA/CVR TV-IN y
I`

— —_

	DSN 19	 VOICE	 SDA NET	 SFOF
(12-SDA)	 -	 SDA

DSS 42 TK DATA	 -
BACKFEED (ON REQUEST)

I2 DA

	

COMPUTER	 TTY-SDA
DSS 42 TK DATA RETURN	 TTY-19 "A"	 SFOF

OPS
AREAS

SEE CIRCUIT ACTIVATION TIMES, STANDARD
SEQUENCE OF EVENTS. (L-2H45M). 	 O VOICE	 O HSDL	 q TTY

Fig. 126. SFOF/DSS 42 initial circuit configuration diagram
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OVCS/TTY
COLLINS WESTERN UNION DISPLAY

MICROWAVE ECHO COMM
MICROWAVE

SFOF COMM
DESIGNATIONS

SFOF -
DSS 14 (GOLDSTONE) CENTER AREAS

TRACK
CHIEF

_ - DSS 14 NET

VOICE CMD LINE VOICE
STA MGR

BACKSIDE

OPS AREA
(L) STATUS ..

DSS 11 HSDL
BACKFEED CIRCUIT

SURVEYOR COMMAND NET
(ON REQUEST)

ACE I
DUCE I

ADMIN PREDICTS ADMIN TX TV-OUT
OPS AREA

TTY TTY -14C TTY "C^ TTY - 14C OPS TTY
ADMIN ADMIN REC TV-IN AREAS

J
RCVR

TM (WB)

XMTR CMD CONFIRMATION (WB)
F-..	 , TX

MODULATOR
DSS 11 CMD MOD (WB) 3_n
DSS 11

STA MGR
VOICE LINE (L) 1	 '

- 1
l

DSS ll•
DSS I1/SFOF.§

VOICE LINE

CDC CMD MOD (WB)
CMD SCO

NOTE: DSS 14 PARTICIPATES IN WC AND TERMINAL PHASES ONLY.

• SEE DSS 11 CIRCUIT CONFIGURATION DRAWING FOR OTHER DSS 11/SFOF CIRCUITS.

•• STATUS NET BRIDGED TO GOLDSTONE OVERHEAD SPEAKERS AT ECHO COMM.

Fig. 127. SFOF/DSS 14 initial circuit configuration diagram
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SFOF COMM CONTROL TPS

COMMUNICATION TERMINAL

EXTERNAL LINE	 1200 DATA BLUE LINE 1

FROM DSS 205B
=CLOCK BLUE LINE 2

EXTERNAL LINE	 1200
FROM DSS	 bps

DATA
2058

DS#2	 CLOCK

BLUE LINE 3

BLUE LINE 

EXTERNAL LINE	 1200 DATA BLUE LINE 5
FROM DSS	 bps 2058

DS #3	 CLOCK BLUE LINE 

EXTERNAL LINE	 1200 DATA BLUE LINE 7

FROM DSS	 bps 2058
DSs4	 CLOCK BLUE LINE 

EXTERNAL LINE	 1200 DATA BLUE. LINE 
FROM DSS	 bps 2058

DS85	 CLOCK BLUE LINE 10

EXTERNAL LINE	 1200 DATA BLUE LINE 11
FROM DSS	 bps 205B

- DS#6	 CLOCK BLUE LINE 12

EXTERNAL LINE	 550 HALLI—	 DATA BLUE L INE 1 3
,.> FROM DSS 51(SPARE) .	bps `.	 LINE	 -	 CRAFTER

CRAEQ	 CLOCK BLUE LINE 14
IA

EXTERNAL LINE	 550 HALLI—	 DATA BLUE LINE 15

BLUE LINE 16
FROM DSS 51 (PRIME) 	 bps

-
LINE	 CRAFTER

EQ	 DS08	 CLOCK
1B

EXTERNAL LINE	 550
FROM ETR—AO	 bps 202D	 DATA

DATA
BLUE LINE 17

PHONE

EXTERNAL LINE	 4400
FROM DSS 11 (96 kHz LINE) 	 bps GREEN 2

NOTES-	 1.	 NASCOM DATA SETS 'HILL BE USED TO ALL DSSs EXCEPT WHERE
OTHERWISE ASSIGNED. COMM DPS LINE ASSIGNMENTS WILL_
BE IN ACCORD WITH THE LINE DRAWINGS.

2. WHEN HSDL 15 ACTIVATED, COMM CHIEF WILL, IN REAL TIME,
REQUEST DATA CHIEF TO DESIGNATE WHICH NASCOM 105
DATA SET WILL BE USED TO TERMINATE EACH HIGH—SPEED
DATA LINE.

Fig. 129. Communications and data processing system high-speed data line assignments
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D55 bl
	

D55 51

Fig. 130. DSN/GCF teletype communications processor configuration for supporting_ r—weyor IV mission
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TCP
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CHANNEL B -

CCN (76)
BUFFER No. 2 CC 	 (76) TM (55) TM (55)

OPS-X (20) TTY CONF (28)-
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J

F
O

TV
MONITOR/
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OPS-X (20)/OVERFLOW TTY CONF (28)	 -
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AVA(68) CVR (77)
OPS-X (20)	

TTY

TTY CONF (28) 	
MACHINE•

_	 FDX
REPERF 60 wpm.

JTLA
- (100 wpm)

Fig. 131. SFOF/DSS 42 teletype communications processor traffic
flow configuration diagram for the Surveyor Wmission
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8/O LRXI
CHANNEL B

BUFFER No. 2 CCN (76) TM (55)	 -
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O TTY CONF (28)	 TTY
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(
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Fig, 132. SFOF/DSS 61 teletype communications processor traffic
- flow configuration diagram 40 the Surveyor IV mission
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TCP
BUFFER No. 0
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J
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TV
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TSS BUSS/
DISCRETE
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-
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Fig. 133. SFOF/DSS I i teletype communications processor traffic
flow configuration diagram for the Surveyor IV mission
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DSS 51	 I	 DSS 71	 I I	 A A
PET

	

OR	 I I	 DSS 72	 I	 DSS 11	 I I	 DSS 14

4

i
LLDN

CP

4

D55 61

DSS 42

DSIF
NET CONTROL

S DCC

TSS

TV MONITOR

	

GSFC	 ECHO COMM

	

CPS	 CENTER

9
2 VOICE/DATA

2400—bps FDX	 60 wpm/FDX

HAC

CANBERRA JPL
CP ,.

CP
60 wpm 490 100 wpm

3-40.8 Kbps

3 7044 7044 7044 1 DSIF NET CONTROL
w X Y - (PREDICTS)

_.	 'Z... 6	
12 12	 6.	 12	 12 -b..

12.

_.

10
12

_
7 SURVEYOR—SPAC

M—BOX
6

36	 _ _- _ _ 5 DSN MONITOR

3 _ COMM MESSAGE'.
CENTER

19

1 IN	 CP SERVICE AREA 	 1

1 21 11 4
I

CP ADVISORY CP INTERCEPT CPCC CPJOURNAL

Fig. 134. Surveyor/Comm Processor/7044C GCF/SFOF circuit configuration diagram



DSS 511 I	 DSS 71	 I I	 AFAETTR	 I I	 DSS 72	 I I	 DSS 11	 I I	 DSS 14

LLDN GSFC ECHO COMM
CP CPS CENTER

i

4 2 VOICE/DATA
2400-bps FDX 9

60 wprq/FDX

DSS 61

60 wpm 1 HAC

DSS 42 4 A^PW
JPL

CP
60 wpm 490	 100 wpm

4-40.8 Kbps
r

?i
DSIF NET 3 7044 7044 7044 7044 1 DSIF NET CONTROL 4

CONTROL W X	 Y	 V (PREDICTS)

SDCC 10 7IN SURVEYOR-SPAC V
9k

TSS 36 5	 DSN	 j
MONITOR

7— — —128 -
3 COMM

MESSAGE CENTER

TV MONITOR In 19 tt̀
I

CP

f'

SERVICE AREA

1 2 1 1	 4

Ii
CP ADVISORY

E
CP INTERCEPT	 CPCC

	 E
4NAL

:1
Fig. 135. Ground communications facility, SFOF, circuit configuration diagram for Surveyor

i
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The SFOF/ICS is composed of the following sub-
systems:

(1) Operational voice communications subsystem
(OVCS).

(2) Operational status recording subsystem (OSRS).

(3) Operational public address subsystem (OPAS).

(4) Operational voice recording subsystem (OVRS).

(5) Operational miscellaneous audio subsystem
(OMAS).

(6) Operational teletype communications subsystem
(OTCS).

(7) Television communications subsystem (TVCS).

(8) High-speed data subsystem (HSDS).

(9) Wide-band communications subsystem (WBCS).

Displays. DSN communications control provides three
status displays to provide information to users about
communication circuits activated in support of flight
projects. These displays are available on the TVCS and
consist of the following:

(1) Teletype status display.

(2) Audio status display.

(3) Propagation status display.

Support readiness. Satellite voice circuits via Atlantic
Intelsat was again provided to DSS 72 for ORT and
mission critical launch phase. This path was used for the
first time during Mission C and its quality and reliability
proved excellent. Intelsat has 6 voice/data channel capa-
bility to DSS 72 at Ascension Island.

NASCOM has established a new voice backup circuit
to DSS 51 via Ascension satellite or HF radio to Pretoria
(USAF Station) by HF radio then to DSS 51 by cable.
This circuit was used for the first time during the
Mariner launch; however, the circuit did not prove very
satisfactory on that first attempt.

TTY circuits remained the same as for the Surveyor III
mission except for the new TTY backup circuit to
DSS 51. This new NASCOM circuit uses the same
Ascension routing as the new voice backup circuit men-
tioned above. This circuit was used as backup by GSFC
during Mariner ORT and launch and proved to be quite
reliable. This circuit is routed via satellite from Ascension

to GSFC; however, its use required dropping one of the
two DSS 72 satellite TTY channels.

There were no changes in the HSD system since the
Surveyor III mission except in the SFOF/HAC 1219 com-
puter interface where two new data phones were added.

No changes had been made to the JPL/Goldstone
microwave system since the Surveyor III mission. Special
maintenance coverage requested by the project for this
system was as follows:

(1) Launch phase: none.

(2) Midcourse phase: L+ 10 h to L + 18 h.

(3) Touchdown/terminal phase: L + 58 h to L + 66 h.

The CP from a communications standpoint was in the
green and capable of supporting the Surveyor IV mission.
Communications personnel were still in a phase of revis-
ing and completing the many new interface procedures
and familiarizing user and support personnel with them;
however, the CP had successfully supported the Mariner
1967 launch and mission and was supporting the lunar
orbiter extended missions.

Except for the implementation of the CP system after
touchdown there have been very few changes in project
requirements or system capabilities for the GCF since
the Surveyor III mission. An alternate voice and TTY
circuit from DSS 51 through the Pretoria AFETR station
via HF radio link to Ascension Island and the satellite
circuit to the United States was to be available for
Surveyor IV. Other communications facilities were to be
provided as in previous Surveyor missions. Figures 130-
136 show the Surveyor IV mission DSN/GCF communi-
cations processor circuits configuration.

Both the DSN GCF and the ICS were considered to be in
excellent condition to support the Surveyor IV mission.

c. Space Flight Operations Facility. The SFOF had
been assessed to be generally ready to support the
Surveyor IV mission. At the Surveyor project request,
two modifications were made to the SFOF. One change
consisted of adding a full round console to the Surveyor
mission control room to provide operational positions for
the SFOD and other mission control personnel. The other
change was the installation of a full duplex high-speed
data circuit, using a 303 data phone, between the SFOF
and Hughes Aircraft Co. (HAC), El Segundo, Calif. The
303 data phone would permit transmission of all Surveyor
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data rates (including 4400 bits/s) to Hughes for process-
ing by the 1219 computer. In addition, this data phone
would permit operation of a high-speed line printer in
the SPAA remotely driven by the 1219 computer. The
303 data phone and associated microwave circuit were
provided by the Surveyor project. The DSN provided
interfaces to the two TPS strings, with the signals termi-
nated in a switch in the SPAC area; the switch permitted
Surveyor personnel to select which of the two TPS data
streams would be sent to HAC for processing.

The implementation of the 7044 Redesign/CP for
Surveyor IV mission was somewhat delayed because pri-
mary emphasis was placed on readying this system for
the Mariner V launch. Therefore, it was decided early in
June 1967, that the translunar portion of the Surveyor IV
mission would be operated using the existing 7044 C
system, with manually switched teletype lines. After
touchdown Surveyor would switch to the 7044 Redesign/
CP system to conduct lunar operations. This was neces-
sary if a 7044 computer was to be shared with Mariner V
and permit the required computer support for the Lunar
Orbiter V mission. Tests were conducted to verify this
capability.

An improvement was made to the CSC-94C system
to correct spurious computer communications errors
(COMM Error 1) which occurred throughout the
Surveyor III mission. This improvement would not pre-
clude COMM errors from occurring for other causes, but
would eliminate the great majority of COMM errors
which had been occurring.

Operational procedures were implemented for the
TPS whereby operational control of the TPS through
the data chief was waived for Surveyor IV mission to
permit direct Surveyor/TPS interfaces.

A software modification was made to improve opera-
tion of card readers. Although card reader failures for
mechanical problems were not affected, the reliability of
card reader operation was substantially improved by the
modification. A modification made to the Milgo plotters
by the manufacturer included circuit elements which
were substandard; those elements were replaced.

Since the Surveyor III mission, an operation and main-
tenance group d irectly responsive to SFOF Operation has
been implemented for SFOF facilities operation. Support
capabilities and response time to problems should be

greatly improved for the Surveyor IV mission. Technical
area staff has been augmented to accommodate any
committed requirements for the Surveyor IV mission.

Two SFOF Operations briefings were planned for the
Surveyor operations staff to provide additional training
for Mission IV. One briefing was for the CP procedures
and interfaces for post-touchdown operation and the
second briefing for Data Processing System operations.
The DACON operations area of the SFOF (Room 104)
was implemented with the Surveyor requirements for
post touchdown operations.

B. Tests.

To insure the successful launch and flight of Surveyor IV
mission a great deal of preparation and compatibility
testing was needed to determine the operational readi-
ness of the mission. Thus, operational readiness tests
were performed in an endeavor to assure a mission success.

1. AFETR. The facilities of the AFETR are under a
constant state of testing. The preparation and testing
of the T&DS, launch and near-earth phase support of the
Surveyor IV mission was successfully accomplished in
the following tests.

a. Test of June 26, 1967. The RTCS was unable to use
the metric data from Antigua, due to a problem with the
radar target acquisition (RATAC) system, which was
subsequently fixed. Check-out of the telemetry circuits
in the minus count was delayed due to a subcable prob-
lem at Grand Turk. This was worked around and telem-
etry data flow in the plus count was good.

b. Test of July 9, 1967. The telemetry tapes used for
the simulation provided some problems but did not ham-
per the proper testing of the telemetry re-transmission
system. The interface between building AO and JOPS
at the SFOF was satisfactorily exercised. RF propagation
was poor to fair in the minus count, with a continuous
improvement for T — 0 and the plus count. Some of the
DSN tracking data were delivered late to the AFETR,
because of an operational problem at the SFOF; that
problem was corrected before launch. There were no un-
resolved problems.

The telemetry tapes used for both of the above tests
were apparently prepared without the 14,5-kHz data.
This caused no difficulty during the tests, however, be-
cause the AFETR stations played back the 3.9-kHz space-
craft data instead.

•. 1
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c. S/C-41TEL-2 compatibility test. The objective of
this portion of the S/C-4/M0S compatibility test was to
demonstrate the ability of a typical range receiver facility,
represented by Tel-2, to receive, detect and transmit to
building AO, the Surveyor S/C-4 telemetry data received
via the Centaur VHF and spacecraft S-band and RIP links.

The test objectives were met on a non-interference
basis and required no special test configurations or pro-
cedures. The test was essentially a functional compati-
bility test for the purpose of demonstrating the ability
of the STEA-CDC decommutator to acquire lock with
the serial PCM obtained from either the Centaur or
S/C-4 BF links via the Tel-2 VHF or S-band receivers,
respectively. The signal to the decommutator was
switched between the Tel-2 receiver output (after dis-
crimination of the PCM from the subcarrier) and the
reconstructed TDM-1 decommutator PCM output. At
Tel-2, a tape recording was made of the telemetry sub-
carrier in the format specified in PRD 3400.

In general, if allowance is made for measurement un-
certainties, the spacecraft and ground systems performed
within specified limits in those cases where specifications
were clearly defined. This was not an exhaustive test of
all spacecraft and ground system parameters in all op-
erating configurations. Rather, it was a spot check of
those parameters and operating modes most pertinent to
the mission. The spacecraft calibration data, used to ob-
tain AGC, SPE and AFC corresponding to telemetered
data numbers, was obtained from HAC documentation.

In this test the temperatures of the frequency deter-
mining elements were not available. Normally, the com-
partment A tray bottom temperature was used instead.
It was apparent from the test data that there was a
static offset between the tray temperature and the trans-
mitter and receiver temperatures during static thermal
periods.

VFF link telemetry. The STEA-CDC decommutator
successfully acquired lock with the 550 bits/s serial PCM
telemetry received via the Tel-2 receiver output and the
TDM-1 decommutator. The DSN bit synchronizer was
capable of maintaining lock with either the Tel-2 bit
stream or the bit stream from the CDC decommutator.
The data played back from tape was successfully pro-
cessed by the Computer Data System.

The STEA-CDC decommutator successfully acquired
lock with the spacecraft telemetry received via the
Centaur VHF link. Data was not processed by the com-
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puter in real time. However, playback of recorded data
was accomplished without difficulty.

S-band link telemetry. The STEA-CDC decommutator
successfully acquired lock with the S/C4 telemetry re-
ceived via the spacecraft S-band link. The telemetry was
received via the Surveyor spacecraft S-band RF link and
the Tel-2 S-band receiver.

NBVCXO frequency drift. The maximum rate of
change of the transmitter B system, NBVCXO, due to
heating in the high power mode, was 5.6 Hz/s and
4.5 Hz/s for the A transmitter system.

WBFM telemetry. The frequency of transmitter B in
WBVCXO mode was 2295.038048 MHz, and transmitter
A 2294.989760 MHz. No spurious signals were observed
in the spectrum. Frequency drifts noted in the high power
mode were negligible.

SCO frequencies and telemetry error rate. All parity
error rates were normal when link variations are con-
sidered. SCO offsets were noted, but were within specifi-
cations.

TV transmission frequencies. Transmitter frequencies
at S-band corresponding to TV sync, porch, PCM one,
and PCM zero were measured. All readings were satis-
factory.

Spacecraft receiver phase-lock threshold. Both receivers
exceeded threshold specifications at best lock. At ±70 kHz
from best lock, receiver A threshold degraded by 13 dB
while receiver B degraded 4 dB. No specification is
known for the threshold at ±70 kHz.

Spacecraft receiver AFC threshold. Both receivers pro-
vided an AFC threshold which was satisfactory.

Spacecraft receiver phase lock tracking range. Both
spacecraft receivers have adequate phase-lock tracking
ranges for nominal mission requirements.

Spacecraft receiver best-lock frequency. Test results
indicated that nominal best lock frequencies for receivers
A and B were:

(1) 2113.309440 MHz for receiver A at 85°F.

(2) 2113.327968 MHz for receiver B at 84°F.
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Table 58. Summary of tests conducted prior to the Surveyor IV mission

Test

May June July

6 is 20 27 3 10 17 24 1 a 15

B Tests-communications processor

Lunar training test

Flight training test

Operational readiness test

DSS 72 acquisition training test

Spacecraft receiver center frequency. Test results indi-
cated that the receiver center frequencies for receivers A
and B were as follows:

(1) 2113.316592 MHz for receiver A at 85°F.

(2) 2113.335610 MHz for receiver B at 84°F.

2. DSN.

a. Operational readiness tests — general. Readiness of
the mission operations personnel to support the
Surveyor IV mission resulted from over 3 yr of training
exercises and actual operations conducted jointly by JPL
and HAC. This activity started about April, 1964, con-
tinued until 4 days prior to the actual launch of the
Surveyor IV spacecraft, and included the Surveyor 1, 11
and III missions. A summary of training exercises and
tests conducted betweenthe Surveyor II and IV missions
is provided below with the schedule shown in Table 58.
The operational test program consisted of the following
test classes:

(1) Class A — internal testing.

(2) Class B — SFO/DSN functional compatibility tests.

(3) Class C — operational tests.

The broad objective of the class B tests was to ensure
that the ground-based facilities were compatible with
and capable of processing spacecraft command, telemetry,
and video data. Class B tests were not performed in real
time and did not require adherence to operational pro-
cedures.

The primary objective of the class C tests was to ensure
that all elements of the SFO/DSN, includin g the tech-
nical and operational personnel, were capable of totally
supporting the mission in accordance with the Surveyor
space flight operations plan (SFOP). The class C tests:

(1) Utilized the full complement of personnel rerxuired
for Surveyor flight operations.

(2) Included standard operational procedures and
heavily emphasized nonstandard operational pro-
cedures.

(3) Required handling, processing, and interpretation
of the full range of mission data under conditions
of normal and degraded communications.

(4) Generally established the operational readiness of
the SFO/DSN for the Surveyor mission.

b. Communications processor testing (B-tests). A series
of three tests was conducted in an attempt to qualify the
SFOF data system in the CP/7044R configuration (includ-
ing the NASA communications processor computer and
the redesigned real time program for the 7044 computer)
for use during the Surveyor IV mission. Canned telemetry
and =tracking data were used along with selected test
cases for the computer programs. A test command message
was constructed, transmitted to each of the three partici-
pating DSIF stations (DSS 11, DSS 42 and DSS 61),
punched on 74evel tape and played back for verification.
Command confirmation network (CCN) data was gen-
erated by transmitting commands, at each of the stations,
which were then routed through the system.

During the first two tests many problems were en-
countered in attempting to exercise most of the., test
functions. For example, telemetry data displayed on TTY
machines ran from 20 s to 6 h behind real time, command
messages were transmitted with extraneous characters
added and several computer programs would not run. A
general problem was the backlogging of data in the CP
which could not be cleared without reinitialization of
both the CP and the 7044.

During the third test the processing and display of
telemetry data functioned at an acceptable level although
data ran somewhat further behind real time than in the
Surveyor III mission system. Command messages did not
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contain the extraneous characters found in the two pre-
vious tests but were somewhat garbled in the operator
instruction section. Manual verification of a command
tape was accomplished.

c. Personnel training— class C testing. The objectives
of personnel training for class C testing are described in
the following paragraphs.

Lunar training test. The objective of this test was to
exercise the SFOF and DSS-11 personnel in the perfor-
mance of a static firing of spacecraft vernier engines
followed by a liftoff and translation of the spacecraft.
Planning for this test was very good and the simulation
data was considered the best witnessed. Several relatively
minor problems were encountered in the scheduling of
computer program usage and in the operational use
of the engine firing command sequences. All of the prob-
lems, however, were resolved.

Flight training test. The objective of this test was to
maintain and improve the efficiency of the personnel
within the SFOF and selected portions of the DSN. Par-
ticular emphasis was placed on the critical portions of
the mission which occur during the transit phase. The
test was conducted in three segments covering the fol-
lowing parts of the transit sequence of events:

(1) Launch and acquisition: L — 20 min to L + 2 h,
20 mina

(2) Midcourse: first run, M — 4 b, 30 min to
Al + 20 min; second and third runs, M — 50 min
to Al + 20 min.

(3) Terminal: first run, R — 2 h, 30 min to
TD + 36 min; second and third runs, R •— 1 h,
10 min to TD + 11 min.

In each segment, spacecraft and/or SFOS anomalies
were inserted by the test conductor. In the first segment
of the test, the simulated problem was the failure of the
Right control programmer (FCP) 20-Hz clock. The re-
sulting failure of the spacecraft to perform an automatic
sun acquisition was detected and corrective action taken
in accordance with NSP 13. The "exact malfunction was
not pinpointed at this time, however, since the test did not
include star identification and acquisition and there was
no opportunity to exercise another clock timed function.

In the second segment of the test the simulated prob-
lem was carried over through the first run. After obtain-
ing the information from mission control that the FCP

clock should be considered to have failed to function
during star verification, the SFOF responded by prepar-
ing a midcourse maneuver command tape designed to
time the events from the ground. Some difficulty was
encountered with the SCPS computer program, and the
maneuver was slightly delayed but a successful mid-
course maneuver was accomplished. In the second run
of this segment, a failure in the TPS ground station was
simulated which caused the flight control analog record-
ers to freeze on their current readings during a space-
craft maneuver. Since limit cycling of the flight control
subsystem is not included in the normal data simulation,
this malfunction was misinterpreted as the failure of the
spacecraft to terminate the maneuver. The corrective
action taken was not applicable to the problem and this
run was terminated by mission control. In the third run,
a shift in the gyro torque scale factor was simulated
which resulted in a maneuver of half the required angle;
this was recognized quickly and the proper corrective
action taken.

The FCP clock problem was not carried over into the
third segment of this test. The only anomaly detected on
the first run was a downward shift of approximately 79c
in all analog data. This did not appear to correlate with
any known spacecraft malfunction and no action was
taken. A successful touchdown was accomplished. Dur-
ing the second run several problems were detected en-
compassing the SFOS, the spacecraft, and simulation.
Corrective action was taken to alleviate the more critical
problems and the touchdown was successful. The third.
run was also characterized by multiple failures, including
loss of star lock prior to terminal descent and failure of
the FCP to accept the retro delay quantity. Mission con-
trol denied a request for a maneuver to verify roll atti-
tude and directed that operations proceed under the
assumption that roll attitude bad not changed since loss
of star lock. A successful touchdown was accomplished
using the retro sequence emergency tape in accordance
with the NASA support plan.

In general, the test objectives were achieved and in
particular several._ nonstandard situations were encoun-
tered which bad never before been simulated.

d. Operational readiness test. The objectives of this
test were to exercise the total SFOS in the Surveyor IV
mission activities preparatory to launching, and in the
conduct of significant phases of the mission. Emphasis
was on integrating all elements of the SFOS and exercis-
ing as many interfaces as possible among interacting
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elements. This was a final dress rehearsal for the mission
and was intended to verify the flight readiness of the
SFOS. The test was conducted in one continuous session
consisting of the following two segments:

(1) Prelaunch through midcourse: L — 13 h, 20 min
to ell -I- 40 min.

(2) Terminal descent: R — 3 b,19 min to TD + 36 min.

No anomalies were inserted in the system by the test
conductor.

Several difficulties were encountered during the pre-
launch phase of the test. For example, the 7044 initializa-
tion tapes prepared with S/C-4 coefficients would not
function on the system and the emergency card deck: had
been lost. As a result, the test was started with obsolete
coefficients. Other difficulties included missing or mal-
functioning equipment and incorrectly simulated telem-
etry signals. From launch to after midcourse, operations
were very nearly nominal with the exception of a timing
error in the simulation of post separation events. The
terminal descent segment started at a poor time since all
management briefings had been deleted and no com-
manding was scheduled for approximately 9̂  h. When
terminal operations were started, difficulties were en-
countered in maneuver simulations; however, after the
third maneuver the remainder of the test progressed
smoothly. In-general the test objectives were met-

e. DSS 72 acquisition training tests. The objective of
this test was to provide additional training in both stan-
dard and nonstandard acquisition procedures for the
DSS 72 personnel, the SFOF track chief, and the com-
mand controller scheduled on duty at the time of initial
spacecraft acquisition after launch.

One standard and two non-standard acquisitions were
simulated and attempted. The NASA support plan for
this exercise was used to isolate the simulated malfunc-
tions and to develop corrective action. The test objectives
were accomplished and performance was considered good.

f. Operational tests. Operational tests were divided
between two major phases: (1) internal tests (A-series)
and (2) mission operational tests (C-series) involving the
stations and the SFOF. The internal tests primarily re-
hearsed. the station crews for the C test. The mission,
including several non-standard situations, was rehearsed
with the complete DSN which included the SFOF during
the C test

g. S/C-41DSS 71 compatibility test. The primary ob-
jective of this portion of the S/C-4/BI0S compatibility
test was to demonstrate the ability of a typical DSIF
station, represented by DSS 71, to acquire a command
configuration with the S/C-4. This involved measuring
those spacecraft and ground RF system parameters that
related to the command link. Such parameters include
transmitter and receiver frequencies, receiver thresholds,
and receiver acquisition and tracking ranges.

A secondary objective of this test was to obtain mea-
surements of the S/C-4 telemetry modulation parameters,
thereby gaining further confidence in the telemetry sub-
system's performance predictions which are based on
these numbers. During this test on June 1 and 2, 1967,
the S/C-4 was encapsulated in the shroud, mounted
on the launch vehicle or pad 36 and the entire assem-
blage enclosed by the service tower. The d irectional RF
link between the service tower and building AO was
operational. DSS 71, being within the beamwidth, thus
communicated with the spacecraft through this link.

During the B system tests, RF link fluctuations nor-
mally -F1.0 dB or less were observed. Test fluctuations
for A system were normally less than -1.0 dB, but, varia-
tions to 4-5 dB were seen at the start of the test The
reason for link variations is unknown.

The DSS 71 configuration during performance of this
test is shown in Fig. 137. The variable attenuators be-
tween the antenna and the transmitter and receiver were
for performing threshold tests of the spacecraft and
DSS 71 receivers. The printer was used to print out
an apparent biased doppler frequency during the
NBVCXO frequency drift test. The spectrum analyzer
provided a means of observing the spectral content of
the WBVCXO during the WBFM test The wave ana-
lyzer and rms voltmeter (part of the suave analyzer)
were used during the sear;h for spurious signals and the
carrier suppression and subcazaer sideband power tests.
The magnetic recorder recorded all test sequences. The
use of the DIS to control the DSS 71 transmitter fre-
quency was devised by the station personnel. This tech-
nique was especially useful during the phase-lock tuning
range test and the AFC and AFC acquisition frequencies
tests. The computer was programmed to slew the trans-
mitter frequency linearly in time at a prescribed rate. In
the phase-lock mode tests, the desired spacecraft reaction
resulted in loss of down-link lock which automatically
stopped the computer from further tuning the transmit-
ter. In the AFC mode tests, the STEA telemetry engineer
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Ireported the occurrence of the desired spacecraft re-
tsponse and the computer was stopped manually.

carrier level were ignored in all cases. All test results are
listed in Table 59.

