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“Preface

The work described in this report was performed by the tracking and data
acquisition organizations of the 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 fifth in a series of five to record the technical activities of
the Tracking and Data System in support of the flights of Surveyors I-VII.
Volume I covers Surveyor Missions I and II. Volume II covers the support of
Surveyors 111 and 1V; and Volumes III, IV, and V record the tracking and data
acquisition activities for Surveyors V, VI, and VII, respectively.
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Abstract

This report covers the Tracking and Data System (TDS) activities for
Surveyor VII, from the time the requirements on the system were established
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 is the synopsis of the seventh Surveyor
flight. Associated equipment and activities of the three elements of the Deep
Space Network, (ie., the Deep Space Instrumentation Facility, the Ground
Communications 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 phase of the flight
cover operations of the Goddard Space Flight Center, the Air Force Eastern
Test Range, the Spacecraft Monitoring Facility at Cape Kennedy, and the
Ascension Island Spacecraft Command and Guidance Station. Technical and
statistical data concerning launch, trajectory, operating modes, tracking time,
received-signal levels, command lockups, and data transmission and reduction
are presented.
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Tracking and Data System Support for Surveyor

Mission VI

1. Introduction

This document provides a history of the Tracking and
Data System (TDS) activities in support of Surveyor
Missions A-G (identified after launch as Surveyors I-VII).
Included in this document are the tracking and data
acquisition (TDA) requirements; mission preparations of
all participating agencies; a comprehensive account
of the tracking operations; and a TDS performance eval-
uation summary. A brief description of the TDS for the
Surveyor missions—as well as launch vehicles, space-
craft, and flight objectives—is also provided to convey
an understanding of TDS activities.

The Surveyor Project was managed by the Jet Pro-
pulsion Laboratory for the NASA Office of Space Science
and Applications. The project was supported by four
major administrative and functional elements or systems:

(1) Launch Vehicle System.

(2) Spacecraft System.

(8) Tracking and Data System,
(4) Mission Operations System.,

In addition to overall project management, JPL was as-
signed the management responsibility for the Spacecraft,
Tracking and Data, and Mission Operations Systems, The
Lewis Research Center was assigned the responsibility
for the Atlas/Centaur Launch Vehicle System.,

JPL TECHNICAL MEMORANDUM 33-301

A. Summary of Significant Technical Activities Relating
to Tracking and Data Acquisition Support for Surveyor

The Surveyor Project was the first space project to
have its telecommunications function at S-band. When
the project was initiated in 1960, those people resporsible
for the management of the frequency spectruin strongly
recommended that there be no further L-band projects,
such as Ranger and Mariner 11, but that future projects
such as Surveyor should be planned at S-band. In 1960,
it was expected that the first flight of Surveyor would be
in the fall of 1963, It subsequently became apparent that
this objective could not be met (in fact, Surveyor I was
not launched until May 1966). The first actual project to
use S-band in flight was the Mariner Mars 1964 Mission.

The Surveyor Project provided the first spacecraft
design that was wholly dependent upon commands from
the ground stations of the Deep Space Network (DSN)
for its inflight activities. It was significant that there was
not much redundancy in the network for commanding
at any single station. Thus, time-critical command activ-
ities were backed up by having other stations on line—
rather than having, for example, such redundancy as
two transmitter chains at each station. An example of
the latter case is the Manned Space Flight Network
(MSFN) configuration for the Apollo Project.

The Surveyor Project was the first deep space project
to make extensive use of high bit rates, requiring the




extensive use of high-speed data lines from the Deep
Space Stations (DSSs) to the Space Flight Operations
Facility (SFOF) in Pasadena, as a primary mode for the
conduct of space flight operations. Considerable equip-
ment was configured and experience obtained at bit rates
up to 4400 bits/s from the Goldstone complex and up to
1100 bits/s from the overseas stations through the ground
communications facility into data processing systems of
the SFOF. Prior to this project, teletype circuits served
as the primary means for transferring data and con-
ducting spacecraft flight operations.

Additionally, the Surveyor Project was the first deep
space project to make extensive use of real-time high-
speed (greater than 50 bits/s) data processing with the
IBM 7044-7094 computer system in the SFOF. This re-
quired, at times, two such computer strings to be fully
operational for extended periods, especially during tran-
sit to the lunar surface. The support for this requirement
was successfully provided, requiring however, many
man-hours of hardware and software development and
complex operational activities.

The Surveyor Project philosophy of highly centralized
control of space flight operations required high relia-
bility of communications circuits from the Deep Space
Stations to the SFOF. This reliability was achieved by
providing considerable redundancy, culminating in the
first operational use of a communication satellite over
the Atlantic Ocean for deep space data acquisition.

Development of the Surveyor spacecraft required the
use of equipment and facilities for compatibility testing
requiring an extensive series of tests at Goldstone with
a telecommunication ni.d2! of the Surveyor spacecraft.
The availability of these facilitics and the model space-
craft provided a basis for extensive training of network
personnel in acquisition problems and the many varied
communications procedures required to cope with the
design of the Surveyor spacecraft. Furthermore, this
project was one of the first to use the Cape Kennedy
Deep Space Station (DSS 71). This station is located in
the vicinity of the launch pad and checkout facilities,
and was used in the final compatibility tests between the
flight spacecraft and the Deep Space Network.

The Surveyor Project was the first to make use of the
Ascension Island Deep Space Station (DSS 72), the
Spacecraft Command and Guidance Station for near-
earth telemetry coverage, tracking for early orbit deter-
mination, and at times, filling gaps between the coverage
of other Deep Space Stations.

The Surveyor Project provided mission-dependent
equipment at each of the Deep Space Stations for the
functions of sending commands and processing telemetry
and video data from the spacecraft. This equipment
underwent considerable compatibility testing where it
interfaced with mission-independent or network equip-
ment, It was a source of many interface problems, not
only in the hardware area, but in documentation, oper-
ations, and procedures, Stimulated, in part, by the need
for extensive interface agreements because of the wide
use of mission-dependent equipment throughout the
TDS, procedures were developed to encompass interface
structure and documentation, configuration control and
documentation, as well as operational documentation for
both mission-independent and mission-dependent equip-
ment. The above procedures were developed to such a
high degree that they have been implemented to support
all subsequent flight projects. Furthermore, the project
provided the personnel to maintain and operate this
equipment, pending the training and transfer of responsi-
bility to the on-site personnel. The project also provided
on-site personnel for spacecraft control and data analysis
in the event of a catastrophic failure in communications
between the Deep Space Stations and the SFOF in
Pasadena.

The DSN provided the support of its highest per-
formance station, the Mars Deep Space Station (DSS 14)
at Goldstone, to provide better signal-to-noise magnetic
tape recordings of the strain-gage telemetry measure-
ments during the Surveyor I touchdown. The Surceyor
spacecraft, radiating from the moon, provided an excel-
lent far field source for the Mars Station’s 210-ft antenna
pattern measurement (Fig. 1). The higher performance
capability of this station was also used to return 4400-bit/s
telemetry data during the trajectory correction maneu-
ver of the spacecraft.

The Surveyor Project provided the first opportunity to
demonstrate the capability to perform automatic data
quality comparison in real-time on telemetry data re-
ceived simultaneously from two Deep Space Stations,
This function was accomplished by the telemetry proces-
sing system using two PDP-7 computers in the SFOF.

The project provided the first occasion for data com-
mutations of pulse-code-modulated (PCM) telemetry
data using a comkbination of hardware and software. This
function was also accomplished in the telemetry proces-
sing system within the SFOF, and permitted automatic
recognition of spacecraft data mode change from the
telemetry system.
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Fig. 1. Goldstone, Calif., Mars station (DSS 14) 210-ft antennc
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The Surveyor Project was the first flight project wherein
video information was received, retransmitted, processed,
and displayed in real-time for operational decision making.

The Surveyor Project was the first project to share
(with the Mariner Venus 67 Mission) the multiple project
usage of a computer string.

The Surveyor Project was the first flight project that
required the real-time transmission of spacecraft telem-
etry data from the near-earth phase network—i.e., from
the Air Force Eastern Test Range (AFETR) ship and
land stations and, in the later missions, from the MSFN
station at Carnarvon to DSS 42. It brought together
close working relationships between the three support-
ing networks: the AFETR, the MSFN, and the DSN.
This integration was achieved to a degree never before
attained for the support of a space flight program.

The Surveyor Project was the first to use: (1) real-time
simulation of maneuvers with coordinated tracking and
telemetry data, (2) video simulation, and (3) high-speed
telemetry simulation data to overseas stations in real-
time, by using the outgoing side of the high-speed data
line to each of the Deep Space Stations.

B. Tracking and Data System

The TDS provided the tracking and communications
link between the space vehicle and committed earth-
based stations. For the Surveyor missions, the TDS used
the facilities of: (1) the AFETR for tracking and telemetry
of the spacecraft and vehicle during the launch and near-
earth phases; (2) the MSFN and the NASA Communica-
tions System (NASCOM), both of which are operated
by the Goddard Space Flight Center (GSFC); and (3) the
DSN, for precision tracking commands, telemetry, commu-
nications, data trapsmission, processing, and computing,

1. Air Force Eastern Test Range. This range extends
from the eastern United States mainland, through the
south Atlantic Ocean area, eastward into the Indian
Ocean. It includes all stations, sites, ocean areas, and air
space necessary to conduct missile and space vehicle
test and development. Administrative and management
activities are largely concentrated at Patrick Air Force
Base; actual missile launches and flight tests are con.
ducted at Cape Kennedy Air Force Station (CKAFS)
and over the downrange areas. Major instrumentation
systems are used to support projects, programs, and
organizations that use the AFETR launch facilities.

4

As a part of the Tracking and Data System, the
AFETR performed tracking and data acquisition func-
tions for the Surveyor missions during the countdown
and launch phases of each flight. To meet its tracking
and telemetry commitments for those missions, AFETR
used land-based instrumentation sites, range instrumenta-
tion ships (RISs), and range telemetry aircraft.

2, Manned Space Flight Network. This network is
under the direction of the GSFC. located at Green-
belt, Md. It is part of a worldwide network designed for
supporting the near-earth manned space flight effort,
The MSFN had certain responsibilities of tracking and
data acquisition, communications, and computer support
placed upon it by the Surveyor Project.

From the MSFN facilities, launch, first tracking, and
launch mark event activities were monitored. By use of
the switching communications and monitoring arrange-
ments, voice operations and control were linked to all
MSFN tracking stations committed to support the
Surveyor missions.

All MSFN stations are tied together through common
timing, geodetic, control systems, and communications
coordination by GSFC. The worldwide NASA communi-
cations network designated NASCOM provided teletype,
voice, and data links in support of Surveyor.

3. Deep Space Network., The DSN, established by the
NASA Office of Tracking and Data Acquisition, is under
the system management and technical direction of JPL.
It is responsible for two-way communications with un-
manned spacecraft from approximately 10,000 mi {rom
earth to interplanetary distances. Present facilities per-
mit simultaneous control of a newly launched spacecraft
and one already in flight. In preparation for the increased
number of U.S. space activities, capability is being de-
veloped 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 track spacecraft
to, planets as distant as Jupiter,

The DSN is distin.t from other NASA networks, such
as the Space Tracking and Data Acquisition Network,
which tracks earth-orbiting scientific and communica-
tions satellites, and the MSFN, which tracks the manned
spacecraft of the Gemini and Apollo Projects.

The network supports (or has supported) the follow-
ing NASA space exploration projects: (1) the Ranger,
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Mariner, and Surveyor 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 MSFN), and (5) the
NASA Voyager Project. The main elements of the net-
work are the Deep Space Instrumentation Facility
(DSIF), with communications and tracking stations lo-
cated around the world; the ground communications
facility (GCF), which provides communications between
all elements of the DSN; and the SFOF, which is the
command and control center for DSN-supported projects.

The Deep Space Stations are situated so that three
prime stations will always be approximately 120 deg
apart in longitude so that a spacecraft in or near the
ecliptic plane is always within the feld 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 critical flight maneuvers and nearly all of the
picture-taking operations during each mission were com-
manded and recorded by DSS 11 during its view periods.
A few picture sequences were obtained by DSSs 42 and

51, which served as prime stations for tracking and
monitoring of engineering telemetry for Surveyor 1. Deep
Space Stations 12, 14 (with its 210-ft antenna), 61, and 72
were configured for monitoring and backup operations
during the Surveyor I Mission,

Acquisition of a spacecraft signal may involve six
different functions:
(1) Pointing the antenna at the spacecraft.

(2) Tuning and locking receivers to the spacecraft
transmitted frequency.

(8) Tuning and locking the ground transmitter to the
spacecraft receiver frequency.

(4) Establishing range lock (where applicable).
(5) Synchronizing the telemetry system.
(6) In some cases, providing for immediate command

transmission to the spacecraft.

Selected Deep Space Stations are equipped with acqui-
sition aid antennas mounted on the 85-ft antennas to
assist in the acquisition process. The acquisition aids

Table 1. Deep Space Station designations and locations

Geodetic Geodetic Height above | Geecentric Geocentric Gesconiric
Lecation D55 | ietitude, longiude, mean seo latitude, lengitude, radivs,
Ne. deg deg lovel, m deg deg km

Pioneer Deep Space Station 11 | 3538950N 24315175 ¢ 1037.5 35,20805 N 243.15080 € 63720341
Goldstone, Calif,

Echo Deep Space Station 12 | 35.29986 N 24319539 € 989.5 3511861 N 24319445 € 63720176
Goldstone, Calif.

Venus Deep Space Station 13 | 35.24772N 243.20599 € 1213.5 3500662 N 243.20507 € 46372.2599
Goldstone, Calif.

Mors Desp Space Stotion 14 | 3542528 N 243.12222 ¢ 1160 35.24376 N 243.12127 € 63721341
Goldstone, Calif.

Woomera Deep Space Station - 41 | 31.38314 8 136.88614 144.8 3121236 S 136.88614 € 6372.5317
island Lagoon, Australia

Tidbinbiila Deep Space Station 42 | 3540111 S 148.98027 E 654 352196258 14898027 £ 6371.6686
Conberra, Australic

Joh burg Deep Sp Stotion 51 25.88921 § 27.68570 € 1398.1 2573876 S 27.68558 ¢ 43755415
Johannesburg, S. Africe

Robledo Deep Spoce Stotion 61 | 40429 N 3ss75 800 40.238 N 355757 € 4370.0868
Madrid, Spain

Spacecraft Monitoring Station 71 | 2848713 N 279.42315 ¢ 4.0 2832648 N 27942315 6373.2913
Cape Kennedy, Fla.

Spacecraft Commond and Guidance Stetion | 72 795474 8 345.67242E 5267 7.89991 8 345.67362€E 4378.2386
A 1 l‘l’n" s. AM Y}
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have beamwidths of approximately 16 deg and are ac-
curatcly boresighted with the 85-ft antennas. They have
angle-crror outputs that are connected to a separate
angle-channel receiver. By observing the angle errors
generated simultancously by both wide- and narrow-
beamwidth antennas, a smooth change from tracking
with the acquisition aid to tracking with the 85-ft an-
tenna can be cffected. Tracking, telemetry, and control
of the spacecraft arc thus properly attained,

C. Surveyor Project

The Surveyor Project comprised seven flights—identi-
fied prior to launch as Missions A~G and after launch as
Surveyors 1-V1l—that were conducted under the auspices
of NASA. Essentially, the objectives were to accomplish
successful soft landings on the mou:. (as demonstrated
by the operation of the spacecraft subsequent to land-
ing), to provide data on the performance of the space-
craft in the transit environment and basic knowledge of
the moon’s structure and environment in support of the
Apollo Project.

1. Mission flight objectives. These objectives were
ordered in three priorities: primary, secondary, and
tertiary. Prior to Surveyor I launch, a Jaunch-hold cri-
terion established that all objectives must be capable of
being met before launch would be permitted.

a. Primary flight objectives. Achievement of the pri-
mary objectives was required for the mission to be con-
sidered successful. When developmental or operational
conditions existed that jeopardized or prevented achieve-
ment of the primary objectives, the launch was delayed
or rescheduled. Further, nonstandard procedures, if re-
quired, werc executed during flight operations in such
a manner as to accomplish the primary objectives at the
expense of the lesser objectives.

The primary flight objectives were to:

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

(2) Demonstrate the capability of the Atlas/Centaur
vehicle to successfully inject the Surveyor space-
craft on a lunar-intercept trajectory.

(3) Demonstrate the capability of the Surveyor com-

munications system and the DSN to maintain

communications with the spacecraft during its
flight and after the soft landing,

b. Secondary flight obfectives. Achievement of the
secondary objectives was highly desirable; however,
failure to achieve these objectives, although serious, was
not regarded as mission failure. The scheduled launch
would probably be delayed, or rescheduled if conditions
existed that seriously jeopardized or prevented achieve-
ment of the secondary objectives—but a decision would
be made at that time based on the circumstances.

The secondary flight objectives were to:

(1) Obtain inflight engineering data on all spacecraft
subsystems used in the cruise phase of the flight,

(2) Obtain inflight engineering data on all spacecraft
subsystems used during the midcourse maneuver,
terminal-descent maneuver, and main retromaneu-
ver phase.

(3) Obtain inflight engineering data on the performance
of the closed-loop terminal-descent guidance and
control system, consisting of the doppler velocity
sensor and altitude marking radar, on-board analog
computer, autopilot, and vernier engines.

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

c. Tertiary flight objectives. Achievement of the tertiary
objectives was considered a bonus. If developmental,
launch, transit, or lunar {(e.g, landing site lighting)
readiness conditions that affected the accomplishment of
the tertiary objectives were not satisfactory, the sched-
uled launch would proceed as planned without major
delays.

The tertiary flight objectives were to:

(1) Obtain postlanding TV pictures of a spacecraft
footpad and the immediately surrounding lunar
surface material.

(2) Obtain postlanding TV pictures of the lunar top-
ography.

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

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

(5) Obtain spacecraft temperature data on the lunar
surface for use in the analysis of lunar surface
temperatures.
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d. Additional mission objectives. These objectives
were to:

(1) Develop the requisite technology and accomplish
a series of soft landings on selected areas of the
lunar surface.

(2) Transport and soft-land selected scientific instru-
ments and perform experiments on the lunar sur-
face for local area investigation.

(3) Obtain engineering data regarding performance
of the spacecraft system that would aid in future
space exploration.

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

2. Flight description, The Surveyor spacecraft were
launched from AFETR launch complex 36 at Cape
Kennedy, Fla. Atlas/Centaur launch vehicles were used
to boost the spacecraft to the required lunar-transfer
trajectory. The ascent mode used for Surveyor was either
by direct-ascent or parking-orbit trajectory. Direct-ascent
trajectories are characterized by nearly continuous thrust-
ing from liftoff to injection; parking-orbit trajectories
are characterized by a coast period of up to 20-min dura-
tion followed by a second burn injecting the spacecraft
into its lunar-transfer trajectory. A single-burn, direct-
ascent trajectory was used for Surveyors I, 11, and IV,
Surveyors 111, V, VI, and VII used a parking-orbit
trajectory.

In the absence of a parking-orbit coast capability, in-
jection is constrained to occur at an earth-centered, central
angle of about 28 deg from the launch site. Conse-
quently, the true anomaly at injection must be varied
with launch time to satisfy the time.variant geometry
requirements of the transfer trajectory. To vary the true
anomaly at injection, the injection flight-path angle must
be varied accordingly. Since payload capability is de-
pendent upon injection flight-path angle, the true anom-
aly at injection cannot exceed the limits dictated by the
piyload requirement for a given mission. In general,
the lower true anomaly limit will delay the opening of
the launch window until the required geometry is ob-
tained. This prevents use of the lower launch azimuths
on certain days in the launch period.

A lunar trajectory is usually dependent upon four
impact parameters: (1) speed, (2) selenographic latitude,
(3) selenographic longitude, and (4) time of lunar im-
nact. Other sets of four parameters can be used, but this
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set was the most useful for the Surveyor missions. Cor-
responding to the four impact parameters are four launch
parameters by which the trajectory can also be specified.
They are: (1) launch time, (2) launch azimuth, (3) injec-
tion flight-path angle, and (4) energy. In the trajectory
design, the impact parameters are used as scarch vari-
ables; the launch parameters are the control variables.

An analytic direct-ascent Atlas/Centeur boost model
was developed that computed the injection conditions
of the translunar trajectory associated with a given set
of launch parameters. When the injection conditions are
abtained. the trajectory may then be computed.

The nominal Surveyor trajectories were selected on
the basis of the launch and impact parameters previously
described and the constraints imposed on them. The
functional relationships involved in the selection of these
parameters in trajectory design are presented in Fig. 2.
This diagram shows the dependence of the parameters
upon the geometry of the lunar orbit and the mission
design constraints, The dependence of the vutput of the
design (i.c., the launch windows and periods, impact
speeds, and landing locations) upon these parameters is
shown.