COMMAND SCO I 	 CDC	 I	 I W
AVE
ANALYZER

PCMI	 SPECTRUM
COMPONENT

TRANSMITTER	 `°.u.y °"^^"	 TCP	 DSS-71
AGC AND
SPE READOUT

FREQUENCY

PRINTER	 DOPPLER	 DIS TRUE rms
VOLTMETER

DOPPLER

FREQUENCY

10 Mc OUTPUT SPECTRUM
S — BAND	 -	 -

IP	 ANALYZER
RECEIVER	 PM/TM OUTPUT

TIME
MAGNETIC

RECORDER
VOICE

VARIABLE
ATTENUATOR

i	 AND TO ANTENNA

SURVEYOR IY S/C

S—BAND FROM ANTENNA

PCM/FM/PM
VARIABLE
ATTENUATOR

Fig. 137. Surveyor IV ASS 71 test configuration

iThe CDC at DSS 71 was used during all test periods,
except power turn on, to command the spacecraft. Com-
mand modulation was applied for all up-link tests except
APC and AFC acquisition frequencies tests.

Down-link tests. Both transmitters were checked for
spurious signals at signal levels down to 30 dB below the
carrier level. No spurious signals were noted on either
system.

The test plan specified searching for spurious signals
in the down-link spectrum under the following three
conditions:

(1): Two-way phase lock, high-power mode.

(2) One-way phase lock, high-power mode, transpon-
der power on.

(3) One-way phase lock, high-power mode, transpon-
der power off.

All tests were performed for both the A and B transmit-
ters. Spurious signals that were 30 dB or more below the
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The only signals noted in the spectrum were carrier
components or telemetry components. Variations in the
observed frequencies were caused by carrier frequency
drift of the transmitter while in the high power mode
and not in two-way lock.

Carrier suppression and sideband power. If allowance
is made for the measurement uncertainty due to RF sig-
nal fluctuations, the S/C-4 telemetry modulation param-
eters fell within the limits specified. There was no
ignificant change in carrier suppression when the A/D

converter was off (unmodulated subcarrier) as opposed
to when it was on. The results of this test are presented
in Table 60. The specified values of carrier suppression
and Ps/P, (total first order sideband power relative to
the umm^,,.dulate(!- carrier) are presented elsewhere. The
results indicated that the S/C-4 modulation parameters
fall within the specified bounds, if the measurement un-
certainty is taken into account.

DSS receiver threshold. There was no apparent degra-
dation in DSS receiver performance as a function of the
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Table 59. Results of spurious signal test

i

Relative powe r,
Taal slap DSS receiver frequency, MHz Of, kHz Power, dBm dB Remarks

Receiver-Transmitter A

Carrier at
2294.997632 MHz

2295.001568 +3.936 -110 -31 TLM component
002.006

2294.993120 -4.512 -110 -31 TLM component

' Carrier at
2295.004448 MHz

2295.007136 +2.688 -7110 -22 TLM component
002.017 2295.000224 -4.224 -110 -22 TLM componont

Carrier at
2295.002432 MHz

2295.005696 +3.264 -105 -20 TLM component
002.021 2294.998112 -4.320 -770 -25 TLM component

Receiver-Transmitter B

Carrier at
2295.018848 MHz

2295.022304 +3.456 -100 -24.. TLM component
002.006 2295.015104 -3.744 -100 -24 TLM component

Carrier at
2294.986880 MHz

2294.991008 +4.128 -101 -25 TLM component
-002.017

2294.983040 -3.840 -99 -23 TLM component

Carrier at
2294.986496 MHz

2294.989952 +3.456 --100 -24 TLM component
002.021 2294.982080 -4.416 -101 -25 TLM component

Table 60. Carrier suppression and subcarrier sideband power test results

Sideband frequency Carrier suppression P./pr
SCO center

Lower, Upper, Measured" Specified Measured' Specified
Test step .frequency, kHz '.XMTR

kHz kHz dB dB dB dB

3.693 3.694 Not measurable -0.2 }0.03 -14 ±4 -13.6	 ±0.9 A3.9 SPA
002.029 low power

3.693 3.693 0 a-1 -0.2	 -0.03 -13.25 -13.6	 ±0.9 8

+1111 +0.3
0.554 0.554 -5.5 -5.3	 1,6 -2.9 - 2.2	 -0,4 A

002,039 0.560

0.554 0.554 -5.75 ±025 -5.3	 _ 1,6 -1.75. - 2.2	 -0.1 8
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iTable 60 (contd)

Sideband frequency Carr?-tr suppression P./Pc
SCO center

Lower,
J

Test
Upper, Measured' Specified Measured' Specified

step frequency, kHz XMTR

kHz kHz dH  dB dB d8

+1.2
6964 6965 -7 - 7.4	 _ 1.3

-10.8917 918
7.35 1235 1256 -6 ±1 -4.8 ±1 -11.8 -17.1 ±1.5 A

002.051
0.96

multiplex 1656 1657 -10.8
13

1.7 +1.2
6964 6965 -7.75 - 7.4	 -1.3

-11.0917 918 B

1255 1256 -4.5 -4.8 i-1. -11.75 -11.1 -1-1.5
1657 1657

31.392 31.680 -6 -6.8	
±2.6

-1 - 1.9	 ±0.3 A
002.072 33

31.392 31.680 -6 -6.8 ±26 -1 - 1.9	 ±0.3 B

- -3607 3607 Not measurable -0.2	 ±0.003
-13.8 -13.6	 ±0.9 A

3.9 SPA
002.081 high power

3608 3607 -0.5 -0.2	 -0.03 -14.1 -13.6	 ±0.9 B

^Tolerances ±0.5 dB or as noted.

r

u

1

Table 61. DSIF receiver threshold test results

Strong signal Threshold
Test step TM-mode	 - SC XMTR_

Attenuator d8 Pc/AGC, dBmW Attenuator dB Pc/Cale., dBm

23 - 95 75 -147 A
002.034 3.9 kHz SPA

23

_

- 95 76 -148 Blow power

23 -102 71 -150 A
002.046' 0.560 kHz

23 -100 71 -148 Blow power

7.35 kHz plus 23 -102	 = 70 -149 A
002.057 strain gages

low power 23 - 99 73 -149 B

-23 -103 70 -150 A
002.075 33 kHz

23 -100 70 -147 Blow powttr

23 - 76 91 -144 A
002.087 3.9 kHz SPA

23 - 74 95 -146 Bhigh power



Table 62. Parity error rate measurements

i

Discriminator bandposs signal
to noise ratio, d8

Parity error rats (PER)

.Test step XMTR Mods

Calculated Measured Bits Errors Rah

A 12 11.3 100 K 3 3 X 10-5
7.35 kHz plus

005.010
B strain gages 12 11.5 100 K 287 2.87 X 10-3

A 12 11.7 10.3 K 0 -

005.041, 0.560 kHz

Bs 12 9.9 10 K 53 5.3 X 10 "3

^High PER on transmitter B due to RF link instability; errors occurred only when instability caused SNR to drop to low value.

spacecraft telemetry mode for any of the modes tested.
The DSS 71 receiver threshold was measured in several
down-link telemetry modes for both of the spacecraft
transmitters. The results of these transmitter tests are
shown in Table 61. The data indicates that the measured
thresholds were approximately -2 dB to +3 dB below
prediction, based on a definition of threshold as a zero

dB signal-to-noise ratio in the receiver's phase-lock loop
bandwidth. There was no evidence of any degraded per-
formance by the receiver in any of the telemetry modes
tested.

SCO frequencies and telemetry error rate. Parity error
rates for PCM were measured in two modes for transmit-
ters A and B. The data is presented in Table.62. Mea-
sured parity error rates for transmitter A were normal. For
transmitter B, they were higher than anticipated. This
higher error rate was due to link variations causing bursts

STATED IN WORDS:

Voltage A = discriminator output voltage corresponding to binary 0
when two or more 0's in a mw are transmitted

Voltage B = discriminator output voltage corresponding to binary 1
when two or mom I's in  raw are transmitted

Voltage C = discriminator output voltage corresponding to binary 0
when alternate 1's and 0's are transmitted

Voltage D = discriminator output wltage corresponding to binary I
when alternate 1's and 0's are transmitted

Fig. 138. PCM waveform test points

Table 63. Discriminator output voltages for PCM data

Mode

Voltages at test points
S/C

A, B, C, D, XMTR
negative positive negative positive

7.35 kHz SCO
plus strain

3.0 2.8 1.1 1.1 A

2.9 2.5 0.8 0.9 B
gages

3.9 kHz SCO 2.5 2.4 0.7 0.8 A

(SPA) 2.6 2.4 1.0 1.0 B

2.6 2.2 1:3 0.8 A
0.560 kHz SCO 2.6 2.2 1.2 0.8 B

2.3 2.2 0.7 _0.9 A
33 kHz SCO 2.7 2.5 1.0 0.9 B

of errors to occur periodically when the RF level dropped
close to discriminator threshold. Several voltage levels at
the PCM discriminator outputs were recorded as shown...
in Fig. 138; those voltage levels are tabulated in Table 63.
From this data, offsets in SCO frequencies may be calcu-
lated. All measurements were within SCO center fre-
quency tolerances.

NBVCXU drift. The results of this test are plotted in
Figs. 139 and 140. The maximum rate of change of fre-
quency indicated in the test data was 5.6 Hz/s, for
transmitter B and 4.5 Hz/s, for transmitter A.

WBFM telemetry. First, the S-band frequency of
each spacecraft transmitter was measured in the
WBVCXO mode. For transmitter B, the frequency was
2295.038048 MHz. For transmitter A, the freouency
was 2294.989760 MHz. No spurious signals were noted
on the spectrum analyzer for either transmitter. Twenty

234
	 JP, TECHNICAL MEMORANDUM 33-301

^i



-5 U

-4 a
S
V

_3 u
z

Q—2 w
LL

w

-1 E
z

0
0	 5	 10	 15	 20	 25	 30	 35	 40

TIME FROM HIGH VOLTAGE ON, min

Fig. 139. SC-4 Transmitter A NBVCXD drift rate
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Fig. 140. SC-4 Transmitter B NBVCXD drift rate

minutes of high power operation caused irequency shifts
of +0.192 kHz for transmitter A and —2.744 kHz for
transmitter B.

The ability of the PCM discriminators and decommu-
tator to lock-up in the following PCM-FM-FM down-
link modes was then tested. All indications were normal.

(1) 33 kHz SCO at 4400 bits/s.

(2) 7.35 kHz SCO at 110D bits/s.

(3) 3.9 kHz SCO at 550 bits/s.

Frequencies for 600-line TV. Spacecraft transmitter fre-
quencies at S-band corresponding to TV sync, porch,
PCM one, and PCM zero were measured. Before this
measurement, the DSIF receiver was adjusted so that the
10 MHz output to the CDC was exactly 10 MHz with
the spacecraft transmitter on WBVCXO, in high RF
power mode, and survey TV camera power off. Measure-
ment accuracy was approximately ±50 kHz. Both trans-

mitter outputs were identical; the measured frequencies
referenced to the 10-MHz output are shown below.

(1) Sync tip: +1.18 MHz.

(2) Porch: +0.75 MHz.

(3) PCM 1: —0.67 MHz.

(4) PCM 0: —1.18 MHz.

The transfer curve of the CDC FM demodulator used to
measure the TV frequencies is shown in Fig. 141.

Spacecraft receiver phase-lock threshold. The results of
this test, and of those tests for AFC threshold are given
in Table 64. Receiver B met or exceeded the threshold
specification at best-lock frequency and at ±70 kHz from
best-lock receiver A met the threshold specification
at best lock frequencv only. The phase-lock threshold for
receiver A degraded 13 dB at ±70 kHz while receiver B
degraded only 4 dB at ±70 kHz. Although the degrada-
tion of receiver A seems severe, this magnitude of deg-
radation has been observed on other Surveyor receivers.
No specification for a threshold at -70 kHz is known to
exist. This test was conducted with command modula-
tion applied.

8.0
	

9.0	 10.0	 11.0	 12.0
FREQUENCY, Me

Fig. 141. Demodulator frequency response test, DS5' 71
I
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Table 64. Spacecraft receivor threshold test results

;

Strong signal Threshold

Test step RCVR Mode Remarks
Attenuator, .RCVR, AGC, Attenuator, RCVR' in Specified'

A dB d8m dB dBmW dBmW

A 20 150 92 60 —132

003.007 APC
—128.5 +2.3, Bast-lock frequency

26 179 —105 53 —132B
—1.8

A 20 147 91 48 —119

003.010 APC None
kHz from bastto

lock
B 26 175 —102.5 51 —127.5

A 20 147 91 48.5 —119.5
—70 kHz from bast

003.013 APL None
lock

B 26 171 -103 51 —128.0

A 6 103 — 75 47 —116
t50 kHz from center

003.037 AFC None
frequency

B 26 167 —101 44 —119.0

A 6 100 — 75 46.5 —115.5
—50 kHz from center

003.043 AFC None
frequency

B 26 167 —10i 44 —119.0

-Total power

bCarrier power

Table 65. Spacecraft receiver phase lock tracking range test

Test step Parameter Receiver A	 - Receiver B

Near threshold	 -

Test conditions:

1. S/C RCVR temperature (V-16), O F

2. DSS-71 XMTR attenuator, dB

3. S/C RCVR input power, dBmW

85

54

—126

84

50

—129

003.018 Lower frequency limit, MHz 2:..;3.285152 2113.307904

903.020- Upper frequency limit MHz 2113.349760 2113.344864

-	 Strong signal

-

Test conditions:

1. S/C RCVR temperature (V-16), O F

2. DSS•71 XMTR. attenuator, dB

3. S/C RCVR input power, dBmW

85

6

—75

84

26

—105

003.024 Lower frequency limit, MHz 2113.242720 2113.257792

003.026 Upper frequency limit, MHz 2113.383552 2113.398336

Note: Bast-lock frequencies (per SC-4 test team) were: 2113.309440 MHz for receiver A; and 2113.327968 MHz for receiver B.

I..
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Receiver AFC threshold. The threshold of bath re-	 shown graphically in Figs. 142 and 143; the results of
ceivers was satisfactory at ±50 kHz from receiver center APC and AFC thresholds, acquisition frequencies and

	

frequency, As previously stated,'the results of this test 	 tracking ranges are superimposed. For receiver B, this
are listed in Table 64,	 test was conducted initially at 3 dB above threshold, then

at strong signal. At near threshold, the tracking range

	

Spacecraft receiver phase-lock tracking range. The re-	 was —20 kHz to +16.9 kHz. At strong signal, the track-

	

sults of this test are summarized in Table 65 and are 	 ing range was greater than 20 kHz. The weak signal test
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Fig. 142. SC-4 Receiver A AFC and APC acquisition and tracking frequencies
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Fig. 143. SC-4 Receiver B AFC and APC acquisition and tracking frequencies

Table 66. Spacecraft receiver phase lock acquisition frequencies test results

Test step Parameter Receiver A Receiver B

Near threshold

Test conditions:

1. S/C RCVR temperature (V 16), O F 85 84

2. DSS.71 XMTR attenustor, dB _54 5P

3. S/C RCVR input power, dBmW —126 —129

003.019 Lower acquisition. frequmr_y, MHz 2113.311264 2113.331904

S/C receiver AGC, demW —125 —127.5

S/C receiver SPE, k8z —0.5 +2

ACQ relative to best lock, kHz +1.8 +3.9

003,021_- Upper acquisition frequency, MHz 2113.308288 2113.328736	 -

S/C receiver AGC, dBm —125	 -. —127.5.

S/C receiver SPE, kHz —3 —0.5

ACQ relative to best-lock, kHz —1.1 +0.8

AFC ACQUISITION
FREQUENCIES

APC UPPER ACQUISITION FREQUENCY APC LOWER
i

ACQUISITION FREQUENCY

AFC THRESHOLD

APC UPPER
ACQUISITION FREQUENCY APC LOWER

ACQUISITION FREQUENCY

^. -	 - -- —0

APC THRESHOLD APC TRACKING
RANGE

RECEIVER B, BEST LOCK 2113.327968 Mc RECEIVER B, AFC CENTER FREQUENCY 2113.331424 Mc

1

I
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Table 66 (contd)
V

t

Test step Parameter Receiver A Receiver B

Strong signal

Test conditions:

1. S/C RCVR temperature (V 16), °F 85 84

2. DSS-71 XMTR attenuator, dB 6 26

3. S/C RCVR input power, dBmW -75 -105

003.025 Lower acquisition frequency, MHz 2113.313280 2113.336608

S/C receiver SPE, kHz +1.5 +8

ACQ relative to best-lock, kHz +3.8 +8.6

003.027 Upper acquisition frequency, MHz 2113.310976 2113.332000

S/C receiver SPE, kHz -0.5 +2

ACQ relative to best-lock, kHz -1.5 +4

Note: Best-lock frequencies (per SC4 test team) were: 2113.309440 MHz for receiver A; and 2113.327968 MHz for receiver B.

Table 67. AFC mode acquisition frequency test

Test steps Parameters Receiver A Receiver B

Strong signal

Test conditions:

1. S/C RCVR temperature, V 16, "F 	 - 84 84

2. DSS 71 transmitter attenuator, db 6 26

3. S/C RCVR input power, dBmW -75 -101.5

003.038 Lower acqu(sition frequency, MHz 2113.303584 2113.322592

AFC at ACQ, kHz -12. -15.5

003.044 Upper acquisition frequency, MHz 2113.3320100 2113.348608

AFC at ACQ, kHz +17 +11

Wgak signal

Test conditions:

1. S/C RCVR temperature, V 16, *F 84 84

2_ DSS 71 XMTR attenuator, dB 43 41

3. S/C RCVR input level, dBmW -112 -116.5

003.051 Lower acquisition frequency, MHz 2113.308384 Not available.

AFC at ACQ, kHz -7

003.055. Upper Acquisition frequency, MHz 2.113.324800 Not available

AFC at ACQ, kHz +9

Note: AFC center frequency (no signal AFC): - 2113.311168 MHz for receiver A; 2113.331424 MHz for receiver B.
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for receiver A was conducted 6 dB above threshold
because of large link variations. At this signal level, the
tracking range was —24 kHz to +40 kHz. At strong
signal, the tuning range exceeded 70 kHz.

Spacecraft receiver phase-lock acquisition frequencies.
The results of these tests are given in Table 66 and
Figs. 142 and 143. The convention used is as follows. The
lower acquisition frequency is the frequency at which
the spacecraft transponder acquires lock, when the DSS

-70

-80

-90
3
v
z -100w
Q	 RECEIVER A
a	 5 N 17

-110

-120
RECEIVER B

5NR 25
-130

DATA NUMBER
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transmitter is tuned toward best-lock from a frequency
below best-lock. The upper acquisition frequency is ob-
tained in a similar manner by tuning down from a fre-
quency above best-lock. The usual overlap, wherein the
lower acquisition frequency is higher than the upper
acquisition frequency, was noted at both strong and
weak signal levels. Results tend to confirm the best-lock
frequencies of 2113.309440 MHz for receiver A and
2113.327968 MHz for receiver B, as obtained by the no-
signal SPE measurement. Agreement with data pre-
formulated was excellent.
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AFC tracking range. The tracking range at both
strong and weak signal levels, was greater that. ±50 kHz
from the AFC center frequency for both receivers.

AFC acquisition frequencies. The results of thi3 'test
are given in Table 67, and Figs. 142 and 143. In the AFC
mode, there was no crossover of upper and lower acqui-
sition frequencies as there was in the APC mode.
Acquisition frequencies indicate the receiver center fre-
quencies are higher than the no-signal AFC values by
5 kHz for receiver A and 4 kHz for receiver B. This
places the center frequencies for a temperature of 85°F
at 2113.316592 MHz for receiver A and 2113.335610 MHz
for receiver B.

Conclusion. The S/C-4 spacecraft and DSS 71 systems
met, or exceeded, specifications or requirements of the
mission in all areas tested.

Spacecraft calibration data. A graphic presentation of
S/ C-4 spacecraft calibration data is given in Figs. 1:44-146.

X. TDS Flight Support

A. General

The TDS for the Surveyor IV mission included selected
resources of the AFETR, the MSFN, the DSN, and the
NASCOM. This section is limited to the support provided
by the TDS during the pre-launch countdown, near-earth
flight phase, and deep space phase of the Surveyor IV
mission.

B. Countdown

The launch of Surveyor TV was delayed until the sec-
ond day of the launch window. Originally scheduled to
be launched on July 13, 1967, launch was delayed until
July 14, 1967 to permit an anomalous condition in the
booster's fuel oxidizer system to be corrected. The one
RIS supporting the launch was reported on station. This
ship (Coastal Crusader) was committed for telemetry cov-
erage between Antigua set and Ascension rise.

There was a planned 60-min hold at T-90 min and a
15 min hold at T-5 min. All ciperations progressed nor-
mally until T-40 s at which 'time a hold was., called to
complete liquid hydrogen topping in the Centaur. This
unscheduled hold lasted for approximately 29 s. Table 68
is a summary of countdown events.

JPL TECHNICAL MEMORANDUM 33-301

Table 68. Countdown time summary

Event Time GMT

Started range countdown T-335 min 05:03

Started 60 min BIH T-90 min 09:08

End BIH; resumed count T-90 min 10:08

Started 15 min BIH T-5 min 71:33

End 81H; resumed count T-5 min 17:48

Started momentaryhold T-40 s ._-11:52

Resumed count T-40 s 11:52

Liftoff T-0 11:53:29

The first AFETR RF propagation forecast for T-0 was
received at T-360 min, at 04:38. This report forecast a
Condition 3 e for all downrange RF circuits. Subsequent
forecasts, which were received at T-240, T-180, T-88
and T-22, continued to predict a Condition 3 for all
circuits.

As noted in Table 67, the range countdown was started
on schedule at T-335 min (05:03 GMT). At T-320, the
3100 computer at the RTCS, which is used in reformatting
the metric tracking data from octal to decimal format,
was declared NOR (Not Operationally Ready). It was
estimated by AFETR that the computer would be down
for 5 h; however, the 3100 was declared operational and
returned to service at T=282. The difficulty was identi-
fied as a minor software problem.

The 3.18 radar at Grand Bahama Island was de-
clared NOR at 07:34 (at T-184 min) because of a faulty
azimuth servo valve in the hydraulic system. It was
estimated that the radar could be back in service 1 h
after the necessary parts were received; however, no
spare parts were available and the radar remained down
throughout the launch. The 19.18 radar on Merritt Island
(K$C) experienced problems with the pulse transformer,
and was placed in a nonoperating condition at T-116 min,
at 08:42. Again, the necessary parts were not at the site.
The required spares were on site at 10:09, and the radar
was operational at 11:05, at T-32 min.

The 60-min built-in hold at T-90 began at 09:08, and
the count was resumed on schedule at 10:08. lMe 13.16
radar at Pretoria, South Africa was not committed to the
launch, however, it did support and provided post-retro

*RF propagation conditions are defined as follows: Condition 5—
excellent; Condition 4—good; Condition 3 —fair; Condition 2—
unusable;+land Condition 1—circuit out.

i;
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tracking data in addition to that received from the
Ascension Island radar.

During the, countdown the expected mark event times
were updated on a preflight nominal trajectory corre-
sponding to the liftoff time of 11:53 GMT and the actual
launch azimuth. At T-30 min, AFETR reported that the
prime data routes from the Coastal Crusader and
Ascension Island would be direct to the Cape.

The second built-in hold was entered at T-5 minutes.
The bold duration was 15 min, with the count resumed
on schedule at 11:48. All operations progressed normally
down to T-40 s, when a 29-s hold was required to com-
plete hydrogen toppingt in the Centaur. Liftoff occurred
at 11:53:29.215 GMT, with a flight azimuth of 103.820
deg.

C. Liftoff to DSIF Acquisition

Surveyor IV was successfully launched at 11:53 GMT
on July 14, 1967, on a flight azimuth of 103.820 deg. The
Near Earth phase of the flight was very nominal. Follow-
ing a smooth direct ascent launch, the spacecraft was
very accurately injected into the transfer orbit. The occur-
rence of space vehicle mark events was reported in near-
real time followed up with a report of the times at which
they occurred. Mark event times are shown in Table 69.

During the powered flight phase (from launch to
MECO) a real-time evaluation of the launch vehicle per-
formance was received from the launch vehicle telemetry
laboratory via the AFETR intercommunication system
(MOPS). This evaluation is based upon real-time launch
vehicle telemetry received at JPL. Also, a real-time com-
mentary was monitored over the MOPS from AFETR

Table 69. Mark events

Mark event Day GMT ID GMT IC GMT ID

Liftoff 195 1153:29.215 Cape'

1 195 1155:51.100 Cape

2 195 1155:54.600 tape

3 195 1156:25.400 Cape

4 195.:. 1156:52.600 Capa:..

5 195 1157:28.900 Cape 1157:27:2.- RDA

6 195 1157:31.950 Cape 1157:30.8 RDA

7 195 1157:41.000 Cape 115741.1 RDA

8 195 1204:57.100 Cape 1204:52.2 ANT°

9 195 1205:25.000 Cape 1205:24.6 ANT 1204:24.5 CRU'

10 195 1205:24.600 ANT 1205:34.5 CRU

11 195 1206:00.100 ANT 1205:55.2 CRU

12 195 1206:00.100 ANT 1206:00.5 CRU

13 195 1206:06.100 CRU

14 No report (	 ..

15 195 1210:06.1.00 CRU 1270:00.6 ASC

Ic 195 1214:00.800 ASC 1214:16.8 CYI

17 195 1214:00.800 ASC 1214:16.8 CYI

Midcourse 197 0230:00.00

— Retro 198 0201:57.823

Signal lost 198 0202:40
(Approx.)

4 Cape Kennedy
bAntigua.
*lS Coastal Crusader
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central control giving the status of the trajectory as it was
plotted on the range safety present-position charts. The
voice reports from both of these sources indicated a
nominal mission up through MECO.

Presented in Table 70 are the expected nominal mark
event times, as well as the actual times determined by
post-flight analysis of the recorded telemetry data. The
only deviation from the nominal significant enough for
comment occurred in the Centaur bum - duration. As can
be seen from Table 68, the burn duration was 6.Os longer
than the expected nominal. However, this duration had

Table 70. Comparison of Surveyor IV preflight
and actual event time-`

-
Event

Programmer
time, s

Preflight
time, a

Actual
Tina, e

Booster engine cutoff DECO T+143.7 T+141.9

Jettison booster package DECO
+ 3.1 T+1469 T+ 145A

Jettison insulation panels LECO
+ 34 T+177.7 T+175.8

^i

Fire thruster bottles - DECO
+ 61 T+204.7 T+202.9

Sustainer engine cutoff; vernier SECO T+238.2 T+239.4
engine cutoff; start Centaur
programmer

-:Separate (ist.: and =Ind stage)..,_- =SECO .-- - - ---
+2.0 ;- T+240.2 T+241.4

Centaur main engine ignition SECO +,
11.5 T+249.7 T+250.8

Centaur main engine cutoff MECO T+680.7 T+687.8

Preseparat^re`s arming signal; . SECO +
extend/ending gear signal 475.5 T+713:7 T+714.8

Unlock -omni antennas on signal SECO +
486.0 T+724.2 T+724.8

High-power transmitter on signal SEGO +
506.5 T+744.7 T+745A

Electrical disconnect SECO +
512 T+750.2 T+751A

Spacecraft separate SECO +
517.5 T+755.7 T+756.9

Begin Centaur orientation SECO +
maneuver 522.5 T+760.7 T+762.0

Start Centaur tank blowdown SEGO +
757.5 T+995.7 T+996.9

End Centaur tank blowdown SECO +

1007.5 T+1245.1' T+1247.6

Energize power changeover SECO +
1007.5 1 T+1245.7 1 T+1247.6

been avraging about 4.5 s longer than expected on pre-

vious flights when adjusted for all known anomalies.
Therefore, the additional 6.0 s of Centaur bum on the.
flight (real-time mark event times indicated 5.1 s) gas
not of particular concern since it did not in itself indicate
abnormal performance. it is worthwhile to note that the
low chamber pressure, in the Centaur engines, experi-
enced on some of thz previous flights and resulting in
larger burn dispersic?is from the nominal, apparently did
not occur on this flight.

With the telemetry ship (Coastal Crusader) providing
spacecraft telemetry coverage between that provided by
AFETR Antigua and Ascension telemetry stations, con-
tinuous spacecraft telemetry was received, either via the
Centaur link or spacecraft link from launch until loss of
lock at Ascension, and transmitted to the SFOF in near-
real time. The LOS experienced at Ascension occurred
at approximately 4 min following the initial two-way
lock at DSS 72. The AFETR S-band station at Antigua
had some trouble maintaining lock and consequer,tly was
locked up only about 30 % of the time during its view.
However, this did not result in a gap in spacecraft telem-
etry coverage since the Antigua VHF station; deceived
solid launch vehicle telemetry during this period through
Centaur/spacecraft separation. Thus, spacecraft telem-
etry.was received via the Centaur link until separation
and Coastal Crusader S-band coverage overlapped the
separation event, The actual S-band and VHF telemetry-
coverages provided by each of the supporting stations

are inciuded in Section Xl.

The uprange AFETR tracking stations provided con-
tinuous tracking of the vehicle from launch to about 100 s
beyond ' MECO, at which time the Antigua radar lost
track (L + 779 s). Post-MECO Antigua tracking data
was used by the RTCS to compute the first transfer orbit.
The solution was considered only fair by the RTCS be-
cause of the low elevation angle of the Antigua data.
This solution did indicate, however, that the orbital
elements were close to nominal. Mapping the transfer
orbit out to the moon indicated the spacecraft tyould
have impacted the moon without a midcourse correction
(the radius of closest approach calculated to be approxi-
mately 866 km).