When all of 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-
gram is initiated after 13 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, ap-
proximately 238 s after liftoff, the sustainer engine is
shut down and the Centeur main engine start sequence
begins. After the Atlas is jettisoned, the Centaur main
engine ignites. Injection into the required lunar-transfer
trajectory occurs at Centaur main engine cutoff, approxi-
mately 680 s after liftoff. Shortly after injection, a Centaur
programmer command deploys the spacecraft landing
gear and omnidirectional antennas, and switches the
spacecraft transmitter to high power. The spacecraft is
then separated from the Centaur. At this time, Centaur
executes a retromancuver to remove itself from the vi
cinity 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 ecrentric ellipse having one focus at the earth’s
center. Typical values for the eccentricity and semi-
maijor axis are 0.98 and 384,000 km, respectively. The
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mission design constraints, and Surveyor trajectory design
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perigee altitude is 90 nmi. Lunar encounter occurs at ap-
proximately one half the distance from perigee to apogee.

After separation from the Centaur, the spacecraft cold
gas jets null the rotational rates imparted during sep-
aration. Solar panel erection and sun acquisition are
accompiished automatically. This is the standard con-
dition of the spacecraft at the initial DSS 51 acquisition.
In a nonstandard condition, DSS 51 will send the com-
mands to erect the solar panels, and then accomplish
sun acquisition.

A trajectorv correction maneuver, executed approxi-
mately 15 h after injection, provides the spacecraft with
a trajectory that terminates at the desired point on the
lunar surface and is called the terminal-descent maneu-
ver. This maneuver is computed at the Space Flight
Operations Facility from tracking information supplied
by the DSIF.

The i.rminal-descent maneuver is initiated by pointing
the vehicle thrust axis in a direction (precalculated at
the SFOF) aligned with the predicted velocity vector
at main retroignition for vertical approaches. For off-
vertical angles, a small bias angle is sometimes intro-
duced. Then, when distance to the lunar surface reaches
a preset value (about 60 smi), 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 retroengine 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 the
predicted impact. Following a command enabling signal
to the trigger radar, the landing sequence is automatic.

The retroengine separates from the spacecraft after
burnout at a nominal lunar altitude of 30,000 ft. Vernier
engines then operate under control of the doppler radar
and the precision radar altimeter to slow the spacecraft
velocity to about 5 ft/s at an approximate altitude of
13 ft, at which time the vernier engines shut off. The
solar panel and planar array are unlocked and properly
oriented after landing. Postlanding TV sequences are
then - clected in real-time.

D. Surveyor Spacecroft

1. Design series. The Surveyor spacecraft were de-
signed in two basic series. The A-21 series carried an
engineering payload to demonstrate successful transit
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and soft 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 was a secondary objective for this series. The A-21A
series of spacecraft used the same basic soft lunar-
landing technology, but carried an additiona) payload con-
sisting of various scientific instruments. The primary
purpose of the A-21A series was the collection and
transmission of scientific data relative to the lunar
environment.

To ensure a minimum capability of lunar sunrise-to-
sunset operations, a minimum predawn operation of 3 h
for the A-21 and 20 h for the A.21A spacecraft (nonop-
erating mode), and a minimum postsunset operation of
150 h (nonoperating mode) were required with a 90-day
period of operation as the desired objective.

2. Configuration. The general configuration of the
Surveyors V, VI, and VII spacecraft and identification of
its various elements are shown in Fig. 3. The spacecraft
were composed of electronic and mechanical assemblies
mounted on a basic spaceframe constructed of thin-
walled aluminum alloy tubular members. Landing shock
was absorbed by a crushable structure and by the tripod
landing gear, which also maintained correct attitude
after landing,

The equipment carried on the first four missions in-
cluded flight control, propulsion, telecommunications,
TV, and power subsystems. The flight control subsystem
provided attitude stabilization and control during all
phases of flight. The primary sun sensor and the Canopus
sensor provided attitude reference during the coast
phases of flight. Other elements of the flight control sub-
system included gas jets, an inertial reference unit, and
associated electronics. The altitude-marking radar in-
itiated the terminal-descent phase by firing the vernier
engines and main retromotor. The radar altimeter and
doppler velocity sensor (RADVS) provided signals to
control the rate of descent and attitude during the
descent phase.

The basic units of the telecommunications subsystem
were two transmitters, two transponders, two omnidi-
rectional antennas, and one high-gain planar-array an-
tenna, Additional units provided control and signal
processing. The basic functions of the telecommunica-
tions subsystem included command reception, transit
lunar surface telemetry transmission, and two-way doppler
transponder operation.
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Fig. 3. Sur eyors V, VI, and VIl spacecraft configuration
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In addition to these subsystems, the Surveyor space-
craft carried an engineering payload. This payload con-
sisted of an auxiliary battery, the television subsystem,
accelerometers for measuring vernier engine thrust, strain
gages for measuring main retrorocket 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
engineering signal processor processed the sensor data
for transmission.

The television subsystem consisted of an approach TV
camera, a survey TV camera, and additional units to
control the cameras. The approach TV camera provided
pictures of the lunar landing site from a range of 1000
to approximately 80 mi above the lunar surface. The
survey TV camera also provided pictures of selected
portions of the lunar surface, of free space, and of the
spacecraft after landing.

The Surveyor spacecraft had a nominal separated
weight of approximately 2200 Ib and contained three
extendable legs used for stability during touchdown on
the lunar surface. The guidance system of each space-
craft maintained full attitude stabilization and directed
the spacecraft through maneuvers in attitude and tra-
jectory in response to commands from the ground. Cold
gas jets were used to position and maintain the space-
craft in the required attitude. In the stabilized mode, the
spacecraft used the sun and Canopus as reference objects.

The spacecraft contained two propulsion systems: a
solid-propellant, main retroengine that provided 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 the terminal
descent. During the terminal-descent sequence, the pro-
pulsion system was controlled automatically by a radar
system that measured altitude and velocity components
with respect to the lunar surface.

The spacecraft derived their electrical power from
solar panels and from batteries for peak power require-
ments during transit, and after landing during the lunar
night. Each had a two-way-communication S-band sys-
tem that provided a method of telemetering information
to the earth, provided command capability to the space-
craft, and provided angle tracking and one- or two-way
doppler data for orbit determination.

JPL TECHNICAL MEMORANDUM 33-30]1

E. Atlas/Centaur Launch Vehicle

The two-stage launch vehicle, shown in Fig. 4, con-
sisted of an Atlas first stage and a Centaur second stage.
Both stages were of a constant 10-ft diameter and used
a stainless-steel shell construction that maintained its
shape through pressurization without any internal stiffen-
ing. All main engines and the Atlas vernier engines were
gimbaled for directional control. The gross weight of
the 105-ft vehicle was approximately 300,000 1b at liftoff.

1. First stage. The first stage of the Atlas/Centuur
vehicle was a modified version of the Atlas D used on
many previous NASA and Air Force missions, such as
Ranger, Mariner, and the Orbiting Geophysical Labora-
tory (OGO). The Atlas propulsion system consists of
two booster thrust chambers rated at 165,000 1b thrust
each, a single sustainer rated at 57,000 Ib thrust, and
two vernier thrust chambers rated at approximately
1000-1b thrust each. All engines burned a propellant
combination of liquid oxygen and RP-1 kerosene that
produced a total liftoff thrust of approximately 388,000 1b.
The Atlas can be considered a 1%-stage vehicle because
the booster section, weighing 6000 1b and consisting of
the two booster engines together with the booster turbo-
pumps and other equipment located in the aft section,
was jettisoned after about 2.5 min of flight. The sus-
tainer and vernier engines continued to burn until pro-
pellant depletion. A mercury manometer propellant util-
ization system was used to control mixture ratio for the
purpose of minimizing propellant residuals at Atlas
burnout.

Flight control of the first stage was accomplished by
the Atlas autopilot, which contained displzcement gyros
for attitude reference, rate gyros for resporse damping,
and a programmer to control flight sequencing until
Atlas/Centaur separation. After booster jettison, the
Atlas autopilot also was fed steering commands from the
all-inertial guidance set located in the Centaur stage.
Vehicle attitude and steering control were achieved by
the coordinated gimbaling of the five thrust chambers in
response to autopilot signals.

The Atlas contained a single VHF telemetry system
that transmitted data on 118 first-stage measurements
until Atlas separation. The system operated on a fre-
quency of 229.9 MHz over two antennas mounted on
opposite sides of the vehicle at the forward ends of the
equipment pods. Redundant range-safety command re-
ceivers and a single destructor unit were employed on
the Atlas to provide the range safety officer with means
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of terminating the flight by initiating engine cutoff and
destroying the vehicle. The system was inactive after
normal Atlas staging occurred. Only the C-band tracking
system was used on the Centaur stage.

2. Second stage. The Centaur sccond stage was the
first vehicle to utilize liquid hydrogen/liquid oxygen,
high-specific-impulse propellants. The cryogenic propel-
lants required special insulation to be used for the for-
ward, aft, and intermediate bulkheads, as well as the
cylindrical walls of the tanks. The cylindrical tank section
was thermally insulated by four jettisonable insulation
panels having built-in fairings to accommodate antennas,
conduits, and other tank protrusions. The insulation panel
hinges were redesigned to overcome a deployment con-
trol problem that had been suspected on previous vehicle
development flights. Most of the Centaur electronic
equipment packages were mounted on the forward tank
bulkhead in a compartment that was air-conditioned
before liftoff.

The Centaur was powered by two constant-thrust en-
gines rated at 15,000-1b thrust each at vacuum condi-
tions. Each engine could be gimbaled to provide control
in pitch, yaw, and roll. Propellant was fed from each of
the tanks to the engines by boost pumps driven with
hydrogen peroxide turbines. In addition, each engine
contained integral bootstrap pumps driven by the hydro-
gen propellant, which was also used for regenerative
cooling of the thrust chambers. A propellant-utilization
system was used on the Centaur stage to achieve mini-
mum residual of sne propellant upon depletion of the
other. The system controlled the mixture-ratio valves as
a continuous function of propellant in the tanks by means
of tank probes and an error-ratio detector. The nominal
oxygen/hydrogen mixture ratio was 5:1 by weight.

The second-stage all-inertial guidance system con-
tained an on-board computer that provided vehicle steer-
ing commands after jettison of the Atlas booster section.
The Centaur guidance signals were 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 platform 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 sys-
tem computer, which was programmed to set the torquing
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signals to zero during flight. The Centaur autopilot sys-
tem provided the primary control functions required for
vehicle stabilization during powered flight, execution of
guidance system steering commands, and attitude ori-
entation following the powered phase of flight, In addi-
tion, the autopilot system employed 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 provided thrust
to control the vehicle after powered flight. For small
corrections in yaw, pitch, and roll attitude control, the
system utilized six individually controlled, fixed-axis,
constant-thrust, hydrogen peroxide reaction engines.
These engines were mounted in clusters of three, 180 deg
apart on the periphery of the main propellant tanks at
the interstage adapter separation plane. Each cluster
contained one 6-lb thrust engine for pitch control and
two 3.5-Ib thrust engines for yaw and roll control. In
addition, four 50-1b thrust hydrogen peroxide engines
were installed on the aft bulkhead, with thrust axes
parallel with the vehicle axis. These engines were for
use during retromaneuver and for executing larger atti-
tude corrections (if necessary). The cluster engines were
slightly modified from the design used on previous
Surveyor flights in that a large aluminum B-nut on the
thrust chambers was replaced with a steel flange joint
to effect a more positive seal.

The Centaur stage utilized 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 provided 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 were em-
ployed on the Centaur, together with shaped-charge
destruct units for the second stage and spacecraft. This
provided the range safety officer with means to terminate
the flight by initiating Centaur main engine cutoff and
destroying the vehicle and spacecraft retrorocket. The
system could be safed by a ground command normally
transmitted by the range safety officer when the vehicle
reached injection energy.

Prior to final encapsulation and mating of Surveyor, a
system was provided for the automatic destruction of the
Centaur and spacecraft in the event of premature space-
craft separation.
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A C-band tracking system was contained aboard the
Centaur that included a lightweight transponder, circu-
lator, power divider, and two antennas located under the
insulation panels, The C-band radar transponder pro-
vided real-time position and velocity data for the range
safety instantaneous impact predictor program, as well
as data for use in guidance and trajectory analysis,

F. Alpha Scattering Experiment

The Surveyors V, VI, and VII Missions carried an alpha
scattering instrument package. Its function was to deter-
mine the chemical composition of the uppermost few
microns of the moon’s surface by an analysis of the
characteristic manner in which nuclei reflect alpha
particles. Additional discussion and the operational con- .
figuration of this experiment are discussed in Section IV.

Il. Surveyor VIl Mission Synopsis

Surveyor VII was launched from launch complex 36A
at Cape Kennedy after a smooth countdown. So that
optimum tracking data could be obtained from RIS Twin
Falls, launch time was rescheduled from 05:55 to 08:30
GMT. Liftoff was accomplished by the Atlas/Centaur
(AC-15) launch vehicle at 06:30:00.545 GMT on January 7
with a launch azimuth of 102914 deg. Performance of
the Atlas/Centaur launch vehicle was excellent through
its flight period; all marks occurred very close to pre-
dicted mark times.

The transit-through-touchdown phase of the
Surveyor VII Mission was conducted from January 7
(GMT day 7) through January 10, 1968 (GMT day 10);
the spacecraft responded flawlessly to some 335 com-
mands prior to touchdown. First lunar day operations
commenced after the successful touchdown and con-
tinued through January 26, 1968 at approximately
14:11 PST when all Surveyor VII operations were ended.
Obtained during the mission were 20,993 good television
pictures, 43 h of alpha scattering data, and highly suc-
cessful soil mechanics/surface sampler operations.

The prime functions of telemetry recovery and com-
mand generation were accomplished at the DSN stations.
The prime stations were DSS 11 (Pioneer) at Goldstone,
Calif; DSS 42 (Tidbinbilla) at Canberra, Australia;
DSS 51 at Johannesburg, South Africa; and DSS 61
(Robledo) at Madrid, Spain. The DSS 14 (Mars) was
committed as a backup to DSS 11 during each transit
pass and as prime data source during the midcourse and
terminal descent phases.
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A detailed time-ordered mission profile of the transit
phase is tabulated in Table 2. Unless specified otherwise,
the times listed are from telemetry data received in the
performance analysis area at the SFOF; they include
transit time from spacecraft ‘o ground, SFOF processing
delay, and commutation delay. Figure 5 shows the
Surveyor VII flight profile and a summary description of
the important mission events. Injection of the Surveyor
spacecraft occurred at 07:05:15 GMT, after a parking
orbit of 1357.8 s, on a trajectory that would have pro-
vided a 54.5-km (33.8 mi) miss from the target landing
site of 4.95 deg S and 3.88 deg E. Premission planning
was to correct, by means of one midcourse correction at
T + 17 h and possibly one at T + 48 h, from this target
landing site to an inflight aiming point of 40.87 deg S and
11.37 deg W. which would place Surveyor VII on the
crater Tycho ejecta blanket. Normal preprogrammed
spacecraft events occurred successfully; i.e., high power,
landing legs extended, omnidirectional antenna extended,
electrical disconnect from Centaur, automatic solar panel
stepping, antenna/solar panel positioner (A/SPP) roll axis
stepping, and automatic sun acquisition, and in the
proper order.

Initial DSN acquisition (one-way lock) was accom-
plished by DSS 42 at approximately 07:21 GMT, and
two-way lock was established at 07:27 GMT. Initial space-
craft operations were initiated at 07:31:46.0 GMT by
commanding High-Power-OFF. Star verification and
acquisition sequence was initiated at 14:24:05 GMT by
commanding a sun and roll maneuver. While Canopus
was being initially viewed, a maximum signal was ob-
tained in the star intensity channel, but the Canopus
lockon signal did not remain on while Canopus was in
the field of view. This condition prevented termination of
star mapping by use of automatic star acquisition; the
use of sun mode and manual lockon was required to
obtain Canopus lock. During the star mapping sequence
through star intensity signals, Canopus, Caph, and Eta
Ursa Majoris, in addition to earth and moon, were
observed and tentatively identified. Further evaluation
revealed that the signal identified as the star Eta Ursa
Majoris was actually the star Mizer.

Initial midcourse preparation of the spacecraft was
begun at 22:46:40 GMT on day 7 with an engineering
interrogation. The spacecraft was configured in high
power at 23:03:02 GMT and at 4400 bits/s at 23:20:40
GMT. Te reduce possible pointing errors, the technique
used on Surveyors IV, V, and VI of initiating the mid-
course mancuvers when the respective gyro limit cycle
passed through zero was again successfully utilized. The
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first premidcourse correction maneuver, a negative 3.1-
deg roll, was successfully executed at 23:18:28 GMT,
followed by a successful positive 117.1-deg yaw at
23:21:13 GMT. The vernier system was pressurized (an
anticipated offset of 185 psia was noted) and vernier
engine 1 was unlocked at 23:27:47 GMT. Thrust phase
power was commanded on at 23:28:39 GMT and the roll
actuator null verified. An 11.3-s midcourse velocity cor-
rection was loaded and verified at 23:29:21 GMT. At
23:30:09.4 GMT on day 7, the midcourse correction was
initiated with a resulting burn of 11.3 s for a change in
total spacecraft velocity of 11.08 m/s with 11.05 m/s in
the ciitical plane. The midcourse velocity correction was
confirmed by the spacecraft performance analysis and
command (SPAC) group. Following midcourse thrust and
turnon of cyclic heater loads, the reverse yaw maneuver
was commanded at 23:34:10 GMT and successfully
completed. Canopus was indicating in the Canopus
sensor, and it was elected not to do a reverse roll maneu-
ver. Sun acquisition was indicated at 23:37:43 GMT, and
manual star lockon was commanded at 23:41:07 GMT.

Following the initial midcourse maneuvers, the space-
craft bit rate was reduced to 1100 bits/s at 23:48:59 GMT,
and low- power operation was established at 23:51:26
GMT on day 7 for the coast phase II configuration.

Tracking data obtained after the initial midcourse
maneuver indicated that this midcourse correction was
extremely successful because there would be a miss of
only 2.5 km (1.56 mi) from the inflight aiming point if
no second midcourse correction were performed. Post-
flight analysis indicated a miss of 4.2 km (2.66 mi). Thus,
project management elected not to perform a second mid-
course correction during coast phase 1I.

During the entire transit phase, nine gyro drift checks
were performed. This number of checks was required to
validate and refine the values obtained during the initial
gyro drift check. The final gyro drift rates supplied for
utilization in terminal maneuver calculations were:
(1) roll = +0.65 deg/h, (2) pitch = +0.2 deg/h, and
(3) yaw = 0 deg/h.

Terminal descent operations were begun during the
DSS 11 pass at 22:47:50 GMT on day 11 by initiation of
the standard preterminal maneuver interrogation. The
spacecraft was commanded to execute and successfully
complete the following three terminal maneuvers: (1)
plus sun and roll of 80.5 deg, (2) plus yaw of 96.1 deg,
and (3) negative roll of 16.5 deg. The respective initiation
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times were 00:27:14, 00:35:49, and 00:41:06 GMT on
day 10. To obtain touchdown strain gauge data. phase
modulation presumming amplifiers were commanded on
at 00:42:32 GMT. At that time, the DSS received carrier
power at DSS 11 was —125.9 dBmW, well within the
turnon criteria for a minimum received carrier power of

127.6 dBmW at either DSS 11 or DSS 14. A retromotor
sequence delay of 2775 s was loaded and verified at
00:56:11 GMT on day 11, followed by thrust phase power
onat 00:58:33 GMT. The automatic marking radar (AMR)
was enabled at 01:00:33 GNMT, and the emergency AMR
signal was transmitted at 01:02:15 GMT. The AMR mark
occurred at 01:02:10.6 GMT, followed by vernier ignition
at 01:02:13.36. The remainder of the automatic pertion
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of the terminal descent sequence was implemented by
the spacecraft in a nominal manner. Touchdown occurred
at 01:05:36.337 GMT on day 10; the spacecraft signal
was maintained by DSS 11 throughout the landing
sequence, indicating that the spacecraft landed upright
and undamaged. Landing legs 1, 3, and 2 contacted the
lunar surface in that order. The contact forces were
1650 b for leg 1, 1420 1b for leg 3, and 1700 Ib for leg 2:

the touchdown velocity was 13 ft/s.

The TDS support for the Surceyor VII Mission was
considered good. The minor problems experienced by
clements of the TDS did not impact the overall support.
All requirements were met and in most cases exceeded.