The radar at Trinidad did skin-track the vehicle sub-

sequent to MECO, but the data was very noisy because
of the .low elevation at which the station viewed the ve-
hicle during this, time period. As a result, it was not
usable for transfer orbit calculations.

ji
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Based on the initial transfer orbit computations, DSN
acquisition predictions were generated for DSS 72, 81
and 51 and sent out. The predictions for DSS 72 arrived
a few minutes subsequent to their rise due to the short
interval, of time between MECO and DSS 72 rise (ap-
proximlately 4 min). Since DSS 72 had acquired in one-
way lock at about 1 min after their rise_ -and before the
arrival of the AFETR Ascension Island Station predic-
tions, the latter were only of academic interest in this
situation.

A post-retro orbit was computed by the RTCS using
tracking data from the AFETR radars at Ascension Island
and Pretoria, South Africa. The fit to the orbit was consid-
ered good and the orbital elements appeared to be nom-
inal, indicating a nominal retro maneuver had been
performed by the Centaur stage.

Both DSS 72 and DSS 51 tracking data were back-fed
to the RTCS for their use in transfer orbit computations.
During the first 38 min, approximately, of two-way
lock at DSS 72, the operators had trouble holding the
uplink in lock. It was subsequently learned that this was
apparently caused by the antenna driving off of the
spacecraft in the azimuth direction. The situation was
further confused by the coincidence that at the time of
the loss of the uplink, the one-way doppler and two-way
doppler predictions were almost identical, thus prevent-
ing the receiver operators from immediately , n y±ognizing
the loss of the uplink.

The RTCS computed a preliminary DSN solution of
the transfer orbit using 1a min of DSS 72 data. This solu-
tion was considered a poor fit to the data and a second
attempt was made. This second solution, completed at
approximately L f 100 min, was deemed good and the
orbit_was mapped out to the moon.

Thetirst Centaur guidance telemetry vector was not
received by the RTCS until approximately 87 min after
launch. After evaluation of this first vector, it was deter-
mined to be unusable and a second one was requested..
The second one was received at about 112 min afte. r
launch and appeared to be good. The transfer orbital,
elements resulting from calculations based on the guid-
ance vector further enhanced the conclusion that the
spacecraft trajectory was nominal. The impact point was
predicted as a result of mapping to the moon.

The last transfer orbit computed by the RTCS was
based on DSS 72 and DSS 51 tracking data. The orbit
solution was an excellent fit to the data. DSS 72 mean

residuals for range rate were 0.0003 ft/s, and 0.0007 ft/.s
for DSS 52. The orbital element L-aua encounter condi-
tions as calculated from the DSS 72 and DSS 51 data
are presented in Section X. Also included are the orbital
and encounter data computed at L f 35 h (last pre-
midcourse orbit computations) by FPAC. By comparing
the conditions from the two sources, it can be seen that
they are in close agreement. The FPAC encounter condi-
tions indicate that the launch vehicle injected the space-
craft such that its unbraked impact would only miss the
target point by about 172 km.

The required midcourse corrections a4 
,L+ 

38 h to
correct miss was 2.47 m/s and to correct miss plus time
of flight was 4.78 m/s. These corrections are based upon
an aiming point of 0.487° N latitude and 358.91 0 E
longitude.

The near-earth phase of the flight was nominal, both
in launch vehicle and spacecraft performance and in the
support provided by the TDS. The problems experienced
by elementsy'of the TDS did not significantly affect the
overall TDS support.

D. DS1F Acquisition to Midcourse Maneuver

Initial DSIF acquisition was obtained at 12:10 GMT
by DSS 72, followed by the initial two-way lock at
12:21. The automatic sun acquisition sequence was com-
pleted at 12:11. Spacecraft command operations were
initiated from DSS 72 at 12:29. The spacecraft data rate
was increased to 1100 bits/s, transmitted power was re-
duced to the low-power mode, andinitial spacecraft
operations were completed at 12;53 GMT.

Johannesburg DSS 51 established one-way lock with
the spacecraft at 12:18 GMT; a station transfer from
DSS, 72 to DSS 51 was made at 13:10 in accordance with
the planned transfer schedule. The flight control cruise

=mode was not commanded on until 15 :22 due to satura-
'tion of the Canopus ititensity channel. Subsequently,
transfer was made to DSS 81 at 17:00.

Because of a doppler resolver problem at DSS 81, it
was decided to return control of the spacecraft to DSS 51
to minimize loss of two-way tracking data. This resulted
in accomplishing the star acquisition maneuver somewhat
earlier than planned. The command sequence was initi-
ated by DSS 81 at 17:44 GMT. A nonstandard bit rate of
4400 bits/s was used to ensure a higher sampling rate
of sensor signals than could be expected at 1100 bits/s
anfl, following one roll on omnidirectional antenna B, the

^l
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cruise mode was resumed at 18:13, The Canopus lock-on
was confirmed at 18:15. Station transfer to DSS 51 was
accompli;9hed at 18:30, about l r/2 hours earlier than
planned. An approximate 5-min gap in coverage between
DSS 51 and DSS 11 was covered by DSS 72 tracking the
carrier one way.

Standard gyro speed and drift tests and engineering
assessments during the first portion of the coast phase
indicated completely nominal spacecraft performance.
Minor anomalies — such as temperature variations which
brought about a drop in helium pressure and higher
battery power than had been predicted — were deter-
mined to have no adverse effect on the mission. No errors
were indicated and there were no known anomalies dur-
ing the second coast phase. The pre-terminal interroga-
tion, conducted from 23:45 to 00:04 day 198 GMT,
brought data indicating spacecraft performance was still
completely nominal.

At 00:10, the final terminal message was sent to
DSS 11, and the terminal descent sequence was com-
manded at 00:56, The SFOF confirmed initiation of the
terminal sequence at 01:07; and, after it was determined
that spacecraft status remained satisfactory, the sequence
was continued.

E Miip ourse Maneuver to Mission Termination

A decision was made to execute the midcourse correc-
tion at approximately L + 39 h because of the relatively
small miss distance of about 150 km from the initial tar-
get point of 1°20'W, 25'N, in Sinus Medii. The objective
was to reduce the spacecraft's burnout velocity, increase
maneuvering accuracy, and achieve a touchdown about
half an hour earlier than nominal.

The midcourse correction was started at 01:46, day 197
GMT, with DSS 11 in two-way lock.;:>At 02:00 GMT,
the spacecraft was reconfigured for high power and
4400 bits/s. Premideourse maneuvers were a positive roll
of 72.5 deg and a negative yaw of 64.3 deg, Flight
control thrust power was on at 02:27, and at 02:30 mid-
course thrust was executed. Thrust duration was 10.3 s.
With thrust power off, the reverse attitude maneuvers
were started at 02:32. Canopus lock-on was then com-
pleted at 02;39, high transmitter power was commanded
off, and the midcourse sequence was successfully com-
pleted at 02:46. At this point, there were no known
anomalies and calculations indicated the Mission IV land-
ing probably would be within 9 km of the aiming point.

The first terminal maneuver, an 81 deg positive roll.
was started at 01:24 GMT and completed at 01:27, Th.f
second terminal maneuver, involving a 92,4 deg yaw,
began at 01:29 and ended at 01:32, The third terminal
maneuver, a 203 deg negative roll, was initiated at 01:35
and finished at 01:35:58,

From Olt 6, to 01:42, auxiliary and main battery tern.'
peratures were 80°F and 78°F, respectively, and all sub-
systems were responding satisfactorily.

The retro sequence mode was commanded on at 01:56,
and AMR power-on at?01:57 GMT, Other terminal events
were: (1) thrust-phase pt\wer on at 01:58; (2) AMR enable
at 02:00:15; (3) AMR mark at 02:01:55; (4) main retro
ignition at 02:01:58 GMT,

The terminal descent maneuver was started normally
and continued very smooth until 02:02:36 on day 198
(Monday, July 17, 1967) when there was an abrupt loss
of signal. Up to this point, the spacecraft had performed
almost perfectly and had responded to approximately 292
commands. The loss of signal occurred 40 s into the retro
burn phase of the mission, only 2 s prior to retro burn-
out. To date, no cause of the abrupt loss of signal has
been identified although a number of reasons have been
advanced.

The DSIF Stations DSS 14, DSS 12, and DSS 11 lost
the spacecraft signal at 02:02:41 GMT, Estimated time
of touchdown was 02:05:11, At 02:05 GMT, DSS 11 and
14 regarted a signal, below threshold (-172 dBmW),
which was too weak to be positively identified, Subsequent
attempts to contact Surveyor IV were unsuccessful.

Efforts to contact Surveyor IV were continued through
July 18, 1967 (day 199 GMT). Then, because every
feasible technique had been exhaustively tried, the
Surveyor IV mission was terminated.

F. Summary of DSIF Station Operations

1. Ascension Island (DSS 72). Ascension Island DSS 72
was committed as the initial acquisition station for
Mission IV. DSS 72 acquired the spacecraft at 12:10:13
with a decommutator look at 12:10:41. Two-way lock
by the station occurred at 12:21:46. Command Modula-
tion was turned on at 12:26:41.

a.' Initial acquisition. Initial spacecraft acquisition was
performed by DSS 72 (Ascension Island). Significant
events occurring during this phase are tabulated in
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Table 71, Acquisition events

Events
OMT ( day 191,k

mleu
l`

Comments

Transmitter B high power on s2:OBMW1-0, ' Spacecraft commended to high power by Centaur

DSS 72 acquires spacecraft In one-way msde on ;12 04:56
SAA (acquisition aid antenna)

DSS 72 switch from SAA to SCM (30doot antenna) 1i iu06

DSS 72 transmitter turn on .,1.,12:24

Signal In passban6 of both spacecraft i calves 12:12131 (From telemetry) receiver B not phase locked, Receiver A in
AFC capture

Receiver B phase locked 12:13:52 From felemetry

DSS 72 reports two-way 120446

DSS 72 auto tracking on SCM 12116:50

DSS 51 reports one-way lock 1209:00

DSS 72 turned on command modulation 12:19122 DSS,72 could not confirm two-way, Telemetry data indicated
receiver B not phase-locked at 120024

DSS 72 turned off command modulation 12:20:60 Accomplished to reacquire the spacecraft In two-way,

DSS 72 reacquired 2-way M2146 Telemetry indicatas receiver B phase locked of 12r21r43

DSS 72 reported momentary out of locks MUM -
12r2642

DSS 72 reported good two-way lock 12126110 Solid two-way :_:;cation in 32 min and 41 a from launch

DSS 72 turned on command modulation 12126141

Spacecraft command to 1100 bits/a data 12490 Necessary for low-power data reception at DSS-72

Transmitter B high power off Spacecraft was in high power for 30 min and 34 a for Initial
acquisition phase (1 h maximum allowed)

Table 71. With the exception of the antenna pointing
problem, the initial spacecraft acquisition was nominal.
The predictions indicated a Surveyor IV rise at DSS 72
at 12:09:45 GMT, on July 14, Ascension Island DSS 72 re-
ported one-way doppler at 12:10:03 (rise + 01:18), auto-
track on the SAA (acquisition-aide antenna) at 12:11:04
(rise + 01:19), auto-track on the SCM (antenna main
beam) at 12:13:48 (rise + 04:03) and good two-way data
at 12:16:23 (rise + 06:38), Previous experience with the
acquisition procedure indicated that the above acquisi-
tion sequence which occurred at DSS 72 was smooth and
quite nominal.

For instance, during the initial acquisition of
Surveyor 111 at DSS 42, good two-way data was taken at—_=
rise + 08:55, The DSS 72 acquisition was marred, ;how-
ever, by the loss of +;p-link at 12:17:03, which was subse-
quently reacquired at 12:21:48, It is curious to note drat
the DSS 72 tracking data between 12:17:03 And 12:20:53
is labeled as good (in lock), two-way datat when it was,
in fact, good one-way data. Investigation OA the predic-
tions indicate that at 12:17:00, the one-way doppler
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(which is a function of the ground VCO frequency) and
the two-way doppler were almost identical hence a
possible explanation why the down link ikas not lost and
why it was not immediately recognized at DSS 72 that
the up-link had been lost.

There was one unexplained loss of two-way lock by
the station. The station started the first command
sequence at 12:29:48 and terminated commanding at
12:51:47Z. The station continued to track the spacecraft
in three-way lock until DSS 11 rise plus 1 h. There were
no spacecraft or C>1C anomalies during" DSS 72
participation.

,h. View period summary — first pass. The Surveyor IV
was launched at 11:53:29.2. Ascension Island DSS 72
acquired the spacecraft at 12:10:13 with a decommutator
lock at 12:10:41, Initial spacecraft telemetry indications
were normal with all mark events verified. The station
was green for commanding and turned over to BUSS
Chief for commanding of major sequence 0040, modified
for DSS 72 telemetry threshold limitations.
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Minor sequence 0052 was initiated at 1120;48, The
remainder of the minor sequences of major 0040 were
transmitted with the exception of minor sequence 0054,
which was delayed due to it strong Canopus sensor sig-
nul, and minor sequence 1054 which was not required,
The final command was sent at 1151:47, The CDC
telemetry data became unusable at 1140;00, The sta-
tion contlmted to track the spacecraft through station
transfers to DSS 51, DSS 81, DS 11, and was released
from track at 23;50,

2, Goldstone operations (DSS 11). The Pioneer site of
Goldstone tracking station was used to track Surveyor IV,
Backup tracking was provided by the Mars site with its
210-ft diameter antenna, Provision had been made to
switch the CDC at the Pioneer site from the Pioneer site
antenna to the Mars site antenna for either commanding
the spacecraft or refielving telemetry from the spacecraft
or both,

Mideourse maneuver and terminal descent were the
two major events of the Surveyor mission to be com=
mantled from Goldstone, The midcourse maneuver was
delayed from the first Goldstone view period to the sec•
end view period in order to improve the accuracy of the
final trajectory, This was possible because of the near
perfect initial trajectory of the Spacecraft, No problems
occurred in the midcourse maneuver as both ground

equipment and spacecraft performed perfectly,

During terminal descent everything continued to func-
tion normally through retro ignition and 40 s of retro
burn; the signal from the spacecraft was then lost, Sev^
eral attempts to revive the spacecraft were unsuceessful,
and the best guess to date of the cause of failure is that
the retro engine exploded near the end of its normal burn,

There were no failures or anomalies in the CDC during
the mission, See Table 72 for a summary of the Goldstone
CDC operations.

Table 72, Summary of CDC operations

6

?ass Dote
No, of
CMOs Problems T/R

No,
Affected
mission

GOLDSTOt
1

July 13 13 None

2 July 16 87 None

3 July 17 497 None

4 July 111 176 None

CANBERRA
1 July Is 19 ( 1) DICOMM analog output channel 4 gave wrong indleallons 34177 No

(2) SOC console light 3 indicated incorrectly 34130 No
2 July 16 20 None

3 July 17 0 None

4 July 1B 1972 Notei Number of commends fruwnlHed h estimate

JOHANNESBURG

1 July 14 5 None
2 July 16 11 None

3 July 17 28 None

ASCENSION
1 July 14 49 None

MADRID
1 July 14 24 Nom
2 July 15 0 None

~	 3 July 16 0 None
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rl. View period, etnmnarles-- first pass, The first pass
at DSS 11 woof very well although an improper acqui-
sition procedure was used, Acquisition occurred at
230 CMT and end of track was at 07:27, There were
13 commands transmitted to the spacecraft, Ton of those
were to perform two engineering interrogations, and fire
other three were to change flight control modes in orda,t
to perform gyro drift measurements,

A bit rata of 1100 NINA was maintained throughout
the pass, parity errors were measured five times and in,
creased from 0,22 errors per 1000 bits early in the pass
to 4,24 errors per 1000 bits about 05 h prior to end of
track, 'There were no spacecraft or CDC anomalies dur=
ing this pass, No CDC hiein g were encountered
during the countdown, but there was a failure In the
Beta computer which was repaired prior to acquisition,

b, View period summary — second pass, Acquisition
for pass 2 at DSS 11 occurred at 23:20 GMT and end of
track was at 05:00 GMT, During this pass, 87 commands
were transmitted, Most of these were required to per-
form the midcourse maneuver and return the spacecraft
to norrh6 coast phase configuration and attitude, In a&
dition, two engineering interrogations and one gyro
speed check were performed, The bit rate was 550 bits/s
for the entire pass except durin;t the midcourse manes-
ver when the transmitter high power was on and the bit
rate increased to 4400 b1ts/s, Or,e parity error measure-
ment was made at 0120 GMT, The DSIF receiver signal
level was —142,3 dBmW, and the bit error rate was
6 X 10-tl,

The CDC input was transferred to Station 14 for tei
lemetry during this pass, and the signal level increased
8,5 dB, There was a delay In this transfer because of in^
correct patching of the telemetry communication lines.
This would have causcd loss of data if the transfer had
been required by some failure to obtain a satisfactory
signs) from DSS 11, There were no spacecraft or CDC
problems during this pass, Also no CDC failures or
other problems were encountered in the countdown,

c, View period surntnary — third pass. The third
DSS 11 pass acquisition occurred at 23:20 GMT, Events
progressed normally into terminal descent, Pre-terminal
maneuvers were executed and retro ignition occurred in

a normal manner, The spacecraft remained stable through
40 s of retro burn, and then the signal from the space-
craft was lost at 02:02:41 GMT, Up to this time, 66 com-
mands had been sent to the spacecraft, An additional
431 commands were sent after loss of downlink signal

in tan tmsueccssful attempt to rc=acqulre a signal from the
spacecraft, The CDC equipment continued to operate
without difficulty,

d, View period s inrnarp — fourth Lass, Goldstone
DSS 11 participated in it fourth pass for Mission IV in
an attempt to revive the spacecraft, The ground trans-
tauter was on from 00047 GMT to 05:41:40 GMT,
During this time, 170 commands were transmitted, Again
no CDC problems were encountered,

3, Canberra (DSS 42), During Mission IV, Station 42
had two tracking periods prior to the loss of spacecraft
carrier during terminal descent, The station was in two-
way look with the spacecraft for b h 5 min during the
first pass and 0 h during the second pass, A total of 30
commands were transmitted to the spacecraft during
the transit phase, No significant problems with either the
spacecraft or ground equipment were encountered dur
1ng the tracking periods,

Two special command tapes for the static firing were
transmitted to Station 42 approximately 5 h prior to rise
time on the pass preceding touchdown, A special training
session was .scheduled to ensure SOO and command gen-
erator operator familiarity with the tape, station per,
sonnel were also briefed on their activities during this
sequence,

Several IiF loop TV tet;Wwere scheduled prior to the
mission with all personnel participating to ensure ade-
quate preparation for the station's increased TV com-
mitment during Mission IV, A summary of the Canberra
CDC operations Is given in Table 72,

a, View period summary — first pass, Spacecraft acqui-
sition occurred at 0105 GMT with firm decommutator lock
at 03:11, The end of track occurred at 111:17 GMT, Sto-
tion transfer from DSS 11 occurred at 05:04 GMT, Trans-
fer to DSS 51 was at approximately 14:00 GMT, Both
transfers utilized a modified form of the "lost communi•
cations" procedure. In this procedure, the transmitter
power of the station bontrolling the uplink Is reduced to
1 kW and the three-way station turns on its transmitter
to 10 kW when the telemetry Indicates the controlling
station has reduced Its power, Unfortunately, both trans.
fers caused the uplink (and hence_ the downlink) to go
out-of-lock when the controlling station turned off its
transmitter, The problem appears to be that the acquir.
Ing station tuned Into the receiver bandpass, but did not
phase-capture the receiver,
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After completing the normal NSP-32 effort, it was pro-
posed and the SPOD approved, to make an attempt to
position the planar array and determine if a signal could
be detected with various planar array lbbk angles, In
accordance with this concept, the following" actions were
taken,,

No spacecraft anomalies were observed, although H-18
was observed to be fluctuating, It was later noted that
this is normal behavior with the HADVS off according
to the 905 signature list, During the pass, four particles
were observed to go through the Canopus sensor field
of view, One particle even caused a momentary loss of
star lack,

(a) 0403 1280 times (at 100 CMD intervals fol-
lowed by 0402 at 50 CMD intervals),

Twenty commands were transmitted to the ,spacecraft;	 (b) 0402 — 640 times, This resulted in the P/A
the spacecraft responded normally to till commands, The 	 being at an angle of -x-10 deg from the
command sequences consisted oh	 horizontal and the solar panel being

(1) Two engineering interrogations, 	 horizontal, A receiver search was then

(2) Initial power mode cycling (minor sequence 2053), 	 conducted over the entire Band,

(3) A roll gyro drift check,	 (3) from the initial conditions described above, a re-
(4) The subsequent power mode cycling, 	 ceiver search was conducted with the planar array

(5) Turn on the oxidizer tatik No, 2 temperature con-	
at --10, --5, 0, anti +-6 deg from the horizontal,

trol (CMD 0615),

	

	
At each of the alAve four conditions, a receiver
search was also conducted with the elevation axis

o. Mete period summary — third pass, At 03;53 GMT	
set at —10 0 and +	 g10 de During	 osing the P/A i-

the moon was in view of the TV monitor, The D55 re-
ceivers searched _-LOO  kHz about 2295 MHz from 03:53
until the end of the DSS 11 command sequence to shut
down the spacecraft at 08;08, At 08,16 DSS 42 was re-
lieved for the remainder of the pass,

1

Nineteen commands were transmitted to the space-
craft, The spacecraft responded normally to all corn-
natnds, The command sequences consisted of;

(1) Two engineering interrogations,

(2) Termination of a roll gyro drift check (initiated at
DSS 11),

(3) Two three^axis gyro drift checks,
(4) A bit rate reduction from 1100 to 550 bits/s,

b, View period surnrnarp -- second pass. Pass 2 for
DSS 42 lasted from acquisition at 0140 GMT to antenna
prelimits at 104, Station transfer from DSS 11 occurred
at 06:00 and our transfer to DSS 51 was at 15;00,

(1) Turn-on sequence,

(a)0305-- Enable OTC,
(b) 0607 Unlock roll axis (Interlocked),

(c) 0634 -- Unlock elevation axis (Interlocked),

(d) 0035 — Unlock solar panel,

(e)0117 — XMTH A to P/A,
(f) 0126 -- XPEH switch on low power,

(g) 0101— XMTH A low power on,

(h) 0112 -- NBVCXO on,

(2) Initial PA/SP POSITIONING,

tioning the ssolar panel was maintained to a position
corresponding to the transit position,

(4) The final conditions at which the turn-off sequence
was initiated were;

(a) Solar panel position: 170 deg,
d, View period summary fourth pass, At 04:29 GMT

the moon came into the station view, The DSS receivers
tuned >+}60 kHz about 2295 MHz while DSS 11 was
commanding per NSP-32. At 05;45 GMT the DSS 42
transmitter was turned on and tuned -20 kHz, After a
full receiver search (x-60 kHz about 2295 MHz) com-
manding commenced pur N91,421 Point 6, The NSP was
then followed from Points 7. through 15, 19 through 24,
and 28 through 29,"

(b) Polar axis; -606 deg (or 6 deg over the
horizmttal),

(c)Elevation axis; --10 deg,

At 12;15 GMT ths,spacecraft shutdown sequence was
initiated, This consisted of commands 0111, 3817 and
0314 repeated 4 times and interspersed with modulation
interrupts after each group of three commands, ,

r ^.
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From
	

To
	

GMT

DSS 72 DSS 51 13;10

DSS 51 DSS Ol 17;02

DSS 61 DSS 51 19;30

DSS 51 Over horizon 2139,41

4, Johannesburg (D55 11), Station 51 was more ,to-
five in the Surveyor IV mission than had been anticipated,
Scheduled only as a backup station, it became the pri-
mary station for the transit phases,

The spacecraft was monitored from DSS 51 for three
passes from L + 24 min to approximately retro minus 2 h,

During the launch phase the command line from
Station 72 was patched on a spare SCAMA line to Sta-
tion 51 (listen only), This was in addition to the normal
line to the SPOP and the voice of Surveyor line, This
allowed keeping. up with events in real time is DSS 51
acquired the spaceoraft less than 10 min after Station 72,

Voice communications to and from Station 51 were
fairly good for the first two passes but were quite bad
for part of pass No, 3, The TTY confmnce mode worked
very well during pass No, 3, and a little commanding of
the spaceoraft was accomplished using this means for
instructions,

There were no operational or equipment problems in
the CDC area during the complete mission, Sec Table 75
for a summary of the job, mesburg CDC operations,

a, Viete period summary— first pass, Initial spaceoraft
acquisition was performed by DSS 72, Two-way lock,
tuned to syne frequency, and command modulation were
all reported prior to downlink acquisition by D55 51, No
change in status was reported; therefore, based on this
information, DSS 51 acquired the spacecraft in three-way
at 12;1063, Solid decommutator lock was accomplished at
12,19 as the antenna main lobe looked onto the space-
craft, The spacecraft telemetry data showed that re-
ceiver B did not have a signal in its passband, was not
phase-loeked, and that the spacecraft was not receiving
command modulation, This information was reported to
track and at 11,21,39 DSS 72 reinitiated two-way acqui-
sition of the spacecraft, This action resulted in the
DSS 51 receiver and decommutator being out of look
from 12,21,39 to 11,2205 and again from 12,24,20 to
12.,21148, During this pass the receiver and decommutator
were momentarily out of lock at three other times, These
occurred at 21,34,14 when the spacecraft was com-
manded to low power, at 19,05,47 when the decommu-
tator went out of lock during the star map because of an
omniantenna null, and at 19,14,51 when the spacecraft
was again commanded to low power, There was no visi-
bility overlap with DSS 11, so the spacecraft was moni-
tored until it went over the horizon with no station
transfer, End of pass occurred at :23,39,41,
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During this pass, the following transfers occurred;

Five commands were transmitted from DSS 51during
this pass, These consisted of cruise mode on and initiat-
ing and terminating two gyro drift checks,

At 10;10 it was necessary to reload the SOCP program
due to an incompatibility between it and the interim
monitor program (IMP), The IMP is used to monitor
various switch positions and AGO of the station ground
receiver, The IMP was withdrawn from operation and a
DSS-TVA written, At DSS 51 there is only one computer
Setup rather than separate computers for these programs,

At 12,41,39 an engineering interrogation of Mode 1, 2,
and 4 data was performed, Mode g data was interrogated
at 12,49,55, ttnd a second engineering interrogation of
Mode 1, 2, and 4 data was performed at 1727;20, The
telemetry data during these mode interrogations showed
the spacecraft performance to be nominal, With the
exception of these interrogations, the spacecraft was
operated in Mode 5 and average alarm printouts of all
telemetry signals in this mode were used to verify space-
craft performance, At 15.,15 significant transitory changes
in F'C-12 and F'C-14 were observed, It was concluded
that these changes were due to a particle passing
in front of the Canopus sensor, These observations and
the probable cause were transmitted to BUSS4 who later
relayed the -information that 'SPOP reached the same
conclusion, At 15,30 P4 had decreased 5 BCDs from its
previous values. This change represents 30 psi and was
not related with the tank temperature which remained
constant during this time, This information was transmit-
ted to BU994,

During this pass, star verification and Canopus acqui-
sition occurred, This was monitored at DSS 51 white the
commands were transmitted from DSS 61, Both the star
Wrap and the automatic Canopus lock-on were nominal,

Prior to Canopus lock-on, the signal level to the space-
craft receiver A. was --90 dBmW, After Canopus lock-on
this signal level was —109 dBmW, and approximately an
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hour later had decreased to --118 dBm on the average
alarm printout, BUSS-1 reported that decoder indexing
had occurred during this period indicating that at times
the signai level decreased to 126 d$mW, the indexing
level of this receiver, This low signal level was attributed
to an omni antenna pattern still, and BUSS-1 relayed the
information that the SFOF agreed with this conclusion.
This condition lasted for approximately 2 h, after which
the signal level increased to --99 dBmW anti followed the
predicted levels for the remainder of the pass,

h, Vfetc period summary--second pa ys, Pass 2 for
DSS 51 lasted from acquisition at 11;58x50 to loss of
signal at 23:51.40, During the period, the following sta-
tion transfers occurred,

from	 I	 To	 I	 GMT

DSS 42	 1	 DSS 51	 1	 14,08,12

DSS 51	 I	 DSS 11	 I	 23;3562

The transfer from DSS 42 to DSS 51 attempted to use the
emergency transfer procedure whereby the -upcoming
station "steals" the spacecraft from the outgoing station
'Ae stealrwias considered unsuccessful as both uplink and
downlinkk phase lock were lost in the process,

After DSS 42 had reduced its transmitter_ power to
1 kW, D95 91 turned on its transmitter at 10 kW at a
frequency approximately 20 kHz below the DSS 42
9-band frequency, The DSS 51 transmitter was then
tuned upwards In frequency at a rate of approximately
500 Nz/s S-band until the spacecraft ACC indicated
that the DSS 51 transmitter had entered the passband of
receiver B, tuning of the DSS 51 transmitter was con-
tinued upwards n frequency until the downlink phase
lock was lost, (Until this time, the SPE of receiver B had
remained _constant, which indicated the uplink was still
locked to the DSS 42 transmitter,) When the downlink
was reacquired on "she DSS 51 receiver, the spacecraft
telemetry indicated that receiver B was not phase-locked
to efthrtr the DSS 42 or 51 transmitter,

The DSS 51 transmitter upward tuning was then re-
sumed until the downlink phase look was again lost.
When the DSS 51 receiver again reacquired the space-
craft, the telemetry indicated pbase-lock of transponder B,

An interesting aspect of this experience is that the
DSS 51 transmitter broke the DSS 42 uplink without
uplink being acquired on the DSS 51 transmitter, From

the start of the "steal" until uplink-lock was finally
achieved, the DSS 51 transmittcr was tuned in only an
upward direction.

Eleven comet rids were transmitted to the spacecraft
from DSS 51 during this pass, These involved we engi-
neering interrogation, two standard gyro drift checks and
one gyro drift c' e0, in roll only, During this pass engi-
neering interrogations of Mode 2 and 4 data were per-
formed at 12:02 by BUSS-42 and at 16:00 by DSS 51,
'these interrogations and the mode 5 data showed that
the spacecraft performance was nominal during this pass,

c, View period summary—third pass. Pass 3 for
DSS 51 lasted from acquisition at 12:06;56 to loss of
signal at 00,02x00, 1 During this pass the following station
transfers oceurreq"t;

From	 TO	 GMT

42	 >J	 51 "	 15,00,00

51	 11	 23,30;02,

Twenty-eight commands were transmitted to the space-
craft from DSS 51 during this pass, These consisted of
4 engineering interrogations, 2 gyro drift checks, 1 power
mode cycle, and turning the temperature control of
camera 3 on,

Communications during the last portion of this pass
were very poor and voice circuits in particular were out
a good deal of the time. Of the commanding accom-
plished during this pass 50% was by way of TTY con-
ference mode and worked very welt.

During this pass, engineering interrogations of Modes 2
and 4 data occurred at 15,16,11, 19,24;14, and 22,37,53.
An engineering interrogation of Mode 1, 2, and 4 data
occurred at 23,46, and an interrogation of Mode 4 data at
21,3560 after turning on the auxiliary battery mode, high
current mode, 'rgi'd the Camera 3 beater; These interro-
gations and the Mode 5 data showed that the spacecraft
performance was nominal during this pass,

5, Madrid (DSS 61), Prior to the mission, loc lal studies
had been accomplished to analyze what use might be
made of the backup computer during its long periods of
inactivity. From these studies it was decided that auto-
matic conversion of raw telemetry counts to engineering.
units would be of most value. For this purpose a special
program was written to use average alarm data routed
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from the prime computers and to output engineering unit
conversions on TTY,

This program was successfully used during Mission IV,
during the third pass this data rather than average alarm
data was routed to SPAC with their concurrence for re-
view and comments.

DSS 61 tracked Surveyor IV for the three transit phase
view periods, The station was in two-way lock with the
spacecraft for slightly less than 2 h, Twenty-four com-
mands were transmitted and the spacecraft responded
accurately to them all. These commands were executed
during the first pass and involved an engineering inter-
rogation, star map, and star acquisition.

For the greater portion of the transit phase Station 61
was in tbree-way lock in conjunction with Sta on 51, This
was due to the relatively low antenna elevation angles
from 61 and certain antenna servo problems, All aspects
of the CDC crew and equipment performed flawlessly,

Surveyor IV was tracked from DSS 61 for the three
transit phase passes. Total tracking time was 21 h, 8 min
of which 1 h, 30 min was two-way. A total of 24 com-
mands was transmitted to the spacecraff. from DSS 61
during the 1 h 30 min period of two-way tracking which
occurred during the first pass, The remainder of tl;e
tracking period was three-way trackfrig with DSS 51 hav-
i g control of the uplink.

a, View period summary—first pass, July 14, 1967.
The track began :miih acquisition at 15:23Z and lasted
for 7 h, 35 min, ending with loss of signal at 22:58 GMT,
The spacecraft was acquired in mode 5 at 1100 bits/s, at
a signal level of —132.5 dBm. Transfer from DSS 51
occurred at 17:00 GMT. An engineering interrogation of
modes 4, 2, and 1 with return to mode 5 was initiated
at 17:27 GMT.

An early star verification and acquisition sequence was
initiated it 17:51 GMT after going to 4400 bits/s with
the spacecraft transmitter operating in high power, Dur-
ing the roll maneuver ACC voltage readings were taken
at 10 s intervals along with a GMT every fifth reading,
The CDC DECOMM lost lock twice during the roll, each
time at the same roll angle. The received signal level at
the beginning of the roll maneuver was — 119,1 dBm and
fell to a low of — 147.9 dBm at the severest omni null,
Automatic Canopus lock-on occurred at 1810:33 GMT
at a down-link signal level of — 114.0 dBm, Following
Canopus lock-on, the spacecraft was commanded to low
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power, ACC voltage readings obtained during the star
map were converted to received signal strength in dF3m
and sent by nVX to OPS-X Surveyor IV by request of
SFOF personnel. Transfer back to DSS 51 took place at
18:30 GMT.

During the remainder of the pass, several gyro drift
checks were monitored and rates of drift were calcu-
lates!. No equipment failures occurred and all personnel
performed satisfactorily. A total of 24 commands were
sent during uplink control of the spacecraft by DSS 61.
The pass ended at 22:58 GMT,

b, View period summary—second pass, July 15, 1967.
The second pass lasted 5 h, 48 min. The scheduled
tracking period was 8 h, but due to a hydraulic failure
in the antenna servo system, track was prematurely ter-
minated at 21:52 GMT, During the pass, several gyro
drift checks were made and rates of drift were calculated.
All spacecraft signals available were routinely checked
against predicted values, No spacecraft or CDC anoma-
lies were noted. DSS 51 bad control of the up-link dur-
ing the entire pass; therefore, no commands were sent
from DSS 61, The receiver went out of lock at 21:50 GMT
due to an antenna servo problem, and the station was
released from track at 22:35.

c. View period summary—third pass, July 16 and 17, 1
1967, Acquisition occurred at 16:15 GMT with the space-
craft in mode I'- at 550 bit0. DSS 61 again--had up-link
control of the spacecraft during the entire pass. The en-
tire pass was spent monitoring data checking against
predicted values. At approximately 21:00, the SOC asked
and received permission from the RUSS Chief to send
average alarm r2i'ata already converted to engineering
units. A program written by one of the DSS 61 personnel
had been generated which allows converting spacecraft
telemetry counts directly to engineering units in the
backup computer, and outputting this to the page printer
for immediate analysis. Track ended at 00:04 on July 17,

G, Space Flight Operations Facility

The contents of this report reveal the only mayor prob-
lem encountered during the Surveyor IV -mission was a
power failure that occurred on the seepexi; floor of the
SFOF that caused complete shut-down 't 'the X and Y
computer strings. The failure occurred when the mission
was in the launch _ .phase  at the specific of 19:08,
July 13, 1967,16 b;4nd 45 min prior to launch. Full' oper-
ational capacity wajs achieved on the X and Y computer
strings after 2 h ar1'd 7 min. The power failure occurred
during a lull perfod' when diagnostic tests were being
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conducted on IBM equipment and had no adverse effects
on mission performance. The power to computer strings
X and Y was replaced with individual feeders and circuit
breakers to prevent a recurrence of the problem.

During the SFOF computer checkout on July •13, an
'SFOF power system failure dropped 'both computer
strings off line; this occurred at 19:08 GMT. A power
surge from the facility generator power system was first
suspected; however, the cause was later isolated to a
faulty circuit breaker.

At 23:45, the X-string 7044 computer was still experi-
encing problems in two areas. One was a direct data
channel problem (high parity errors) from the 7044 to
the 7094. The second was associated with the output
driver sub-channel to the Surveyor SPAC Area.

The Y string, which had been re-established and
checked out previously, was turned over to the Surveyor
project at 01:45 on July 14. At this time, the X string was
still not operational in Mode 2 (7044/7094), but was op-
erating properly in Mode 3 (one 7044) and Mode 4
(one 7094). The project requirements, which were one
Mode 3, plus two Mode 4, could be met with the
X string and Y string in the present configuration. In
addition, the W string was made available to the project
from L — 5 h through launch. The X string was checked
out and turned over to the Surveyor project in a go_ con-
dition at 04:00.

All other problems encountered were of a minor nature
and were expeditiously resolved. These had little or no
significance in the overall support of the mission. Aside
from the normal radio propagation problems experienced
by the DSN ground support facilities, there was no loss
of data due to malfunctions of down time of equipment
in the SFOF.'

The time period covered by this report includes the
following phases:

(1) Pre-mission phase: From beginning of first opera-
tional readiness test (ORT) to launch phase
(21:39, July 5, 1967, to 11:53, July 12, 1967).

(2) Launch' phase: From liftoff minus 48 h to acquisi-
tion by the first DSN station (11:53, July 12, 1967,
to 12:09, July 14.,1967).

(3) Mission phase: From acquisition^by the first DSN
station to loss of signal plus `^ti h (12:09, July 14,
1967, to 14:02, July 18, 1967).

The five functions in the SFOF that supported the
Surveyor IV mission described below are: (1) Data Sys-
tems Operations; (2) Data Processing System Support;
(3) SFOF Communications; (4) SFOF Operations; and
(5) SFOF Support.

1. Data systems operations. The functions of the data
system operation in support of the Surveyor IV mission
were the real-time computer operations and data flow
support. Figure 147 shows the SFO generalized data flow.

a. Pre-mission performance. No major problems were
encountered during the ORT. During the pre-launch
checkout phase, electrical power to the mission depen-
dent X and Y strings, computers failed at 19:08, July 13,
1967. Electrical power capability was restored to the
computers and a power-up sequence on X and Y strings
was -implemented. All computers were restored to full
operational capacity at 21:15. No anomalies were ex-
perienced during the diagnostic checkout of the equip
ment and sequence of events which followed.

b. Launch phase performance. There were no prob-
lems encountered during the launch phase of sufficient
magnitude to degrade- support for the project, and per-
formance was highly reliable.

c. Mission phase performance. There were no prob-
lems of sufficient magnitude to degrade support for the
project, and performance was highly reliable:

d. System anomalies. During pre-mission, the X and Y
computers were red' from 19:08, July 13, 1967, to 21:15,
July 13, 1967, due to a primary power problem. No major
problems were encountered during either the launch or
mission phases.

2. Data processing system support. The-SFOF data
processing support provided pre-launch testing and suji-
port of Surveyor IV in the simulated data control center
(SDCC), Telemetry Processing System (ITS), input/
output (I/O) user areas, and operational control of these
areas at the data processing control area (DPCA).

a. Pre-mission performance. Two problems occurred
and were resolved during pre-mission checkout :which
caused a delay in the checkout of the DPS. Other prob-
lems were minor, having no significant effect on the pre-
mission phase.

b. ; Launch phase performuve. One minor problem
was encountered during this phase.
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c. Mission phase per,Eormance. Some minor problems	 (2) At 16:20, July 12, 1967, the PDP-7 computer of

	

occurred up to the time: spacecraft d^;,° was lost; how- 	 System No. 3 had been checked out and was con-

	

ever, there was no degradation of mission performance. 	 figured to System No. 1 for launch.	
f

i
d. System anomalies. Pre-mission anomalies consisted 	 (3) At 19:40, July 12, 1967, the PDP-7 computer of

of the following:	 System No. 1 had been repaired and checked out

	

(1) At 13:30, July 12, 1967, PDP-7 computer of Sys- 	 on the V string.
tem No. 1 developed an intermittent problem in.

	

the output buffer, while running the test pattern 	 (4) At 19:08, July 13, 1967, loss of power was experi-

	

generator diagnostic program.. 	 enced on the X and Y strings.
"	 I
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(5) At 20:23, July 13, 1967, power was restored to
the DPS and the equipment was powered-up one
piece at a' time.

(6) At 21:15, July 13, 1967, all equipment was on line
at full operational capacity.

The following anomalies occurred during the launch
phase

(1) At 02:59, July 14, 1967, the administration printer
in Flight Path Analysis Area 1 (FPAA 1) was re-
placed because of paper jamming.

(2) At 03:57, July 14, 1967, the caulk printer in FPAA
was replaced because of printing problems.

3. Surveyor IV mission discrepancy report summary.
The primary purpose of the DSN discrepancy report
summary (DRS) is to provide a controlled closed-loop
method forsystematically reporting and correcting oper-
ational failures or problems to ensure that the DSN is
properly prepared to support SFO of succeeding mis-
sions. The system also supplies an operations effective-
ness measurement for specific DSN committed support.
The period covered by this summary is May 16, 1967
through July 19, 1967. Minute details are omitted for the
sake of brevity.

a. Pre-mission performance. All modes of communica-
tions (teletype, voice, and HSD) performed well with
high reliability during the phases of ORT. The DSN/ICS
encountered no major troubles during the ORT. Minor
equipment failures within the DSN/ICS were corrected
in real-time with no actual loss of data to the project.

b. Launch phase performance. During the launch
phase, the DSN/ICS performed well. There were no
problems if sufficient magnitude to degrade` operational
support to 1e project.

c. Mission phase performance. The DSN/ICS per-
formed well. The usual radio propagation problems were
experienced by DSN/ground control facilities (DSN/
GCF) causing minimal loss of data and operational cir-
cuit time.

d. System anomalies. Throughout the ORT, the usual
short duration radio propagation conditions were encoun-
tered by DSN/GCF. This created minor problems which
resulted in minimal loss of data in the SFOF/ICS;; There
were no major problems during the launch phase; poor
radio propagation that occurred from time to time caused
minimal loss of data. During the mission phase there
were no major problems and close surveillance and
prompt reaction to a few minor problems resulted in a
high degree of reliability with minimal loss of data due

Dkcrepancies which occurred during the mission to radio propagation.
phase were as follows:

I

(1) At 17:34, July 14, 1967, the administration printer
in FPAA 1 was replaced due to loss of first char-
acter of each line. A time delay occurred in the
replacement action; this was at the convenience of
Surveyor personnel.

5. Computer performance. The computer configura-
tion performed satisfactorily throughout all phases of the
mission. All support functions performed nominally ex-
cept for a circuit breaker failure (during the launch
phase) supplying power to the X and Y strings.

(2) At 09:30, July 15, 1967, the bulk printer in the
Spacecraft Performance Analysis Area (SPAA)
was replaced because of bad output data.

Since all problems were of a minor nature and were
easily corrected without degradation of mission perfor-
mance, no recommendations for improving the operations
were made.

4. SFOF/DSN/ICS. In support of the Surveyor IV
mission, the DSN Intracommunications System (ICS)
provided a communications system capable of receiving,
switching and distributing all voice, teletype, high speed
data; (HSD) and closed circuit television to all users with
the SFOF.

a. System anomalies. During the launch countdown,
16:35, July 13, 1967, the local commercial power carrier
reported that possible thunderstorms might occur in the
area. As a result, a decision was made to place the SFOF
on generator power during this period. The generator
switch was accomplished at 17:20, July 13, 1967. At 20:23,
July 13, 1967, commercial power was restored and the
equipment was gradually powered-up. At 21:47, July 13,
1967; generator power was restored.

At 19:08, July 13, 1967, a power failure occurred on
the second floor, which caused both the X and Y com-
puter strings to go down. It was determined that a shift
in the load on the second floor had caused an overload
at a power panel where the main 400 A breaker was
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located. A new breaker was installed with a factory rat-
ing of 400 A and a redistribution of some of the load was
made. The current was monitored throughout the mission
and no overloads developed. No problems were  encoun-
tered during either the launch or mission' , phase.

b. Recommendations for improvement of operation.
Since no major problems occurred in the SFOF/ICS, no
recommendations for operations improvement were made.

6. SFOF operations. In support of the Surveyor IV
mission, the SFOF Operations Group performed the fol-
lowing tasks: prepared and operated the display and
monitoring system; provided internal access control; op-
erated the data flow and distribution system; operated
the facility control area; provided technical area assis-
tants as required; and operated the discrepancy reporting
system and equipment-failure reporting system.

a. Mission performance. Mission performance during
various phases of the mission was as follows:

(1) Pre-mission: The ORT was satisfactory from a sup-
p. rt standpoint.

(2) Launch phase: All operations were normal and no
major problems were encountered.

(3) Mission phase: A few minor problems occurred
that were resolved in real-time and performance
was entirely satisfactory until loss of signal.

b. System anomalies. All required support was pro-
vided to the Surveyor project during the pre-launch
testing with no significant problems being encountered.
During the launch phase, at 19:08, July 13, 1967, a
power failure occurred on the second floor causing both
the X and Y strings to go down. At 20:23, July 13, 1967,
electrical power was restored to the X and Y computer
strings and a power-up sequence was implemented at
that time. At 21:15, July 13, 1967, X and Y computer
strings were restored to full operational capacity.

In the mission phase, a discrepancy occurred in the
data distribution system in that repro copies were not
run on Orbit Determination Programs. This was not a
serious problem ,a^ `the Flight Support Group had
1403 NCR output available. Repro copies of the program
were later made from the 35 mm film from Operational
Documentation Control.

Posting of the display boards in the SPAA area was
more time consuming than originally anticipated; how-

ever, the necessary manpower was provided and the
work completed satisfactorily.

t:. Recommendations for operations improvenrpq¢. No
major problems were encountered pertaining to the sup-
port provided by the SFOF Operations Group; therefore,
no recommendations for improvement were made.

7. SFOF support. In support of the Surveyor IV mis-
sion, the support group performed the following: oper-
ated the reproduction operations facility and maintained
the Facility Support Systems, including the electrical, air
conditioning, and diesel sub-systems.

All pre-mission support of the Surveyor IV mission was
nominal. A complete pre-mission checkout of the physical
plant equipment was conducted without any major
anomalies in the system. It was necessary to change the
injectors in the No. 1 generator 'between the completion
of the ORT and launch; however, there was no loss of
power. J- 1] mission support equipment.

XI. TDS Performance Evaluation

A. Near-Earth Flight Phase

The AFETR provided coverage for tracking (metric)
data,, Atlas/Centaur telemetry- (VHF), and =Surveyor
telemetry (VHF and S-band)—using land stations, an
RIS, and aircraft. Aside from the fact that the only RIS
supporting the mission was the Coastal Crusader, the
AFETR configuration, was the same as for Surveyor III
and IV mission. Continuous tracking coverage was pro-
vided to L + 779 s by stations from Cape Kennedy to
Antigua, and this was followed by Ascension Island and
Pretoria tracking from L + 1142 to L + 2976 s. The azi-
muth servo valve on the antenna pedestal of the TPQ-18
radar at Grand Bahama Island failed during the count-
down, and remained down through the launch. But suffi-
cient redundant coverage was provided by other stations
during the Grand Bahama Island interval.

The FPS-16 radar at Cape Kennedy had a 13-s dropout
at L + 464 s, which was 114 s after the end of the esti-
mated coverage interval, and provided an additional 73 s
of data after the dropout. The Grand Turk TPQ-18 radar
also had a short dropout near the end of its coverage
interval, being off from L + 579 to L + 600 s; but it
thereafter provided data until LOS at L + 675 s. Redun-
dant data were obtained from other stations during both
of the latter dropouts.
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Atlas telemetry (229.9-MHz link) was continuously 	 radar high-speed data at Bermuda and GSFC. GSFC also

	

received and recorded from before liftoff-.until after 	 supported the ORT prior to launch.
Atlas/Centaur separation; 'Centaur telemetry (225.7. MHz

	

link), until shortly after spacecraft separation. Thereafter, 	 problems and anomalies:
Centaur telemetry was recorded as statioii - coverage al-

(1) Grand Canary reported a maximal telemetry-data
signal strength of —103 dBmW, which was just
above threshold, and there were numerous drop-
outs during the last 2 min of track—although the
decommutator maintained lock long enough to

(2) Two seconds of Bermuda FPQ-6 radar data were
lost at 12:01:08 GMT, due to phasing separation.

(3) The range safety impact prediction plot became
erratic at approximately L + 8 min, and investiga-
tion revealed a possible problem in the 4101 com-
puter program. This may have been due to the
improper smoothing of elevation data.

1. AFETR. The overall AFETR estimated coverage -
vs requirements vs actual coverage is shown in Fig. 148.

AFETR and MSFN support of the launch vehicle
tracking and data acquisition requirements was com-
pletely satisfactory. All Class I and Class II requirements
were met. Real-time evaluation of the launch vehicle per-

	

In meeting real-time telemetry data requirements,	 formance, through spacecraft separation, was made pos-

	

spacecraft telemetry via the VHF link was transmitted	 stble because of the direct ascent mission profile and the

	

to the SFOF from liftoif toi spacecraft high-power-on.	 use of subcable Centaur VHF telemetry data through

	

Then, as planned, AFETR switched to real-time trans-	 Antigua LOS after spacecraft separation. The AFETR

	

mission of spacecraft telemet►y, data received via the	 and MSFN reporting of mark events was proper and
timely. All launch vehicle systems performed satisfactorilyS-bank link and the data flow was very good. In addition, 
and no anomalies were encountered.all mark events (except mark 14) were read out and 

reported.

g confirm mark event 16.

lowed unt'Ll completion: of the Centaur retro maneuver.
Thus, continuous and substantially redundant VHF telem-
etry data was received from the beginning of the count-
down through Pretoria LOS at L + 3570 s. Besides
meeting all requirements, this was greater than predicted
covera e

Continuous S-band coverage was obtained from liftoff
to Ascension Island LOS at L + 2444. The Tel-4 antenna
dropped receiver phase lock between L + 197 and
L + 270 s, but Grand'"Bahama Island maintained lock and
provided redundant coverage throughout this period.
Antigua exceeded the estimated coverage interval, but
maintained phase lock for only 30% of the time. Coverage
from Grand Bahama Island and the Coastal Crusader
overlapped most of the Antigua view, but from L + 495
to L + 673 s, Antigua was the only station in phase-lock.
Receiver phase lock was maintained continuously by the
Coastal Crusader and then Ascension Island from L + 673
to L + 2197 s, and Pretoria provided redundant coverage
during this interval with receiver phase lock from
L + 1377 to L + 1698 s.

-s

The RTCS provided trajectory computations based on
tracking data and telemetered vehicle guidance data, and
computed six orbits—including a ,pre-retro orbit from
Antigua data, a second pre-retro orbii from Centaur guid-
ance telemetry data, a post-retro orbit using Ascension
Island and Pretoria data, two spacecraft orbits from
DSS 72 data, and a spacecraft orbit using DSS 72 and
DSS 51 data. This last orbit was a very good solution,
and compared, favorably with the final premideourse com-
putation generated by the SFOF.

\4SFN facilities supporting Surveyor IV included ac-
quisition aids, VHF telemetry, and real-time readouts at
Bermuda and Grand Canary; C-band radar at Bermuda;
SCAMA at GSFC, Grand Canary, and Bermuda; and

3PL TECHNICAL MEMORANDUM 33-301

The AFETR method of predicting coverage intervals
for S-band low-power is still not accurate and needs
further refinement.

a. Tracking. The estimated vs actual coverage is shown
in Fig. 149. The class I requirements were met and
exceeded, with AFETR stations downrange to Antigua
providing continuous coverage to L + 779 s, and with
Ascension Island and Pretoria providing continuous cov-
erage from L + 1142 to L + 2976 s.

The TPQ-18 radar at GBI experienced a failure with
the azimuth servo valve on the antenna pedestal during
the countdown. The radar remained down through the
launch and did not support. Redundant coverage during
the GBI interval was provided by other stations.
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Fig. 148. Summary of AFETR coverage

The FPS-16 radar at Cape Kennedy experienced an

unexplained 13-s dropout at L -I- 464 s; however, this
occurred 114 s after the end of their estimated coverage
interval. Following the dropout, they provided another
73 s of data.

The Grand Turk TPQ-18 radar also experienced a short
dropout toward the end of their coverage interval. The
radar was off track from L -I- 579 to L +600 s, then pro-
vided data until LOS, at L -I- 675 s. This dropout was
attributed to the balance-point shift problem. Redundant
data from other stations were provided during both of the
dropout periods.

The actual coverage provided by Ascension Island did

not meet the estimated interval; however, long periods of
intermittent track were provided by both Ascension Island
radars following initial loss of lock

The Pretoria data were noisy throughout, because of
the low signal level, but were not intermittent.

It. Metric. Project metric requirements were any con-
tinuous 60 s of radar track between MECO and start of
Retro. The launch vehicle requirement was continuous
coverage from launch to Mk,,,CO + 30 s, and any con-
tinuous 60 s after Retro.

Project computation ,requirements were: (1) compu-
tation of the pre-retro orbit; (2) generation of predicts

for the DSN from this orbit; and (3) mapping to encounter
for this orbit.

Table 73. Orbital computations

Parameters SFO`F—L + 35 h track RTCS-72/51 2 h track

Epoch, GMT 7/14/67 7/14/67

12-0"6.4805 12:0463.8
SMAA,km 285977.43 285843.4

ECC 0.97711195 0.9771036

INC, deg 30.560181 30.58551

Ch km''^/sa —1.3938207 —1.39
LAN 275.80161 275.7766

APF 142.75164 142.75046

Epoch, GMT 7116167 7/16/67
02:1142.121 02:11:06.4

8°,km 1784.1903 1781.0436
B e TO",	 ni 1554.0911 1616.0602
B e Rao, km —876,43370 —748.64269
Latitude —2.0061469	 :. —4.7807944
Longitude 354.07456 354.48327

-B, magnitude of the impact parameter. 	 -_
us a TO, projection of the impact parameter B upon the vector 7r. ^
aB • RQ, projection of the impact parameter B upon the vectoriR.

u

The launch vehicle computation requirements were
computation of the Centaur pre- and post-retro orbits.
Table 73 gives the orbital computations performed, and
lists the parameters from one of the RTCS multi-station
solutions (DSS 72 and DSS 51 inputs) and one of the
final pre-midcourse computations at the SFOF.
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only fair by the RTCS, because of the low eleva-
tion angle of the data used. An IRV, SOPM, orbital
e!--Tents and moon mapping were provided from
t se data. The FPAC stated that the RTCS orbital
e1^: 3ents were close to nominal. The DSN site pre-
dicts were provided by the RTCS to DSSs 72, 131
and 51.

All metric requirements were met,

The RTCS made the following computations from
AFETR radar, Centaur guidance telemetry, and DSN
data;

(1) An initial pre-retro orbit was computed using
Antigua (91.18) data. The solution was considered

i (o) T = 0-- 1000%
RADAR

518
26

PATRICK AFB
26

12 350 570

CAPE 464

20 7	 430 477	 550
KSC

12 104	 50B 540

GRAND BAHAMA
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216 644
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193	 396	 1	 579 600 675 1	 745
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374	 583 660 779
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,.	 u	 aw	 -.LW	 ,3W-,-	 400	 5U9	 _.-.600	 ...700	 B00	 900
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ASCENSION
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Fig. 149. A"ETR C-band radar coverage
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(2) A post-retro orbit was computed using Ascension
Island (12.18) and Pretoria (13.16) data. The RTCS
used these data to compute an IRV, SOPM, orbital
elements, moon mapping and an I-matrix. The fit
on these data was considered good by the RTCS,
and FPAC indicated that the elements looked
nominal.

(3) The DSS 72 data received by the RTCS had inter-
mittent lock until 12:50. The RTCS computed a
preliminary DSN solution of the spacecraft orbit,
using 10 min of DSS 72 data, The computer solu-
tion was considered a poor fit. An IRV, SOPM
and orbital elements were computed from these
data. Moon mapping was not done because of the
poor fit.

(4) A second DSN solution of the spacecraft orbit was
computed from DSS 72 data. This solution was
considered good by the RTCS and an IRV, SOPM;
orbital elements and moon mapping were pro-
vided. The FPAC stated that the moon mapping
parameters provided from this solution were quite
close to nominal values. The FPAC could not give
the RTCS a comparison on RTCS elements, because
the FPAC did not have a DSN solution at that time.

appeared to be valid and an IRV, SOPM, JPL ele-
ments and moon mapping were provided.

(6) The last spacecraft orbit was computed from
DSS 72 and DSS 51 data, An IRV, SOPM, orbital
elements, moon mapping and an I-matrix were
provided from these data. This solution was con-
sidered to be very good. In this solution, the DSS 72
mean residuals for range rate were 0.0003 ft/s and
the DSS 51 mean residuals for range rate were
0.0007 ft/s.

Table 74 indicates the metric tracking data estimates
and the actual coverage that was provided.

c. S-band. The S-band requirements were from space-
craft high-power on to DSN continuous view plus 2 ruin.

Real-time transmission. This requirement was met.

The RIS was selected as the data source at T + 11:40,
when the JPL Telemetry Coordinator observed ship
S-band AOS. Ascension Island data were selected at ap-
proximately T + 36, when Ascension Island reported that
modulation had disappeared from the S-band carrier.

	

(5) The first Centaur guidance telemetry (WW) vector	 First DSN acquisition occurred at DSS 72 with one-

	

was not received from the Kennedy Space Center 	 way acquisition at 12:10:18. The received signal level

	

until approximately T + 67 min. After evaluation 	 was reported as —90 dBmW on Receiver 1 and —102

	

by the RTCS, this vector was determined to be 	 dBmW on Receiver 2. The transmitter was turned ° an°at _

	

unusable. A second guidance telemetry vector was	 12:12:30. After twice dropping receiver lock when modu-

	

received by the RTCS about T + 112. This vector 	 lating the command transmitter, two-way lock was
achieved at 12:50:12. DSS 51 acquired one-way lock at
12:16:55 and transfer from DSS 72 to DSS 51 occurred

Table 74. Metric raw data coverage	 at 13:10.

Station Estimated coverage, a Actual coverage, a

1.16 12-152"/200-350 0-550
19.18 20-8e/96-200°/260-440 12-540
0.18 26-525 26-570
3.16 96-161" Not committed
3.18 104-510 (clutter) NOR far A3 servo valve
7.18 216-646 193-5791600.675

Trinidad_ 586-652 538-748
67.16 275-53D(clutter) passive
67.18 275-645 241-247/271-673
91.18 394-742 374-779

12.18 1005-1550 1142-1535/1567-8611
12.16 1075-1330 bast obtainable 1195-1260/1410-3500
13.16 1490 bait obtainable, signal 1483-3625

less than 20 dB

"Expected loss of track as a result of cross-polarization or antenna patterns.
oExpected rough track as a result of antenna pattern.

Receive and record. This requirement was met.

Table 75 presents a tabulation of the coverage plan vs
actual coverage for S-band telemetry.

Table 75. AFETR S-band telemetry

Radar site Estimated
coverage, s

Actual coverage, s

AOS lock Unlock LOS

Te14 0.405 —2100 — — x-362

Station 3 116-458 48 60 495 521

Station 91 520-697 339 Locked 720
30% of
view

Coastal Crusader 1027-2480 657 673 1214 1214
Station 12 1	 722-1120 1	 975 1	 975 1	 2197 1	 2444
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Fig. 150, AFETR VHF telemetry coverage

d. VHF telemetry. VHF telemetry requirements and	 There was a project requirement for spacecraft VHF
coverage are shown in Fig. 150. coverage via the Centaur link, from launch to separation.