Table 2. Surveyor VIi Mission profile

Time Command sequence
Event
After launch GMT Major Minor
Launch to separation
0 06:30:00.545 Launch
Jon 7, 1968

00:34:35 07:04:37 Extend Landing Gears ded by Cent:

00:34:43 07:04:45 Extend Omniant ded by Centaur

00:34:59 07:05:00 Transmitter High Voltage On commanded by
Centaur

Spacecraft/Centaur electrical disconnect

00:35:15 07:05:16 Separation

00:40:37 07:10:38 Solar panel locked in transit position

00:43:33 07:13:24 Sun acquisition cell illuminated (after 225-deg
roll)

00:44:29 07:14:30 Sun lockon achieved (primary sun sensor cell
illuminated after 43-deg yaw)

00:44:28 07:14:29 Roll axis locked in transit position

00:57:54 07:27:55 Initial DSIF acquisition completed (two-way lock)

DSIF acquisition through star acquisition

01:01:46 07:31:47 0040 0552 Turn off spacecraft high power transmitter

01:04:45 07:34:46 0040 0050 Turn off anclog-to-digital isolation amplifier and
solar panel deployment logic

01:06:13 07:36:14 0040 0454 Rocking solar panel back and forth to seat
locking pin

01:07:48 07:37:49 0040 0455 Rocking roll axis back and forth to seat lockir.g
pin

01:08:44 07:38:45 0040 0051 Mode | interrogation

01:10:04 07:40:05 0040 0052 Initial /100 bits/s selection (change from 550
bits/s low modulation index)

01:12:26 07:42:27 0040 0055 Mode 4 interrogation

01:15:12 07:45:13 0040 0251 Mode 2 interrogation

01:17:47 07:47:48 0040 1356 Mode 6 interrogation

01:19:55 07:49:56 0040 1354 Return to mode 5 for coast phase monitoring

04:06:14 10:36:15 11E1 Mode | interrogation
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Table 2 (contd)

Time Command sequence
Event
After launch GMT Major Minor
DSIF acquisition throvgh star acquisition (contd)

04:08:19 10:38:20 11A2 Mode 2 interrogation

04:10:11 10:40:12 1184 Mode 4 interrogation

04:11:59 10:42:00 1105 Return to mode 5 for coast phase monitoring

05:57:47 12:27:48 Solar panel switch commanded on

06:16:01 12:46:02 Solar panel switch commanded on

07:36:31 14:06:32 0046 0250 Start of prestar verification engineering
interrogation

07:36:31 14:06:32 0046 0250 Mode 4 interrogation

07:40:30 14:10:31 0046 0251 Mode 2 interrogation

07:42:03 14:12:04 0046 0252 Mode 1 interrogation

14:15:22 Command 0000

07:46:16 14:16:17 0041 0652 Transmitter filament turn on

07:47:54 14:17:55 Solar panel switch commanded on

07:48:26 14:18:27 0041 0653 Transmitter high voltage turn on

07:49:08 14:19:09 0041 0253 Selection of 4400 bits/s

07:51:19 14:21:20 0041 1050 Transponder power off

07:52:16 14:22:17 0041 i 0654 Manual delay mode and positive angle
maneuver comm :nded

07:54:04 14:24:05 co41 1251 Start of roll

08:14:58 14:44:59 Sun mode commanded to stop roll maneuver

08:17:31 14:47:32 M I lock led to cause Canopus
lockon

08:19:58 14:49:59 0041 0550 Mode 5 selected

08:21:03 14:51:04 0041 1053 Transponder B turned on

08:26:44 14:56:45 0041 0150 Bit rate reduction from 4400 to 1100 bits/s

08:27:55 14:57:56 0041 0552 Turn off transmitter high power

Coast phase |

09:06:01 15:36:02 0041 0354 Initiote gyro drift check 1, three-axis

10:00:31 16:30:32 0041 0250 Mode 4 interrogation

10:05:42 16:35:43 0041 0251 Mode 2 interrogation

10:09:04 16:39:05 0041 0252 Mode | interrogation

10:12:57 16:42:58 0041 0550 Return to mode 5

11:01:27 17:31:28 0041 0054 Terminate gyro drift check by commanding
crvise mode and manual lockon

11:06:31 17:36:32 0354 Initiate gyro drift check 2, three-axis

11:07:09 17:37:10 0306 Solar panel switch commanded on

11:53:12 18:23:13 0250 Mode 4 interrogation

12:01:25 18:31:26 0046 0251 Mode 2 interrogation

12:05:53 18:35:54 0046 0252 Mode | interrogation

12:08:39 18:38:40 0046 0550 Return to mode 5

12:39:42 19:09:43 Terminate gyro drift check by commanding
cruise mode and manua! lockon

14:57:18 21:27:19 0042 025C Initiate premidcourse interrogation

14:57:18 21:27:19 0042 0250 Mode 4 interrogation

15:05:50 21:35:51 0042 025! Mode 2 interrogation

15:09:36 21:39:37 0042 0252 Mode | interrogatior

15:13:06 21:43:07 0042 0550 Return to mode 5
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Takle 2 (contd)

Time Command sequence
pow— Event
After launch GMT Major Minor
Midcourse correction

15:15:01 21:45:02 0042 0350 Initiate g*vo speed check

15:16:10 21:46:11 0042 0351 Select next gyro three iimes

15:19:06 21:49:07 0042 0352 Gyro speed signal processing off and return to
mode 5

16:16:39 22:46:40 0043 0250 Initiate midcourse correction interrcgation

16:16:39 22:46:40 0043 0250 Mode 4 interrogation

16:18:56 22:48:57 0043 0251 Mode 2 interrogation

16:21:07 22:51:08 0043 0252 Mode 1 interrogation

16:27:32 22:57:33 0043 0652 Transmitter filament turnon

16:32:01 23:02:02 0043 0653 Transmitter high power turnon

16:32:39 23:02:40 0043 0253 Increase bit rate from 550 to 4400 bits/s

16:38:04 23:08:05 0403 1150 Command desired roll maneuver magnitude and
direction (roll —3.1 deg)

16:48:27 23:18:28 0403 1251 Start of roll near zero crossing of Canopus
error signal

16:49:00 23:19:01 0403 1155 Command desired yaw maneuver magnitude
and direction (yaw +117.1 deg)

16:51:12 23:21:13 0403 1253 Start of yaw near zero crossing of primary sun
sensor yaw error signal

16:56:46 23:26:47 0403 0751 Propulsion strcin gauge powered, inertial mode,
and reset group IV outputs commanded

16:57:44 23:27:45 0403 0750 Turn off cyclic loads, AMR, vernier .ine heaters

16:57:47 23:27:48 0740 0750 Pressurize vernier system (helium) unlock vernier
engine 1

16:58:38 23:28:39 0043 0752 Thrust phase power on

16:59:20 23:29:21 0043 0753 Command desired thrust duration (11.35 s)

17:00:08 23:30:09 0043 0754 Execute midcourse thrust

17:00:22 23:30:23 0043 754 Command terminate thrust

17:00:42 23:30:43 0043 0754 Turn off thrust phase power

17:01:02 23:31:03 0043 0754 Turn off propulsion strain gauge power

17:01:33 23:31:34 0043 0550 Operations to obtain coast mode data

17:02:33 23:32:34 0043 0755 Cyclic loads turned on. Vernier line, AMR heaters

17:03:29 23:33:30 0043 1252 Command reverse yaw maneuver magnitude
and direction (—117.1 deg)

17:04:10 23:34:11 0043 1253 Execute yaw (sun reacquired at 23:37:25 GMT)

17:10:38 23:40:39 0054 Cruise mode commanded

17:11:07 23:41:08 Manual lockon sun and star commanded

17:13:31 23:43:32 0043 0157 Mode 2 interrogation

17:15:39 23:45:40 0043 0055 Mode 4 interrogation

17:18:07 23:48:08 0043 0550 Return to mode 5

17:18:58 23:48:59 0043 0150 Reduce bit rate from 4400 to 1100 bits/s

17:21:18 23:51:19 0043 0552 Turn off transmitter high power

Coast phase Il
(Jon 8, 1968)
17:34:11 J0:04:12 Initiate gyro drift check 3, three-axis
19:01:55 01:31:56 | 0250 Mode 4 interrogation
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Table 2 (contd)

Time Command sequence
Event
After launch GMT Major Minor
Coast phase Il {cotd)

19:07:26 01:35:25 0251 Mode 2 interrogation

19:05:24 01:37:27 0252 Mode 1 interrogation

19:10:59 01:41:00 0550 Return to mode 5

20:12:57 02:42:58 Terminate gyro drift check by commanding
cruise mode and manval lockon

20:18:34 02:48:55 0354 Initiate gyro drift check 4, roll only

23:32:41 06:02:42 Terminate gyro drift check by commanding
manual lockon

23:36:22 06:06:23 0354 Initiate gyro drift check 5, three-axis

24:18:45 06:48:46 0250 Mode 4 interrogation

24:21:02 06:51:03 0251 Mode 2 interrogation

24:24:25 06:54:26 0252 Mode 1 interrogation

24:26:09 06:56:10 0550 Return to mode 5

26:06:49 08:36:50 Terminate gyro drift check by commanding
crvise mode and manual lockon

29:22:03 11:52:04 0250 Mode 4 interrogation

29:25:48 11:55:49 0251 Mode 2 interrogation

29:30:23 12:00:24 0252 Mode 1 interrogation

29:33:44 12:03:45 0550 Return to mode 5

31:32:21 14:02:22 0354 Initiate gyro drift check 6, three-axis

33:30:36 16:00:37 0250 Mode 4 interrogation

33:05:58 16:05:59 0251 Mode 2 interrogation

33:39:08 16:09:09 0252 Mode 1 interrogation

33:43:15 16:13:16 0550 Return to mode 5

34:44:32 17:14:33 Terminate gyro drift check by commanding
crvise mode and manual lockon

36:39:41 19:09:42 0046 0250 Mode 4 interrogation

36:43:24 19:13:25 0046 0251 Mode 2 interrogation

36:47:47 19:17:48 0046 0252 Mode 1 interrogation

36:22:49 19:23:50 0046 0550 Return to mode 5

37:34.57 20:04:58 Vernier oxidizer tank 2 temperature control
commanded on

39:25:27 21:55:28 0046 0250 Mode 4 interrogation

39:28:02 21:58:03 0046 0251 Mode 2 interrogation

39:29:55 21:59:56 0046 0252 Mode 1 interrogation

39:31:36 22:01:37 0046 0550 Return to mode 5

(Jan 9, 1968)

42:49:28 01:19:29 0046 0250 Mode 4 interrogation

42:51:49 01:21:50 0046 0251 Mode 2 interrogation

42:53:59 01:24:00 0046 0252 Mode 1 interrogation

42:56:11 01:26:12 0046 0550 Return to mode 5

44:35:44 03:05:45 0n46 0354 Initiate gyro drift check 7, three-axis

47:04:23 05:34:24 Terminate gyro drift check by commanding
cruise mode and manval lockon

47:41:35 06:11:36 0046 0250 Mode 4 interrogation

47:44:10 06:14:11 0046 0251 Mode 2 interrogation
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Table 2 (contd)

Time Comman+ sequence
Event
After launch GMT Major Minor
Coast phase Il (contd)

47:46:44 06:16:45 0046 0252 Mode | interrogation
47:49:08 06:19:09 0046 0550 Return to mode 5
48:46:23 07:16:24 0354 Initiate gyro drift check 8, three-axis
51:18:31 09:48:32 Terminate gyro drift check by commanding

cruise mode and manual lockon
52:29:40 10:59:41 0250 Mode 4 interrogation
52:36:17 11:06:18 0251 Mode 2 interrogation
52:39:14 11:09:15 0252 Mode 1 interrogation
52:42:23 11:12:24 0550 Return to mode 5
55:19:42 13:49:43 Command 3737 repeated twice
55:30:05 14:00:06 0357 Initiate gyro drift check 9, three-axis
55:30:20 14:00:21 3054 Compartment A thermal control commanded on
55:44:00 14:14:01 0250 Mode 4 interrogation
55:48:23 14:18:24 0251 Mode 2 interrogation
55:51:55 14:21:56 0252 Mode 1 interrogation
55:54:4C 14:24:4) 0550 Return to mode 5
58:34:12 17:04:13 Terminate gyro drift check by commanding

cruise mode and manual lockon
59:36:50 18:06:51 0046 2250 Mode 4 interrogation
59:41:09 18:11:10 0046 0251 Mode 2 interrogation
59:44:37 18:14:38 0046 0252 Mode 1 interrogation
59:49:11 18:19:12 0046 0550 Return to mode 5
59:49:45 18:19:46 0046 1757 Survey television electronics thermal control on
61:25:15 19:55:16 0151 Reduce bit rate from 1100 to 550 bits/s
62:28:08 20:58:09 0046 0250 Mode 4 interrogation
62:33:38 21:03:39 0046 0251 Mode 2 interrogation
62:35:22 21:05:23 0046 0252 Mode 1 interrogation
62:37:44 21:07:45 0046 0550 Return to mode 5§
63:57:23 22:27:24 3056 Compartment C thermal control on
64:01:59 22:32:00 3056 Alpha scattering heater power on
64:14:03 22:44:04 3054 Compartment A heater off
64:17:49 22:47:50 0046 0250 Mode 4 interrogation
64:19:47 22:49:48 0046 0251 Mode 2 interrogation
64:23:03 22:53:04 0046 0252 Mode 1 interrogation
64:27:59 22:58:C0 0046 0550 Return to mode 5
64:29:16 22:59:17 0046 0350 Initiate gyro speed check
6. :30:07 23:00:08 0046 0351 Select next gyro three times
64 31:51 23:01:52 0046 0352 Return to mode §
64:34:25 23:04:26 0046 1050 Narrow-band voltage-controlled crystal

1053 oscillator check
65:24:47 23:54:48 0044 1757 Vidicon temperature control on
Terminal descent
65:29:10 23:59:11 0044 1355 Mode 6 interrogation
(Jan 10, 1968)

65:31:17 00:01:18 0044 0250 Mode 4 interrogation
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Table 2 (contd)

Time Command sequence
Event
After launch GM1 Major Minor
Terminal descent (contd)

65:33:11 00:03:12 0044 0652 Transmitter filament turnon

65:35:54 00:05:55 0044 0653 Transmitter high power, commands repeated
twice

65:38:01 00:08:02 0044 0255 Increase bit rate from 550 to 1100 bits/s

65:38:41 00:08:42 0044 2057 Presumming amplifier off

65:39:12 00:09:13 0044 0251 Mode 2 interrogation

65:41:31 00:11:32 0044 0550 Return to mode 5, commands sent twice

65:48:28 00:18:29 0044 1755 Propulsion strain gouge power turned on

65:49:02 00:19:03 0044 1756 Touchdown strain gauge power and subcarrier
oscillators turned on

65:51:14 00:21:15 0044 1050 Transponder power ded off twice and
one-way lock achieved

65:52:55 00:22:56 0044 1154 Roll maneuver magnitude and direction
commanded (+80.5 deg)

65:57:13 00:27:14 0044 1251 Execute sun and roll at Canopus error signal null

66:00:28 00:30:29 0044 1155 Yaw magnitude and direction command
(+96.1 deg)

66:05:49 00:35:50 0044 1253 Execute yaw at primary sun sensor yaw error

null (retrothrust direction aligned properly at
approximately 00:39:05 GMT)

66:09:44 00:39:45 0044 1157 Roll maneuver magnitude and direction
commanded (—14.5 deg)
66:11:06 00:41:.07 0044 1257 Roll executed
66:12:32 00:42:33 0044 2152 Presumming amplifier on commanded (to get
b touchdown strain gauge data)
66:13:38 00:43:39 0044 1751, Vernier thrust level (200 Ib) tor retro phase
1656 and deloy between AMR mark and vernier
ignition (2.775 s) commanded
66:20:09 00:50:10 0044 1355 Command on mode 6 data
66:20:54 00:50:55 1652 Command reset group IV outputs
66:26:10 00:56:11 0044 1657 Retro sequence mode on commanded
66:26:25 00:56:26 0044 1752 Vernier lines and tanks, alpha scattering,

television, and AMR thermal control
commanded off

66:27:33 00:57:34 0044 1753 AMR on

66:28:33 00:58:34 0044 1754 Thrust phase power on

66:30:33 01:00:34 0044 2051 AMR enabled

66:32:12 01:02:13 0044 2051 Backup AMR mark commanded
66:32:11.385 01:02:11.930" AMR mark

66:32:14.185 01:02:14.730" Vernier ignition

66:32:15.285 01:02:15.830" Retroignition

66:32:15.795 01:02:16.340" RADVS on

66:32:17.695 01:02:18.240" Inertia switch off

66:32:48.894 01:02:49.439" Relioble-operate doppler velocity sensor
66:32:49.094 01:02:49.639"* Reliable-operate radar altimeter
66:32:58.483 01:02:59.028"* Retroburnout

*Based on reduced dota obtained directly from the 96.-kHz microwove link data (1.21 s must be subtracted to account for RF propagation).
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Table 2 (contd)

Time Command sequence
After launch GMT Major Minor Event
Terminal descent (contd)
66.32.58.493 01:02:59.038" Inertia switch on
€6:33:08.483 01:03:09.028" High thrust on
66:33:10.483 01:03:11.028" Retroeject
66:34:27.880 01:05:13.323" 1000-ft mark
66:35:29.678 01:05:30.223" 10-ft/s mark
66:35:25.777 01:05:36.322" 13-ft mark
66:35:37.075 01:05:37.620" Touchdown

bExtrapolated from burnout.

“Based on reduced daota obtained directly from the 96-kHz microwave link data (1.21 s must be subtracted to account for RF propagation).

lll. Surveyor VII TDS Mission Requirements

A. General

Delineated in this section are the detailed requirements
and support capabilities for tracking and telemetry
coverage of the Atlas/Centaur/Surveyor VII space vehicle.

Requirements for tracking and data acquisition are
placed in accordance with their importance to the suc-
cessful accomplishment of the mission and are grouped
into three classes. These classes are defined as follows:

(1) Class I requirements reflect minimum essential
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) Class II requirements define the needs to accom-
plish all stated flight objectives.

(3) Class III requirements define the ultimate desired
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 require-
ments during the near-earth phase (launch to T 4+ 4h)
so that timely and continuing evaluation of the status of
the mission could be obtained. This early evaluation was
used to aid in maximizing the probability of acquisition
by the Deep Space Stations and to provide information
for the conduct of subsequent space flight operations.

JPL TECHNICAL MEMORANDUM 33-301

The following requirements were placed on the TDS
for the Surveyor VII Mission:

1. Launch. The launch requirements were as follows:

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

(2) Launch shall take place from launch complex 36A
of the Cape Kennedy facilities for the AFETR.

(3) Launch azimuth sectors are restricted to lie be-
tween 78 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. Preinjection. Requirements for the preinjection
period included:

(1) The nomiral parking orbit altitude shall be 90 nini.

(2) The nose fairing shall be ejected prior to injection,
but not until the value of the product of the
atmospheric density and the earth-fixed velocity
cubed (pV*) is less than 1.9 > 10* Ib/s".

(3) During the period beginning 1 min after shroud
ejection and ending at the time of Centaur second
main engine start (MES 2), the instantaneous 3-¢
value of the aerodynamic heating parameter, pV*,
shall not exceed 2050 1b/s".
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(4

(5)

Throughout the period from MES 2 until the end
of significant acrodynamic heating effects, the 3-¢
integrated value of pV' shall not exceed 10,300 Ib-
min/s’, and the instantaneous 3-¢ value shall not
exceed 4250 1b/s"

Parking orbit coast time is restricted to vary be-
tween the limits of 116 s and 25 min.

3. Postinjection. The Centaur retromancuver shall be
such that the Surceyor/Centaur separation distance at
5 h after injection will be at least 336 km.

4. Telecommunications. Telecommunications require-
ments were as follows:

(3)

(4

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.

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

Initial spacecraft acquisition and the establishment
of a command link must take place no later than 1 h
after High-Power-On command to permit switch-
ing the transmitter from high to low power to
satisfy thermal constraints.

6. Midcourse maneuver. The spacecraft shall be ca-
pable of performing midcourse maneuvers of up to
40 m/s in magnitude. Nominal first midcourse maneuver
time is approximately 15-20 h after launch. Landing
accuracy goal shall be less than or equal to 10 km.

(1) No trajectory shall have an hour angle or declina-
tion rate 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 fu 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.

7. Lunar arrival. Lunar arrival requirements were the
tollowing:

(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

—_
()

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

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 postlanding visibility shall be
maximized.

minimum margin. : : ;
(3) It is desirable that landing cccur before the sun

elevation angle has exceeded 25 deg at the landing
site.

(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 sen-
sitivity by solar noise. This constraint guarantees
that signal-to-noisc ratios will not be degraded by
more than 1 dB.

8. Terminal descent. The requirements during ter-
minal descent were as follows:

(1) The incidence angle at unbraked impact shall not
be greater than 45 deg from the vertical.

—
ot

The DSS 14 (the 210-ft antenna at the Goldstone
Mars station) is required for telemetry acquisition

during the terminal descent phase. (2) The nominal unbraked impact speed is 2660 m/s.

(3) The spacecraft roll orientation constraints are given
in Fig. 6. The RADVS constraints shown graphi-
cally apply only to the January 7 launch date. The
actual constraint regions for each launch date are
presented in the accompanying table. The selected
roll orientation is also shown in a table in Fig. 6.

5. Thermal control. Requirements for thermal control
were:

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

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

*These constraints applied only to targeting. The visibility con-
straints used at midcourse were: earliest arrival, 80 min after DSS
11 rise; latest arrival, 3 h before DSS 11 set.
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9. Surveyor missions relationship. One of the prime
project objectives for earlier Surveyors (I-VI) was to
provide basic data in support of the Apollo Project. The
potential Apollo landing sites are contained in the area
bounded by -+45 deg in longitude and =5 deg in latitude
as shown by the heavy black lines in Fig. 7. The landing
site for each previously successful Surveyor spacecraft is
also indicated in Fig. 7.