There was also a launch vehicle requirement for Centaur
VHF telemetry from launch to spacecraft separation

All requirements were met, since continuous and sub- 	 plus 5 s,
stantially redundant VHF telemetry data were ru'aeived
beginning with the countdown and through Pretoria	 All requirements were met.
LOS, at L + 3570:sti Coverage was greater than predicted.
Mark event Y —.izs that were received ;:nd read out are 	 Real-time transmission. At T — 10, Tel-2 P-band data
shown in Table 76, 	 were. selected. The data were excellent. The selection
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Table 76. Aflas/Centaur mark event readouts

Event Time, GMT Readout from

Liftoff 11:53:29.215 Cape

Mark I 11:55:51.100 Cape

Mark 2 116564.600 Cape

Mark 3 11:56125.400 Cape

Mark 4 116642.600 Cape

Mark 5 1167:28,900
11:57:27.2

Cope
Bermuda

Mark 6 1167:31.950
11:57:30.8

Cape
Bermuda

Mark? 1167A1.000
1167.61.1

Cape
Bermuda

Mark 8 12.64:57.100
12104:57.2

Cape
Antigua

Mark 9 12:0545400
12:05:24.6
12:05:24.5

Cape
Antigua
Crusader

Mark 10 124)5:34.600
12:05x34.5

Antigua
Crusader

Mark 11 12006:00.100''1.
12-05:55.2

Antigua
Crusader

Mark 12 ;2:0600,100
12:06.40.5

Antigua
Crusader

Mark 13 12:06.06.100 Crusader

Mark 14 Not reported

Mark 15
--	 -

12:1006.100
12x1000:6

Crusader
-	 Ascension

Mark 16 12,1400.800
12:14:16.8

Ascension
Canary

Mark 17 121l400.800
12:14:16.8

Ascension
Canary

Table 77. AFETR VHF telemetry

Rados site EstimatedEstimated
 s

Actual coverage, s

AOS LOS

Tel-2 0-500 —2100 551
Tel-4 0-500 —2100 580
Station 86-540 1s 591
BDA 230-650 214 -666
Station 91 385-72.5 304 790
Coastal Crusader 692-1030 713 1134
Station 12 1000-2035 975 2999
Station 13 1380-2450 1351 3571
CYI 960-1940 981 1897

Receive and record. Table 77 presents a tabulation of
the coverage plan versus actual coverage for VHF
telemetry.

At T — 10, Tel-2 P-band data were selected. The data
were excellent. The selection remained with Tel-2 until
approximately T + 6:30, when Antigua P-band data were
selected. This procedure bypassed GBI data, even though
GBI data were excellent, since there was a considerable
overlap between Tel-2 LOS and Antigua AOS,

All real-time VHF retransmission requirements were
met. Good quality data were received at the SFOF,
although not as good as on previous missions,

e. S-band telemetry. The S-band telemetry require-
ments and coverage are shown in Fig. 151. As indicated
in the figure, continuous coverage was obtained from
liftoff to Ascension LOS at L + 2444 s.

Tel-4 dropped receiver lock between L + 197 and
L + 270 s; however, GBI maintained lock throughout
this period and provided redundant coverage.

The Antigua coverage interval was quite a bit in excess
of the estimated coverage, but phase lock was maintained
for only 30% of their actual coverage interval, with 6 RH
(right hand) periods of lock and 7 LH (left hand) periods.
Coverage from GBI and the Coastal Crusader overlapped
most of the Antigua view; however, during the interval
from L + 495 to L + 673 s, no station other than Antigua
was in receiver lock. The Coastal Crusader position had
been adjusted approximately 30 s to provide better cov-
erage of the spacecraft high-power up interval.

Receiv—or lock was maintained continuously, by the
Coastal Crusader and then Ascension Island from L + 673
to L + 2197 s. Pretoria provided redundant coverage dur-
ing this interval, with receiver lock from L + 1377 to
L + 1698 s. No estimated coverage interval was given
for Pretoria because of the small antenna and the expected
signal level.

The AFETR method of predicting coverage intervals
for S-band low-power is still not accurate and needs fur-
ther refinement.

remained with Tel-2 until approximately T + 6:30, when	 The RIS was selected as the data source at T + 11,40,
Antigua P-band data were selected, This procedure by- 	 when the JPL Telemetry Coordinator observed ship
passed GBI data, even though GBI data were excellent, 	 S-band AOS. Ascension Island data were selected at ap-
since there was a considerable overlap between Tel-2 	 proximately T + 16 min. Continuous data were received
LOS and Antigua AOS.	 until approximately ' T + 36 when Ascension Island
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reported that modulation had disappeared from the S-
band carrier.

All real-time S-band retransmission requirements were
met.

The RTCS computations performed and the nominal
and actual times of delivery are shown in Table 78.

Table 78. AFETR real-time computer support

Nominal, T Actual, T Operation

+ 20 + 17 Transmit pre-refro IRV, SOPM and
orbital elements

+ 25 + 20 Transmit pre-retro DSN predicts for
DSSs 72, 61 and 51

+ 25 + 62 Receive DSN data from Building AO

+ 25 4- 62 Receive guidance data (UVW) from KSC

+ 35 + 33 Transmit pre-refro moon map

+ 38 + 35 Transmit post-retro IRV, SOPM & orbital
elements

-I- 45 + 42 Transmit post refro moon map

+ 48 + 121 Transmit IRV, SOPM and orbital
elements based on UVW data

+ 53 + 62 Start processing DSN data

+ 55 +46 Trcesm6-,/}refro I-matrix
+ 80 Transmit IRV, SOPM and orbital

elements based on DSN data
+74 Preliminary solution

+ TOT Updafed safurron

+ 142 Final solution
+ 85 Transmit moon map based on DSN data

+ 104 Based on updated solution at
T + 101

+ 151 Based on final solution at T + 142
-l- 95 Transmit 1-matrix based on DSN data

+ 109 Based on updated solution of
T + 101

+ 162 Based on final solution atT+ 142
+ 147 Transmit moon map based on

UVW data

Deleted at T+59 Pre-retro recursive IRV, SOPM,
orbital elements, moon map
and 1-matrix

2, GSFC.

a. Tracking. The Bermuda FPQ-6 radar achieved 402 s
of valid auto-track data; however, 2 s of FPQ-6 data were
lost at 12:01:08 GMT, due to phasing separation. The
FPS-16 radar tracked passively, with no data taken.

The range safety impact prediction plot became erratic
at approximately L + 8 min. Investigation revealed a pos-

sible problem in the 4101 computer program. This prob-
lem may have resulted in improper smoothing of the
elevation data, thereby causing the rough impact predic-
tion plot.

The predicted versus actual coverage is shown in
Fig, 152,

STATION
RADAR	 286	 618

BERMUDA
FPO-6	 271 	 1	 1	 1	 673

2111	 300	 6M	 500	 FM	 700
TIME FROM LAUNCH, s

® PREDICTED COVERAGE

ACTUAL COVERAGE

Fig, 152. MSFN radar coverage

b. VHF telemetry. All requirements for MSFN telem-
etry support, except from Bermuda and Grand Canary
were deleted prior to launch day. Grand Canary was not
required to support on launch days 1 or 2; however, they
were called-up on launch day to support on a best-
obtainable basis.

The telemetry systems at Bermuda and Gram Canary
performed allrequired functions. Bermuda received and
recorded range safety parameters and mark events 5, 6
and 7. Grand Canary reported mark events 16 and 17,
attitude rates and propellant ullages.

No problems were encountered; however, Grand
Canary reported a maximum signal strength of —103
dBmW, which was just above threshold. Numerous drop-
outs occurred during the last 2 min of track; however, the
decommutator maintained lock long enough to confirm
:nark event 16. The predicted versus actual coverage is
shown in Fig. 153.

c. Computer support, The GSFC DOB provided all
required support. Because Grand Canary was not sched-
uled for support on July 13 or 14 and was called up for
support on a best-obtainable basis on launch day, the
DOB generated and transmitted nominal pointing data
to Grand Canary during the minus count on launch day.

B. Deep Space Network Phase

From the time of two-way acquisition by DSS 72 unti?
the loss-of-signal during the retro-maneuver, the DSN
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Fig. 153. MSFN VHF telemetry coverage (225.7 MHz)

tracked the Surveyor spacecraft in the two-way mode attitude rotations were initiated at limit-cycle nulls. It was
with only minor exceptions, and in general returned high hoped that approximately 20% improvement in landing
quality two-way doppler data. The most serious loss of site accuracy could be achieved with this method of mini-
two-way doppler data occurred at DSS 61 during their mizing pointing errors. Actual telemetry results indicated
first pass when approximately one and a half hours worth that attitude rotations were begun within 0.1-deg null'.^n
of data was lost -because of a dropped eight bitin the least -- each axis,
significant digit of the doppler counter. Transfer of the
spacecraft was made to DSS 51 and DSS 61 repaired the Final in-flight calculations by the Orbit Determination
counter. Minor losses-d.F data occurred during the initial Group indicated retroignition on July 17 02:01:57 GMT.
acquisition at DSS 72 when a loss of the up-link was Loss-of-signal occurred short?v before retro engine shut-
responsible for a 10-min loss of prime early data, and dur- off at 02:02:41 GMT.
ing the second pass at DSS 11, when an intermittent
loss of the most significant digit of the doppler counter 1. DSIF. The following DSIF stations performed
accounted for a 30-min loss of data. Finally, the initial tracking and data acquisition functions in support of the
acquisition (first pass) at DSS 11 took approximately Surveyor IV mission:
20 min, this unnecessarily long time being due in large
part to the failure of DSS 11 to use the standard' -acquisi- (1) Prime:
tion procedure. Figure 154 shows the Surveyor IV DSN (a) DSS 11
earth track.

Early analysis of the Sumf yor IV trajectory indicated a
midcourse maneuver during the second pass over DSS 11
would be most advantageous. Therefore, the midcourse
maneuver was executed during that pass. Engine ignition
was programmed for July 16 02:30 GMT, with a total
burn time of 10.46 s.

In an attempt to more accurately align the spacecraft
Z-axis with the desired midcourse thrust direction, the

{b) DSS 42

(c) DSS 51—Tracking support only during cishmar
phase

(d) DSS 61

(e) DSS 71—Pre-launch support and track to loss of
signal

(f) DSS 72—Tracking from acquisition to DSS 11 first
pass plus 1 h
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Fig. 155. DSIF received-signal levels and tracking periods

(2) Recording and transmitter backup station (DSS 14):	 The telemetry bit rate was reduced from,11OG to 550 	 _s
(a) Provided recording backup during midcourse and	 bits/s at L + 25 h.

retro phases
(b) Provided transmitter back-up to DSS 11 during 	 The telemetry bit rate change occurred within ±2 dB

midcourse and retro phases	 of the predicted telemetry thresholds (not shown).

The DSIF received-signal levels are shown in the
attached Fig. 155 and compare favorably with predicted
values. The positive and negative tolerances are shown
with solid lines. The predicted signal level range is ad-
justed for the various telemetry SCO modulation indexes
for each data bit rate. No level predictions are made
before star acquisition because prior to this time the
spacecraft is not roll stabilized and the spacecraft antenna
gain can vary significantly. This can produce variations
in the station received signal of 20 dB. This, together with
the varying spacecraft look angle, makes signal level
predict oa- of limited usefulness in evaluating station
performance.

The periods of high power during star acquisition, mid-
course, and terminal descent indicate a nominal 20-dB
increase over the low power signal level. This is the
expected performance for the spacecraft.
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Gyro drift tests were conducted as indicated on top of
the plot. The random drift and subsequent spacecraft
antenna pattern variations produced a spread in the
received signal levels of approximately ±3 dB. These
variations can be observed in the plot.

Ascension Island DSS 72 signal level is very close to
10 dB below DSS 51. These two stations were quite con-
sistent; however, they differed from DSS 61 significantly.
The 10 dB between DSS 51 and DSS 72 is expected
because of the difference in the diameter of their two
antennas, i.e., 85 vs _30 ft.

Throughout the cishmar phase of the mission 1- to 3-dB
difference in received signal levels are observed between
stations. These signal level differences are within the
spacecraft antenna gain variations due to the small differ-
ence in look angle between widely separated stations.
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The stations view periods are shown on the bottom of
the plot in Fig. 155. The single line indicates the period
of three-way tracking and the double line indicates the
periods of two-way tracking.

The DSIF support for the Surveyor IV mission differed
from that for previous missions primarily in individual sta-
tion commitments resulting from trajectory considerations.
Specific information on the configuration, operational pro-
cedures, and preflight predictions for each station may be
obtained from the DSIF Tracking Instruction Manual.

DSIF stations provided all support needed for the
Surveyor IV mission. There were some minor anomalies,
but they caused no significant loss of data to the project.
Prime station support was given by DSSs 11, 42, 51, 61,
and 72. DSS 71 provided pre- and post-launch telemetry
data processing, while DSS 14 was configured for com-
mand backup and telemetry reception during Goldstone
visibility periods.

After the loss of spacecraft signal, the DSIF provided
all requested support for spacecraft turn-on attempts—
using DSSs 11, 14, and 42.

a. DSS 11—Goldstone (Pioneer;), California. The Pioneer
site of Goldstone tracking station was used to track
Surveyor IV. Backup tracking was provided by the Mars
site witlhits 210-ftdiam antenna. P-rovisionbadbeenmade-
to switch the CDC at the Pioneer site from the Pioneer
antenna to the Mars antenna for commanding the space-
craft, receiving telemetry, or both.

Midcourse maneuver and terminal descent were the
two major events of the Surveyor mission commanded
from Goldstone. The midcourse maneuver was delayed
from the first Goldstone view period to the second view
period to improve the accuracy of the final trajectory.
This was possible because of the near-perfect initial tra-
jectory of the spacecraft performed perfectly. In the mid-
course maneuver, both ground equipment and spacecraft
performed perfectly.

Since the FR-800 video recorder at DSS 11 was not
fully operational, DSS 12 provided backup coverage at
touchdown using the FR-900 recorder and one receiver.
This meant that, at the time the Surveyor IV signal was
lost (approximately 02:02:40 GMT, July 17), there were
five receivers—utilizing three different antennas=moni-
toring the spacecraft at the Goldstone complex. This pro-
vided immediate and positive indication that the loss of
signal was not due to a ground system failure.
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Problems and anomalies were:

(1) For the first acquisition, DSS 11 used an improper
acquisition procedure which caused a delay of
approximately 20 min in obtaining two-way lock.

(2) There were several hardware problems, which did
not affect the mission.

(3) Doppler data was intermittent during Pass 2 and
10 min of Pass 3 because the TDH doppler counter
was intermittently dropping the most significant
digit.

(4) The video verification test for the TVGDHS was
not completed during two countdowns.

(5) Changes in established calibrations and recording
procedures were requested by the TVGDHS.

(6) Split authority and responsibility, and a nonstan-
dard method of providing communications support
were problems, although not as severe as in the
past, due to a verbal agreement that was reached
during the Surveyor IV mission.

b. DSS 14—Goldstone (Mars), California. DSS 14 pro-
vided midcourse and terminal-phase support, using the
210-ft antenna. Project-furnished equipment was installed
on a best-efforts basis to permit pre-detection recording at
DSS 14. Also, at touchdown, the baseband telemetry out-
put of the DSS 14 prime receiver was transmitted to
SFOF.

c.DSS 42—Canberra, Australia. During the Surveyor IV
mission, DSS 42 had two tracking periods prior to the loss
of the spacecraft RF carrier during terminal descent. It
was in two-way lock for 9 h and 5 min during the first
pass and 9 h during the second pass. A total of 39 com-
mands was transmitted to the spacecraft during the
transit phase.

Canberra DSS 42 had no significant problems with
either the spacecraft or ground equipment during its two $
tracking intervals,

After terminal descent, DSS 42 performed spacecraft
revival attempts during passes 3 and 4 without success.

d. DSS 51—Johannesburg, South. Africa. Johannesburg
DSS 51, was more active in the Surveyor IV mission than
anticipated, due to problems at DSS 61 and the trajectory
which favored DSS 51 view. The latter station tracked
Surveyor IV for three passes from L + 24 min, to approxi-
mately Retro — 2 h.
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During the launch phase, the command line from
DSS 72 was patched on a spare SCAMA line to DSS 51
(listen only) in addition to the normal SFOF and Voice of
Surveyor lines. This allowed keeping up with events in
real time in acquiring the spacecraft less than 10 min after
DSS 72.

Voice communications to and from BSS 51 were fairly
good for the first two passes, but quite bad for part of
pass 3. The TTY conference mode worked very well dur-
ing pass 3, and considerable commanding of the space-
craft was accomplished in this mode.

Other problems and anomalies:

(1) Due to a non-standard station configuration, the
IMP interfered with the SOCP program and had
to be discontinued. This has no effect on the
mission.

(2) An insulation breakdown and consequent short in
the primary switch caused a delayed acquisition of
the spacecraft for about 3 min during Pass 2.

Problems and anomalies were:

(1) The TDH doppler readout was improper during
Pass 1, because 8 or 9 in the least-significant digit
was not printing due to a bad connector pin.
Accordingly, there was no doppler data from 17:17
to 20:26 GMT.

(2) An operator error resulted in an improper doppler
resolver count during Pass 1, and no doppler re-
solver data was obtained from 17:17 to 20:26 GMT.

(3) The spacecraft was lost for a short time during
Pass 2 due to a leak in an antenna hydraulic system.

f. DSS 7I—Cape Kennedy, Florida. Cape Kennedy
(DSS 71) support for the Surveyor IV mission involved
one operational readiness test, two spacecraft countdowns,
and the launch. The operational readiness test consisted
of processing Tel-2 data from building AO through the
DECO\IM,!SOCP back to the SFOF via TTY and HSDL.
The spacecraft countdown and launch were supported in
the same manner. However, the DSS 71 RF receiver
equipment was in lock with the spacecraft and available
at all times if it had been needed.

(3) The Tracking Instruction Manual (TIM) procedure
for loss of communications was not followed.	 The AFETR Tel-2 data consisted of downrange data

(including Centaur link data received at AFETR track-
e. DSS 6I—Madrid, Spain. Prior to the mission, local

	
ing stations), and data from DSS 72 at Ascension. During

the backup computer during its long periods of inactivity.
studies were made to determine what might be done with

	 all three situations mentioned above, the data were usable.
But there were numerous parity errors at times and-occa-
sional decommutator out-of-lock conditions. DuringIt was decided that automatic conversion of raw telemetry 	
launch, the Tel-2 data was continued until approximatelycounts to engineering units would be of most value. For
L + 38 min.this purpose, a special program was written to utilize

average alarm data routed from the prime computers and
to output engineering unit conversions on TTY. This pro- 	 g. DSS 72—Ascension Island. As initial acquisition sta-
gram was successfully utilized during the Surveyor IV

	
tion for the Surveyor IV mission, DSS 72 acquired the

mission and, during the third pass, resultant data—ratber 	 spacecraft at 12:10:13 GMT with a decommutator lock
than average alarm—was routed to SPAC for review and

	 at 12:10:41 GMT. Two-way lock by the station was at
comment.

	

	 12:21:46 GMT. Command modulation was turned on
at 12:26:41 GMT.

The Madrid DSS 61 tracked Surveyor IV during the
three transit-phase view periods, and was in two-way look
with the spacecraft for slightly less than 2 h. Twenty-four
commands were transmitted, to which the spacecraft
responded accurately. These commands were executed
during the first pass and involved an engineering inter-
rogation, star map, and star acquisition.

For the greater portion of the transit phase, DSS 61 was
in three-way lock in conjunction with DSS 51, due to the
relatively-low antenna elevation angles from DSS 61 and
certain antenna-servo problems.

The first command sequence was started at 12:29:46
GMT and terminated at 12:51:47 GMT. Transfer to
DSS 51 was accomplished at 13:10 GMT and DSS 72
continued to track the spacecraft in three-way lock until
DSS 11 rise plus 1 h in accordance with the station
commitment.

Problems and anomalies were:

(1) An antenna hardware problem resulted in loss of
the spacecraft during initial acquisition, and
Surveyor IV had to be reacquired.
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(2) At the time of launch there was a CEC oscillo-
graph recorder malfunction, which resuited in none
of these recordings during the first DSS 72 acqui-
sition.

h. Conclusion. Tracking data retrieval for the Sur-
veyor IV mission was approximately 5% better than the
Surveyor III mission, with 94.1% of the total tracking data
samples usable. Communication garbling caused losses
of approximately 2.5% of the total data, and the remaining
data losses were due to bad data condition codes (DCCs)
generated during the course of normal operational pro-
cedures.

The DSN performed all the functions required by the
Surveyor IV Project with no major problems or equip-
ment malfunctions. All data requested by the Surveyor IV
personnel was provided.

Table 79 gives a complete report of the total tracking
data for the Surveyor IV mission. Table 80 provides a
total tracking data summary.

2. Ground communications facility

a. Introduction, The DSN/GCF is that portion of
NASCOM that provides communication between the
various DSN tracking stations through the world and the
SFOF in Pasadena, California. This communications sys-
tem comprises the land lines, undersea cables, and high-
frequency radio circuits that carried TTY, voice, and
HSD in real time support of the Surveyor IV mission.
The performance of the NASA Communications Network
used to support the Surveyor IV mission was considered
excellent, again demonstrating its high degree of reliabil-
ity. Goddard circuit restoration support was considered
excellent. The DSN/GCF configuration for support of the
Surveyor IV mission is given in Fig. 114.

b. High-speed data lines. This portion of the Com-
munications System performed exceptionally well during
both the testing and mission phases. Both data-set types
(NASCOM and Hallicrafter) were used.

The transmit side of the lines was used during testing
to transmit data to the stations and during the mission
to backfeed various voice nets as required.

DSS 72 data circuit was via satellite during the ORT
and the mission and performed flawlessly.

c. Teletype circuits. The teletype circuit operation was
highly reliable. There were outages due to propagation
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on the DSS 51 circuits and the DSS 72 circuits which
were by high-frequency radio path. During the mission,
the A and B circuits were via satellite and suffered no
outage.

A TTY circuit via satellite to Ascension, then radio path
through Pretoria to DSS 51, was activated during the
ORT but did not prove satisfactory due to propagation
problems from Ascension Island to Pretoria.

d. Voice circuits. The NASCOM voice circuits provided
for the Surveyor IV mission tests performed well within
expectations. The Surveyor Command Net was patched
at all times to the active DSS Voice Net. The Voice of
Surveyor was patched via GSFC to all scheduled activi-
ties plus some which came up in real-time. There were
no particular problems noted except some routine voice
circuit outages.

The DSS 72 voice circuits were routed by satellite dur-
ing the ORT test, and the mission performed exceptionally
well.

A voice circuit via satellite to Ascension Island, then
radio path through Pretoria to DSS 51 was activated as a
backup voice during the mission launch phase. This cir-
cuit was used when the normal voice circuit failed.

e. Special NASCOM support. Special circuit coverage
was activated during the Launch, Midcourse and Touch-
down phases. During 'Midcourse and Touchdown, all
JPL/Goldstone microwave relay points and terminals
were manned by Western Union. No circuit failures
occurred on microwave.

NASCOM provided nine additional teletype and five'
additional voice circuits between the SFOF and Goddard
to support the mission and tests. There were not enough
permanent circuits to support multi-mission requirei eats.

f. Deep Space Network Intra-Communications System
(DSN/ICS)

Introduction. The DSN/ICS provides the capability of
receiving, switching and distribution to designated areas
of users within the SFOF, all types of information re-
quired for Space Flight Operations. The system includes
all voice communication capabilities within the SFOF,
TVCS, TTY, HSD, and data received over the microwave
channels. This system DSN/ICS performed in an excep-
tional manner with only minor problems noted.
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Table 80. Total tracking data summary

Data AFETR DSS 11 DSS 42 DSS 51 DSS 61 DSS 72 Total

Total data samples 1236 1400 1562 2208 1477 586 8469

Total good data 1218 1322 1507 2039 1401 497 7984

Total bad DCC 8 45 43 75 9 75 255

Total garbled samples 10 36 18 100 45 15 224

Percentage of Usable Data" 98.54 93.87 96.48 92.58 94.29 93.97 94.11

Percentage of total with bad DCC" 0.64 3.36 2.75 3.46 0.71 5.54 2.74

Percentage of total data garbled' 0.80 2,77 1.15	 - 4.81 3.55 1.68 2.46

'Sample rate compressed to 1 min samples for % computation.

Communications status display. This display performed
satisfactorily.

NASCOM data sets. The NASCOM data sets were
used with all stations except DSS 51 and the reliability
was very high. Set Numbers 1 and 12 were dedicated to
Surveyor only. This gave some problem during launch
when several stations were active and caused some prob-
lems switching sets for each station to run data transfer
tests. DSS 51 used the Hallicrafter data sets, and the
normal circuit problems due to propagation were experi-
enced but no equipment problems.

Communications/TV ground data handling system
(COMM/TVGDHS) 6-11IHz video line. Extensive 'tests
were conducted prior to the mission and no problems
were experienced on this interface.

Television communications subsllstem. Only minor
equipment problems were experienced on this system and
they were all repaired in real time. There was a shortage
of TTY/TV monitors during launch phase. All available
monitors were assigned to the Surveyor Project. The out
put of the Scan Converter was normalled through to
PIO at all times and no problems were encountered.

g. Evaluation of COMM support for the Surveyor IV
mission. In general, all communications support provided
for this mission including NASCOM, DSN/GCF, DSN/
ICS, SFOF communications and other contractor-
furnished communications was considered excellent to
outstanding with communications imposing no constraints
or major problems affecting the mission. New, highly
reliable, satellite circuits provided by NASCOM to DSS 72
(one VCE, one HSDL, two TTY) during final test and
launch phases are considered the spectacular change from
earlier missions. A performance analysis of communica-
tions for Su rveyor IV mission is shown in Fig. 156.

h. Outstanding COMM problems for Surveyor IV mis-
sion. Table 81 gives the outstanding communications
(COMM) problems experienced for Mission IV:

(1) SFOF/Echo COMM/DSS 11 COMM. suppptEprob-
lems to be resolved.

(2) Lack of appropriate documentation of COMM line
turn up and end-to-end checkout procedures.

Table 81. Outstanding COMM problems
for the Surveyor IV mission

No. Problem Cause Remarks

1	 - D5511 COMM Split authority and Some progress on this
support problem responsibility and problem had been made

non -standard way through meeting and
of providing COMM verbal agreement on
support to DSS 11 this subject held during

the Surveyor IV mission

2 Integration of Mission Control and
COMM processor Support Area personnel

were still weak on

COMM Processor pro.

cedures as system was
still new to Surveyor

support personnel

3 Lack of appropri- Lack of agreement as
ate documented to appropriate docu-
COMM line turn ment or documents
up and end-to- which would carry
end checkout these procedures
procedure

3. Space flight gperations facility. Mission IV support
from SFOF was generally good. Personnel were provided
as requested and also on a standby basis. Internal access
control, special access control, and documentation services
were available when needed.

I

274
	

JPL TECHNICAL MEMORANDUM 33-301



b

N0

za
Y

0

O
J

0

0
J

n
N0

o_
m^

0

^O
o`

wY
+7
n
0

Z
va

0
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Fig. 156. Communications performance analysis,
Surveyor IV mission
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(1) The data distribution list was not provided to the
support group until after the ORT was complete;
and, when received, it had errors that caused dif-
ficulty during the mission.

(2) Standby generator support was initiated before the
scheduled time due to a local thunderstorm. A
power failure occurred on the second floor at 19:12
GMT on Day 194 bringing the X- and Y-computer
strings down. It was determined at 1,9:18 GRIT on
Day 194 that an apparent shift in load between
the second floor and generators had taken place.

The probable cause was an overload at the second
floor panel which blew a circuit breaker. A new
breaker rated at 400 A was installed. The breaker
bad not been tested to hold this amperage, except
at the factory-. A redistribution reduced the load to
approximately 360 A. This breaker load was moni-
tored continuously afterward, but no further prob-
lems occurred in this area during the remainder of
time to completion of the mission.

a. Television ground data handling system. The
TVGDHS in the SFOF was not used in a real-time opera-
tion, other than to make a real-time decision to attempt
an FR-800 baseband recording as soon as signal loss was
reported in the final maneuver, due to the early termina-
tion of ° the Swwegor IV mission. The recording effort
yielded no useful data, but brought into focus a capability
that could facilitate mission evaluations, since an FR-800
baseband recording might be made for each critical

maneuver.

Problems occurred in the TV-1 scan-converter driver
and film-recorder systems during pre-launch and r re-
DSS 11 countdowns. These were cleared prior to terminal
descent, and the systems were fully operational for post-
touchdown operations.

b. Data processing system. The DPS was manned by a
sufficient number of qualified and experienced personnel,
and their performance in general was excellent.

There were no major , changes in DPS computers and
peripheral equipment, and hardware in general func-
tioned in a satisfactory manner'.

A new computer program, HOPS, for lift-off and trans-
lation of the spacecraft, was certified and used in a lunar
training test.
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Significant DPS deviations from planned sequences or
procedures were:

(1) The first midcourse maneuver took place at
L + 38 h (approximately). At L + 16 h, the pro-
gram running sequences were reissued by Mission
Control. These caused no problems in operations
procedures.

(2) A position in Mission Control was staffed by the
Data Processing Project Engineer (DPPE) during
launch, midcourse, and terminal phases of flight.

Performance problems deserving special mention were:

(1) Due to a series of misunderstandings, the checkout
of computer strings prior to launch did not take
place.

(2) A master circuit breaker in the SFOF gave way at
L - 20 h (approximately). The computers did not
turn off normally, necessitating a major system
checkout by computer maintenance engineers. The
Y-string came up at L - 10 b: the X.-string, at
L-6 h.

(3) Programmed Data Processor 7, No. 3 (PDP-7, No. 3)
Computer did not perform properly during the pro-
grarn diagnostic checkout. PDP-7 (No. 1) was sub-
stituted and used for flight.

(4) Erratic performance of X- and Y-strings was ob-
served during the first 10 h after Iaurich. Tracking
data and cards input from user areas would not
read into the 7094 computers, and computer pro-
grams did not appear to run correctly. In some
instances, the 7094 -would go non-shared. The com-
puter memories were cleared, and programs were
read from disk storage.

(5) As in past flights, the SC 3070 computers, card
readers, and administrative printers performed
poorly.