The successful completion of the Surveyor VI Mission
terminated the obligation to investigate potential Apollo
landing sites. Thus, the prime project objective for
Surveyor VII, the last of the scheduled Surveyor mis-
sions, was that of obtaining the maximum scientific value
from the mission. It was concluded that the scientific
value can be maximized by landing at a site which offers
the greatest chemical diversity from what has been
analyzed in the maria, ie., entirely different material to
look at from previous landings. Based upon this objective,
the prime landing site selected (11.37 deg W, 40.87 deg S)
was just north of the crater Tycho and within the area
designated as the Tycho ejecta blanket. This site location

80°
70° =

20°

SURVEYOR Il
10° \

is included in Fig. 7 for comparison with previous land-
ing site locations. Specifically, the scientific advantages
of the Tycho site were that it:

(1) Offers the best chance of providing a sample of
highland material.

(2) Is possibly the youngest large crater on the front
side of the moon.

(3) Lies well within the highland region and is far
removed from mare material.

(4) Is a fresh feature which is likely to be relatively
free from contamination by material from other
parts of the moon.

(5) Is an outstanding anomaly in radar reflection.
(6) Is one of the outstanding anomalies in the infrared.
(7) Is a very young area with the least number of

ciaters of any part of the moon.

If it is determined in flight that the probability of
landing at the Tycho site is not within a reasonable
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Fig. 7. Surveyor mission success profile
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accuracy, the Surveyor spacecraft will be direcied to a
secondary landing site, This site (17.50 deg W, 3.75 deg S)
lies in the Fra Mauro formation north o the crater
Fra Mauro in rolling terrain which is on the outer perim-
cter of a broad belt encompassing the Imbrian Basin.
This area promises to provide a sample of material ex-
cavated from many tens of kilometers beneath the lunar
surface, possibly of sub-crustal material. The surface
texture is expected to be similar to the mare but the
chemistry should be significantly different.

The Surveyor VII scientific experiments include sur-
vey TV, an alpha scattering experiment identical to the
one on Surveyor VI and a surface sampler. The alpha
scattering instrument (Fig. 8) is intended to perform
compositional (elemental) analysis of the lunar surface
material.

B. Air Force Eastern Test Range

The AFETR coverage capability was to be based on
a configuration using land stations and two instrumenta-

ALPHA DETL.CTORS (2) IDENTIFY LUNAR SURFACE
ATOMS BY MEASURING ENERGY OF ALPHA
PARTICLES REFLECTED FROM NUCLEI OF ATOMS —\

\

tion ships. The proper positioning of the two ships should
result in coverage of the near-earth class 1 tracking and
telemetry requirements (except continuous telemetry cov-
erage during the parking orbit) over reasonable-size
launch windows. An estimate of the available launch
windows is presented in the chart of Fig. 9. Because of
AFETR commitments it is sometimes necessary to refine
these windows.

Since major launch vehicle and spacecraft events take
place automatically during the near-earth phase of the
mission and have a strong impact on the success of
the remaining phases of the mission, it is important that
any failure in the TDS support to this phase during the
countdown be carefully evaluated to determine a launch
or hold condition.

The AFETR performs TDS supporting functions for
Surveyor missions during the countdown, launch, and
near-earth phase of the flight.

RADIOACTIVE SOURCES (6)
OF ALPHA PARTICLES

e PROTON DETECTORS (4)
IDENTIFY LUNAR SURFACE

ATOMS BY MEASURING

ENERGY OF PROTONS

SPLIT OFF NUCLEI OF ATOMS

BY ALPHA PARTICLES

N\

’/r

ZALPNA PARTICLES PENETRATE
SURFACE ABOUT 1/1000

OF AN INCH

Fig. 8. Surveyor alpha scattering experiment
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Fig. 9. Surveyor launch window constraints for the January 1968 launch period (TDS constraints not included)
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1. Near-earth tracking and telemetry requirements.
It is the purpose of this subsection to provide informa-
tion that will be useful in real-time decision making
during the countdown in the event of loss of any of the
planned TDS support for the near-earth phase, i.e., from
launch to DSN initial acquisition. This information is
contained in Tables 3 and 4.

Listed in Tables 3 and 4 are the class I tracking and
telemetry coverage requirements, the basis for levying
these requirements, their ratings of relative importance,
and the required supporting stations. Three rating cate-
gories were selected. These are referred to as (1) critical,
(2) highly desirable, and (3) desirable, in descending
order of importance. Requirements were placed in one
of these categories according to their role of supporting
the following near-earth mission requirements:

(1) Near-real-time mission evaluation.

(2) Receive and record data for post-flight analysis.

It should be also noted that the AFETR Real-Time
Computer System (RTCS) is critical for the near-real-
time mission evaluation. Thus, at least one of the two
RTCS 3600 computers must be operational at launch.

Figure 10 gives a comprehensive picture of the
Surveyor near-earth class 1 tracking and data acquisition
requirements for Surveyor VII. Figure 11 shows the
projected AFETR uprange coverage for Surveyor VII;
the cvent denoted parking orbit injection in this figure
occurs at the end of the 76-s ullage period following
main engine cutoff (MECO) 1. Figure 12 shows the earth
tracks for the entire TDS on launch day.

Table 3. Near-earth class | tracking coverage requirements evaluation

Class | Required
Source tracking Basis for requirements Requirements rating tracking
seveen stations”
requirements
Launch From launch to Provides a - ble level of fid for being able to Critical Caope Kennedy
vehicle MECO 1 track vehicle during parkiag orbit Antigua
(C-band) Required by Range Safety until velocity is ccquired

Continvous 60 s Allows calculation of parking orbit so that: Critical Antigua
from MECO 1 An early evaluation of the powered flight can be made
to MECO 1 +
136s Inflight acquisition information can be provided to

downrange TDS stations beginning with the ships
and Ascension
DSN acquisition information can be generated based on
the actual parking orbit and a theoretical second burn
(constitutes first set of inflight predicts)
Any 60 s of Input data for calculation of actual transfer orbit so that: Critical Twin Falls
P
continious An early evaluction of the transfer trajectory can be Prearie
tracking from made using lunar mapping technique
MECO 2 + 5
1o retro Inflight acquisition data con be provided to the DSN
motor start Acquisition information can be supplied to the MSFN
station at Carnarvon, Australic \ -

Any 60 s of Establishes posiretro trajectory of Centaur to determine any Highly desirable Carnarvon
continyous possible interference with the spacecraft star sensor Pretoric
tracking sub-
sequent to
power change-
over switch

*All of these stati are not ily required for each launch azimuth on eoch lounch date. The mission director will be odvised during the countdown which stations ore
required for the predicted lounch azimuth,
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Table 4. Near-earth class | telemetry coverage requirements evaluation

Glass | Required
Source telemetry Basis for requirements Requirements rating telemetry
severage stations"
requirements
Launch From launch to Provides Atlas performance data during its lifetime Critical for receive and record Cape Kennedy
';M:l' Atlas/Centaur Establishes SECO” event time which is a good indicator of Highly desirable 15 retransmit
(VHF) separation what can be exper!. * for Centaur burn duration in real-time
Spacecrah Receipt of spacecraft telemetry via Centour link and
(S-band) spacecraft S-band link
me!::';'aw Provides Centaur performance data during its first burn Critical for receive and record Cape K.‘M.dy
o a fo Establishes MES 1 and MECC | event times Antigua
MECO™ 1 Highly desirable to retransmit
Receipt of spacecraft telemetry via Centaur link and 4 ;
spacecraft S-band link n realtime
From MECO 1 to Centaur propellants are settled by thrusting two of the 50-1b Critical for receive and record Antigua
;A:CO 14 vernier engines during this period Highly dasirable 10 retronmit
» Receipt of spacecraft telemetry via Centour link and in real-time
spacecraft S-band link
From MECO 1 Centour propeliants are retained at tank outlets during this Highly desirable to rezeive, Antigua
+76st0 period by thrusting two of the 3-Ib engines record, and retransmit in Ascension
MES2 — 403 Receipt of spacecraft telemetry via Centaur link and real-time
spacecraft S-band link
From MES 2 The following critical Cenfaur events take place: Critical for receive and record Twin Falls
;!;o"” = Further propellant settling applied by firing two of the Highly desirable to retransmit Prefarie
50-1b vernier engines in real-time
Boost pumps are started
Chilldown
Receipt of spacecraft telemetry via Centaur link and
spacecraft S-band link
From MES 2 to Provides Centaur performance data during its second burn Critical for receive and record Twin Falls
MECO 2
S Esrablishes MES 2 and MECO 2 event times Highly desirable to retransmit Pretorie
3 14
Receipt of spacacraft telemetry via Centour link and M-t
spacecraft S-band link
Lounch From MECO 2 tc The following major spacecraft events occur: Critical for receive and record Pretoria
vehicle Centaur/ Release of spacezraft loncing gear righly desirable to retransmit Twin Folls
(VHF) spacecraft spacecraft chanrel in
separation Unlock of sp raft iant s
Spacecraft P real-time
(S-band) Switch spacecraft transponder transmitter to high power
Centaur/spacecraft separation
Spacecraft From spacecroft Provides spacecraft status information Critical for receive and record Pretoria
(5-band) Ngh poni:da Highly desirable to retransmit Camervon
to DSN initial i racliline
acquisition
*All of these ore not ily required for each lounch ozimuth on each lav... . dote. The mission director will be odvised during the countdown which stations are
required for the predicted lounch czimuth.
bSustainer engine cuteff.
“Main engine stort,
dMain engine cutoff
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Fig. 11.

Coverage of the transfer orbit tracking requirements
can be me! with a combination of the Pretoria and the
Twin Falls 1adars. The Ascension radar could only pro-
vide tracking during the parking orbit because of the
extreme downrange transfer orbit injection.

Figure 12 shows that the AFETR station at Pretoria,
South Africa, could provide coverage of the requirement
for post-retromaneuver tracking data for some azimuths
on January 7 and 8. The MSFN Carnarvon radar could
satisfy this requirement on all days for all azimuths.

Two AFETR range instrumentation ships were com-
mitted to support Surveyor VII in January. The ships
and their planned locations for various launch days are
presented in Table 5. It can be seen that the Twin Falls
was to be stationed in the south Atlantic off the west
coast of Africa and the Sword Knot in the Indian Ocean
throughout the launch period. Both the Twin Falls and
the Sword Knot were to be used *. receive and record
VHF launch vehicle and S-band spacecraft telemetry
data. In addition, it was planned for the Twin Falls to
track the C-band beacon aboard the Centaur.
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2. Computed data. Using the overall tracking cover-
age data provided as indicated in Table 2, the AFETR
real-time computer system was to provide the following:

(1) Parking orbit elements and injection conditions,
standard orbital parameter message, and interrange
vector based on actual parking orbit C-band radar
tracking data.

Parking orbit elements and injection cenditions,
standard orbital parameter message, and interrange
vector based on Centaur guidance telemetry.

Theoretical transfer orbit elements and injection
conditions, standard orbital parameter message
and interrange vector, based on parking orbit and
nominal Centaur second-burn performance,

(4) Manned Space Flight Network look angles and
DSN predicts, based on parking orbit and nominal

Centaur second burn performance.

Actual transfer orbit elements and injection con-
ditions, standard orbital parameter message, inter-
range vector, lunar mapping message, and I-matrix,
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based on post transfer orbit injection C-band radar
tracking data.

>

Actual transfer orbit elements and injection con-
ditions, standard orbital parameters message, inter-
range vector, lunar mapping message, and I-matrix,
based on DSN tracking data.

(7) MSFN look angles and DSN predicts, based on
actual transfer orbit.

(8) Actual post-retromotor orbit elements and injection
conditions, standard orbital parameter message,
interrange vector, lunar mapping message, and
I-matrix, based on post-retromaneuver C-band
radar tracking data.

(9) The AFETR and MSFN radar tracking data,
reformatted to decimal format.

Table 5. Range instrumentation ship positions
planned for Surveyor VII

3. Real-time retransmission of telemetry data. Real-
time retransmission of spacecraft telemetry data to build-
ing AO and DSS 71 was required, as follows: (1) via the
Centaur 225.7-MHz link, from T — 10 min to Centaur/
Surveyor electrical disconnect, and (2) via the spacecraft
2295-MHz link, from spacecraft high-power transmitter
on to continuous DSN view plus 2 min.

When more than one station viewed the High-Power-
On event, one station was to be configured to retransmit
that spacecraft event in real-time. For the other viewing
station, it was a class I requirement to retransmit launch
vehicle performance data during the interval from MES 2

40 s through MECO 2.

C. Manned Space Flight Network

The MSFN, managed by GSFC, supported the
Surveyor VII Mission by performing the following
functions:

(1) Tracking of the Centaur beacon (C-band).

(2) Receiving and recording Centaur-link telemetry.

Position, deg (3) Receiving, recording and retransmitting S-band
Launch date ship telemetry to DSS 42 in real-time.
Latitude Longitude , i . N X
(4) Providing real-time confirmation of certain mark
Jan 7 Twin Falls 23.75 4.0E events.
Bueied Kot *aDe .08 (5) Providing computing support through the use of
Jon:8 Twin Falls 25.6S 7.75E the GSFC data operations branch.
Sword Knot 2358 540E d NASCOM 1 1
( viding NASCOM s rt to all NA e
Jan 9 Twin Falls 280 11.0€ () Fro - g] e wd ;lppo lt = ld\ SAde, me;t,s
Sword Knot 3055 54.0E or slmu' ations and launch, and exten .mg ft i
: i s SUD 45 mecesss ;
San 10 Twin Folls 3178 PR co'mmumcahonls support dS. necessary to interrace
oot Knol 32.0S 54.0 E with the combined worldwide network.
' Jon 11 Twin Falls 33.05 17.0€ The MSFN tracking and telemetry facilities and equip-
i e i 35.0€ ment used in support of Surveyor VII are listed in
dan 12 Twin Falls 33.08 17.0E Table 6. The MSFN also supported the operational
S ‘ 4 . p
e Ko s 30 ¢ readiness test (ORT) prior to launch.
Table 6. Manned Space Flight Network configuration
Radar Reul
VHF S-band | C-bond high- i
i isiti SCAMA®* i
Locuiien Acquisition telemetry telemetry | radar speed rigie
readouts
data
Bermudao X X X X X X
Tananarive X X X X X
Carnarvon X X X X X X
GSFC X X
aSignaling, conferencing, and monitoring arrangement.
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1. Acquisition aids. The MSFN stations were equipped
with acquisition aids to track the vehicle and provide RF
inputs to the telemetry receivers from acquisition ol
signal (AOS) to loss of signal (LLOS). Performance record-
ers are used to record automatic gain control and angle
errors for post-mission analysis. The acquisition aid sys-
tems performed their required functions during the
Surveyor VII Mission.

2. Telemelry data. The MSFN stations are also
equipped to decommutate, receive, and record telemetry.
The telemetry requirements placed on the MSFN were:

(1) Bermuda, Tananarive, and Carnarvon were to

receive and record the Centaur 225.7-MHz link
from AOS to LOS.

Bermuda was to receive and record the Atlas
220.9-NHz link from AOS to L.OS.

o
19

(3

—

Centaur mark event readouts were required from
Bermuda, Tananarive, and Carnarvon in real-time
or as close to real-time as possible, after the vehicle
was in view of the station.

(4

Bermuda was to display range safety parameters
on the Atlas and Centaur links.

Carnarvon was to receive, record, and retransmit
S-band telemetry to DSS 42 in real-time.

U

(6) All stations were to provide recordings and post-
launch instrumentation message (PLIM) data

sheets.

3. Tracking. The C-band radars at Bermuda, Ta-
nanarive, and Carnarvon were required to beacon track
the Centaur vehicle. All stations were to provide real-time
data, magnetic tape recordings of high-speed data and
verbal confirmation of the time of AOS and LOS to the
MSFEN network controller.

Bermuda station requirements were as follows:

(1) Beacon tracking and magnetic tape recordings of
the Centaur from AOS to LOS: FPQ-6 radar to
actively beacon track; FPS-16 to passively angle
track.

(2) Real-time transmission of high-speed data and low-

speed data to GSFC «nd RTCS at AFETR.

(3) Voice circuit for handover between Bermuda and
AFETR.

(4) Verbal confirmation in real-time of the time of
AOS and LOS to MSFN network controller.

JPL TECHNICAL MEMORANDUM 33-301

(5) Magnetic tape recordings, strip chart recordings,
and PLIN data sheets.

Tananarive and Carnarvon station requirements were
as follows:

(1) Beacon tracking and magnetic tape recording ot
the Centaur from AOS to LOS. Tananarive to sup-
port on an engineering basis.

9

Real-time transmission of low-speed data from
Carnarvon to GSFC for reformatting and retrans-
mission to RTCS at AFETR. Tananarive was
to transmit low-speed data in the standard 38-
character radar data format to RTCS at AFETR.

(3) Voice circuit for radar handover between Ta-

nanarive and AFETR and between Carnarvon and
AFETR.

(4

Verbal confirmation in real-time of the time of
AOS and LOS to the MSFN network controller.

(5) Magnetic tape recordings, strip chart recordings
and PLIM data sheets.

4. Telemetry (VHF ). The MSFN stations at Bermuda,
Tananarive and Carnarvon, as well as portions of the
NASCOM network and the GSFC/AFETR interface at
Cape Kennedy, were to support this mission.

Coverage of the Centaur 225.7-MHz link for receive
and record was required from Bermuda, Tananarive, and
Carnarvon. In addition, Bermuda was to receive and
record the Atlas 229.9-MHz link.

Mecrk event readouts were required from all stations,
in real-time or as close to real-time as possible, when
the vehicle was in view of a station.

All stations were to provide verbal confirmation in real-
time of the GMT of AOS, mark events and LOS to the
MSFN network controller. Real-time transmission of cer-
tain telemetry data was required from Tananarive.

a. Bermuda requirements. Bermuda was requested to
perform the following functions:

(1) Receive and record the Centaur 225.7-MHz link
from AOS to LOS.

(2) Receive and record the Atlas 229.9-MHz link for
range safety purposes.

(3) Display range safety parameters on the Atlas and
Centaur links.



(4) Provide real-time readout of mark events.

(5) Teletype confirmation of mark events.

(6) Furnish magnetic tape recordings, strip chart re-
cordings, and PLIM data sheets.

b. Tananarive requirements. Tananarive was required

to perform the following functions:

(1) Receive and record the Centaur 225.7-NMHz link
from AOS to LOS.

(2) Provide real-time readcut of mark events.

(3) Teletype confirmation of mark events.

(4) Transmit in real time, via voice/data circuits,
specified telemetry data to hangar AE at AFETR.

(5) Furnish magnetic tape recordings, strip chart re-
cordings, and PLIN data sheets.

c. Carnarvon requirements. Carnarvon was required
to perform the following functions:

(1) Receive and record the Centaur 225.7-MHz link
from AOS to LOS.

(2) Provide real-time readout of mark events.
(3) Furnish teletype confirmation of mark events.

(4) Furnish magnetic tape recordings, strip chart re-
cordings, and PLIM data sheets.

5. Telemetry (S-band). There was a requirement for
Carnarvon reception of S-band spacecraft telemetry data
and retransmission to DSS 42 at Tidbinbilla.

6. Computer requirements. The requirements levied
on the Manned Space Flight Network, with respect to
computer support, were to:

(1) Provide pointing data printouts to be used for
mission planning and for committing MSFN sta-
tion coverage.

(2) Generate and transmit nominal pointing data to
participating MSFN stations.

(3) Receive launch trajectory data from Bermuda and
AFETR, via the launch trajectory data system.

(4) Generate radar simulation tapes for Tananarive

and Carnarvon.

(5) Update and refine the orbit of the Centaur based
on low-speed TTY data received from participat-
ing C-band radars, and pass these data to the
MSFEN network controller.
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(6) Use the launch trajectory data to drive displays at
the GSFC operations control center.

(7) Generate and transmit real-time acquisition mes-
sages to participating MSEFN stations.

(S) Reforinat Carnarvon radar data to the standard

38-character radar data for transmission to RTCS
at AFETR.

(9

Reformat on magnetic tape the high-speed radar
data received from AFETR in the tape format
specified (XYZ and x7%) and reformat on magnetic
tape the low-speed teletype data received from
AFETR and MSFN in the standard time, azimuth,
elevation, and range format for shipment to the
Centaur office at Lewis Research Center.

(10) Reformat on magnetic tape the Bermuda high-
speed raw data, including a list of the contents
and formats for shipment to the RCA data proc-
essing requirements group at Patrick AFB.

D. Deep Space Network

The DSN was required to support the Surveyor VII
Mission with the Deep Space Instrumentation Facility,
the ground communication system, and the DSN facil-
ities in the Space Flight Operations Facility.

The DSN support included S-band tracking and two-
and three-way doppler coverage. The DSN was
responsible for obtaining continuous spacecraft telem-
etry coverage from the first acquisition by Tidbinbilla,
Australia (DSS 42) to the end of the mission. The Deep
Space Stations noted herein were required for this cov-
erage. The full Goldstone duplicate standard S-band
system in conjunction with the Surveyor telemetry sys-
tem was used at these stations.