4. Spacecraft center frequencies. So that spacecraft
predictions might be generated and supplied to the DSN
tracking stations for purposes of spacecraft acquisition,
aided track, and station-to-station transfers of the space-
craft, it was essential that the r1%akralft transmitter (one-
way) center frequency and spatc•ec Pxft trawipnnder (two-
-way) center frequency he uc vimitr h knrrwti, 7%r nominal
values for these freclot nc tc-v t r = ; [utff m M Ir (at
carrier level) for the trAn•tniort c== <r €;e; ltirrivy anti
22.013670 Nfl•Ir (at station VC0 I" r-l' (,sf t"+1 Ftntimporider
center frequency. Normaliv. thew €Prtltwhtirc \sr=t•r• mr1a•
sured months before the tnt %%wn fart twt it, r#ir atrilight

Prediction Document, and then they were measured sev-
eral times in the last 10 h of the countdown for use in real
time predictions.

The frequencies -which were used in the Preflight Pre-
diction Document -were:

2294.998200 (one-way, transmitter A, at 95' F)

7294.990400 (one-way, transmitter B, at 95° F)

22.013642 (two-way, transponder A, at 85 = F)

22.013872 (two--way, transponder B, at 85° F)

These frequencies were abstracted from preflight data.
During the countdown, frequency measurements were
made and sent to the SFOF at T - 555, T - 494, T - 274,
T - 90, T - 49, and T - 23 min, respectively, approxi-
mately as called for in the Sequence of Events, and these
measurements -+Jere used to adjust the Preflight frequency
versus temperature curves by a constant bias in frequency
(see Figs. 157-160). Finally, using temperature predic-
tions for Surveyor IV, tables of the appropriate frequen-
cies to be used throughout the mission were constructed
and incorporated in the various infligbt prediction sets
(see Table 82). The one deviation from this sequence was
the predict set for initial acquisition at DSS 72 and
DSS 51, -which utilized special initial acquisition frequen-
cies (2294.994959 vlHz and 22.013847 MHz, for tran-
sponder B)

Table 82. Surveyor IV frequency corrections

Unit Time Temperature, °F Frequency, MHz

L to L+30 75 2295.015050
Transmitter A L+30 to L+65 65 2295.020550

L+65 to L+68 72Z 2295.016850

L to L+3 110 2294.985225
L+3 to L+30 97.5 2294.989225

Transmitter 8
L+30 to L+65 85 2294.996625
L+65. to L+68 105 2294.986625

L to L+4 92.5 22.013625
L+4 to L+30 85 22.013628

TransponderA
L+30 to t+65 40 22.013643
L+65 to L+68 87.5 22.013626

L to L+4 92.5 22.013768
L+4 to L+30 85 22.013814

Transpondcr8
L+30 to L+65 80 22.013839
L+65to L+68 87.5 22.013799

As can be seen by examining Figs. 157-160, the count-
clown frequency vs temperature measurements correlate
rather poorly with the preflight data. In addition, the
inflight acquisition frequencies show little agreement -with
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either the preflight data or the countdown data. For
instance, at 12:21:46, on July 14, DSS 72 reacquired Tran-
sponder B (actual temperature at this time, 90° F) at a
frequency of 22.014495 MHz, which, after removing the
doppler, indicates a Transponder B center frequency of
22.013914 MHz, and at 23:33:00, on July 14, DSS 11
acquired Transponder B (actual temperature at this time,
80°F) at a frequency of 22.014075, which, after oorreeting
for doppler, yields a Transponder B center frequency of
22.013941 MHz. Tbe..se two frequencies are approximately
60 Hz above the preflight data (see Fig. 160). Table 83
presents the various Transmitter B one-way frequencies

- reduced from the one-way data recorded during the
Surveyor IV mission. These values can be compared to
the data presented in Figs. 157 and 158.
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Table 83. Transmitter B one-way frequencies

DSS 51 PASS 1 14 JULY 1967
START TIME=230632.00 GMT. END TIME=2307''2."00 GMT.

GMT	 AUX OSC FREQUENCY
230632.00 2294998351.73
230732.00 2294998379.08

FREQUENCY AVE RAG E=2294998365.41
VC0=22 01 4010.
SAMPLE RATE--60.

MULTI PLI ER=1

DSS 72 PASS 1- 14 JULY 1967
START TIME=121`058.00 GMT.- END TIME=121308.00 GMT

GMT AUX OSC FREQUENCY
121058.00 2294995538.84
121108.00 2294995529.95
121118.00 2294995522.75
121128.00 2294995515.41
121138.00 2294995374.27
121148.00 2294995634.89
121158.00 2294995493.52
121208.00 2294995485.23

FREQUENCY AVERAGE=2 2 949 9551 1.84
VCO=22013298.
SAMPLE RATE=10.

MULTIPLIER=2

I

i
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Table 83 (contd)

280

DSS 72 PASS 1 14 JULY 1967
START TIME=1 21628. 00 GMT. END TIME=122048.00 GMT.

GMT	 AUX OSC FREQUENCY
121628.00 2294998455.22
121638.00 2294997547.08
121648.00 2294996747.94
121658.00 2294996045.48
121708.00 2294995428.70
121718.00 2294994922„94
121728.00 2294994694.42
121738.00 2294994609.31
121748.00 2294994551.62
121758.00 2294994509.11
121808.00 2294994470.84
121818.00 2294994428.53
121828.00 2294994400.02
121838.00 2294994368.77
121848.00 2294994338.25
121858.00 2294994307.45
121908.00 2294994276.53
121918.00 2294994247.06
121928.00 2294994212.02
121938.00 22944941-96.52
121948.00 2294994158:17
121958.00 22^,.49941,.10.95
122008.00 2294994098.08
122018.00 2294994070.17
122028.00 2294994038.08
122038.00 2294994005.47
122048.00 2294993981.03

FREQUENCY AVE RAG E=2294994786. 22
VCO=22014180.

SAMPLE RATE=10.
MU LTI PLI ER=2
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Table 83 (contd)

DSS 72 PASS 1	 14 JULY 1967
START TIME=230732.00 GMT.	 END TIME=233132.00 GMT,

GMT AUX OSC FREQUENCY
230732.00 2294998380.44
230832.00 2294998418.23
230932,00 2294998456.87
231032.00 2294998494.09
231132.00 2294998533.11
231232.00 2294998568.64
231332.00 2294998606.47
231432.00 2294998640.55
231532.00 2294998676.41
231632.00 2294998708.19
231732.00 2294998740.70
231832,00 2294998771,59
231932.00 2294998801.83
232032.00 2294998832.83
232132,00 2294998862,50
232232.00 2294998890.14
232332.00 2294998921.12
232432,00 2294998948.34
232532,00 2294998973.66
232632,00 2294998999.61
232732.00 2294999024.66
232832,00 2294999047.27
232932,00 2294999070.06
233032,00 2294999093.08
233132,00 2294999116.45

FREQUENCY AVERAGE=2294998783.00
VCO=22013990

SAMPLE RATE=60.
MULTIPLIER=2



Table 83 (contd)

DSS 11 PASS 3 17 JULY 1967
START TIME=011832.00 GMT, 	 END TIME=013332.00 GMT,

GMT AUX OSC FREQUENCY
011832.00 2294997593,87
011932,00 2294997548.16
012032.00 2294997503.17
012132.00 2294997454.27
012232.00 2294997401.08
012332,00 2294997339.12
012432.00 2294997271,98
012532.00 2294997199,06
012632.00 2294997119.58
012732.00 2294997033.89
012832.00 `	 2294996943.67"
012932.00 2294996849.52
013032.00 2294996749.50
013132.00 2294996648.86
013232.00 2294996541.44
013332.00 2294996433.48

FREQUENCY AVERAGE--2294997101. 87
VCO=22013967.

SAMPLE RATE=60.
MULTIPLIER--I

i

i

i
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Table 83 (contd)

IC

DSS 11 PASS 3 17 JULY 1967
START TIME=014151.00 GMT. END TIME=015731.00 GMT.

GMT AUX OSC FREQUENCY
014151.00 2294995421.89
014201.00 2294995398.81
014211.00 2294995377.28
014221.00 2294995356.06
014231.00 2294995335.28
014241.00 2294995312.53
014251.00 2294995288.45
014301.00 2294995266.16
014311.00 2294995245.95
014321.00 2294995222.45
014331.00 2294995201.55
014341.00 2294995177.95
014351.00 2294995158.67
014401.00 2294995135.56
014411.00 2294995112.72
014421.00 2294995089.36
014431.00 2294995067.92
014441.00 2294995042.72
014451.00 2294995017.12
014501.00 2294994993.47
014511.00 2294994972.73
014521.00 2294994951.36
014531.00 2294994926.92
014541.00 2294994903.12
014551.00 2294994882.48
014601.00 2294994860.27
014611.00 2294994838.06
014621.00 2294994814.89
014631.00 2294994792.39 -
014641.00 2294994770.84
014651.00 2294994747.00
014701.00 2294994722.84
014711.00 2294994702.16
014721.00 2294994677.67
014731.00 2294994658.58
014741.00 2294994636.87
014751.00 2294994613.20
014801.00 2294994591.14
014811.00 2294994567.30
014821.00 2294994543.87
014831.00 2294994521.89
014841.00 2294994499.94
014851.00 2294994476.64
014901.00 2294994451.59
014911.00 2294994431.59
014921.00 2294994406.66
014931.00 2294994383.72
014941.00 2294994359.94
014951.00 2294994340.73
015001.00 2294994317.25
015011.00 2294994293.77
015021.00 2294994271.48
015031.00 2294994249.03
015041.00 2294994222.89
015051.00 2294994200.92
015101.00 2294994176.86

s
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Table 83 (contd)

015111.00 2294994156.36
015121.00 2294994134.33
015131.00 2294994110.78
015141.00 2294994087.52
015151.00 2294994063.86
015201.00 2294994040.59
015211.00 2294994019.16
015221.00 2294993992.72
015231.00 2294993970.75
015241.00 2294993949.42
015251.00 2294993926.30
015301.00 2294993903.59
015311.00 2294993880.44
015321.00 2294993857.44
015331.00 2294993834.50
015341.00 2294993810.78
015351.00 2294993787.39
015401.00 2294993765.20
015411.00 2294993741.78
015421.00 2294993716.77
015431.00 2294993694.66
015441.00 2294993670.37
015451=.00 2294993646.47
015501.00 2294993625.70
015511.00 2294993601.05
015521.00 2294993576.81
015531.00 2294993554.80
015541.00 2294993533.34
015551.00 2294993509.06
015601.00 2294993486.89
015611.00 2294993462.73
015621.00 2294993439.72
015631.00 2294993417.00
015641.00 2294993393.87
015651.00 2294993368.28
015701.00 2294993343.56
015711.00 2294993322.42
015721.00 2294993301.22
015731.00 2294993279.95

FREQUENCY AVERAGE--2294994357.34
VCO=22013967

SAMPLE RATE=10.
MULTIPLIER=1
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015700.50 2294993345.89
015701.50 2294993342.02
015702.50 2294993341.16
015703.50 2294993337.30
015704.50 2294993336.44
015705.50 2294993334.61
015706.50 2294993331.78
015707.50 2294993329.98
015708.50 2294993327.17
015709.50 2294993325.39
015710.50 2294993324.59
015711.50 2294993322.84
015712.50 2294993317.08
015713.50 2294993316.33
015714.50 2294993316.59
015715.50 2294993312.87
015716.50 2294993310.17
015717.50 2294993308.47
015718.50 2294993306.78
015719.50 2294993304.11
015720.50 2294993300.44
015721.50 2294993299.78
015722.50 2294993298.14
015723.50 2294993296.50
015724.50 2294993294.87
015725.50 2294993293.28
015726.50 2294993289.69
015727.50 2294993289.09
015728.50 2294993286.53
015729.50 2294993283.95
015730.50 2294993280.42
015731.50 2294993276.89
015732.50 2294993276.36
015733.50 2294993275.84
015734.50 2294993271.34
015735.50 2294993269.84
015736.50 2294993269.37
015737.50 2294993264.91
015738.50 2294993264.45
015739.50 2294993262.02
015740.50 2294993259.59
015741.50 2294993259.17
015742.50 2294993253.77
015743.50 2294993253.37
015744.50 2294993253.00
015745.50 2294993250.62
015746.50 2294993250.27
015747.50 2294993246.94
015748.50 2294993244.61
015749.50 2294993240.30
015750.50 2294993239.98
015751.50 2294993237.70
015752.50 2294993234.41
015753.50 2294993234.14
015754.50 2294993230.89

2294993347.86 .16569115E 01
2294993345.64 .16577098E 01
2294993343.44 .16585126E 01
2294993341.22 .16593153E 01
2294993339.00 .16601180E 01
2294993336.78 .16609229E 01
2294993334.58 .16617299E 01
2294993332.36 .16625392E 01
2294993330.14 .16633484E 01
2294993327.92 .16641599E 01
2294993325.72 .16649713E 01
2294993323.50 .16657871E 01
2294993321.28 .16666007E 01
2294993319.06 .16674187E 01
2294993316.84 .16682367E 01
2294993314.62 .16690568E 01
2294993312.41 .16698792E 01
2294993310.20 .16707015E 01
2294993307.98 .16715261E 01
2294993305.77 .16723528E 01
2294993303.55 .16731795E 01
2294993301.33 .16740083E 01
2294993299.11 .16748394E 01
2294993296.89 .16756705E 01
2294993294.67 .16765037E 01
22-94993292:45 .16773392E 01
2294993290.23 .16781768E 01
2294993288.02 .16790144E 01
2294993285.80 .16798542E 01
2294993283.58 .16806940E 01
2294993281.36 .16815381E 01
2294993279.14 .16823823E 01
2294993276.92 .16832286E 01
2294993274.70 .16840749E 01
2294993272.48 .16849235E 01
2294993270.27 .16857742E 01
2294993268.05 .16866270E 01
2294993265.81 .16874799E 01
2294993263.59 .16883350E 01
2294993261.37 .16891922E 01
2294993259.16 .16900516E 01
2294993256.94 .16909111E 01
2294993254.72 .16917727E 01,
2294993252.48 .16926365E 01
2294993250.27 .16935002E 01
2294993248.05 .16943662E 01
2294993245.83 .16952344E 01
2294993243.59 .16961047E 01
2294993241.37 .16969772E 01
2294993239.16 .16978497E 01
2294993236.94 .16987244E 01
2294993234.70 .16996013E 01
2294993232.48 .17004782E 01
2294993230.27 .17013572E 01
2294993228.03 .17022384E 01

JPL TECHNICAL MEMORANDUM 33-301

Table 83 (contd)

DSS-11 PASS 3 17 JULY 1967
START TIME=015700.50 GMT.	 START EXTRAPOLATION TIME=020157.50 GMT, 	 END EXTRAPOLATION TIME=020244.50 GMT.

GMT	 AUX OSC FREQUENCY AUX OSC FREQUENCY
	

R DOT KM/SEC
CURVE FIT

T



Table 83 tcontdl

015755.50 229•1993227.66 2294993225.81 ,17031219E 01
015756.50 2294993223.42 2294993223.59 .17040053E 01
015757,50 2294993220.20 2294993221.36 .17048931E 01
015758.50 2294993219.00 2294993219.14 .17057808E 01
015759.50 2294993216.81 2294993216.91 .17066708E 01
015800.50 2294993213.62 2294993214.69 .17075608E 01
015801,50 2294993211.48 2294993212,47 .17084551E 01
015802.50 2294993211.33 2294993210.23 .17093494E 01
015803.50 2294993207.19 2294993208.02 .17102459E 01
015804.50 2294993204.06 2294993205.78 .17111446E 01
015805.50 2294993201.95 2294993203.56 .17120433E 01
015806.50 2294993199.86 2294993201.33 .17129463E 01
015807.50 2294993199.77 2294993199.11 .17138494E 01
015808.50 2294993197.70 2294993196.87 .17147546E 01
015809.50 2294993193.62 2294993194.66 .17156598E 01
015810.50 2294993191.59 2294993192,42 .17165694E 01
015811.50 2294993187.56 2294993190.20 .17174790E 01
015812.50 2294993186.53 2294993187.97 .17183908E 01
015813.50 2294993183.53 2294993185.75 ,17193048E 01
015814.50 2294993182.55 2294993183.52 ,17202209E 01
015815.50 2294993179.56 2294993181.28 .17211370E 01
015816.50 2294993180,61 2294993179.06 .17220575E 01
015817.50 2294993180.66 2294993176.83 ,17229780E 01
015818.50 2294993174.72 2294993174.61 ,17239007E 01
015819.50 2294993175.80 2294993172.37 .17248256E 01
015820.50 2294993172.87 2294993170.14 .17257504E 01
015821.50 2294993170.98 2294993167.92 .17266797E 01
015822.50 2294993169.11 2294993165.69 .17276089E 01
015823.50 2294993165.23 2294993163.45 .17285403E 01
015824.50 2294993163.37 2294993161.22 .17294739E 01
015825.50 2294993160.55 2294993159.00 .17304096E 01
015826.30 2294993158.72" 2294993156.77 .17313476E 01 -
015827.50 2294993155.91 2294993154.53 .17322855E 01
015828.50 2294993156.11 2294993152.31 ,17332257E 01
015829.50 2294993155.33 2294993150.08 ,17341702E 01
015830.50 2294993152.56 2294993147.84 .17351147E 01
015831.50 2294993150.80 2294993145.61 .17360591E 01
015832.50 2294993148.06 2294993143.37 .17370080E 01
015833.50 2994993143.34 2994993141.16 .17379590E 01
015834.50 2294993140.62 2294993138.92 .17389101E 01
015835.50 2294993138.92 2294993136.69 .17398633E 01
015836.50 2294993136.25 2294993134.45 .17408209E 01
015837.50 : 2294993132.58 2294993132.22 ,17417785E 01
015838.50 2294993131.92 2294993129.98 .17427382E 01
015839,50 2294993125.27 2294993127.75 17436980E 01
015840.50 2294993120,66 2294993125.53 .17446621E 01
015841,50 2294993120.03 2294993123.30 .17456262E 01
015842.50 2294993120.45 2294993121. 6 .17465947E 01
015843.50 2294993117.86 2294993118.83 .17475632E 01
015844.50 2294993116.30 2294993116.59 .17485339E 01
015845.50 2294993113.73 2294993114.36 .17495067E 01
015846.50 2294993113.20 2294993112.12 .17504818E 01
015847.50 2294993109.69 2294993109.89 .17514590E 01
015848.50 2294993104.19 2294993107.66 .17524384E 01
015849.50 2294993103.69 2294953105.42	 ^" .17534199E 01
015850,50 2294993104.20 2294993103.19 .17544015E 01
015851.50 2294993101.75 2294993100.95 .17553874E 01
015852,50 2294993099.30 2294993098.72 .17563712E 01
015853.50 2294993096.87 2294993096.48 .17573615E 01
015854.50 2294993096.47 2294993094.25 .17583540E 01
015855.50 2294993092.06 2294993092,02 .17593465E 01
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015856.50 2294993091.67 2994993089.77 .17603411E 01
015857.50 2294993089.31 2294993087.53 .17613380E 01
015858.50 2294993086.95 2294993085.30 .17623370E 01
015859.50 2294993081.61 2294993083.06 .17633360E 01
015900.50 2294993078.28 2294993080.83 .17643394E 01
015901.50 2294993076.98 2294993078.59 .17653450E 01
015902.50 2294993074.69 2294993076.36 .17663506E 01
015903.50 2294993073.41 2294993074.11 .17673605E 01
015904.50 2294993072.16 2294993071.87 .17683726E 01
015905.50 2294993068.91 2294993069.64 .17693847E 01
015906.50 2294993068.67 2294993067.41 .17703990E 01
015907.50 2294993066.47 2294993065.17 .17714177E 01
015908.50 2294993062.27 2294993062.92 .17724363E 01
015909.50 2294993063.08 2294993060.69 .17734572E 01
015910.50 2294993060.94 2294993058.45 .17744824E 01
015911.50 2294993058.78 2294993056.20 .17755076E 01
015912.50 2294993054.64 2294993053.97 .17765349E 01
015913.50 2294993053.53 2294993051.73 .17775645E 01
015914.50 2294993050.42 2294993049.50 .17785962E 01
015915.50 2294993048.36 2294993047.25 .17796323E 01
015916.50 2294993045.28 2294993045.01 .17806663E 01
015917.50 2294993044.23 2294993042.78 .17817067E 01
015918.50 2294993041.20 2294993040.53 .17827472E 01
015919.50 2294993039.19 2294993038.30 .17837899E 01
015920.50 2294993038.19 2294993036.05 .17848347E 01
015921.50 2294993036.20 2294993033.81 .17858817E 01
015922.50 2294993033.23 2294993031.58 .17869309E 01
015923.50 2294993029.28 2294993029.33 .17879823E 01
015924.50 2294993027.34 2294993027.09 .17890358E 01
015925.50 2294993027.42 2294993024.84 .17900916E 01
015926.50 2294993026.55 2294993022.61 .17911517E 01
015927.50 2294993024.66 2294993020.36 .17922118E 01
015928.50 2294993019.78 2294993018.12 .17932741E 01
015929.50 229499,3019. 94 2294993015.87 .17943385E 01
015930.50 2294993017.11 2294993013.64 .17954052E 01
015931.50 2294993016.30 2294993011.39 .17964762E 01
015932.50 2294993011.50 2294993009.16 .17975472E 01
015933.50 2294993006.72 2294993006.91 .17986204E 01
015934.50 2294993004.97 2294993004.67 .17996979E 01
015935.50 2294993002.22 2294993002.42 .18007755E 01
015936.50 2294993000.48 2294993000.17 .18018552E 01
015937.50 2294992999.78 2294992997.94 .18029393E 01
01593 1-6:50 2294992999.08 2294992995.69 .18040234E 01
015939.50 2294992994.41 2294992993.45 .18051119E 01
015940.50 2294992990.77 2294992991.20 .18062025E 01
015941.50 2294992993.11 2294992988.95 .18072931E 01
015942.50 2294992991.48 2294992986.72 18033881E 01
015943.50 2294992988.89 2294992984.47 '18094853E 01
015944.50 2294992988.31 2294992982.22 .18105847E 01
015945.50 2294992985.73 2294992979.98 " _18116862E 01
015946.50 2294992984.19 2294992977.73 .18127899E 01
015947.50 2294992979.67 2294992975.48 .18138980E 01
015948.50 2294992977.16 2294992973.23 .18150061E 01
015949.50 2294992977.66 2294992971.00 .18169164E 01
015950.50 2294992972.19 2294992968.75 .18172310E 01
015951.50 2294992967.72 2194992966.50 .18183457E 01
015952.50 2294992965.28 2-94992964.25 .18194647E 01
015953.50 2294992960.86 2294992962.02 .18205837E 01
015954.50 2294992962.47 2294992959.77 .18217092E 01
015955.50 2294992960.08 2294992957.52 .18228347E 01
015956..50 2294992957.72 2294992955.27 .18239625E 01
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015957.50 2294992956.36 2294992953.02 .18250924E 'S'1
015958.50 2294992948.05 2294992950.77 .18262266E O1
015959.50 2294992945.73 2294992948.52 .18273609E 01
020000.50 2294992943.45 2294992946.28 .18284995E O1
020001.50 2294992943.19 2294992944.03 .18296403E O1
020002.50 2294992939.94 2294992941.78 .18307833E 01
020003.50 2294992937.70 2294992939.53 .18319285E 01
020004.50 2294992933.48 2294992937.28 .18330758E 01
020005.50 2294992931.30 2294992935.03 .18342275E 01
020006.50 2294992930.11 2294992932.78 .18353793E 01
020007.50 2294992928.97 2294992930.53 .18365353E O1
020008.50 2294992926.83 2294992928.28 .18376936E 01
020009.50 2294992921.72 2294992926.03 .18388540E 01
020010.50 2294992918.61 2294992923.78 .18400167E O1
020011.50 2294992918.55 2294992921.53 .18411836E O1
020012.50 2294992915.48 2294992919.28 .18423506E O1
020013.50 2294992912.45 2294992917.03 .18435220E 01
020014.50 2294992911.44 2294992914.78 .18446955E 01
020015.50 2294992909.44 2294992912.53 .18458712E O1
020016.50 2294992905.47 2294992910.28 .18470513E O1
020017.50 2294992902.50 2294992908.03 .18482313E 01
020018.50 2294992900.56 2294992905.78 .18494158E 01
020019.50 2294992697.66 2294992903.52 .18506024E 01
020020.50 2294992895.77 2294992901.27 .18517934E O1
020021.50 2294992893.89 2294992899.02 .18529843E O1
020022.50 2294992891.03 2294992896.77 .18541797E O1
020023.50 2294992889.20 2294992894.52 .18553772E 01
020024.50 2294992890.39 2294992892.27 .18565769E O1
020025.50 2294992887.59 2294992890.00 .18577788E 01
020026.50 2294992885.83 2294992887.75 .18589850E O1
020027 50 2294992885.08 2294992885.50 .18601935E 01
020028.50 2294992882.34 2294992883.25 .18614vv4lE °G1
020029.50 2294992878.64 2294992881.00 .18626191E O1
020030.50 2294992875.94 2294992878.73 .18638340E 01
020031.50 2294992874.28 2294992876.48 .18650534E O1
020032.50 2294992871.62 2294992874.23 .18662749E 01
020033.50 2294992869.02 2294992871.98 .18675008E 01
020034.50 2294992867.42 2294992869.72 .18687288E O1
020035.50 2294992865.83 2294992867.47 .18699591E O1
020036.50 2294992863.27 2294992865.22 .18711915E O1
020037.50 2294992661.73 2294992862.95 .18724283E 01
020038.50 2294992857.22 2294992860.70 .18736672E O1
020039.50 2294992855.72 2294992858.45 .18749084E O1
022040.50 2294992854.23 2294992856.19 .18751517E 01
020041.50 2294992851.80 2294992853.94 .18773994E O1
020042.50 229499?851.36 2294992851.67 .18786493E Ol
020043.50 2294992846.95 2294992849.42 .18799035E 01
020044.50 2294992845.58 2294992847.17 .18811599E 01
020045.50 2294992843.22 2294992844.91 .18824185E O1
020046.50 2294992839.86 2294992842.66 .18836793E 01' ,:
020047.50 2294992835.55 2294992840.39 .18849444E;'
020048.50 2294992835.25 2294992838.14 .18862117E 0:,
020049.50 2294992829.98 2294992835.87 .18874834E 01
020050.50 2294992831.72 2294992833.62 .18887551E O1
020051.50 --'2294992826.50 2294992831.36 .18900333E O1
020052.50 2294992825.30 2294992829.11 .189116E 01
020053.50 2294992822.11 2294992826.84 .18925942E Ol
020054.50 2294992819.97 2294992824.59 .18938811E 01
020055.50 2294992816.81 2294992822.33 .18951681E 01
020056.50 2294992816.70 2294992820.06 .18964594E 01
020057.50 2294992814.62 2294992817.81 .18977551E 01
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020058.50 2294992814.55 2294992815.55 .18990529E 01
020059.50 2294992810.50 2294992813.30 .19003530E 01
020100.50 2294992809.48 2294992811.03 .19016574E 01
020101.50 2294992806.50 2294992808.77 .19029640E 01
020102.50 2294992805.52 2294992806.52 .19042727E 01
020103.50 2294992802.56 2294992804.25 .19055859E 01
020104.50 2294992801.64 2294992801.98 .19069012E 01
020105.50 2294992798.73 2294992799.73 .19082208E 01
020106.50 2294992794.86 2294992797.47 .19095427E 01
020107.50 2294992793.00 2294992795.20 .19108667E 01
020108.50 2294992790.17 2294992792.95 .19121973E 01
020109.50 2294992789.37 2294992790.69 .19135301E 01
020110.50 2294992785.58 2294992788.42 .19148628E 01
020111.50 2294992782.83 2294992786.16 .19162021E 01
020112.50 2294992780.11 2294992783.91 .19175436E 01
020113.50 2294992773.39 2294992781.64 .19188873E 01
020114.50 2294992776.70 2294992779.37 .19202353E 01
020115.50 2294992775.05 2294992777.1.1 .19215855E 01
020116.50 2294992775.42 2294992774.84 .19229401E 01
020117.50 2294992779.81 2294992772.59 .19242990E 01
020118.50 2294992771.22 2294992770.33 .19256580E 01
020119.50 2294992768.67 2294992768.06 .19270235E 01
020120.50 2294992766.12 2294992765.80 .19283889E 01
020121.50 2294992763.62 2294992763.53 .19297610E 01
020122.50 2294992761.16 2294992761.27 .19311352E 01
020123.50 2294992761."69 2294992759.00 .19325115E 01
020124.50 2294992760.25 2294992756.73 .19338901E 01
020125.50 2294992757.84 2294992754.48 .19352752E 01
020126.50 2294992756.47 2294992752.22 .19366625E 01
020127.50 2294992753.12 2294992749.95 .19380542E 01
020128.50 2294992750.78 2294992747.69 .19394480E 01
020129.50 2294992749.48	 _ 2294992745.42 .19408462E.01 --
020130.50 2294992748.22 2294992743.16 .19422466E 01
020131.50 2294992743.97 2294992740.89 .19436513E 01
020132.50 2294992742.73 2294992-738.62---' .19450583E 01
020133.50 2294992739.55 2294992736.36 .19464695E 01
020134.50 2294992736.37 2294992734.09 .19478852E 01
020135.50 2294992735.23 2294992731.83 .19493030E 01
020136.50 2294992732.12 2294992729.56 .19507252E 01
020137.50 2294992728.02 2294992727.28 .19521496E 01
020138.50 2294992727.95 2294992725.02 .19535783E 01
020139.50 2294992724.94 2294992722.75 .19550114E 01
020140.50 2294992722.92 2294992720.48 .19564467E 01
020141.50 2294992721.94 2294992718.22 .19578863E 01
020142.50 2294992719.97 2294992715.95 .19593282E 01
020143.50 2294992718.06 2294992713.69 .19607765E 01
020144.50 2294992718.16 2294992711.42 .19622249E 01
020145.50 2294992713.28 2294992709.14 .19636776E 01
020146.50 2294992707.44 2294992706.87 19651369E 01
020147.50 2294992704.62 2294992704.61 .19665984E 01
020148.50 2294992702.83 2294992702.34 .1968f}598E 01
020149.50 2294992704.08 2294992700.08 .19095300E 01
020150.50 2294992700.34 2294992697.80 ,19710024E 01
020151.50 2294992696.66 2294992695.53 .19724791E 01
020152.50 229,4992695.97'= 2294992693.27 .19739580E 01
020153.50 2294992693.33 2294992691.00 .19754413E 01
020154.50 2294992691.72 2294992688.72 .19769289E 01
020155.50 2294992686.12 2294992686.45 .19784187E 01
020156.50 2294992684.56 2294992684.19 .19799129E 01
020157.50 2294992682.03 2294992681.91 .19814114E 01
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GMT AUX OSC FREQUENCY	 R DOT KM/SEC

EXTRAPOLATED

020157.50 2294992681.91 .19813962E 01

020158.50 2294992679.64 .19825370E 01

020159.50 2294992677.37 .19836778E 01

020200.50 2294992675.09 .19729284E 01

020201.50 2294992672.83 .19472919E 01

020202.50 2294992670.56 .1-9203466E 01

020203.50 2294992668.28 .18923542E 01

020204,50 2294992666.02 .18626670E 01

020205.50 2294992663.73 .18314115E 01

020206.50 2294992661.47 .17989803E 01

020207.50 2294992659.19 .17656329E 01

020208.50 2294992656.92 .17318951E 01

020209.50 2294992654.66 .16978977E 01

020210.50 2294992652.37 .16635055E 01

020211.50 2294992650.11 .16283324E 01

020212.50 2294992647.83 .15930262E 01

020213.50 2294992645.56 .15568061E 01
020214.50 2294992643.28 .15201934E 01

020215.50 2294992641.00 .14829284E 01

020216.50 2294992638.73 .14448804E 01

020217.50 2294992636.45 .14059163E 01

020218.50 2294992634.19 .13660381E 01

020219650 2294992631.91 .13252461E 01

020220 1 W 2294992629.64 .12831496E 01
020221:50 2294992627.36 .12398730E 01
020222.50 2294992625.08 .11954230E 01
020223.50 2294992622.81 .11497994E 01
020224.50 2294992620.53 .11033883E 01
020225.50 2294992618.25 .°10555420E °01
020226.50 2294992615.98 .10066530E 01
020227.50 2294992613.70 .95697662E 00
020228.50 2294992611.42 .90612450E 00
020229.50 2294992609.16 . .85370840E 00
020230.50 2294992606.87'`. .80011441E 00
020231.50 2294992604.59 _	 .74560428E 00
020232.50 2294992602.31 .68952800E 00
020233.50 2294992600.05 .63227819E 00
020234.50 2294992597.77 .57293654E 00.
020235.50 2294992595,48 .51267874E 00
020236.50 2294992593.20 .45072392E 00
020237.50 2394992590.92 .38720075E 00
020238.50 2294992588.66 .32263712E 00
020239.50 2294992586.37 .25728387E 00
020240.50 2294992584.09 .19180410E 00
020241.50 2294992581.81 .13050147E 00
020242.50 2294992579.53 .11478973E 00
020243.50 2294992577.25 .15015260E 00
020244.50 2294992574.97 '	 .15377352E 00

STANDARD DEVIATION OF FIT CURVE 	 2,74
A=.0000959 B=-2.214 C=334.74

AVERAGE OF ACTUAL FREQUENCY 2294993015.34
AVERAGE OF EXTRAPOLATED FREQUENCY 2294992628.33

TOTAL FREQUENCY AVERAGE 2294992961.66
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5. Spacecraft predictions

a. Types of predictions. Spacecraft predictions, which
are composed of time-tagged station observables such as
pointing angles, one-way doppler, two-way doppler, best
lock ground transmitter frequency, etc., are more or less
routinely provided to the DSN tracking stations to ensure
the success of spacecraft acquisitions, aided track, and
station handovers of the spacecraft. However, during the
launch phase the provision of accurate predictions to
DSS 72 and DSS 51 and other tracking stations becomes a
critical matter because of the crucial need for early acqui-
sition and commanding of the spacecraft. For first two-
way acquisition at DSS 72 and DSS 51 there are three
distinct sets of predictions available: 1) Preflight Predic-
tion Document, 2) L — 5 m predictions based on actual
launch azimuth, and 3) AFETR predictions based on
actual post-injection tracking data.