The quality and type of tracking data required is de-
fined in Tables 7 and 8. These tables specify the tracking
coverage required to meet the orbit determination accu-
racy requirements. Before presenting the tracking cov-
erage requirements, however, it would be proper to
delineate the ground rules upon which the tracking
coverage was based.

The most basic and paramount ground rule was that
the primary objective of this effort was to maximize the
probability of mission success. Since the class T 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
honored at all times. In addition, it was necessary that

JPL TECHNICAL MEMORANDUM 33-301



Table 7. Deep Space Network tracking data accuracy requirements

Effective noise at 1 sample/min
Two-way Anal ' Three-way Absolute frequency
Data etcuracy Correlation width T, min doppler ilel doppler - stability over
; (I-a), H: e e (1-c), H; oyne, s 1-min intervals
1< ] 0.01 0.05 0.05
A, guaranteed 1<, <10 0.01 0.05 0.05 0.005 50X 10"
T, 210 0.1 0.2 20.0
<1 0.005 0.01 0.005
B, desired, not <7 .2
P 1<7, <10 0.005 0.01 0.005 0.001 3.0 X 10
T, 210 0.005 0.06 0.005
1, <1 0.001 0.005 0.001
C, vitimate Surveyor B
bl 17T, < 10 0.001 0.005 0.001 0.00001 3.0 X 10%
ock | ¢
T, 210 0.001 0.014 0.001

Table 8. Deep Space Network tracking
data requirements

Coverage and sampling rate Data required

Doppler (two- and three-
way) and antenna
pointing angles

Track spacecraft from separation to first
midcourse maneuver at 1-sample/min
rate (from initial DSS acquisition to
T <+ 1 h, somple rate is 1 sample/10s)

Track spacecraft from first midcourse Doppler (two- and three-

maneuver to touchdown at 1 way)

sample/min

Doppler (two- and three-
way) and antenna
pointing angles

Track spacecraft from touchdown to end
of mission at 1-sample/min rate
during 1 h following 10-deg elevation
rise, during 1 h centered around
naximum elevation, and during 1 h
prior to 10-deg elevation set for
DSSs 11, 42, and 61

| Trock spocecraft during midcourse

maneuver and terminal maneuver

Doppler (two- and three-
way or one-way)

executions af the 1-sample/s rate, |
and transient data at the |

1-sample/10s rate |

some class II orbit detcrmination accuracy requirements
be met to ensure achieving a mission success. However,
the class III accuracy requirements would not have to
be satisfied to ensure achieving a mission success.

Therefore, the greatest effort was directed toward the
goal of determining the optimum scheme for meeting
the class I orbit determination accuracy requirements.

Specification 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

JPL TECHNICAL MEMORANDUM 33-301

stationi supplying necessary data would, in fact, supply
data of good quality. To ensure that there would be a
supply of good-quality data, it was desirable to assign
additional DSN stations to a tracking pattern, arranged
so as to provide redundancy.

The prime DSN coverage was to be provided by
DSSs 11, 42, 51, and 61. Figure 13 presents the coverage
of these stations through the first 20 h after launch.
Additional DSN support was provided by DSSs 14 and
71; DSS 14 was to provide DSS 11 backup support with
its 210-ft antenna during the midcourse maneuver and
terminal descent phases. Cape Kennedy (DSS 71) was to
provide prelaunch checkout and launch phase support
of the spacecraft; DSS 71 was also the key interface in
relaying spacecraft telemetry data from the AFETR to
the SFOF in Pasadena.

The initial DSN acquisition station was DSS 42. This
was the only station with view periods which permitted
commanding the spacecraft transmitter to switch from
high to low power before the thermal limit was reached.

1. Deep Space Instrumentation Facility. The DSIF
was required to provide all support arranged for
Surveyor VII. A bar chart of Deep Space Station view
periods ‘or the various January 1968 launch opportunities
is presented in Fig. 14.

a. Initial acquisition station. The following minimum
capabilities were required from the initial acquisition
station:

(1) Acquisition and tracking of the Surveyor space-

craft.
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Fig. 13. Station elevation angle vs time from launch (0-20 h)
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Generation and transmission of tracking data to (1) The DSIF will employ the acquisition aid antenna
the communications terminal >quipment at the site. and either the parametric amplifier or the second
maser to the receiver. This configuration will be
used to determine the tracking margin.

(3

Acquisition, recording, decommutation, display,
and processing of Surveyor spacecraft telemetry

lata.
ca (2) The tracking phase lock loop phase error due to

(4) Transmission of pr_occsscd telemetry data, both the doppler rate will not exceed 30 deg.

high speed and TTY, to the appropriate communi-

cations terminal equipment at the site. (3) A signal level of —140 dBmW deg or higher must
(5) Generation and transmission of Surveyor space- be available.

craft cominands. .

(4) For an 85-ft antenna, the angular rate of the DSIF-
b. Acquisition criteria. The criteria for DSIF acquisi- spacecraft vector must not exceed 0.25 deg/s dur-
tion of a spacecraft are as follows: ing acquisition.
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INJECTION (SEPARATION)

JAN 7, 1968
n ] [ [ | f J FEREReras
a LIRS S ssvanosses = .
. ! —— I _A_._4->L4_ . | S . -
3 51 | | v]l._ : __11
| { LL~ s '
- : — 1 L - i
| | + J
.z x[ | | ' [ bt 4
JAN B, 1968
> T T T T NN
: | R B
2 b NI [ i | -
w + L < 1 2. ~+ e —
3 51 | |7 } I}
‘ L[ | —
[ | L
R I —
4 ‘_—ll Iz | 1 I
JAN 9, 1968
yh [ il
n ’ | lf‘-"—“““
- o > ]
G | | B ] 5
ol————j 1 ] }__
o) i ‘
i) | 1
JAN 10, 1948 UNBRAKED IMPACT
1 |
1 I ]
2 L | it
) L 77, |
g o [k T
4 |
61 I | [N
] | L ]
72 , 1| 1 j T ‘
0 3 6 9 12 15 18 21 2
GMT, h

(5) The antenna angular rates during auto track must
not exceed 0.85 deg/s for 85-ft antenna.

(6) Auto track on subcarrier modulation cannot be
obtained until the elevation angle of the spacecraft
is more than 10 deg above the local horizon.

(7) From the 10-deg elevation point, 20 min will be
allowed for the DSIF to acquire the spacecraft
and obtain auto track on subcarrier modulation.
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VIEW PERIODS BASED ON 5 deg ELEVATION FOR DSSs 11, 42, 51, AND 61;0 deg ELEVATION FOR D5S$ 72
OR HOUR ANGLE CONSTRAINTS OF 90 deg FOR DSSs 11 AND 51; AND 105 deg FOR DSSs 42 AND 61

Fig. 14. Bar charts of station view periods

LAUNCH AZIMUTH, deg

97.723

115,300

(S) Acquisition will be considered complete when the

uplink and the two-way downlink are acquired.

cratt,

c. Additional requirements. With a high degree of
probability, it is required that at the start of the appli-
cable Deep Space Station’s views, the following minimum
capabilities exist:

(1) Acquisition and tracking of the Swurveyor space-
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(2) Generation and transmission of tracking data to
the communications terminal equipment at the site.

(3) Acquisition, recording, decommutation. display,
and processing of Surveyor 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 space-
craft commands.

At DSS 11 only, in addition to the aforementioned
requirements, it is required that (with a high degree of
probability at the start of the DSS 11 view) the following
capability exist: acquisition, recording, and processing of
Surceyor spacecraft video data.

With a high degree of probability, it is required that
at the start of the Deep Space Station respective views,
the following minimum communication capabilities exist
for each committed Deep Space Station:

(1) One voice line.

(2! Two duplex teletype lines.

At DSS 11 only, in addition to the aforementioned
requirements, with a high degree of probability at the
start of DSS 11 view, the following communication
capability will be operational: one high-speed data line
(1100 bits/s or 96 kHz).

2. Ground Communications Facility/ NASCOM. Com-
munications support was to be provided as in previous
Surveyor missions. A plan was developed for maintaining
operation of critical TTY circuits to and from the prime
Deep Space Stations in the event of a communications
processor failure. This plan was documented in the
communications support plan. and hardwire TTY circuits
were available if required.

Other GCF/NASCOM requirements are listed in Vol.
IV of this report.

3. Deep Space Network/SFOF. The SFOF was de-
signed to provide a reliable, flexible, centralized, and
relatively mission-independent capability to conduct and
control simultancous lunar or planetary missions. The
SFOF. in meeting its requirements to the Surceyor Proj-
ect, dedicated numerous of these mission-independent
capabilities in support of the Surceyor VII Mission.
These capabilities included such operating functions as
communications, displays, and data processing.

40

The following minimum capabilities were required in
the SFOF:

(1) One operational TPS 72588-7044 computer string in
the mode 111 configuration.

(2) Two operational 7094 computers 10 the mode IV
configuration.

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

(4) The operational voice communications subsystem
committed to Surceyor less its intercom capability.

(5) Closed circuit TV displays of teletype data and line
status.

(6

Transmission of incoming telemetry data, both
high speed and teletype to the appropriate proc-
essing and display devices.

IV. Surveyor VII TDS Flight Preparation

The TDS was responsible for tracking and data prep-
arations tor the Surcveyor VII flight. Flight preparation
was accomplished by the unique TDS configuration and
testing discussed in this section.

A. Configuration

The configuration of individual agencies that com-
prised the TDS in preparation for the Surveyor VII
flight described herein,

1. Air Force Eastern Test Range. The AFETR con-
figured its facilities in such a manner as to give maximum
coverage for the near-earth phase of the Surveyor VII
Mission. The various facilities and their preparations to
meet the requirements placed on the AFETR are dis-
cussed here. The AFETR stations and facilities prelaunch
configuration committed to support Surveyor VII are
seen in Table 9. Figure 15 shows the view periods for
all stations during the first hour of the near-earth phase.

a. Tracking. The AFETR was to provide adequate
C-band coverage of the powered flight and parking orbit
requircments with their up-range stations. Table 10
gives the AFETR station facilities and their various
capabilities.

The C-band radar coverage that was planned, along

with the range instrumentation ship, and land-based
stations used in this connection, is shown in Fig. 16.
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b. Telemetry (VHF). The planned telemetry configu-
ration and coverage for Surveyor VII is shown in Fig. 17.

Table 9. AirForce Eastern Test Range prelaunch
configuration, Surveyor VII

/—- ASCENSION RISE

~— ASCENSION  /
SET y

c. Telemetry (S-band). Figure 18 indicates the planned
S-band telemetry coverage by the various AFETR RIS
and land stations for Surveyor VII.

d. Computed data. In addition to relaying the data to
JPL, the RTCS was to use the data to compute orbital
elements and injection conditions (parking orbit, transfer
orbit and post-retro) which would be transmitted to JPL
in the following formats: (1) standard JPL orbital mes-
sage. (2) interrange vector, and (3) standard orbital
parameter message.

All DSN and MSFN acquisition information, based on
the parking orbit plus theoretical second burn and actual
pre-retro orbital computations, were to be prepared and
forwarded by the RTCS.

A “mapping to lurar encounter” message was to be
prepared for both the pre- and post-retro orbits. Follow-
ing the single-station solutions, the RTCS was to compute
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| / IMECO 2

Station Roder | VP | Srbend
Y Y
Merritt Island X X X
Caope Kennedy X
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Grand Bahama X X X
Grand Turk X
Antigua X X X
Twin Falls X X X
Ascension X X X
Pretoria X X X
Sword Knot X X
60 1 1
s~ MECO 1
/' ,— PARKING ORBIT  /
| I—— 4/ / INjgCTION

" ,— ANTIGUA SET

LAUNCH AZIMUTH, deg

—_— .
///— JOHANNESBURG SET
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SEPARA”ON
RETROMANEUVER START

4+ PRETORIA SET |
/1~ CARNARVON RISE

A TANANARIVE SET
/ / //—_amow\muvu END

/|/ ~ TIDBINBILLA RISE
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|
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Fig. 15. View period graph for first hour for January 7, 1968
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Table 10

. Air Force Ea.'ern Test Range
station facilities
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and transmit to JPL pre- and post-retro recursive ac-
cumulative orbits. An I-matrix and a lunar mapping
message based on each solution would be included.

Station Tracking capability Telemetry
Sttty p— 2. Manned Space Flight Network. The MSFN, man-
AFETR stations aged by GSFC, was configured to support the Surveyor VII
Mission by providing tracking, VHF telemetry, and
Cape Kennedy Area C-band VHF; S-band computer support.
Patrick AFB 0.18 (FPQ-4) KSC
Cape Kennedy 1.16 (FPS-186) .
KsC 19.18 (TPQ-18) Table 11 shows the GSFC/MSFN station and equip-
Grand Behame Eauad VHF, $-band ment configuration used for supporting Surveyor VII.
3.16 (FPS-16)
3.18 (TPQ-18) All MSFN flight preparation for Surveyor VII was
Grand Turk C-bend VHF similar in scope and requirements to that of Surveyor VI.
7.18 (TPQ-18
Antig:a C-band 91.18 (FPQ-6) VHF; S-band 3. Deep Space Network. The DSN supports Surveyor
Ascension C-band VHF; S-band missions with the integrated facilities of the DSIF, the
12.16 (FPS-16) Ground Comrzunications Facility and the SFOF.
12.18 (TPQ-18)
Pretoria C-bond 13.16 (MPS-25) VHF; S-band* The DSN provides a command and telemetry link with
—— the spacecraft upon initial acquisition of spacecraft
i signals by a DSIF station, enabling the DSIF station to
Sword Knot (10-knot VHF, $-bond control the spacecraft and furnish range rate data,
cruising speed) angular tracking data, and real-time telemetry data to
Twin Folls (15-knot C-band (FPS-16) VHF, $-bond tl?e SFOF. Continuous truclfmg and contro! is then pro-
weling spond) vided throughout the remnainder of the mission by the
prime DSIF stations designated to support each Surveyor
*Three-ft antennc only. mission.
PRETORIA RISE
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Fig. 16. C-band radar coverage
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After the SFOF has accumulated sufficient tracking
data, an orbit is determined that predicts tke future path
of the spacecraft. These data allow the computation of
a midcourse maneuver to compensate for injection errors.

LAUNCH AZIMUTH, deg

LAUNCH AZIMUTH, dea

9%

ASCENSION SET
ASCENSION RISE

TWIN FALLS SET

TWIN FALLS RISE

The DSIF under control of the Mission Operations Sys-
tem, commands the midcourse maneuver after engineer-
ing telemetry and tracking data are gathered and
transmitted via the GCF to the SFOF. The midcourse

PRETORIA RISE
100-1b THRUST ON
SWORD KNOT RISE
PRETORIA SET
ELECTRICAL DISCONNECT
/—SWORD KINOT SET

-

o

17

TIME FROM

N !

N |

RS :

BY ‘

| |

| 1 |
SEECESESE
2700 3000

45 50

LAUNCH, min, s

Fig. 17. Telemetry coverage and configuration (225.7 MHz)
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Fig. 18. S-band telemetry coverage
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Table 11. Surveyor VII MSFN configuration

Radar Radar Real-time
Location Acquisition Telemetry C-hone Unified SCAMA* Teletype high-speed low-speed fesl-lime trans-
rader S-hiud data data Pty missions
Bermuda X X X X X
Tananarive X X X X X
Carnarvon X X X X X X X X xb
GSFC X X X X X
GSFC/AFETR X X X X
interface
aSignaling, conferencing, and monitoring arrangement.
"Telemetry data.

manecuver is evaluated at the SFOF, and appropriate
commands for the terminal mancuvers are computed.
After touchdown, Deep Space Stations receive video,
and engineering and scientific telemetry data, as well as
command the spacecraft during the lunar operations.

B. Deep Space Instrumentation Facility

The following Deep Space Stations were committed
as prime stations for support of the Surveyor VII Mission:

DSS Name and Location

11  Pioneer, Goldstone Deep Space Communica-
tions Complex, Barstow, Calif.

42  Tidbinbilla, Australia, near Canberra

61 Robledo, Spain, near Madrid

In addition to the basic support provided by prime
stations, the following support was provided for the
Surveyor VII Mission:

(1) DSS 71, Cape Kennedy, provided facilities for
spacecraft/DSIF compatibility testing, and also
received and recorded telemetry data after liftoff.
In addition, DSS 71 used its command and data
console (CDC) and telemetry and command pro-
cessor computer to process AFETR range telem-
etry data for transmission to JPL.

DSS 14 Mars, Goldstone Deep Space Communica-
tions Complex, Barstow, Calif., provided backup
tracking and command support during midcourse
and terminal maneuvers, using its 210-ft diam an-
tenna. At touchdown, the baseband telemetry out-

put of the DSS 14 prime receiver was transmitted
to the SFOF.
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(3) DSS 51, Johannesburg, South Africa, provided
initial two-way acquisition and spacecraft com-
manding and tracking support during the transit
phase.

For the January 7 launch date, DSS 42 was desig-
nated the initial two-way acquisition station as it met
all the acquisition criteria of both the DSIF and the
Surveyor Project.

Figure 19 gives a view period graph for the first 20 h
for January 7, 1968.

C. Deep Space Network

The NASCOM/GCF intracommunications systems
were considered to be in excellent condition to support
the Surveyor VII Mission with no major problem areas.

1. Ground communications facility. Changes in the
GCF from Surveyor VI Mission were all minor in scope
(Fig. 20). They were as follows:

(1) One voice line (GP58726) was installed to inter-
connect AFETR and SFOF rooms 105 and 323.
This line did not appear on the operational voice
communications subsystem console nor in any
other area under communications jurisdiction. One
additional voice landline beckup circuit (GP7213)
was installed between JPL and Goldstone. This
provided a total of five voice,/data backup if micro-
wave were to fail.

(2) Teletype circuits remained the same as those for
Surveyor VI (Fig. 21).

(3) Changes in the high-speed data configuration from
that for Surveyor VI were minor. The configura-
tion included:

JPL TECHNICAL MEMORANDUM 33-301
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Fig. 19. View period graph for first 20 h for January 7, 1968

(a) A 96-kHz line again carried DSS 14 high-speed
data direct to SFOF during midcourse and
touchdown (Fig. 22).

(b) Carnarvon datu via DSS 42 CDC and high-
speed data line were available as in earlier
missions (Fig. 23).

(¢) Downrange data from AFETR 12 were re-
layed via DSS 72 high-speed data line from
T—5h 30 mintoT +1h

(4) No major changes have been made to this JPL/
Goldstone microwave system. The antennas de-
stroved by the brush fire at Sierra Peak in October
were replaced.

Special maintenance coverage for this system
was requested by the project as follows:

Phase Requested coverage

None

T+17toT + 25h(8h)

T+39toT +47h(8h)

T +59toT +-69h(10h)

Launch

First midcourse
Second midcourse
Touchdown/terminal

(5) The communications processor, from a communica-
tions standpoint, was well capable of supporting the
Surceyor VII Mission.
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A plan was devised and equipment was implemented
and tested end-to-end to pass real-time data via hard-
ware teletype circuits in case of major communications
processor failure at JPL, GSFC, London, or Canberra.
This plan was called the emergency bypass facility and
functioned as follows: In the event of connnunications
processor tailure during critical phases of the Surveyor VII
Mission, low-speed emergency TTY circuits around the
communications processors were to be utilized. The re-
quired hardware TTY circuits around the processors
were to be made at the time each station’s TTY circuits
were activated. This emergency configuration is shown
in Fig. 24. Included were the following features:

(1) Inbound low-speed TTY tracking data entered
(after appropriate speed change at GSFC or SFOF)
into the TSS bus on the DSS’s A line. The DSN
monitor area connected the reperforator on the
appropriate line and converted the tracking data
to paper tape. The paper tape was fed into
IBM 047s (in the monitor area) and converted to
cards. The cards were delivered to flight path
analysis and command 1 and entered into the data
processing system by means of card readers using
established procedures.

o
~

Teletype telemetry data were entered (after ap-
propriate speed change at GSFC or SFOF) into
the teletype switching system bus and could be
punched up on appropriate SPAC teletype ma-
chines and processed in the normal manner.
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TELEMETRY

DSS 51 WILL SUPPORT SURVEYOR VIl DURING LAUNCH AND COMMANDS

AND CISLUNAR PHASES ONLY
DSS 14 WILL PARTICIPATE IN THE MIDCOURSE AND
TERMINAL PHASES ONLY
AFETR 12 WILL SUPPORT AS COMMUNICATIONS ——
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Fig. 20. Deep Space Network/GCF configuration diagram, Surveyor VII
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CoMM AFETR GODDARD SFOF
CENTER SPACE COMM
BUILD- FLIGHT CENTER
ING AO CENTER
DSS 71
IGOLDSTONE DSS 12
DSS 61 MADRID LONDON
DSS 11
A HIGH-SPEED
4 DATA =
0SS 51 PRETORIA
DSS 14
TANGIERS
DSS 42 CANBERRA
HIGH-SPEED
DATA
-

Fig. 21. NASCOM/GCF teletype routing for Surveyor VII

(3) The 7094 computer used in mode 4 to produce a
magnetic tape containing the appropriate stations
predicts. This magnetic tape was placed on the
PDP-1 computer in the simulated data conversion
center. The PDP-1 60-words/min output was
patched direct to JPL communications, which
speed changed to 100 words/min and retrans-
mitted to the appropriate Deep Space Station.
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(4) Commands were transmitted to the appropriate
station via voice in the normal manner using the
station voice line.