Although both the preflight predictions and L — 5 min
predictions are generated before launch, the L — 5 min
predictions have two important advantages over the pre-
flight predictions in that they are based on updated fre-
quency information and they are generated for the exact
actual launch azimuth. Because of these two factors the
L — 5 min predictions were generated and sent to DSS 72
and DSS 51, with the advisement that they be used instead
of the Preflight Prediction.-Document. Because of the
special nature of the July-_:4 `lunch window (it had an
extremely short duration) a 30-> hold occurred between,
T — 5 min and launch, thus causing a 30-s time error
in the L — 5 min predictions (although the launch azi-
muth remained exact); DSS 72 and DSS 51 were noti-
fied of this and were instructed to make the appropriate
time bias to their L — 5 min predict sets. DSS 72 acknowl-
edged receipt of the L — 5 min predicts approximately
10 min before rise and were able to successfully acquire
Surveyor IV using these predicts. At about L + 20 min,
predicts from AFETR based on actual post-injection
tracking data were received at JPL which very closely
matched the L — 5 min predict set (corrected for the 30-s
time bias), thereby verifying that DSS 72 and DSS 51
predicts to acquire Surveyor IV in the three-way mode
with DSS 72, with no difficulties being encountered.

During the cruise phase, predictions were routinely
supplied to all participating DSS stations. No problems
were encountered in the generation of accurate (trajectory-
wise) ,predictions, although moderate errors were intro-
duced into the ground transmitter VCO prediction (XA)
and the one-way doppler prediction (131) because of the
inadequacy of frequency data and temperature predic-
tions as supplied by Hughes Aircraft Company.

b. Initial two-way acquisition at DSS 72. Predictions
indicated a Surveyor IV rise at DSS 72 at 12:09:45 GMT,
on July 14. DSS 72 reported one-way doppler at 12:10:03
(rise + 00:18), auto-track on the SAA at 12:11:04 (rise +
01:19), auto-track on the SCM, the antenna main beam,
at 12:13:48 (rise + 04:03) and good two way data at
12:16:23 (rise + 06:38). The above sequence, culminating
in the acquisition of good, two-way doppler data, was,
in light of previous experience with the current acquisi-
tion procedure, smooth and quite nominal. For instance,
during the initial acquisition of Surveyor III at DSS 42,-
good two-way data was taken at rise + 06:55. The acqui-
sition was marred, however, by the loss of up-link at
12:17:03, which was subsequently reacquired at 12:21:46.
The loss appears to have been caused by an antenna mal-
function wherein the antenna temporarily drove og the
spacecraft azimuth. The actual azimuth at DSS 72 during
this period can be seen plotted against the predicted
azimuth in Fig. 161. The DSS 72 tracking data between
12:17:03 and 12:20:53 is labeled as good (in lock), two-
way data, when it was, in fact, good, one-way data.
Investigation of the predictions indicate that at 12:17:00,
the one-way doppler (which is a strongly-dependent func-
tion of the ground VCO frequency) and the two-way
doppler were almost identical—hence a possible explana-
tion why the down link was not lost and why it was not
immediately recognized at DSS 72 that the up-link had
been lost.

All two-way tracking data taken during the Surveyor IV
mission was computer monitored in near real time, which
resulted in the timely discovery of a faulty bit in the
doppler counter during the first pass of DSS 61, and the
immediate discovery of the intermittent lost digit in the
doppler counter during the second pass at DSS 11.

D5572 LAUNCH PASS
PREDICTED

O ACTUAL	 O

80 1 	 I	 I	 °

60

40
12:14:00 12:15:00	 12:16:00	 12:17:00	 12:18:00 12:19:00

JULY 14, 1967, GMT

Fig. 161. Predicted vs azimuth, DSS 72
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6. Tracking performance

a. General. The DSN provided continuous angular and
doppler tracking of the Surveyor IV spacecraft from initial
one-way acquisition by DSS 72 at 12:10:03 on July 14,
1967 until loss of signal during the retro phase, at
02:02:41.001 on July 17. In general the overall quality of
the tracking data taken during the Surveyor IV mission
can be described as very good. Data types used during
flight in the ODP were angular data taken during the first
pass over DSS 72 and DSS 51, two-way doppler data
taken during the first pass over DSS 72 and DSS 61, and
two-way doppler taken during all passes over DSSs 42,
51, and 11. A summary of the data used in the ODP,
together with data statistics, is given in Table 84. The
relative quality of the tracking data taken at each station
can be obtained by comparing the standard deviations,
the root-mean-squares, and the first moments of the data
as listed in the table. Changes in the quality of the same
data as reflected in different orbits are largely attributable
to the particular selection criteria of each orbit is deter-
mined by the Orbit Determination Group. Orbit identifi-
cations are as follows:

Predict orbit	 = PROR

Injection condition evaluation orbit = ICEV

Preliminary pre-midcourse orbit	 = PREL

efficiently executed. During the first pass of Surveyor IV,
a gap in coverage of about 5 min occurred between
DSS 51 set and DSS 11 rise. DSS 72 filled the gap by
taking one-way doppler data; however, this necessitated
an initial two-way acquisition at DSS 11. Predictions indi-
cated a Surveyor IV rise (first pass) at DSS 11 at 23:12:34
on July 14. DSS 11 did not acquire the spacecraft until
23:36:02, or approximately rise -f- 24 min. This unneces-
sarily long time in the acquisition of Surveyor IV by
DSS 11 is in large part due to the failure of DSS 11 to use
the standard acquisition procedure. Iiad DSS 11 used the
standard acquisition procedure, this acquisition would
probably have been completed within 10 min.

The most serious loss of two-way doppler data during
the Surveyor IV mission occurred during the first pass
at DSS 61. DSS 61 began taking two-way doppler data
at 17:0:02 on July 14 and approximately 20 min later
the results of the data monitor program indicated exces-
sive noise in the DSS 61 doppler data. The problem was
traced to a dropped 8 bit in the least significant digit of
the doppler counter. A transfer to DSS 51 could not be
effected until 18:30:00 on July 14, at which time DSS 51
reacquired good two-way doppler data. This problem
at DSS 61, which resulted in the loss of approximately
11/2 h of two-way doppler parallels almost exactly the
problem which occurred during the first pass of DSS 61
of the Surveyor III mission.

I

Data consistency orbit 	 = DACO	 , -
Minor losses of data occurred during the initial acqui-

Nominal midcourse orbit	 = NOMA	 sition at DSS 72, when a loss of the uplink was responsi-
Last pre-midcourse orbit 	 = LAPM	 ble for a 10-min loss of prime early data, and during the

second pass at DSS 11, when an intermittent loss of the
Pre-midcourse cleanup orbit	 = PRCL	 most significant digit of the doppler counter accounted
Post flight analysis orbit 	 = POST	 for a 30-min loss of data. The resultant effect from these

data losses on the mission was negligible.
N"' post midcourse orbit	 =N POM

Final in-flight orbit	 = FINAL	 b. Pre-midcourse phase.

Computer string X	 = X

Computer string Y	 = Y

In general, DSIF station operations during the
Surveyor IV mission were effectively implemented. This
is best judged by the fact that the DSN was able to pro-
vide high quality data to the Orbit Determination Group
such that they were able to meet all orbital accuracy
requirements for such events as the Midcourse Maneuver,
Retro Motor Ignition backup, etc. From the t!m6 of first
acquisition of the spacecraft over DSS 72 until the time
of loss-of-signal, the spacecraft was almost continuously
in two-way lock, and station transfers were rapid and

Angular tracking. In general, doppler data yields far
greater accuracy in the determination of a spacecraft orbit
than does angular data and is therefore used almost exclu-
sively in the orbit determinationa process during most of
the mission. The one exception isg, the launch phase, when
little doppler data is available anti a quick determination
of the orbit necessitates the use of both doppler and angle
data. During the Surveyor IV mission, angle data from
DSS 72 and DSS 51 was used in the orbit determination
program during the pre-midcourse phase of the mission.
In order to improve the quality of the angular data to be
used in the orbit determination program, it is first cor-
rected for OPE. The OPE is determiner] by having the
DSS stations optically track several stars at the expected,
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Orbit
identification DSS Data type

Beginning data
(month/day-

GMT)

End data
(month/day-

GMT)

No. of
Points

Standard
deviation

Root
meanmean Mean error Sample

rate, s

AFETR X 91 Az 7/14-12:05:12 7/14.12-06:18 10 0.0126 0.0217 0.0177 6

El 7/14-12-05:12 7/14-12-0606 9 0.0139 0.0298 -0.0263 6

Range 7/14-12-05:12 7/14.1206:18 9 0.00343 0.00906 0.00839 6

77 Az 7/14-1205:15 7/14-12:05:33 4 0.0198 0.0928 -0.0906 6

El 7/14-12:05:15 7/14-12:05:33 4 0.123 0.446 0.428 6

Range 7/14-1205:15 7/14-1205:33 4 0.0487 O.i11 -0.0999 6

PROR YA 72 CC3 7/14-12:26:08 7/14-1304:32 118 0.136 0.144 -0.0478 10

As 7/14-12:16:23 7/14.13:1702 149 0.0223 0.0292 -0.0189 10

El 7/14-1206:23 7/14.13:17:02 154 0.0323 0.0367 0.0174 10
51 HA 7/14-12:42:11 7/14.1304:02 35 0.0175 0.0202 -0.0100 60

Dec 7/14-12:42:11 7/14-130402 35 0.00456 0.0141 -0.0133 60
CC3 7/14-13:14:32 7/14.13:16:32 3 0.0392 0.179 -0.174 60
HA 7/14-13:14:02 7/14-13:17:02 4 0.00102 0.00905 -0.00900 60
Dec 7/14-13:1402 7/14.13:17:02 4 0.00240 0.00255 -0.000865 60

PROR XA 72 CC3 7/14.12:26-08 7/14-1304:32 113 0.0926 0.0944 -0.0183 10
As 7/14-12:26-43 7714-13:3702 135 0.0186 0.0386 -0.0338 10
EI 7/14-12:26:53 7/14-13:37:02 134 0.0239 0.0454 0.0387 10

51 HA 7/14.12:42:11 7/14-13:0402 152 0.0114 0.0181 0.0140 60
Dec 7/14-12:42:11 7/14.13.9402 152 0.0136 0.0217 -0.0169 60
LC3 7/14-13:14:32. 7/14-13:35.32 18 0.0744 0.0744 0.00255 60
HA 7/14-13:14:62 7/14.13:36-02 19 0.00283 0.0182 0.0180 60
Dec 7/14.13:17:02- 7/14-13:365)2 19 -0.00147 °°0.00330	 -- -0:00295- --60-

ICEV YA 72 CC3 7/14-12:26-08 7/14-13:04:32 115 0.0797 0.0801 -0.00810 10
Az 7/14-12:26:53 7/14.14:16.4)2 182 0.0177 0.0332 -0.0280 10
El 7/14-12:2633 7/14.14:164)2 182 0.0227 0.0482 0.0425 10

51 CC3 7/14-13:14:32 7/14.14:1442 61 0.0259 0.0262 -0.00382 60
HA 7/14-12:4201 7/14.1405:1)2 97 0.0111 0.0128 0.00641 60
Dec 7/14.12:42:11. 7/14-14:154)2 97 0.00912 0.0103 0.00479 60

ICEV XA 72 CC3 7/14.12:26:08 7/14-1304:32 110 0.0353 0.0355 --0.00400 10
As 7/14.12:26:53 7/14-1406:02 165 0.0169 0.0372 -0.0332 10
El 7/14-12:2633 7/14-14:1602 164 0.0238 0.0513 0.0455 10

$1 HA 7/14-120"1 7/14-12:26:21 28 0.00559 0.0355 0.0351 60
Dec 7/14-12:18:51 7/14-12:26:21 27 0.00689 0.0351 -0.0344 60
CC3 7/14-13:18:32 7/14-1405:32 53 0.0293 0.0294 0.00254 60
HA 7/14-12:26:31 7/14.14:16:02 180 0.0102 0.0195 0.0166 60
Dec 7114.12:26:31 7/14 -14:16:02 180 0.0157 0.0189 -0.0106 60

PREL XB 72 CC3 7/14-12:26:48 7/14.13:04:32 101 0.0212 0.0212 -0.000387 10
51 CC3 7/14-13:18:32 7:14.15:24:32 115 0.00725 0.00729 -0.000713 60

PREL Y8 72 CC3 7/14-12:26:48 7/14-13:04:32 96 0.0208 0.0208 0.0000509 10
51 CC3 7/14.13:18:32 7/14-1!-0:13:32 164 0.00775 0.00776 -0.000408 60

DACO XB 51 CC3 7/14.13:18:32 7/14-16:59:32 199 0.0511 0.0514 -0.0000810 60
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Table 84(contd)

Orbit
identification DSS Data type

Beginning data
(month/day-

GMT)

End data
(month/day-GMT)

TI
No. of
points

Standard
deviation

Root
mean
square

Mean error Sample
rater s

DACO XB 61 CC3 7/14-12:26:48 7/14-13-04:32 96 0.0207 0.0207 -0.000346 60

DACO YB 51 CC3 7/14-12:2648 7/14.16:58:32 205 0.00788 0.00788 -0.000119 60

61 CC3 7/14.17:03:32 7/14-17:46:32 33 0.0190 0.0190 -0.000163 60

DACO YC 72 CC3 7/14.12:26:48 7/14-13:04:32 96 0.0268 0.0273 0.00545 10

51 CC3 7/14-13:18:32 7/14-16:58.32 205 0.0104 0.0134 -0.00837 60

51 CC3 7/14-18:33:32 7/14-20:27:32 61 0.0102 0.0103 -0.00183 60

61 CC3 7/14-17:03:32 7/14-18:23.32 39 0.0135 0.0342 0.0314 60

DACO XF 72 CC3 7/14.12:2648 7/14-1104:32 96 0.0208 0.0208 0.00107 10

51 CC3 7/14.13:18:32 7/14.16:58:32 205 0.00928 0.00931 0.000724 60

- 51 CC3 7/14-18:33:32 7/14-22:24:32 145 0.00837 0.00843 -0.00099 60

DACO XH 11 CC3 7/14-23:38:32 7/14-23:57:32 20 0.00824 0.0209 -0.0193 60

51 CC3' 7/14-13:18:32 7/14-16:38:32 205 0.0106 0.0108 -0.00201 60

51 CC3 7/14-18:33:32 7/14-23-04:32 172 0.00767 0.00771 -0.000713 60

NOMA YA 11 CC3 7/14-23:38:32 7/14.00:42:32 65 0.00958 0.0118 0.00684 60

13 CC3 7/14.12:26:48 7/14-13:04:32 96 0.0358 0.0368 0.00838 60

51 CC3 7/14.13:18:32 7/14-16.58:32 205 0.0108 0.0111 -0.00231 60

51 CC3 7/14-18:33:32 7/14-23:04:32 215 0.00809 0.00809 -0.000357 60

NOMA YD 72 CC3 7/14-12:28:08 7/14-11-04:32 .::° 95 0.0308 0.0324 0.0100 10

42 CC3 7/14-23:38:32 7/15-11:30:32 373 0.00840 0.00842 -0.000586 60

51 CC3 7/14-13:18:32 7/14-16:58:32 205 0.0114 0.0118 -0.00301 60

51 CC3 7/14-18:33:32 7/14-23:04:32 215 0.00860 0.00867 0.00109 60

NOMA YE 72 CC3 7/14.12:28:08 7/14.1104:32 95 0.0262 0.0268 0.00599 10

11 CC3 7/14-23:38:32 7il5.04:56:32 317 0.00782 0.0101 0.00644 60

42 CC3 7/15.05:13:32 7/15.11:30:32 373 0.00707 0.0114 0.00899 60

NOMA YF 72 CC3 .7/14-1.2:28-08 7/14-13,04:32 95 0.0316 0.0340 0.0125 10

11 CC3 7/14.23.38:32 7/15.04:56132 317 0.0082'L-- 0.00895 0.00354 60

42 CC3 7/15.05:13:32 7/15.13:13:32 478 0.00786 0.00795 -0.00121 60

51 CC3 7/14-13:18:32 7/14.16:58:32 205 0.0115 0.0126 -0.00504 60

51 CC3 7/14-18:33:32 7/14-23:04:32 215 j	 0.00839 0.00854 0.00158 60

LAPM XA 42 CC3 7/15.08-00:32 7/15-13:59:32 355 0.00700 0.00712 --0.00131 60

51 CC3 7/15.14:15:32 7/15.19:59:32 324 0.00762 0.00787 -0.00197 60

LAPM- YB 72 CC3 7/14-12:28,08 7/14-13:04:32 95 0.0292 0.0299 0.00652 10

11 CC3 7/14-23:38432 7/15.0466:32 299 .0.00815 0.00817 -0.000523 60

42 CC3 7/15.05:13:32 7/15.1349:32 519 0.00689 0.00700 -0.00126 60

51 CC3 7/14.14:00:32 7/14.16:58:32 162 0.0102 0.0103 -0.00134 60

51 CC3 7/14-18:33:32 7/14-23:04:32 220 0.00910 0.009-08 -0.00265 60

51 CC3 7/15.1403:32 7/15.21:58:32 425 0.00881 0.00883 1	 -0.000793 60

LAPM XC 42 CC3 7/15.08,00:32 7/15.13:59:32 355 0.00719 0.00719 -0.000287 60'!

51 CC3 7115-140132 7/15-21:5132 429 0.0133 0.0133 0.000228
t'

60

LAPM XE 42 CC3 7/15.08:00:32 7/15.13:59:32 355 0.00711 0.00711 =0.00217 60

51 CC3 ;;7/15•U:15:32 7/15.22:29132 441: 0.00730 0.00730 0.000117 60
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Table 84 (contd)

i

Orbit.
identification DSS Data type

Beginning data
(month/day-

GMT)

End data
!month/day-

GMT)

No. of
points

Standard
deviation

Root
mean

square
Mean error Sample

rote, s

LAPM YC 72 CO 7/14-12:28:08 7/14-13-04:32 95 0.0288 0.0296 0.00707 10

11 CO 7/14.23:38:32 7/15-0436.32 299 0.00805 0.00810 0.000873 60

42 CC3 7/15.05:13:32 7/15-13:59:32 519 0.00694 0.00694 -0.000270 60

51 CC3 7/14-14:00:32 7/14-1658:32 162 0.0105 0.0105 0.000193 60

51 CO 7/14-18:33:32 7/14-23:04:32 220 0.00967 0.00997 -0.002243 60

51 CO 7/15-14:15:32 7/15-2250:32 454 0.00917 0.00931 0.00158 60

1 POM YC 11 CO 7/16-02:30:19 7/16.02.,40:19 50 0.0498 0.0508 -0.0101 10

11 CC3 7/16.02:43:32 7/16-05:53:32 149 0.00662 0.00666 0.000670 60

42 CC3 7/16-06-03:32 7/16.09-01:32 166 0.00711 0.00711 -0.0000287 60

1 POM XE 11 CO 7/16.02:30:19 7/16.0240:19 50 0.0498 0.0511 -0.0166 10

11 CC3 7/16.02:43:32

-

7/16.0533:32 148 0.0067 0.00672 0.000576 60

42 CO 7/16.06-03:32 7/16-1'0:13:32 235 0.00715 0.00715 0.0000291 60

1 POM YE 11 CC3 7/16-02:30:79 7/16.02:40:19 49 0.0516 0.0539 -0.0156 10

11 CO 7/16.02:43:32 7/16-0553:32 149 0.00690 0.00690 0.00109 60

42 CO 7/16-06:03:32 7/16.10:34:32 256 0.00718 0.00718 0.0000057 60

1 POM XF 11 CO 7/16.02:30:19 7/16.02:40:19 50 0.0498 0.0512 -0.0117 10

11 CC3 7/16.02.43:32 7/16.05.53:32 148 0.00669 0.00671 0.000610 60

42 CO 7/16.06:03:32 7/16.11:39:32 315 0.00723 0.00723 -0.0000093 60

2 POM XA 11 CO 7/16.02:30:19 7/16-02:40:19 48 0.0507 0.0530 -0.0155 10

11 CO 7/16-02.,43.32 7/16.05:53:32 148 0.00682 0.00689 0.00101 60

42 CO 7/16.06-03:32 7/16.12:18:32 353 0.00728 0.00728 0.0000145 60

2' - POM YA 11	 - CO	 -' 7/16.02:30:19 7/16.02:40:19- 49 0.0517 0.0543 -0.0168 10'

11 CO 7/16.0243:32 7/16.0553:32 149 0.00689 0.00698 0.00116 60

42 CO 7/16.06-03:32 7/16. 1469:32 462 0.00725 0.00725 0.00000766 60

2 POM XC 11 CC3 7/16-02:30:19 7/16.02:40:19 48 0.0508 0.0532 -0.0159 10

11 CC3 7/16.02:4132 7/16.05:53:32 148 0.00684 0.00690 0.000958 60

42 CC3 7/16-06:03:32 7/16-13:39:32 428 0.00721 0.00721 -0.0000074 60

2 POM YC I1 CO 7/16.02:30:24 7/16-02:40:19 48 0.0509 0.0550 -0.0208 10

11 CC3 7/16.0243:32 7/16.05:53:32 149 0.00668 0.00674 0.000927 60

42 CO 7/16.06:03:32 7/16.14.53.32 505 0.00722 0.00722 0.000220 60

- 51 CC3 7/16-15:03:32 7/16.1642:32 90 0.00754 0.00757 -0.000677 60
_.-.3 POM YA 11 CC3 7/16.02:30:24 7/16.02:40 :19 48 0.0508 0.0549 -0.0208 10

11 CO 7/16.02.4132 7/16.0533:32 149 0.00669 0.00673 0.000749 60

42 CC3 7/16.0683:32 7/16.1453:32 505 0.00722 0.00723 0.000369 60

51 CO 7/16-15-03:32 7/16.20:20:32 291 0.00731 0.00732 -0.000343 60

3"POM YC 11 CO 7/16.02:3014 7/16.02:40:19 48 0.0509 0.0550 -0.0208 10

11 CO 7/16.02:43:32 7/16.05:53:32 149 0.00666 0.00668 0.000495. 60

42 CC3 7/16.06:03:32 7/16.1453:32 505 0.00722 0.00723 0.000421 60

51 CC3 7/16.15-03:32 7/16-21:39:32 352 0.00815 0.00816 -0.000248 60

3 POM XB 11 CO 7/16.02:30:24 7/16.02:40:19 52 0.0590 0.0638 -0.0242 10

11 CC3 7/16.024352 7/16.0543:32 148 0.00663 0.00671 0.000985 60
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Table 84 (contd)

Orbit
identification DSS Data type

Beginning data
(me

GMTT))
G

End data
(month/day-

GMT)

No. of
points

Standard
deviation

Root
mean

square
Mean error Sample

rate, s

3 POM XB 42 CC3 7/16-06-03.32 7/16-14.53.32 501 0.00726 0.00727 0.000526 60

51 CC3 7/16-15-03:32 7116-21:39.32 356 0.00775 0.00777 -0.000453 60

3 POM YD 11 CC3 7/16.02:30.24 7/16-02:40:19 48 0.0508 0.0552 -0.0216 10

11 CC3 7/16.02:43:32 7/16.05:53:32 149 0.00708 0.00711 0.000601 60

42 CC3 7/16.06-03:32 7/16-14.53:32 505 0.00751 0.00751 0.0000147 60

51 CC3 7/16-15-03:32 7/16-22:38:32 418 0.00942 0.00942 0.000239 60

FINAL XA 51 CC3 7/16.20:21.32 7/16-22:06:32 80 0.00696 0.00696 0.0000641 60

FINAL XD 11 CC3 7/16-23:33:32 7/16.23.54.32 22 0.00557 0.00558 0.000139 60

51 CC3 7/16-20:21:32 7/16-23:23:32 174 0.00738 0.00738 -0.0000182 60

FINAL YA it CC3 7/16-23:33:32 7/17-00:10:32 29 0.00724 0.00724 0.0000210 60

51 CC3 7/16.20:21:32 7/16-23:23.32 171 0.00742 0.00742 0.000124 60

FINAL XE 11 CC3 7/16-23:33:32 7/17.00:13:32 32 0.00770 0.00770 0.00000381 60

51 CC3 7/16-20:21:32 7/16-23:23.32 174 0.00736 0.00736 -0.0000982 60

FINAL YB 11 CC3 7/16-23:33:32 7/17.00:22:32 41 .0.00841 0.00841 0.000134 6D

51 CC3 7/16-20:21:32 7/16-23:23:32 171 0.00743 0.00743 -0.00002 60

FINAL YC 11 CC3 7/16-23:33:32 7/17-00:37:32 56 0.00771 0.00771 0.000142 60

51 CC3 7/16-20:21:32 7/16-23:23:32 171 0.00741 0.00741 -0.0000514 60

FINAL XH 11 CC3 7/16-23:33.32 7/17-00.58.32 72 0.00814 0.00814 0.0000559 60

51 CC3 7/16-20:21.32 7/16.23:23:32 174 0.00735 0.00735 -0.0000379 60

FINAL YE 11 CC3 7/16.23:33:32 7/17.01-01:32 75 0.00840 0.00840 0.0000309 60

51 CC3 7/16-20:21:32 7/1.6-23:23:32 171 0.00740 0.00740 0.00000428 60

FINAL 'YF 11	 - -CC3 T/16-23433-32 7-/17-01:15:32 87 70.00989 0:00990 '0.000281 60-	 - -

51 CC3 7/16.20:21:32 7/16.23:23:32 171 0.00744 0.00744 -0.000136 60

POST 1 11 CC3 7/16.02:30:24 7/16=02:40:19 52 0.0590 0.0647 -0.0267 10

11 CC3 7/16.02:43:32 7/16.0563:32 149 0.00787 0.00793 0.000957 60

11 CC3 7/16.23:33:32 7117-01:16:32 88 0.0105 0.0106 0.000610 6D

42 CC3 7/16.06-03:32 7/16.14:53:32 505' 0.00796 0.00796 -0.000198 60

51 CC3 1	 7/16-15-03:32 7/16-23:23:32 462 0.00964 0.00965 0.000420 60

1\

mission dependent, spacecraft declinations. A polynomial
curve fit is then made to the differences between the
refraction corrected Ephemeris values of the star posi-
tions and the observed values as read from the antenna
angle encoders. The correction coefficients used in the
Surveyor IV mission inflight orbit computations can be
seen in Table 85.