2. Intracommunications system.

a. General. The interacommunications system (ICS) is

composed of the internal circuits and equipment re-
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MICROWAVE

MICROWAVE

VOICE NETS

Dss 14’ DSS 11 SFOF
VOICE
COMMAND
STATION LINE ot VOICE -
MANAGEK 4 i
B CKSIDE DSS 1 N MISSION
DATA 2 {IGH=-SPEED DATA LINE EsT) CONTROL
PROCESSING (L) STATUS e _ BACKFEED CIRCUIT
SYSTEM 1 —O
AREA
QO | RECEIVER TELEMETRY
(WIDEBAND) MID-
TELEMETRY COURSE AND TERMINAL “Elm'
WIDEBAND) DESCENT ONLY WIDEBAND GREEN-2
RECEIVER —O P — W - PROCESS-
COMMAND ING
CONFIRMATION STATION
TRANSMITTER {WIDEAND) -0
D55 11 COMMAND
MODULATOR
TRANSMITTER (WIDEBAND) 0
MODULATOR i3
DSS 11
VOICE LINE (L)
STATION MANAGER - >
D55 11 VOICE
BT DSS 11 - »>—C
VOICE LINE
iE COMMUNICATIONS
COMMAND MODULATOR CENTER
COMMAND (WIDEBAND)
SUBCARRIER
OSCILLATOR
COMMAND
CONFIRMATION :
coc < D55 14 PARTICIPATED IN MIDCOURSE
AND TERMINAL PHASES ONLY.
147 ®
ey 25TATUS NET BRIDGED TO GOLDSTONE
coc < OVERHEAD SPEARERS AT ECHO
RECEIVER COMMUNICATIONS,
1-MHz FREQUENCY
REFERENCE (WIDEBAND) \5
il
Circuit SFOF Direction
type/ display of data Special circuit uses and remarks”
mode designation (DSS~—JPL)
Voice DSS 14 net - Station voice line. DSIF control traffic
Voice DSS 11 net - DSS 11 voice line extended on (L) basis 1o allow DSS 14
to monitor voice commands to DSS 11
Video None DSS 14 1o Wideband microwove channel used for DSS 14 com-
DSS 11 mand confirmation to DSS 11 CDC
Video None DSS 14 to Wideband microwave channel used for DSS 14 receiver.
DSS 11 Spacecraft telemetry data to DSS 11 CDC receiver
Video None DSS 11 to Wideband microwave channel used for DSS 11 com-
DSS 14 mand modulation to DSS 14 transmitter
Wideband 96 kHz DSS 14 to Wideband microwave channel used for DSS 14 CDC
(96 kMz) DSS 11 and receiver telemetry routed to Echo Communications,
SFOF then split to DSS 11 CDC and SFOF telemetry pro-
cessing stotion

*Standard configuration for midcourse and touchdown will be DSS 14 receiver

y to SFOF telemetry p

ing stotion vie 96-kHz line.
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Fig. 22. Space Flight Operations Facility/DSS 14 initial circuit configuration diagram
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P Py 100~ JPL GODDARD CANBERRA DSS 42
USERS words/min wordy/min COMMUNI- SPACE
REPER- TAPE CATIONS FLIGHT
SIMULATED FORATOR DECK SIS
DATA
CONVER- ’
SION |
DATA TAPE LOOP Dss 51
LONDON
PREDICT
ARRANGE-
MENT 100=words/min
CIRCUITS
[ ———— — o — —
v b e o ——— e ——— -
NONITONSE. = S o o e e e < D5 61
1-18
e e - — e ———— —— — — e —
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U/

At LINES FULL DUPLEX

PREDICT TRANSMISSIONS TO DEEP SPACE STATIONS
FROM PDP-1 SPEED CHANGED AS INDICATED FROM
60 TO 100 words/min AND PATCHED TO APPRO-
PRIATE LINE

e S PEED CON VERSION 60 TO 100 wordy/min FOR SFOF USERS

(TOTAL CAPABILITY = THREE CIRCUITS FROM JPL TO GSFC,
FOUR CIRCUITS FROM JPL TO DEEP SPACE STATIONS)

= = = DIRECT PATCH TO SFOF USERS 100 werds/min (TOTAL

CAPABILITY = FOUR CIRCUITS FROM GSFC TO JPL)

Fig. 24. Space Flight Operations Facility communication emergency hardware configuration capability

quired to provide an integrated, multipurpose, internal
communications network for the support of all space
flight missions and simulations conducted in the SFOF,
Both special-purpose and conventional communications
equipment are used. The majority of this communications
equipment is owned by JPL; however, certain end items
of equipment are leased from commercial sources. De-
tails on configuration of the ICS are contained in the
Surveyor VII Mission communications support plan.

b. Function. The three functions of the ICS are dis-
cussed in the following paragraphs:

(1) To provide an end terminal and switching capa-
bility for NASCOM and other special purpose
circuits external to the SFOF. In this respect, the
capability of receiving voice, teletype, high-speed,
and wideband data from the various data acqui-
sition stations through the DSN/GCF exists in the
ICS. The capability also exists to transmit voice,
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teletvpe, and high-speed and wideband data from
the SFOF to various external terminals.

(2) To provide a means whereby incoming data to
the SFOF may be properly routed to user areas
throughout the SFOF. In this respect, the capa-
bility of distributing such data through audio and
video means exists in the ICS.

(3) To provide a means whereby user areas of the
SFOF are interconnected. In this respect, the capa-
bility of transmitting and receiving through audio
and visual means exists in the I1CS.

c. Composition. The ICS is composed of the following
subsystems:

(1) Operational voice communications subsystem.
(2) Operational status recording subsystem.

(3) Operational public address subsystem.
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(4) Operational voice recording subsystem.

(5) Operational miscellaneous audio subsystem.

(6) Operational teletype communications subsystem.

(7) Television communications subsystem.

(8) High-speed data subsystem.

(9) Wideband communications subsystem.

d. Status. DSN communications control provides three
status displays used to inform users about communica-
tions circuits activated in support of flight projects.

These displays can be observed on the television com-
munications subsystem and consist of the following:

(1) Teletype status display.

(2) Audio statns display.

(3) Propagation status display.

¢. Scheduling. Portions of the ICS are available for
use 21 h per day; other portions, however, must be
scheduled through the use of SFOF Form 1-A. The
internal communications requirements, and the SFOF
requirements should be stated on this form. The SFOF

Form 1-A should then be submitted to the DSN opera-
tions control chief.

f. Interfaces. The DSN communications center in-
cludes many operational interfaces of various tvpes and
quaniities of circuits. They are:

(1) NAZA Communications Svstem.

(2) User areas.

(3) Simulation data conversion center.

(4" Telemetry processing station.

(5) Data processing system.

(6) Television ground data handling system.

(7) Public information office.

D. Space Flight Operations Facility
The SFOF is comprised of three major systems:
(1) Data processing system.
(Z) Intracommunications svstem,

(3) Support system.

JPL TECHNICAL MEMORANDUM 33-301

1. Area configurations. The SFOF areas committed

to support the Surceyor VII Mission were configured as
shown in Figs, 25-29. These areas were:

(1) Data control area.

(2) Mission support area 1A,
(3) Mission support area 1B.
(4) Flight path analysis area 1.

(5) DS\ operations area.

Other SFOF areas supporting Surceyor VII were:
(1) Data processing area (Fig. 30).

(2) Telemetry processing station (Fig. 31).
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Fig. 25. Data communications area (230-104)
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(3) Surveyor science evaluation and analysis team
room (Fig. 32).

2. Support system description. The various support
systems configured for or used by the Surveyor Project
are described in the following paragraphs.

a. SFOF document control. The SFOF document con-
trol provides the required services for handling and
microfilming the flight data. Document control is located
on the third floor of the SFOF. Data handling is defined
in mission-independent SFOF standard operations pro-
cedures.

b. SFOF reproduction area. Services were available
to the Surveyor Project for reproduction of flight data
from computer printouts under near-real- and non-real-
time conditions.

c. Display subsystem. Displays were provided for
project use in each of the areas, as described in the
following paragraphs:

(1) The mission display board display equipment con-
sisted of two Eidophor projectors, two teleprompter
projectors, four sets of mission display projectors,
four sets of special time displays (countdown/up
clocks), and miscellaneous supporting display
equipment.

Displays in the flight path analysis area included:
the maneuver board, orbital and miss parameters
board, tracking data board, and trajectory display
board. Chalkboards and/or bulletin boards were
also provided.

—_
o
~

(3

The display in the spacecraft performance analysis
area was a spacecraft telemetry measurement dis-
play board (preformatted chalkboard). Chalk-
boards and/or bulletin boards were also provided.

(4 Displays in the space science analysis area in-
cluded the TV identification display board, and
chalkboards and/or bulletin boards for project use.

d. Project publications. Project publications provided
support for space flight operations through the prepara-
tion of mission-independent documents, such as standard
operating procedures, standard maintenance procedures,
engineering technical memorandums, etc.
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Fig. 29. Deep Space Network Operations area
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e. Support services. Special support functions and
services were available to the project as follows:

(1

SFOF status phone. Information concerning SFOF
access (i.e., type of badge required for admittance)
was provided 24 h/day by means of a mission-
independent status recording. This status recording
was automatically played back. Mission status in-
formation was obtained from the Surveyor Project
status recording.

(2) Generation of a DSN sequence of events.
(3) Headsets, handsets, Y boxes, and extension cords.
(4) Access control.

(5

Technical area assistance and supplies.

(6) Cafeteria arrangements for flight operations per-
sonnel.

(7) Coffee arrangements for flight operations personnel.
(8) SFOF special transportation.

(9) Discrepancy reporting.

3. Data processing system. The data processing sys-

tem of the SFOF was comprised of three hardware
. groups:

(1) Computer equipment.

(2) Input/output equipment.

(3) Telemetry processing station equipment.

a. Hardware. The data processing system hardware

groups and their area locations and references were as
follows:

Group Location

Second floor, SFOF (area L)

Flight path analysis area
Mission support area 1A
Mission support area 1B
Data processing control area

Second floor, SFOF (area H)

Computer equipment

Input/output
equipment

Telemetry processing
station equipment

b. Software (computer programs). The SFOF pro-
vided the following mission-independent, DSN computer
programs in support of Surveyor VII:

(1) TBM 7040 print program for listing magnetic tapes.
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(2) IBM 7094 IBSYS monitor for compiling, assem-
bling, and running programs.

(3) IBM customer engineering diagnostics for system
checkout.

c. Computer equipment. The computer equipment
was set up as follows:

(1) The W, X, and Y computer strings were placed
in the stand-alone condition as directed in the
SFOF direct couple operating system/stand-alone
configuration switching procedure.

(2) The extended memory switch on the IBM 7044W
and IBM 7044X were placed in the 32K position
in accordance with the SFOF extended memory
switching procedure.

d. Input/output equipment. The input/output equip-
ment was set up as described in the following SFOF
standard operating procedure:

(1) Message composer and status display (input mes-
sage composer and status display).

(2) Administrative printer (administrative printer).
(3) 3070 bulk printer (bulk printer).

(4) 30 > 30-in. plotter (Milgo 30 X 30-in. plotter).
(5) Card reader (Burroughs B-122 card reader).

(6) As required by Surveyor VII, the data chief
switched input/output equipment between the W,
X, and Y strings in accordance with equipment
switching procedures.

e. Telemetry processing station equipment. Telemetry
processing station equipment was set up and verified
for Surveyor as described in the telemetry processing
station real-time setup procedures.

f. Changes from Surveyor VI. The W string computers
were prime for Surveyor VII. This is a new combination
of the former W and V computers but there was no
change in capability.

The X string backed up the W string for Surveyor VI.

All preventive maintenance was completed 1.5 h prior
to the ORT, January 5, 1968.
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4. Support system. Technical area assistant support
was limited to two assistants for the ORT, two for the
flight, and one assistant after touchdown. Access control
remained the same as that for Surceyor VI.

A new operations area display capability existed for
support of Surveyor VII. Six prepared slides formed the
basis for the only requests received for this display. They
included:

(1) A map display of the anticipated near-carth track
showing AFETR/MSFN stations and including a

table of times for acquisition and loss of signal.

(2

Two slides listing mark numbers 1-26 with provi-
sion of dynamic checkoff as each mark was
achieved. No time was shown.

(3) A slide of DSIF view periods with provision for
dynamic pictorialization of one- and two-way lock
at each station.

(4) A slide giving dynamic status of project utilization
of the data processing system.

(5) A slide presenting a nominal sequence of events.

E. Tests

The Surveyor VII Mission required testing support to
ensure mission success. The various classes of test and
actual testing performed are described in the paragraphs
that follow.

1. Air Force Eastern Test Range/GSFC testing. Two
TDS tests were scheduled prior to the full project ORT,

which was conducted on January 5, 1968, These tests are
described below.

The first test, on December 20, 1967, was performed
to ensure that the use of the communications satellite
circuits from Ascension Island to the SFOF and AFETR
for spacecraft telemetry data (550 bits/s) and metric
tracking data, respectively, were compatible with the
data transmission system.

The telemetry processing station at the SFOF was used
to verify the spacecraft data; the test was considered
successful,

62

The second test, conducted on December 28, was per-
formed to ensure the readiness of the AFETR and MSFN
TDS stations to support the final ORT and launch.

No serious problems were encountered and all systems
performed satisfactorily, with the exception of Antigua,
which lost tracking data because of a problem with a
computer. Data were back on line at approximately
T + 10 min,

All elements of the near-earth TDS participated in the
project ORT, which was conducted on January 5, 1968,
No serious problems were encountered, and the TDS was
considered ready to support the launch.

There were no unresolved problems prior to launch.

The MSFN participated in two simulations in support
of the AC-15 mission, The first simulation went smoothly
except for the telemetry data flow test from Tananarive.

The yaw rate measurement did not read as anticipated,
apparently because of a faulty test tape. However, the
yaw rate was determined by using a tunable discrimi-
nator in lieu of the fixed discriminator.

No applicable problems occurred during the second
simulation.

During the launch phase Tananarive experienced diffi-
culty with the serial decimal time equipment; the day of
the year was in error, but hours, minutes and seconds
were correct. However, an instrumentation support in-
struction was originated and transmitted via teletype to
Tananarive containing the information to be entered
on the tape labels. Upon receipt of the instruction, the
station took appropriate action to note on tape labels
that day of year was in error prior to shipment.

Carnarvon did not receive the final network operations
plan prior to launch although all required support was
provided by utilizing the draft network operations plans,
premission documentation changes, and instructions.

2. Deep Space Network, The DSN supported the Sur-
veyor Project test plan, which included various opera-
tional, compatibility, and integration tests, The following
paragraphs define the tests conducted in preparation for
the Surceyor VII flight.
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Fig. 32. Surveyor science evaluation and analysis team

The A (facility internal) tests were scheduled and con-
ducted by each station manager and involved only the
individual station, (There was no GCF SFOF participa-
tion.) The A tests utilized the standard sequence of events
and were employed by the station as a countdown exer-
cise. The two test phases were as follows: those that
prepare the station for B tests and those that were desig-
nated 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 completed sequences of A tests. The stations
continually perform significant sequences in the A tests
for practice, station countdown, and training of new
people.

The B (functional compatibility) tests were designed
to ensure that ground based facilities were capable of
processing telemetry data and video data (DSS 11 only)
as received from the spacecraft, Command capability
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was also verified in all configurations and modes of oper-
ation. The sequence of events was also incorporated into
this series. Because the B tests were not performed in
real-times, it was not necessary to rigidly adhere to the
operational procedures. During these tests. data were
sent from the prime and support stations to the SFOF
for processing, and full mission support in the SFOF
was required.

The purpose of the C (operational) tests was to verify
that all prime and support stations, communications and
the SIFOF were fully prepared to meet Surveyor VII re-
sponsibility. Selected portions of the sequence of events
were followed rigidly, using both standard and non-
standard procedures.

Compatibility tests were run between the test space-
craft (T-21), and the prime Deep Space Stations, Deep
Space Communications Complex, CDC, and the SFOF,
to establish mutual compatibility between all of these
elements of the network. The tests included RF tests,
command tests, and telemetry tests.

DSS back-up and stations under engineering cogni-
zance conducted training tests for operator crews.
The T-21 was used for Space Science Analysis and
Command/SPAC lunar sequence training and as a data
source for B and C tests with DSS 11 only.

Tests were conducted to check out the Surveyor on-site
computer program (SOCP) and to verify data that could
be transmitted from a DSIF station of the SFOF and be
processed there. Such tests were run on a regular basis
with each prime station. These tests were concluded with
a checkout of the final mission version of the SOCP
program.

a. Test summary. The test program prior to the launch
of Surveyor VII consisted of two operational tests. The
primary objective of these tests was to ensure that all
elements of the DSN, including the technical and oper-
ational personnel, were capable of totally supporting the
mission in accordance with the Surveyor flight opera-
tional plan. Class C tests:

(1) Utilized the full complement of personnel required
for Surveyor flight operations.

(2) Included standard operational procedures and
heavily emphasized nonstandard operational
procedures.
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(3) Required handling, processing, and interpretation
of the full range of mission data under conditions
of normal and degraded communications.

(4) Generally estiblished the operational readiness of
the DSN for the Surveyor mission,

h. Flight training test. The objective of the flight
training test was to maintain and improve the efficiency
of the personnel within the SFOF and selected portions
of the DSN. Particular emphasis was placed on the
critical portions of the mission that occur during the
transit phase. The test was conducted in two segments
covering the midcourse (M), terminal descent, retroigni-
tion (R), and touchdown (TD) cvents:

(1) Midcourse: M — 2 h, 45 min to M + 20 min
(2) Terminal; R — 2 h, 45 min to TD + 36 min

A summary of operational tests conducted prior to
Surveyer Vil Mission is shown in Table 12,

Table 12. Summary of tests conducted prior
to Surveyor VI launch

December 1 967 Janvary 1968
Week
Test 4 |11 |18 |25 | 8 | 15|22 29
Flight training A
Operational readiness A

Both midcourse and terminal descent segments of the
test were accomplished on the same day (December 12,
1967). In cach segment, spacecraft and/or station ground
system problems were simulated by the test conductor
and simulation team.

In the midcourse phase, the following two failures
were simulated:
(1) Timing failure at DSS 11 time code generator from

midcourse —45 min to test completion

(2) Spacecraft control

failure

flight programmer register

At midcourse - 45 min, when the command message
was being sent to DSS 11, the station reported a 1-pulse/s
code failure from the station astronomical time code
generator, rendering the on-site data processing equip-
ment (910 and 920 computers) data handling fanctions,
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as well as the mission countdown clocks throughout
the station, innperative. This failure was not repaired
until after the midcourse portion was called off.

The spacecraft magnitude register would not accept
the maneuver quantity commands during the midcourse
maneuvers in preparation for thrusting, SPAC requested
a delay in midcourse in order to study the problem
further. This was disapproved by mission control, and a
sequence for manual execution of the maneuver was
prepared by SPAC. This segment of the test was termi-
nated without performing the midcourse maneuver.

In the terminal phase, the simulated failures were:
(1) Vernier lines heater failure at R + 2 h.

(2) DSS 11 operational voice communications subsys-
tem net failure at R — 1 h.

(3) Flight control programmer register failure at
R-17h.

The vernier line heater 2 failure was correctly diag-
nosed at R — 1'2 h as a result of spacecraft signals P-4
(vernier line 2 temperature) steadily decreasing. Calcu-
lations showed the rate of decrease would approach the
lower temperature limitation for successful vernier
operation during the terminal descent phase, A 17-deg
yaw, thermal corrective action was recommended to the
SFOF mission operations controller, thus placing the
lines in direct sunlight. This problem was remedied after
the recommended action, and the spacecraft was re-
turned to normal by simulation at R — 1 h,

At R — 1 h, voice communication with DSS 11 was
lost for approximately 30 min. The SFOF mission opera-
tions controller attempted first to establish black phone
communications for the command and control operations
but was unsuccessful. Teletype conference circuits were
established and in use by R — 30 min when the normal
voice circuits were regained in time for the termine!
descent maneuver sequence. This was a planned failure
introduced by the simulation team.

Refusal of the spacecraft flight control programmer
register to accept the retro delay quantity at R — 7 min
forced the use of the DSS 11 retro sequence emergency
command tape. This tape was prepared especially for
this type of problem in accordance with corrective action
procedures. A successful term:mal descent was accom-
plished with the use of the tape.

The test objectives were achieved and useful experi-
ence was gained from the test series.
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¢. Operational readiness test. The objective of the
ORT was to exercise the total space flight operations
system in the mission activities preparatory to launching,
and in the conduct of significant phases of the mission.
Emphasis was on integrating all elements of the system
and exercising as meny interfaces as possible among
interacting elements. This was a final dress rehearsal for
the mission and was intended to verity the svstem’s
flight readiness. The test was conducted in one con-
tinuous consisting of the following three
segments:

session

(1) Prelaunch through initial spacecratt operations:
T—14htoT~1h 45 min.

(2) Midcourse: M — 3 h to M — 40 min.

(3) Terminal: R — 3 h to TD ~ 38 min.

No anomalies were inserted in the system by the test
conductor. All three segments were relatively uneventtul.
As in the flight training test, the UNIVAC 1219 com-
puter proved to be a very valuable backup to the SFOF
data system.

In general. test objectives were met.

d. Test coordination and simulation. To control and
execute the A, B. and C test series in accordance with
test plan objectives and directives. a joint JPL/Hughes
Aircraft Co. (HAC) test coordination team was formed in
July 1964. The basic responsibility of the test coordinator
was to create the total test enviriinent. The most im-
portant function of the test coordinator was to gather
and specify in detail the data simulation requirements
for cach test and to plan for a timely and realistic display
presentation to the operations personnel. To carry out
these functions. the test coordination team was divided
into telemetry, tracking. science, and TV simulation
groups.

The prime responsibilities of the test coordinator and
his staff are to: (1) plan the telemetry and tracking data
packages, including problems starting about two months
before the scheduled test, (2) prepare and mail data
package kits, including trajectory specification, to AFETR
and FR-600 telemetry simulation tapes to AFETR and
Deep Space Stations for use and playback during sched-
uled tests, and (3) control during the test the playback
of the telemetry and tracking data. which includes prob-
lems to produce a smooth-flowing realistic mission simui-
lation.
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e. Pretest simulation activities. The data packages
produced in support of Surveyor VII were for the
SPAC/flight-path analysis and command A series tests
and the operational readiness test. All these packages
were delivered on time and mailed to AFETR and the
Deep Space Stations in time for the scheduled tests.

f. Flight training test. The Surceyor VII flight training
tests consisted of one midcourse and one terminal 1un.
The data packages for these tests were designed to
include spacecraft telemetry problems, as well as selected
cround system problems.

The problems selected and presented by the simula-
tion test team were a mixture of spacecraft and SFOF
equipment faults introduced by the test team. Typical
problems presented and the portion of the mission in
which they were introduced are the following:

(1) During the midcourse phase of the test, a DSS 11
time code problem was introdnced by the test team
starting at midcourse —45 min and continuing
until midcourse completion. The problem intro-
duced was a timing failure of the l-pulse/s time
code originating from the DSS 11 astro time code
generator. Lacking the l-pulse/s time code, the
on-site data processing equipment (910 and 920
computers) could not process and ship data to the
SFOF. Another result of the time code failure was
that the station countdown clocks within the CDC
and station mission control areas were rendered
useless. The problem created procedural changes
to the SFOF mission control and SPAC personnel
in the handling of the midcourse command mes-
sage tape normally sent via teletype to DSS 11 for
processing by the on-site data processing equip-
ment. This problem was coupled with a spacecraft
flight control programmer register failure which
forced the DSS 11 Surveyor operations chief to
manually send all the midcourse commands by
keyboard, based upon the timing marks for the
proper maneuver durations as measured by SPAC
at the SFOF. This procedure was being imple-
mented when mission control terminated the mid-
course phase. The problem of the 1l-pulse/s time
code simulated failure prompted an investigation
of space modules and procedures to implement a fix
should this problem arise during an actual mission.

(2) During the terminal descent phase, three separate

nonoverlapping problems were introduced by the
test team.
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g. Computer program development and verification.
The following IBM 7094 computer programs were de-
signed and developed for integration into the SFOF data
processing system for use in conducting Surveyor mission
computations and operations:

(1, DPES—Direct ascent powered flight simulator
(HAC).

(2) HPPS—Hughes post processor (HAC).

(3) MTGS—Midcourse and terminal guidance (HAC).
4) ODGX—Orbit data generator (JPL).

5) ODPX—Orbi* determinator program (JPL).

6) PRDX—]PL predicts program (JPL).

(
(
(
(7) TDPX—Tracking data processor (JPL).

(8) TR]JX—]JPL trajectory program (JPL).

Each of these programs was proven compatible in the
mode 4 (7094 machine only) computer configuration be-
fore being checked out and certified in the mode 2 (7094-
1301-7044) system configuration prior to the Surveyor I
Mission. Interface of the FPAC programs via the 1301
disk file was implemented and refined during the mission
simulation periods preceding the actual launches. Minor
changes were made in these programs after the
Surveyor II Mission, making it necessary to recertify
the programs in the system prior to Surveyor III; how-
ever, no significant changes or recertifications were
necessary for Surveyor IV. Only MTGS was recertified
prior to Surveyor V due to minor changes in the program
from Surveyor 1V. The PRDX, TDPX, and ODPX pro-
grams were recertified prior to Surveyor VI due to mod-
ifications for the communications processor and the 44
redesign systems. The MTGS computer program was
recertified prior to Surveyor VII.

V. Tracking and Data System Flight Support

A. General

The near-earth (less than 10,000 mi) phase of the
Surveyor VII Mission was supported by the AFETR,
the MSFN, the DSN, and the NASCOM. This section
comprises a summary of significant events, a narrative
description of countdown activities, and a presentation
of actual mission performance through touchdown. The
data were assembled from material presented at preflight
and postflight reviews of the Tracking and Data System
which supported the Surveyor VII Mission.
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B. Countdown

The planned countdown for January 6 and 7, 1968
included two built-in holds; one of 60-min duration at
T — 90 min, and a second 10-min hold at T — 5 min.
Liftoff was scheduled for 05:55 GMT, on January 7, with
a flight azimuth of 99 deg. The actual countdown time

summary is shown in Table 13.

Table 13. Surveyor VIl countdown time summary

Time
ot Before
launch, min GMT
Started range countdown 335 23:10°
Started 60-min built-in hold 90 03:15
Hold extended 35 min for better 90 03:48
TDS coverage
Started spacecraft countdown 90 04:20
(during hold)
Ended built-in hold; resumed
count 90 04:50
Started 10-min built-in hold 5 06:15
Resumed count 5 06:25
Liftoff 0 06:30

*Jan 6, 1968; other times are Jan 7.

It had been decided that, during the hold at T — 90 min,
there would be an assessment of the RIS Twin Falls
status with reference to a minimum capability of being
able to receive and record launch vehicle data. If the
ship was in a GO condition in this respect, the hold at
T — 90 min would be extended 35 min to permit liftoff
on a flight azimuth of 103 deg. 1'his would give better
assurance of obtaining TDS coverage during critical
periods.

The spacecraft system readiness test (SRT) was started
on schedule, progressed normally, and was completed
without difficulty. The first spacecraft frequency report
was transmitted to the SFOF at approximately 18:30 GMT
on January 6. A total of six frequency reports were sent
during the SRT and countdown. The verbal reports were
followed by teletype confirmation.

The first RF propagation forecast was received from
AFETR at 23:00 GMT. Six of these forecasts, each of
which predicted the propagation conditions for T = 0,
were provided. In addition, the last two forecasts pre-
dicted for the conditions for launch plus 30 min. Table 14
lists the forecast conditions.
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Table 14. Surveyor VIl HF propagation forecasts

Ascension/ Sword Knot/ Twin Falls/ . Z
) ) Cape Pretoria/ |Sword Knot/| Sword Knot/ Cape Sword Knot/ Cape Twin Falls/ | Twin Falls/ Mahe" /
Time received, K Ascension Pretoria Mahe* Ascension Ascension Antigua | Ascension
min (T = 0 on ennedy Kennedy Kennedy
launch date) |y 1+ =14+ |r=|r+ =1+ |1= |0+ |1=|1+ (= |+ |1= |1+ |1T= |0+ | 1= | T+
0 30 0 30 0 30 0 30 0 30 0 30 0 30 0 30 0 30 0o 30
(T= 0:05:55) | Fair® Poor Poor Poor Poor Poor Poor Poor Poor Poor
343
240
183
(T= 0: 06:30)
135
70 Fair Poor Poor Poor Poor Poor Joor Poor Poor Poor
30 Fair | Fair | Poor | Poor | Poor | Poor |Poor | Poor |Poor | Poor |Poor | Poor |Poor | Poor | Poor | Poor |Poor | Poor | Poor | Poor

“Mche: Station on island in the Indion Ocean.

bThese volues are on o scale of excellent, good, fair, Imarginal), poor (mostly unusable), and unusable,

The range countdown was started on schedule at
T — 335 min (23:10 GMT on January 6). All operations
progressed normally until T — 275 min, when the 91.18
radar at Antigua was declared not operationally ready
because of elevation encoder problems. The radar re-
mained down until 03:28 GMT (during the built-in
hold at T — 90 min).

At 02:54 GMT, shortly before starting the hold at
T — 90 min, the Grand Turk 7.18 radar was also not
ready, because of problems with digital formatting in
the radar target acquisition system. This radar was re-
turned to service at T — 80 min, at 05:00.

A weather forecast for T — 0 min, received at
02:25 GMT. indicated that weather conditions would be
acceptable for launch.

At 02:40 GMT, the MSFN reported a problem with
the peripheral antenna at Carnarvon used for determin-
ing if the main antenna was on the main lobe. A
Carnarvon unified S-band problem was also reported;
however, it was stated that Carnarvon was ready to
support. The MSFN also stated that Tananarive sup-
port would be limited because of a continuing tunnel-
diode amplifier problem.

The built-in hold at T — 90 min began, as scheduled,
at 03:15 GMT. As anticipated, the hold was extended
an additional 35 min to obtain better downrange TDS
coverage.

The spacecraft countdown was started on schedule,
30 min before resuming the count at T — 90 min.
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Telemetry data flow checks with the downrange sta-
tions and ships were successfully completed, and the
real-time telemetry retransmission system was considered
ready.

The built-in hold ended at 04:50; the count was re-
sumed at T — 90 min.

The MSFN announced a problem with the serial
decimal time equipment at Tananarive, at T — 65 min.
This resulted in the indicated day of the year being
incorrect; however, the hours, minutes, and seconds re-
mained accurate.

No further difficulties were encountered. The built-in
hold at T — 5 min began at 06:15 and the count was
resumed as planned at 06:25. The terminal count pro-
gressed normally to liftoff.

C. Liftoff to DSIF Acquisition

The seventh Surveyor spacecraft was launched from
launch complex 36A at Cape Kennedy, Fla., at
06:30:00:545 GMT on January 6, 1968 after a resched-
uling from 05:55 to 06:36 GMT to obtain better tracking
from RIS Twin Falls. The Atlus/Centaur launch vehicle
launched and injected the spacecraft into lunar orbit
with a launch azimuth of 102.914 deg.

The entire transit phase of the mission was nominal
with all subsystems working as expected and no anoma-
lics. At 01:05:37.6 GMT on January 9, a successful soft
landing was made at 41:01 deg S and 11:41 deg W
on the moon’s Tycho ejecta blanket 4.2 km from the
original target point, based on orbit determination data.
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The spacecraft landed after a nominal terminal descent
with a velocity of approximately 11 ft/s. Scheduled lunar
operations, including TV surveys, antenna/solar panel
positioner positioning, alpha scattering soil analysis, and
soil mechanics/surface sampler (SM/SS) operation, had
been successfully conducted as of 07:00 PST January 12.

Spacecraft performance during lunar operations was
generally nominal. The only problem encountered was a
failure of the alpha scattering instrument sensor head to
deploy to the surface upon command. This problem
was solved, however, by using the SM/SS to exert force
on the head and thereby deploy it after tests at HAC
demonstrated the feasibility of this method.

The boost phase was normal; the Atlas pitch program,
as well as the normal opening and closing of the inertia
switch, was confirmed by spacesraft telemetry. In addi-
tion, marks 1, 4, 6, 7. 8, and 13 (Atlas booster engine
cutoff, nose fairing jettison, Atlas/Centaur separation,
Centaur first main engine ignition, Centaur first main
engine cutoff, and Centaur second first main engine
ignition) were all verified in real-time from spacecraft
data. Events normally detectable, that could not be
verified due to data outages, were the Atlas roll pro-
gram and marks 2, 5, and 15 (Atlas booster jettison, Atlas
sustainer and vernier engine cutoffs, and Centaur second
main engine cutoff). A summary of mark events is shown
in Table 15.

Subsequent to injection and just prior to its separation
from the spacecraft, the Centaur issued the prepro-
grammed commands Extend Landing Gear, Extend
Omniantennas, and Transmitter High-Power-On at
07:04:37, 07:04:45, and 07:05:00, respectively. These
events were not confirmed in real-time in the public
address arca due to a data outage, but were reported by
AFETR and later confirmed in the area. Data were
restored before mechanical separation of the spacecraft
from the Centaur observed at 07:05:16 GMT.

Following separation, solar panel stepping was initi-
ated. Also, the spacecraft cold gas jets were enabled, and
the flight control subsystem nulled out the tipoff rates
and initiated the roll-yaw sequence to acquire the sun.
At 07:06:01, primary sun sensor lockon was observed
following a roll of approximately —224 deg and a yaw
of +37 deg. Concurrently with the sun acquisition se-
quence, the A/SPP was completing its solar panel and
roll axis deployment and, at 07:14:29, the solar panel
was in its proper transit position.
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D. Acquisition to Midcourse Maneuver

Initial spacecraft acquisition was performed by DSS 42
(Canberra). Significant eveats that occurred during this
phase are in Table 16. No problems were encountered
during this phase and the spacecraft initial acquisition
was nominal.

The spacecraft high voltage was commanded off at
07:31:47 GMT, resulting in 26 min, 47 s of high power
operation during the initial acquisition phase. At 07:40:04,
the 1100-bit/s data rate was selected with a resulting
27-dB nominal telemetry margin based on *he reported
—111.6 dBmW DSS 42-received carrier power level.

The spacecraft-received signal levels during the initial
acquisition phase were —85 dEmW for receiver A and
—69 dBmW for receiver B. Also, with receiver B phase
locked, the difference between automatic frequency con-
trol A and static phase error B was aporoximately 22 kHz.
It was recommended, therefore, that receiver A remain
in the automatic frequency control mode since the re-
quirement of +25-kHz automatic frequency control for
0.0-kHz static phase error was satisfied.

During the time from imtial acquisition to Canopus
acquisition, the spacecraft attitude in the X-Y (roll)
plane was uncertain to =60 deg (i.e., the estimated
uncertainty of predictions) about an estimated reference
point. For the given trajectory elements of the
Surveyor VII Mission profile, antenna gains for both
the uplink and downlink signals of omnidirectional an-
tennas A and B could be anywhere between 0 and —15 dB.

A plot of Deep Space Station received carrier power
vs time was generated using the Surveyor VII trajectory
and assuming that the spacecraft is Canopus-oriented and
transmitting via omniantenna B. Actual measured mis-
sion values were plotted and coded by the Deep Space
Stations. The signal level plots for spacecraft receivers A
and B were also generated, again assuming Canopus
acquisition.

After Canopus acquisition, the spacecraft attitude
during this phase was determined by antenna contour
maps of omniantenna A downlink, omniantenna B down-
link, omniantenna A uplink, and omniantenna B uplink,
respectively, with the earth vector trace for this mission
phase and all subsequent phases superimposed. Obser-
vations of these data confirmed that operation during this
phase was nominal.
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Table 15. Mark events

Mark No. Event Actual time, GMT Actual time, s Nominal time, s

Liftoff (2-in. motion) 06:30:00.545 "+ 0.00 4+ 0.0

1 Atlas booster engine cutoff 06:32:33.995 152.47 153.5

2 Atlas booster engine jettison 06:32:37.095 155.54 156.6

3 Centaur insulation panel jettison 06:33:18.055 197.51 198.5

4 Centaur nose fairing jettison 06:33:47.055 226.51 228.5

5 Atlas sustainer and vernier engine cutoff 06:34:09.015 248.47 248.2

6 Atlas/Centaur separation 0£.34:11 045 250.50 250.2

7 Centaur main engine start 2 06:34:22.055 261.57 259.7

8 Centour main engine cutoff 1 06:39:53.075 592.53 579.2

9 100-1b thrust on 06:39:54.055 593.51 579.2

10 100-1b thrust off Not available — 655.6

11 6-lb thrust on 06:41:10.995 670.45 655.6

12 100-Ib thrust on Not available - 1895.32 5" — 216.0

13 Centaur main engine start 2 engine C2 07:02:21.015 1940.47 1935.32 176.0

14 Centour main engine start 2 engine Cl 07:02:21.015 1940.47 1935.32 176.0

15 Centaur main engine cutoff 2 07:04:15.055 2054.51 2049.02 63.1

16 Extend londing gear 07:04:36.075 2075.53 2069.32 42,0

17 Unlock omnidire<tional antenna 07:04 44.075 2083.53 2079.82 31.5

18 Surveyor high power transmitter on 07:0,:00.005 2099.46 2100.2? 11.0

19 Centaur/Surveyor electrica! disconnect Not available — 2105.82 5.5

20 Spacecraft separation (injection) 07:05:16.055 2115.51 2111328+ 0.0

21 Begin Cenfaur turn around maneuver 07:05:20.005 2119.46 2116.32 5.0
22 Start Centour lateral thrust 07:06:30.005 2189.55 2156.32 45.0

23 End Centaur lateral thrust Not available — 2176.32 65.0
24 Start Centour tank blowdown 07:09:16.005 235546 2351.32 240.0

25 End Centaur tank blowdown 07:13:26.085 2605.54 2601.32 490.0
26 Power changeover switch 07:15:06.055 2705.51 2701.32 590.0

“Lounch.
bSpacecraft separation.

Deep Space Stations 42, 51, and 61 tracked the space-
craft during this transit phase with the spacecraft trans-
mitting data at 1100 bits/s.

During the time from star acquisition until midcourse
maneuver, the spacecraft attitude was known since both
the sun and Canopus had been acquired. Deep Space
Stations 51, 61, 11, and 14 tracked Surveyor VII with the
spacecraft transmitting data at 1100 bits/s in low power
on omniantenna B.

Deviation from the predicted received signal level
curves can be noted on both the uplink and downlink.
Gyro drift checks performed during this period accounted
for omniantenna gain variations that were not taken into
consideration when the predictions were generated.
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At approximately T + 41 min, 33 s, the spacecraft
became visible to DSS 42 (Canberra), which achieved
one-way lock. At T + 57 min, 54 s, the acquisition was
completed when two-way lock was established between
DSS 42 and the spacecraft.

The first ground-controlled sequence (initial spacecraft
operations) was initiated at T + 1:01:46, Commands were
sent to the spacecraft to turn off equipment required
only for the launch to DSIF acquisition phase (e.g.,
Transmitter High Voltage and Filaments Off. Analog-to-
Digital Isolation Amplifiers Off, etc.), to seat the sclar
panel and roll axis locking pins securely (i.e., by “rocking
the axes back and forth”), to interrogate telemetry com-
mutator modes so that the overall condition of the space-
craft could be assessed, and to change the bit rate from
550-bit/s low modulation index to 1100-bit/s normal
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Table 16. Acquisition events

Time, GMT Time, GMT
Event (Jan 7, 1967) Comments Event (Jon 7, 1967) Comments
Transmitter B high power on 07:05:00 Spacecraft commanded frequency control
to high power by capture; receiver B
Centaur pulling in, not phase
DSS 42 acquires spacecraft 07:20:25 locked
one-way on S-band Phase lock, receiver B 07:27:26 DSS 42 receiver
acquisition aid antenna dropped phase lock,
DSS 42 automatic tracking 07:22:50 indicating phase lock
on S-band acquisition on receiver B
cidfparampiifies DSS 42 command modula- 07:28:40
DSS 42 switch from S-band 07:22:57 tion on
acquisition aid to 5-band
Cassegrain-monopulse/ Transmitter B high power 07:31:47 Spacecraft was in high
maser (85-ft antenna) off power for 26 min,
47 s for initial
DSS 42 transmitter turnon 07:26:00 acquisition phase
Signal in passband of 07:26:07 From telemetry; receiver (a maximum time of
spacecraft receivers A in automatic 1 his allowed)

modulation index. All spacecraft responses to commands
were normal.

Because of the high value of the star intensity signal
(indicating the presence of the earth in the Canopus
sensor field of view), it was decided that the Cruise
Mode On command should be delayed and that the flight
control subsystem be kept in sun mode. Also, it was
determined that there would be no need to implement
the “if required” sequence for permitting receiver A to
lock onto the ground transmitter signal since the signal
was already well within the receiver passband (i.e.,
receiver A automatic frequency control telemetry indi-
cated only a 22-kHz error).

The spacecraft continued to coast normally with its
pitch-yaw axes attitude controlled to track the sun and
its roll axis held inertially fixed. Tracking and telemetry
data were being obtained by the use of transmitter B
operating in low power in the transponder mode. The
spacecraft continued to coast normally with no problems
being observed. An engineering interrogation was per-
formed beginning at T + 4:06:14, with the telemetry
signals indicating normal spacecraft performance.