Experience gained in past missions has shown'that the
OPE correction coefficients do not remove all systematic
pointing errors. This is reasonable since the RF and op-
tical axis of the antenna are not necessarily the same.
That is, the RF axis is a function of the position of the
quadripod feed, whereas the optical axis is not. Thus, if

there is a quadripod deflection (due to thermal effect
and/or gravitational loading) at some given instant of
time, the optical error and the RF error would not be
the same. Furthermore, the optical refraction and the
RF refraction are not the same due to the difference in
respective wavelengths. In addition to these effects, the
RF pointing error is also a function of feed alignment,
received signal-to-noise ratio, and received polarization
angle - (since the antenna null pattern does not have the
same slope at all polarization angles).

Since DSS 72 was the initial acquisition station, the
angular data taken by it was the most important angular
data for use in the early orbits. This data, when fit through
the final post flight orbit, shows a bias of +0.046 deg in
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Table 85. Surveyor IV antenna correction coefficients

Coefficient Correction Coefficient Correction

Aon -2.823094562E - 02 Boo 1.529098827E - 02.

An, 5.353777033E - 05 Bat 3.410829831E - 04

Aaa -3.082597437E - 05 Ban -4.336071801E - 06

Ao, -6.626461141E - 07 Bn3 6.109815447E - 07

Aso -3.171398689E - 04 Bit -1.559484352E - 04

All 9.542137245E - 06 B„ -2.032267916E - 06

Ass -3.367726933E - 07 B,2 5.779247847E - 08

Asa -8201321554E - 09 B13 -2.831355530E - 10

A2 o 1.589100967E - 06 B3o -1.186130483E - 05

A2, 1.835756063E - 07 B2, -5.239010283E - 08

A= 3.851291638E - 09 Bs, -2.152496155E - 10

Asa -8.191144217E - 11 Bs, -4.436567279E - 11

Aso 4.599327736E - 08 B,n -2.298149026E - 08

A3, 3.344301616E - 09 B31 8.193320409E - l0

Ass 1.386713245E - 10 B,2 -1.910069905E -,11

A,3 1.816077278E - 12 B3a -7.276751867E - 13

?These corrections are useful for elevations greater than 15 deg, and
declinations between N 30 and S 35 deg.

azimuth and +0.097 deg in elevation. Based on these
biases the DSS 72 angle data can be judged quite poor,_
a conclusion more easily appreciated in light of the fact
that the azimuth angle standard deviation was 0.210 deg.
This angular data matches the very poor angular data
taken by DSS 72 during their first pass of Surveyor III,
in contrast to the better angular data taken by DSS 72
on AC-9 and Surveyor II. DSS 72 angular residuals are
presented in Figs. 162-164. First pass angular data from
DSS 51, Figs. 165 and 166, when fit through the final post
flight orbit, shows biases of +0.028 deg in HA and
-0.018 deg in Dec. These values are consistent with the
Orbit Determination Group study of DSS 51 correction
coefficients and also correlate well with past experience
on the Surveyor Project. For instance the DSS Sl HA
and Dec biases averaged over AC-9, -Surveyor If, and
Surveyor III were +0.028 and -0.020 deg, respectively.
DSS 51 angular residuals can be seen in Figs. 167 and
168. Finally, it should be noted that efforts are under
way to use RF sources (post touchdown Surveyor data) to
generate new, and hopefully more accurate, correction
coefficients.

Doppler tracking. Ascension Island DSS 72, the first
prime station to see the spacecraft after injection, began
taking good two-way, 10-s count doppler data at 12:16:23

on July 14, 1967. However, two-way lock was lost at
12:17:03 and was not recovered until 12:25:54. At this
time DSS 72 returned to taking good 10-s count two-way
doppler dat;:. The sample rate was changed to 60 s at
12:45:02 and the spacecraft was transferred to DSS 51
at 13:11:02. This early data from DSS 72 was quite ac-
ceptable, showing a standard deviation of 0.026 Hz. The
two-way doppler residuals for this initial pass over DSS 72
may be seen in Fig. 16% while three-way doppler resid-
uals from DSS 72 are seen in Figs. 163 and 164. DSS 51
returned good 60-s count two-way doppler from 13:11:02
to 17:00:02 and from 18:30:02 to 23:05:02, on July 14,
1967. The first pass data from DSS 51 showed a standard
deviation of 0.009 Hz-a quite nominal figure for this
period. On the second pass DSS 51 did slightly better,
showing a standard deviation of 0.007 Hz. First pass two-
way doppler residuals from DSS 51 are seen in Figs. 165
and 166, while second pass residuals are seen in Figs. 169
and 170. As was already mentioned, a malfunction of the
DSS 61 doppler counter caused the two-way doppler data
from 17:00:02 to 18:30:02 to be bad. This data can be
seen in Fig. 171. Three-way doppler data taken during
the first pass at DSS 61 can be seen in Fig. 172, while
three-way doppler data taken during the second pass at
DSS 61 is presented in Fig. 173. Both DSS 11 and DSS 42
took very good two-way doppler data during their pre-
midcourse passes. Two-way doppler data from DSS 11
showed a standard deviation of 0.008 Hz and can be seen
in Figs. 174 and 175. DSS 42 two-way doppler showed
a standard deviation of 0.007 Hz and is presented in
Figs. 176 and 177, while Fig, 178 shows three-way doppler
and angles taken at DSS 42.

c. Midcourse maneuver. Early analysis of the Sur-
veyor IV trajectory indicated a midcourse maneuver dur-
ing the second pass over DSS 11 would be most
advantageous, and therefore, the midcourse maneuver
was executed during this pass. Engine ignition was pro-
grammed for July 16, at 02:30:00 GMT, with a total burn
time of 10.46 s. Results of the maneuver as seen in the
two-way doppler data over DSS 11 are presented in
Fig. 179. As can be seen in the data, the midcourse ma-
neuver resulted in a doppler shift over DSS 11 of approxi-
mately +76.1 Hz.

d. Post-midcourse phase. All post-midcourse orbit com-
putations used only two-way doppler from the prime sta-
tions, DSS 11, DSS 42, and DSS 51. Very good two-way
doppler data was obtained tbrougbo ^t the post midcourse
phase without exception. The doppler data from all sta-
tions indicated a standard deviation of 0.007 Hz during
this period, and •any biases in the data were miniscule.
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Goldstone DSS 11 residuals during the post-midcourse
phase are shown in Figs. 180 and 181, DSS 42 residuals
are seen in Figs. 182 and 183, and DSS 51 residuals are
presented in Figs. 184 and 185.

e. Retro-phase. Final in-flight calculations by the Orbit
Determination Group indicated retro-ignition on July 17,

at 02:01:57.8 GIMT. Loss-of-signal occurred shortly before
retro engine shut-off, at 02:02:41.001. Results of the retro
engine burn as seen in the one-way doppler data over
DSS 11 are presented in Fig. 186. An extrapolation of
the spacecraft one-way center frequency (transmitter B)
through the burn period and the resultant radial velocity
(referenced to DSS 11) are shown in Table 83.

0	 60	 120	 180

TIME IN MINUTES FROM JULY 14, 1967, 12:16 GMT, ITERATION 3

Fig. 162. Two-way doppler residuals,
DSS 72, pass 1

298 JPL TECHNICAL MEMORANDUM 33-301



1..00 ,L

1 •

-1.00

•

•

ftwft can •

v

x

f
N
a

1 ^^

T

4

l.aoo

my
i	 9

Z	 •0	 0

a
J

F^	 I	 I	 I	 I	 I	 I
-1.000

0 .	60	 120	 180	 _240	 300
	

360	 E

TIME IN MINUFES FROM JULY 14, 1967, 12:16 GMT, ITERATION 1

Fig. 163. Three-way doppler residuals, DSS 72, pass 1, from 12 h

JPL TECHNICAL MEMORANDUM 33-301 	 499



a

z
0

0
W
J
W

-1.000

1.000

f
N
Q

-1.000

N

C
i8r
3
w

-2

Vol
it

000

•

0

•

~ WMAW sob

000

I .000

0
	

60	 120	 180	 140	 aw.	 360

TIME IN MINUTES FROM JULY 14, 1967, 18:16 GMT, ITERATION 1

Fig. 164. Three-way doppler residuals, DSS 72, pass 1, from 18 h

300
	 JPL TECHNICAL MEMORANDUM 33-301

1;



0.100

N

K

/	 n

,^	 S	 0

4
3
O
3

-0.100

••^ '•

•

• 7^.Au DSS 511N
TWO-WAY

4 r -go 411L

P	 4f _	 v4p-

•	 j

+

• •

•	 • •
• • 60"000^ e ~ •• ••	 • •
•

0 60	 120	 180	 240	 300	 360

TIME IN MINUTES FROM JULY 14, 1967, 14:00 GMT, ITERATION 3
i

Fig. 165. DSS 51 angular residuals, post 1, from 14 h	 I
r

0.100

••	 • • o ft
 • 000,	 o• a •^ •.

O	 ^, »'e ^•	 **0* it* f 
e ::+

4

•

•

^

	

	 N

S

K

Ul

G	 0

3

O
3

_	 -0.100
..	 0	 60	 120	 id0	 240

- -	 TIME IN MINUTES FROM JULY 14, 1967, 20:00 GMT, ITERATION 3

Fig. 166. D5S 51 angular residuals, pass 1, from 20 h

JPL TECHNICAL MEMORANDUM 33-301	 301



0.200

m

z
0

a
	

0
z
J
V
0

-0.200

muv

L7
Za
0
0
x

2,

N
r
oC

6
1
d

}3
WW

K_

H

-2
0
	

6U
	

120	 180	 240	 au0	 Ubu

TIME IN MINUTES FROM JULY 14, 1967, 12;59 GMT, ITERATION I

Fig. 167. DSS 51 angular residuals, pass 1, from 12 h

302
	

JPC TECHNICAL MEMORANDUM 33-301

a'	 tie



4100 4b 0	 0

• •
f

0.100

N

W
1 a1

O	 0

' 3

-0.100

0.200

i
'v
Z
O
t-	 0	 •
Z
J
V
W

-0.200

0.2

L

WV
J

a

0

-0. 200

0
A

0	 60	 120	 180	 240	 300
TIME IN MINUTES FROM JULY 14, 1967, 18;59 GMT, ITERATION I 	 I

Fig, 168. DSS 51 angular residuals, pass 1, from 18 h

0	 60	 120	 180	 240	 _	 300	 360
TIME IN MINUTES FROM JULY 15, 1967, 14:15 GMT, ITERATION 3

Fig. 169. DSS 51 angular residuals, pass 2, from 14 h

JPL TECHNICAL MEMORANDUM 33-301 	 303

R! „ i



0.100

1 •:~i 'rte •	 •M9j^^ ^ Z +• • •

µ

C
J

0
a
3

I^
i

-0.100
0	 60	 120	 180

TIME IN MINUTES FROM JULY 15, 1967, 20:15 GMT, ITERATION 3

Fig. 170. DSS 51 angular residuals, pass 2, from 20 h

240

304



0,200 so	 v
•

BAD DATA DUE TO DOPPLER
COUNTER MALFUNCTION

D.100

soJo*
0%

•

0

BAD DATA DUE TO DOPPLER
COUNTER MALFUNCTION

be*

•
0.1011

D.2DO

0

6U	 12U	 IN	 240
TIME IN MINUTES FROM JULY 14, 1967, 17;03 GMT, ITERATION 3

Fig. 171. D5S 61 angular residuals, pass 1, from 1'0'-h

JPL TECHNICAL MEMORANDUM 33.301
	

305



0.200

Sn

i
o	 •

a
z	 •

u
0

-0.200

0.2

E
v

Ui
(7

Q

O

-0.2

2,00

N
S

LLp1
J

6y

8
w

-2.0(

^r

0

i

L	 •
•

0	 AO	 120	 180	 240

TIME IN MINUTES FROM JULY 14, 1967, 15,23 GMT, ITERATION 1

Fig. 172. DSS 61 angular residuals, pass 1, from 15 h

r.

JPL TECHNICAL MEMORANDUM 33-301



2001_	 I	 I	 I	 ^ 	 I^-o

0.200

Z	 0

••t O

O
_	 f

_0.200

l

0.200

io •• •
a o
? • • •U
t

000.

0

J00

0	 60	 120 180 210 Inn ae0

TIME IN MINUTES FROM JULY 15, 1967, 16;03 GMT, ITERATION 1

Fig, 173. DSS 61 angular residuals, pass 2

L

JPL TECHNICAL  MEMORANDUM 33.301
	

307



N

ouTS^

y	 I

g	 0
a3
O

-0.100

0

0,100

•

60	 120	 100	 240	 300

TIME IN MINUTES FROM JULY 14, 1967, 23;38 GMT, ITERATION 3

Fig. 174. DSS 11 angular residuals, pass 1

36C



0.200

0.100

•

••

go	
•

♦10s-COUNT DATA , f
PRIOR TO MIDCOURSE 0% 

ego
 
i

•

~••^i 	 •	 11 ••	 •	 • •

• •. h^^
•	 y1^

•i• •

•
• N

•

•0.100
•

•

-0,200

r

,a

_.	 Y

aa8
3
0

JPL TECHNICAL MEMORAN DUM 33-301

0	 60	 120	 180	 240

TIME IN MINUTES FROM JULY 15, 1967, 23:41 GMT, ITERATION 3

Fig. 175. DSS 11 angular residuals, pass 2

i



• N	 •a ^ •	 : • •;. •. • •	 •• ^ 0 :•	 '• ' ; ~•:: a ^ •
00
	 4b	 i•••••

22M.	 011

0.100

-0 100

N

C
^

J
a

V	 Q

a3
0

3W

Go

•
•

0	 60	 120	 180	 240

TIME IN MINUTES FROM JULY 15, 1967, 05:13 GMT, ITERATION 3

Fig. 176. DSS 42 angular residuals, pass 1, from 5 h

0.100

x

a
J
Y
g	 0
Q3
OO$
F

-0.100

360

0	 60	 -120	 180	 240
TIME IN MINUTES FROM JULY 15, 1967, 11:13 GMT, ITERATION 3

Fig, 177. DSS 42 angular residuals, pass 1, from 11 h

I
1

310 1	 JPL TECHNICAL MEMORANDUM ?3-301



-0.200 1

0.2C

0
0
a
Z
J

U
D

2.

N
S

K

d
L

Y
3
ww

-2.

000

0 a'
I

000

-0.2C

v

C9
Z
a
m
0

Ox

0	 60	 120	 180

TIME IN MINUTES FROM JULY 15, 1967, 1412 GMT, ITERATION 1

178. DSS 42 angular residuals,
pass 1, ;from 14 h

I

;I

JPL TECHNICAL MEMORANDUM 33-301	 311



1.01,65E

N

G
^ 1.01,654
w
i
c
O
0

3

3

1.01,650

o

1.01,646

,

JPL TECHNICAL MEMORANDUM 33-301

1	
r

SURVEYOR IV Mlu-COURSE DO?PLER

02:29:54	 02:30:02	 07:30:10	 n2dn:1F	 rn3n.aa

JULY 16, 1967, GMT

Fig. 179. Two-way doppler, DSS 11



0.200

•

I%

^f

•
0.100

•	 10-s-COUNT DATA

Is

	 IMMEDIATELY AFTER
MI!?COURSE

Is
•
•

•

o • S^	 4%•	 • sMs dt	 •	 •	 • .
•	 •

•

•

-0.100

•

•

•

0.200
0	 60 

	

120'	 ISO	 2A0

I

N

% OC

X 6

^ g

3
O

j`
1
i;

{

)

1 a

1

i

i
d

a

TIME IN MINUTES FROM JULY 16, 1967, 02e30 GMT, ITERATION 1

Fig. 180. DSS 11 residuals, post-midcourse phase, pass 2

d

k 1.

}}f.

JPL TECHNICAL MEM62ANDUM 33-301	 313

g



O.Ioo

x"

6

0	 0

Q
3
O

-0.100

•
orr

•• •^L

IoD

•• •̀- • • 	 •	 •	 o
. 	 16 	 Rai	

• •	 •	 ••	 •	 •046 0 •in•• ••	 •i	 i	 ••	 M•-40
o

100	 "	 -
0	 60	 120 	 130	 240	 300	

,^	
360

0.

N
S

g

'	 -0.

h;

I,

11

a

i^

0	 60	 120.'	 130

TIME IN MINUTES FROM JULY 16, 1967, 23133 GMT, ITERATION I

Fig. 181. DSS 11 residuals, Wass 3

TIME IN MINUTES FROM JULY 16, 1967, 06103 GMT, ITERATION 1 	
f	

-

Fig. 182. DSS 42 residuals, post-midcourse phase, pass 2, from 6!,

i
i.

l ,	 JPL T CHNICAL MEMORANDUM 33-301



I `'

0.11
i

2

F

0	 0	

00	 0

3	 • ~• • •%• • ee^ ^^ es•
O

I^

-0,100
0	 60	 120	 180

TIME IN MINUTES FROM JULY 16, 1967, 12:03 GMT, ITERATION 1

Fig. 183. DSS 42 residuals, post-midcourse
phase, pass 2, from 12 h

46 0. Aisg!rs IL0
•  • 0• •

fro-
e0.9	 e•e •

OF•^ •	 • •. A•	 •	 • S
• •

0	 60	 120	 180	 240300	 360	 ^.

TIME IN MINUTES FROM JULY 16,:1967, 15:03 GMT, ITERATION 1

Fig. 184. DSS 51 residuals, post-midcourse phase, pass 3, from 15 h

i

JPL TECHNICAL MEMORANDUM 33-301 	 315j

n



0,100

O

-0,100

go 0 a	 0 0	 410000, 00	 #0 0 •
b —

-
4006.14 4,0 •

W-0	 0 '990"11W04%flef-00
go	 4P 0 00	 0 0 0

tl	 to	 t20 ISO

316

TIME IN MINUTES FROM JULY 16, 1967, 21103 GMT, ITERATION I

Fig. 185. DSS 51 residuals, post-midcourse
phase, pass 3, from 21 h



/l
Ir

yr •

•
•
•
i
•
•
•

•

•
•
•

•
•
•

•
•

•

•

•
•
•
•

S

ENb 000b BATA

1,052

1,049

g

p 1,046
v

a3
w
0
0

0 1,043

1.040

62101100	 02101130	 02102100	 02162130	 -	 6210310b

JULY 11, 1961, GMT

Fig. 186. Surveyor IV relro phone 4opplor, DSS 11

JFL TECHNICAL MEMORANDUM 33301

ati" K



it

itt

Glossary

AADE TTY communications routing indicator BCD binary-coded decimal
(Adelaide) BDA Bermuda

A/C Atlas/Centdtrr BECO booster engine cutoff

ACSW TTY communications routing indicator BER bit error rate	 I
(Canberra)

A/D analog-to-digital BIH built-in hold (during countdown)

AVC automatic frequency control
BUSS-1 Communications Chief

C-band radio frequency band in the S- to 63 gHG
AFETR Air Force Eastern Test Range region

ACC automatic gain control CCN Central Command Network
A15 analog instrw z fatIon subsystem CCN/TM Central Command Network telemetry

AMR altitude marking radar CCTV closed-circuit television
ANBE TTY communications routing indicator CC3 Command Control two-way trackin g

y (DSS 42, Tidbinbilla) mode

ANB2-A TTY communications routing Indicator CDC command and data ,handling console
(DSS 42, Tidbinbilla)

CEC Consolidated Electrodynamics Corp,	
1AN1,4 TTY communications routing indicator CKAPS Cape Kennedy Air Force Stationi.

(D55 42, Tidbinlrilla)

ANXB TTY communications routing indicator
CMD command

(D5S 42 Tidbinbilkly CMDM50 command message

AO building AO (A.P&A checkout facility) , CNB Canberra

AOS acquisition of signal" COMM communications

APC automatic phase control CONP configuration

APF" argument of pericenter CP communications processor

ASC Ascension Island CPCC Communications Processor Conversion'
Center

A/SPP antenna and solar panel positioner CHO Carnarvon
ASR automatic send and receive C/S Centaur/Surveyor

(TTY equipment)
CVR command verification 

A;TixT American Telephone and Telegraph Co.
CVR/D command verification/drop

AVA average alarm (data edit mode) (data exit mode)

AVA/(VR average alarm/command verification CY1 Grand Canary Island
(data edit mode)

DACO data consistency orbit
AZUSA A short baseline, continuous-wave, DACON Data Controlphase-comparison, single-station,

tracking system operating at C-band DCC data condition code	 =
and giving two-direction cosines and DDC direct data channelslant range which can be used to
determine space position and velocity dec declination
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Glossary (conld)

DE COMM	 decommutation	 CDHS	 Ground Data Handling System

DIR	 Director	 GET	 ground elapsed time (since liftoff)

DIS	 digital instrumentation subsystem 	 GKAP	 TTY Communications routing indicator

DME	 distance measuring equipment	
(DSS 70, jPL/AFPT$, Bldg AO,
Cape Kennedy)

DOS	 data operation branch 	 OXEN	 TTY communications routing, indicator
DPPE	 Data Processing Project Engineer	 (DSS 71, Cape Kennedy)

DP	 data processing	 GM	 ground mode

DPS	 data processing system	 GP	 galactic probe

DS	 a communications routing channel 	 GSEN	 TTY communications routing indicatt<<

DSCC	 Deep Space Communication Complex (DSS 72)

D91F	 Dee# Space Instrumentation Facility 	 GSFC	 Goddard Space Flight Center

DSN	 Deep Space Network	 --	 GT	 line number for U. S, Government TTY
circuit

DSS	 Deep Space Station
GTS	 Goldstone Tracking Station

E	 engineering
GWM Guam

ECC	 eccentricity
HA	 hour angle

EQ	 equalizer

FCP	 flight control programmer 	
HAC	 Hughes Aircraft Company

HAW Hawaii
FDX =full duplex, two-way	 _-	 -

FM	 frequency modulation	
HD/LD	 half duplex/data loss

FPAA	 Flight Path Analysis Area	
HDX	 half duplex, one way

FPAC	 Flight Path Analysis and Command 	
HOPS	 computer program

FPC^-6 	 precision missile tracking radar	
HSD	 highspeed d1ata

HSDL	 high-speed data line
FPS	 fixed-point station (type of fader) 

HSDS	 high-speed data subsystem
FR-800	 Ampex video tape recorder 

FR-1900	 Ampex tape recorder	
ICEV	 injection condition evaluation orbit

GAMS	 TTY communications routing indicator	
ICS	 Intra-Communication System

(AFETR COMM Center, 	 IDC internal document control
Cape Kennedy)	 IMP	 interim monitoring program

GBI	 Grand Bahama Island 	 INC	 inclination (fn deg)

GBVR	 TTY communications routing indicator 	 Intelsat	 a communications satellite
(Johannesburg) 

GCF	 Ground Communications Facility	
I/O	 input-output

GDA	 line number for V. S, Government TTY 	
IRIG	 Interrange Instrumentation Group

i

IRV	 interrange vector 	 j

^S.
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Glossary (eonfd)

a

ISO isolation LLDN TTY communications routing indicator

,JDPS TTY communications routing indicator (London)

JIJCO TTY communications routing. indicator LMAD TTY communications routing indicator

(1) 5512, Goldstone) (Madrid)(

JGLD TTY communications routing indicator LOS loss of signal

(Deep Space COMM Complex, LRID TTY communications routing indicator
Goldstone) (DSS 61, Madrid)

JFIAC TTY Communications routing indicator LBLA TTY Com.Atanfoations routing indicator
(Hui!hes Aircraft, FI Segundo) (DSS 61, Madrid)

JJPL TTY communications routing indicator MA Mission Analyst
(JPL COMM Confer, Pasadena)

MAD Madrid
JMAR TTY communications rotating indicator

MC midcourse(1)5514, Goldstone)
JOPS TTY communications routing indicator MCC-I( Mission Control Center—Cape Kennedy

JPffi TTY communications routing indicator MECO main engine cutoff (Centaur)

(1)5511, Goldstone) MFIG main engine ignition (Ge'nNur)

JPL et Propulsion LaboratoryJ	 p	 Y MOPS missile operations paging sysfem

JPLA TTY communications routing indicator MO5 Mission Operations System
(DSS 11, Goldstone)

Mpg J^main power switch
JPXI TTY communications routing indicator

MSFN Manned Space Plight Network_. (DSS 11, Goldstone) —=	 --.

fSDA TTIY communications rooting indicator MUX Multiplexer

JSFO TTY communications routing indicator
MWAVE microwave

(JPL SFOF) NASA National Aeronautics and Space

JTLA TTY communications routing indicator
Administration

JTSS TTY communications routing indicator
NASCOM NASA Communications System

if
NBVCXO narrow-band voltage-controlled crystal

jVEN TTY communications routing indicator oscillator 
(DSS 13, Goldstone)

NCR National Cash Register Co,
KSC Kennedy Space Center

l

LAN longitude of the ascending node
NOMA nominal midcourse orbit

LAPM last pre-midcourse orbit`'
NOP Network Operations Plan

NOR not operationally ready
LCP left circular polarization

N POM nth post midcourse orbit_
LeRC Lewis Research Center 	 _

LF low frequency
NR number

LH leffhand
NRT near real time

LJOB TTY 'Eommunieations routing indicator
NRZ non-rehtrn•to-zero

(DSS 51, Johannesburg) N50 Network Support Office



'I

si
Glossary (conid)

+ISP (I3) NASA Support 1,flaa PRCL pre-midcourse cleanup orbit
NTSA NASA Testing 1,,jport for Alk.51 igena PRD program Requirements Docs?grenf
NTSC NASA Testing support for Centaur PRDX Prediction Program

OD orbit determination PREL preliminary pre-midcourse orbit
ODP Orbit Determination Program PROR predict orbit
OGO Orbiting Geophysical Observatory PS program supplier

OMAS operational miscellaneous audio pT&T Pacific Telephone and Telegraph Co,
subsystem

OPAS _ operational public address system RADVS radar altimeter and doppler velocity
sensor

OPE optical pointing error RATA(:, radar target acquisition (system)
OPSCON Operations Control Center R'tif a^tN^t circular polarfzltion

OPS-X operational teletype message BG,y,k
i s c si ;hr

ORT Operational Readiness Test recording system
OSDP on-site data processing REPERF reperfoaration
OSRS operational status recording subsystem RFI radio-frequency interference
OTC Overseas' Telecommunications Corp. RFP request for programming

OTCS operational teletype communications RH right hand
subsystem

RTS range instrumentation ship
OVCS . operational voic=e communications

subsystem RO receive only (teletype mae, nie)

OURS operational voice recording subsystem RORA reliable operate radar altimeter

P/A path angle RT real time

PAFB Patrick Air Force Base RTCC Real-Time Computer Complex
PAM pulse-amplitude modulation  RTCF Real-Time Computer Facility

PA/SP positioner antenna and solar panel RTCS Real-Time Computer System
PCM pulse code modulation SAA 9-band acquisition aid antenna
PDP programmed data processor (Deep Space Stations)

PDP-7 Programmed Data Processor 7 S band radio frequency band
Computer SC-1 Sarver/or l spacecraft	 -

PER parity error rate
SC 307b a computer 

PTO Public Information Office
SCAMA signaling, conferencing, and monitoring

PLIM p osflaunch instrumentation messy ga arrangement
PM phase modulation SCCG Station Communications Control Group

POM see N POM SCM S-band Cassegrain monopulse antenna
POST post flight analysis orbit (Deep Space Stations)
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Glossary (confd)

SCO subearrier oscillator T&FA Tracking and Flight Analysis

SCPS station communications processor TCD telemetry and command data
subsystem TCP telemetry and command processor

SCSM Station Communications Systems TD-1 TTY Tape Distributor No, l
Manager

SDA Systems Data Analyst TDA Tracking and Data Acquisition

SDCC Simulated Data Conversion Center
TDT-T tracking data handling system

SECO sustainer engine cutoff
TDM time division multiplex

SFO Space Flight Operations TDS Tracking Data System

SFOD Space Flight Operations Director
Tel-2 Telemetry Bldg at AFETR

SFOF Space Flight Operations Facility
TEX Texas

SFOP space flight operations plan
TFAG Technical Flight Number Analysis

Group
SFOS Space Flight Operations System TFR tuneable frequency range

SMAA semimajor axis TIM Tracking Instruction Manual
Sal/SS soil mechanics/surface sampler TIC tracking data

SN serial number TLM telemetry
SOC Surveyor Operations Chief TM- telemetry mode

SOCP Surveyor on-site computer progn'm TPQ-18 a type of radar

322

SOP- standard orbital Para eterrtiessage TPS Telemetry Processing Station

SP space character (TTY symbol) TSS teletype switching system

SPA signal processing auxiliary TTY teletype

SPAA Spacecraft Performance Analysis Area TV television

SPAC Space Performance Analysis and TVCS television communications subsystem

Command TVGDTTS television ground data handling system

SPE static phase error TX transmit

SRT supporting research and technology TXR DSTF transmitter subsystem

SSAA space science analysis area USB unified S-Band

SSACC Space Science Analysis and Command. VCE voice

STADAN Space Tracking and Data Acquisition VCO voltage-controlled oscillator
Neiwork VCXO voltage-controlled crystal oscillator

STA MGR Station Manager VECO vernier engine cy tom=

STEA System Test Equipment Assembly WBCA wide-band conlimunications line
i

TAER time-azimuth-elevation rate WBCS wide-band communications subsystem

TAN Tananarive WBF.V wide-band frequency modulation
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Glossary kontd)

1VBVCXO wide-band voltage-controlled crystal XMTR transmitter
oscillator Y Y computer string

WWV National Bureaus of Standards time YA, YB, YC, designators for different runs of same
broadcasting station, Boulder, Colo. YD, YE program on Y string

X X computer string 7.18 Grand Turk radar

XA, XB, XC, designators for different runs gf same 9.1 Antigua (original designation for An-
XD, XF program on X string tigua Station 91)

r	X,t ground transmitter VCO frequency 12 Ascension Island designation
setting for specific time 91.18 Radar on Antigua, Station 91

XFER transfer $ TTY symbol	 +

i
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