Approximately 4 h, 18 min after launch, the SFOF
completed its analysis for determining the desired man-
ner of performing the star verification and acquisition
sequence. The recommendations were to obtain the star
map by executing the roll maneuver with the transmitter
on omniantenna B, with mode 4 data being transmitted
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at 4400 bits/s and with the transponder in one-way lock.
It was predicted that a loss of data of up to 60 s could
occur on omniantenna B, which would happen during the
scan of the star Caph. A high probability of retaining
the uplink signal throughout the entire sequence was
predicted.

After completing an engineering interrogation initiated
at T + 07:36:31, the spacecraft roll sequence for obtain-
ing the star map and for locking onto Canopus was begun
at T -+ 07:54:04. During the first revolution, the star
intensity and error signals indicated four stars, the earth,
the moon, the Milky Way, and an unidentified object.
Canopus was clearly identified at 267 deg from the start
of roll. The three other stars were preliminarily identified
as Eta Ursa Majoris, Caph, and a combination of Gamma
Ursa Minoris and Kochab. Due to the small separation
between stars, the uncertainty in star intensity, a slight
inaccuracy in roll rate, and the lack of high resolution on
the strip chart recorder, the preliminary identification
of one of the smaller stars was incorrect. The star identi-
fied as Eta Ursa Majoris was later found to be Mizar, a
star about 5 deg away. One additional star, Alpha Canum
Venaticorum, was found after careful analysis.

The same sources reappeared on the second revolution,
except for the unidentified object which was probably a
free particle. During the first passage of Canopus, the
star lockon signal came on only momentarily as the star
entered and left the field of view. It was therefore
necessary to prepare for acquiring Canopus in the manual
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mode. The time of the second passage of Canopus was
predicted, and sun mode was commanded at T + 08:14:38
to stop the roll. The maneuver stopped with Canopus
very near the center of the window and, after allowing
the transients to damp, manual lockon was commanded
at T + 08:17:31, causing the spacecraft to lock onto
Canopus.

Mode 5 was reselected, transponder B was turned on,
the bit rate was reduced from 4400 to 1100 bits/s at
T -+ 08:19:58, and the transmitter high power was com-
manded off 7 min, 57 s later. The vehicle returned to its
coasting as before, but with its roll attitude controlled
so that its star sensor remained locked to Canopus.

At approximately T +12 h, the SFOF prepared the
necessary data for the initial (preliminary) midcourse
briefing including the plots of energy remaining in the
battery, temperature matrix of all spacecraft thermal
sensor values, and the up-to-date status of the key space-
craft telemetry parameters compared to their predicted
values.

Continuous engineering data were obtained at 1100
bits/s for the remainder of this phase with transmitter
low power. Coast mode commutator data were trans-
mitted at all times during this phase except for the
periodic interrogation of modes 4, 2, and 1 from 10 h,
31 s to 10:12:51, 11:53:12 to 12:08:39, and 14:57:18 to
15:13:06 after launch respectively. The gyro speed check
took place at T + 15:15:01.

Two three-axis gyro drift checks from T + 09:06:01 to
T + 11:01:27 and T + 11:06:31 to T + 12:39:42 were
made during this phase. The solar panel switch tripped
four times during transit and was commanded on again
at T + 05:57:47, 06:16:01, 07:47:54, and 11:07:09. Space-
craft performance was flawless throughout this phase.
At the conclusion of each gyro drift check, Canopus was
reacquired by commanding manual lockon.

The SFOF had predicted a sun acquisition maneuver
of +43 deg yaw. The actual maneuver was 225 deg roll
and +43 deg yaw. No prediction was made for the
roll maneuver since the Centaur is not roll stabilized.
Canopus was acquired at 8 h, 15 min after launch with a
roll maneuver of 267 deg. The roll maneuver predicted
by the trajectory group was 258 deg.

The predicted view periods for the four committed
tracking stations are shown in Table 17. This summary is
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Table 17. Predicted view period summary

Event
Rise Set
DSS Time, GMT
5- 270- 90- 5- 270- 90-
deg deg deg deg deg deg
el HA HA el HA HA
51 X Jan7 11:28
61 X 13:08
42 X 13:26
1n X 20:58
51 X 22:14
61 X Jan 8 01:40
42 X 04:38
1 X 09:01
51 X 12:34
61 X 13:19
42 X 14:06
1 X 21:20
51 X 22:35
61 X Jan 9 02:13
42 X 04:58
11 X 09:16
51 X 12:47
61 X 13:22
42 X 14:14
1 X 21:26
5 X 22:40

a compilation of premidcourse and postmidcourse trajec-
tories. The rise and set criteria are included under the
Event column.

Since the midcourse maneuver was performed on
January 7 at 23:30:09 GMT, Goldstone had viewed
Surveyor VII for about 32 min prior to the midcourse
maneuver and for about 9.5 h after it. For the predicted
touchdown time of 01:05:37.6 GMT on January 10, 1968,
the pre- and postlanding Goldstone view periods were
approximately 3.66 and 8.3 h, respectively.

The Surveyor VII launch phase trajectory profile is
shown in Fig. 33.

Figures 34-37 show the trajectory path on the stereo-
graphic projection of DSSs 51, 11, 42, and 61. Pre- and
postmidcourse injection and terminal conditions were
tabulated. These results were obtained several days after
the mission and are considered final. It should be noted
that the postmidcourse terminal conditions did not match
the orbit determination conditions very closely. This
was due to use of the gas jets parameter included in the
orbit determination program, which give a better fit of
the data. The trajectory program could not simulate
these jets.
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just before launch. The T — 5 min predictions were

The uncorrected, unbraked impact point based upon
the then current best estimate was located in the central
area of Hipparchus at selenographic coordinates of 6.05
deg S lat and 5.39 deg E lon. The target aiming point
was 495 deg S lat and 3.88 deg E lon. The two points
are approximately 77 km apart on the surface of the
moon.

Figures of an enlarged section of the premidcourse
arca were provided. A few selected premidcourse orbit
computations were shown. The last premidcourse orbit
was used to determine the required midcourse correc-
tion. Also shown are the results of the AFETR orbit
determination from the Cape Kennedy computer at 60
and 150 min after launch.

Figure 38 shows the earth track traced by Surveyor
VII. Specific events such as sun and Canopus acquisi-
tion, midcourse maneuvers, touchdown, and rise and
set times for the Deep Space Stations are also shown.

It was imperative that the computations scheduled at
launch time and immediately thereatter be done on time
so the latest accurate predicts could be supplied to
DSSs 42 and 51 before spacecratt rise. Predictions gen-
erated at launch were lost from the buffers when both
the 7044X and W computers were restarted to reestab-
lish the communications processor interface link lost
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again generated and were transmitted successtully to
DSSs 42 and 51 only a few minutes later than normal.
The 7094-7044X string was subsequently replaced by
the 7044Y string due to the communications processor/
7044 interface problem. The card reader error problem
that had occurred during the Surveyor VI Mission during
ODPX runs appeared infrequently during this phase of
the mission.

E. Midcourse Manecuver to Terminal Descent

The midcourse sequence began with an engineering
interrogation at T -+ 16:16:39. All midcourse operations
were performed normally. With the spacecraft con-
trolled by DSS 11, the maneuver sequence for applying
the desired midcourse thrust in the proper direction was
initiated; the first maneuver (a roll of —3.1 deg) was
commanded at T + 16:48:27. Initiation of this maneuver
was delayed until the roll axis limit cycle was at a null
(i.e., the Canopus error signal was passing through a
null). The second maneuver (a vaw of +117.1 deg) was
also delayed until the yaw axis limit cycle was at a null,
at T + 16:51:12, With the vehicle thrusting direction now
positioned properly, the vernier engine system was pres-
surized at 7' + 16:57:47. The midcourse velocity correc-
tion was applied by commanding the ignition of the
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vernier engines at T -~ 17:00:08 so that the necessary con-
trolled thrust was applied to achieve a constant accelera-
tion of 0.1 g for 11.35 s (a correction of 11.13 m/s). The
analog recorder, 7044 bulk and teleprinter, and 1219
teleprinter data confirmed the proper execution times
and direction for the attitude maneuvers, as well as the
duration of the thrusting period.

During the time from completion of the midcourse
maneuver to initiation of the terminal sequence (January
8 and 9) the spacecraft operated in a low-power mode
with DSSs 11, 42, 51, and 61 tracking.

At 19:55:50 GMT on January 9, the spacecratt rate
was reduced to 550 bits/s. At the 1100-bit/s rate, the
received carrier power at DSS 51 had been running ap-
proximately —137.0 dBmW with a nominal telemetry mar-
gin of + 1.6 dB. Excessive errors in the data were not
noted; however, the computer data system was experi-
encing some data processing difficulties, and the station
performed an error rate check which indicated a bit
error rate of approximately 0.63 X 10-*. The bit rate re-
duction was then commanded, and the 550-bit/s data
rate continued to be the normal data mode for the
remainder of the coast phase.

Gyro drift checks were performed during this period,
again accounting for deviations in signal levels from
those predicted, as was the case during transit 2.

During the second tracking pass over DSS 61 (17:51:56
on January 8), the ground station antenna slewed '2 deg
off the spacecraft. The result was a .~ceiver/decoder
indexing caused by receiver A. The grouud station an-
tenna servo system was switched to aided track and the
antenna was moved back on point.

The earth vector to omniantenna A wus in the deep
null region of the antenna gain pattern for the greater
part of the coast phases. During coast phase III, the
signal level in receiver A was not only below the com-
mand threshold, but also varied around the receiver in-
dexing threshold. Receiver/decoder indices occurred as
a result of gyro drift checks and spacecraft limit cycling;
however, no commanding problems occurred. Command
activity was very low during this period and, when it
was necessary to send commands, intentional indexing
was initiated to ensure that receiver B was selected for
command processing.

Following the midcourse thrusting, the sun and Cano-

pus were reacquired by performing the reverse mancu-
vers. Thus, confirmation was obtained that the gyros had
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retained their inertial reference during the vernier engine
shutdown, and the need to perform a postmidcourse
star verification to ensure lockon to the proper star was
climinated.

The Canopus verification and acquisition analysis was
performed when the preliminary computer output was
received. The analysis assumed approximately a T + 8-h
acquisition. The roll maneuver required for star mapping
lies along an angle ¢ of 103.6 deg from the +Z axis and
passes through the deep null regions of both the uplink
and downlink of ommiantenna A and the downlink ot
omniantenna B. The deep null region of the omniantenna
B uplink is not encountered. The following recommenda-
tions and commente resulted from the analysis:

(1) The spacccraft configuration should be high power,
transmitter B, ommiantenna B, 4400 bits/s, and
mode 1 data. The maneuver can be executed in
two-way as transponder B, if desired.

(2) There is a possibility of the loss of data between
204 and 234 deg in a positive roll sense from
Canopus.

(3) Loss of the downlink carrier may also occur when

passing through the null region.

(4) Only one roll on ommiantenna B is required to
map all stars with the exception of Caph. It is un-
likely that this star could be identified even with
good data, however.

At 14:18:28, transmitter B was commanded to high
power with the ground-received signal level indicating
an increase of 16.2 dB. The 4400-bit/s data rate was
selected at 14:19:10, and transponder B was commanded
off at 14:21:20. Adequate receiver B phase-lock tracking
capability existed; however, one-way operation was pre-
ferred since two-way doppler data were not desired for
the roll maneuver. Star mapping was initiated at 14:24:05
from DSS 61 with the spacecraft transmitting data at
4400 bits/s in telemetry mode 1.

Approximately 626 deg of roll were required to map
the stars and to establish Canopus lock. Downlink signal
variations of approximately 30.7 dB were noted, which
agreed with the predictions for a 360-deg roll on omni-
antenna B. Intermittent decommutator lock occurred in
the null region; however, downlink carrier lock was main-
tained. Manual Canopus lockon was successtully com-
manded at 14:47:32. Uplink signal level variations for
the null maneuver were 31.3 dB for receiver A and 27.2
dB for receiver B as opposed to predicted variations of
27.2 and 25.4 dB for receivers A and B, respectively.
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Variations i antenna gain were seen in the data when
compared to predicted variations for both the downlink
and uplink. The correlation between the two sets of data
is typical of that observed on previous spacecraft for
both the uplink and downlink of omniantenna B. Lower
gain values than predicted are indicated between the

Y and —X axes on the omniantenna A uplink. This
had been observed on previous spacecraft; however, a
null was also observed in the predicted high gain region
which starts at the +Y axis and extends for 40 deg in
the direction of the ~+ X axis.

Transponder B was turned on at 14:51:04 and two-way
operation was reestablished. The spacecrait was com-
manded to 1100 bit/s data at 14:56:48. Transmitter B
high power was commanded off at 14:57:56, which re-
sulted in 38 min 20 s of high power operation for star
acquisition. The DSS 61 received carrier level for low
power operation was —127.3 dBmW, which was a
16.2-dB decrease from high power and resulted in a
11.3-dB nominal telemetry margin for 1100-bit/s data.

The postmidcourse coast phase was begun and contin-
ued until initiation of the terminal-descent maneuvers.
Throughout this period. data were transmitted contin-
uously at 1100 or 550 bits/s by the low-power transmit-
ter. During this interval, six additional three-axis gyro
drift checks were made at T+

(1) 17:34:11 to 30:12:57.
(2) 23:36:22 to 26:05:49.
(3) 31:32:21 to 34:44:32.
(4) 44:35:44 to 47:04:23.
(5) 45:46:23 to 51:18:31.
(6) 20:15:54 to 23:32:41.

Thirteen interrogations of modes 4, 2, and 1 were
made during this interval at T + :

(1) 19:01:55. (8) 47:41:35.
(2) 24:15:45. (9) 25:29:40.
(3) 29:22:03. (10) 55:44:00.
(4) 33:30:36. (11) 59:36:50.

(5) 36:39:41.
(6) 39:25:27.
(7) 42:49:28.

(12) 62:28:08.
(13) 64:17:49.
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Other sequences which were accomplished included:
(1) Turnon of vernier oxidizer tank 2 thermal control at
T + 32:34:57. (2) Compartment A thermal control turned
on at T + 55:30:20 and off at T + 63:34:13. (3) Survey
TV electronics thermal control turned on at T + 59:49:45.
(4) Bit rate reduction from 1100 to 550 bits/s at T -
61:25:15. (5) Compartment C thermal control turned
on at T — 63:57:23. (6) Turnon of the alpha scattering
instrument heater at T + 64:01:59. (7) Compartment A
heater turned off at T -+ 64:14:03. (8) Vidicon tempera-
ture control turned on at T -- 65:23:47. A gyro speed
check was performed at T + 64:29:16 and 50 normal
readings were obtained on all three gyros. The narrow-
band, voltage-controlled crystal oscillator frequency was
checked 5 min, 11 s later to permit determination of the
frequency offset required for terminal descent.

At T + 62 h, 45 min, the retroengine bulk temperature
was computed to be 54°F, and a temperature of 53°F
at retroignition was predicted. It was estimated that the
resulting retromotor burn time would be 42.78 s. This
information was furnished to flight-path analysis and
command group at the final meeting with SPAC at
T + 62 h, 45 min, in addition to the following data: (1)
the pitch gyro draft rate was 40.2 deg/h, (2) the yaw
gyro drift rate 0.0 deg/h, and (3) the roll gyro drift rate,
— 0.65 deg/h. It was also agreed that an attempt would
be made to control the initiation time of the first two
maneuvers so that the limit cycle errors would be mini-
mized (i.e., similar to the procedure used in executing
the premidcourse maneuvers).

Preliminary analysis of the midcourse maneuvers was
performed at the SFOF upon receipt of the flight-path
analysis and command group output. Eight maneuver
combinations were analyzed for a T -- 16-h midcourse
maneuver. The maneuver analysis summary form was
tabularized. Detailed analysis of other outputs were not
performed since variations were less than 4 deg from the
corresponding preliminary maneuvers. Variations of 4
deg in omnidirectional antenna gain patterns will not
affect performance margin calculations beyond the inher-
ent uncertainty of the preliminary analysis. The roll-yaw
standard maneuver was selected with the spacecraft con-
figuration us follows:

(1) Transmitter B/omnidirectional antenna B/high
power.

(2) 4400-bit/s data.

(3) Two-way lock.
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At 23:02:03 GMT, the spacecraft was commanded to
high power and, at 23:20:41, the 4400-bit/s data rate
was selected. The ground-received signal increased by
15.6 dB when the spacecraft was commanded from low
to high power, with DSS 11 reporting a received carrier
power of —120.3 dBmW prior to maneuvering. Man-
euver initiation times were 23:18:28 for the roll and
23:21:13 for the yaw. Illustrated earth vector traces were
made of the maneuver on each of the applicable antenna
pattern contour maps. Signal level variations during the
maneuver are shown in Table 18. The DSS 11-received
carrier power of —121.0 dBmW at the end of the pre-
midcourse maneuver indicated that a nominal 19.0-dB
telemetry margin existed for 4400 bit/s data.

Table 18. Signal level variations during
midcourse maneuver

Signal level variations, dB
Spacecraft to earth

Attitude, l" 'J . a - Earth to spacecraft
rofation antenna B) Receiver A Receiver B

deg

Pre- Pre- Pre-
dicted Observed dicted Observed dced Observed

Roll 1.1 0.1 6.8 4.2 0.5 6.1

—=3.2
Yaw 2.4 2.4 5.6 30.4 1.8 2.3

+117.0
Thrust — 0.1 —_ 3.7 _— 0.6

Midcourse thrust was executed at 23:30:09 GMT.
Carrier power received from DSS 11 was steady, with
reported 0.1 dB variation during the thrusting period.

At 23:31:39 GMT, mode 5 data were selected in prep-
aration for the postmidcourse maneuver. The yaw in-
itiation time was 23:34:11. The reverse roll maneuver
was not necessary since Canopus was in the sensor field
of view at the end of the reverse yaw. The uplink and
downlink signal levels during the postmidcourse maneu-
ver essentially retraced those seen during the premid-
course maneuver.

Manual Canopus lockon was commanded at 23:41:08,
and preparations were made to return the spacecraft to
its cruise configuration. At the end of the midcourse
sequence, the DSS 11 received carrier power of —120.3
dBmW indicated that a positive nominal 1100-bit/s
telemetry margin should exist with the spacecraft in the
low power mode. At 23:49:00, the 1100-bit/s data rate
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was selected, and at 23:51:19 transmitter B high voltage
was commanded ofl. The spacecraft operated in high
power for 49 min, 16 s during the midcourse maneuver
sequence, A decrease of approximately 16.3 dB from high
to low power was noted. The resulting —132.0 dBmW
received carrier power produced a +6.6 dB nominal
telemetry margin for 1100-bit/s data.

Analysis was also performed on 16 maneuver com-
binations for a second midcourse maneuver which would
be performed during the second tracking pass of DSS
11. The roll-yaw optional maneuvers of either the +U,
or —U, velocity components were selected as the pre-
ferred maneuvers, with the recommended spacecraft con-
figuration being identical to that for the first midcourse
maneuver. It was subsequently determined, however,
that it would not be necessary to perform a second mid-
course correction.

F. Terminal Descent to Touchdown

Terminal descent was initiated at T + 65:29:10 with
the performance of the last engineering interrogation.
The terminal-descent attitude maneuvers were initiated
35 min, 2 s prior to the predicted time of retroignition
(T + 65:57:13). In accordance with the prior agreement,
the first maneuver (a roll of 80.5 deg) was initiated as
the Canopus error passed through its null position. Sim-
ilarly, initiation of the second maneuver (a yaw of +96.1
deg) was delayed until T + 66:05:49 when the sun sensor
yaw error was crossing its null position. These first two
maneuvers (which aligned the retroengine thrust axis to
the desired direction) were completed at T + 66:09:04.
A third maneuver (a roll of —16.5 deg) established the
preferred spacecraft orientation at retroignition and at
touchdown to reduce the probability of the RADVS
breaking lock and to provide the desired postlanding
visibility of engine 3 by the TV camera, was initiated at
T + 66:11:06 and completed 33 s later.

The three maneuvers, as well as other pre-retroignition
spacecraft operations (e.g., loading the proper altitude
mark-to-vernier-ignition delay quantity—2.775 s, estab-
lishing the retroignition sequence mode to ensure that
the automatic flight control sequences would occur in
response to the altitude radar mark, establishing the
proper vernier engine thrust level for the retroignition
phase, and turning on flight control thrust phase power,
etc.), were executed on schedule and without difficulty.
In addition, the altitude marking radar (AMR) was
turned on at T + 66:27:33 and enabled 3 min later.
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Prior to the terminal maneuver sequence, three opera-
tional inputs were required from the telecommunication
subsystem. These inputs were:

(1) Terminal maneuver telecommunication perform-
ance analysis.

(2) Deep Space Station transmitter frequency offset
prior to retromotor firing,

(3) Touchdown strain gage feasibility analysis and
turnon criterion.

Preliminary analysis of the terminal maneuver was
perfornic d on those maneuvers based on the final mid-
course computation, Again, as in the case of the mid-
course maneuver analysis, detailed analysis of subsequent
terminal maneuver computations was not performed since
variations in the corresponding maneuvers were less than
2 deg. The maneuver analysis summary form presenting
the results of the eight maneuver combinations were
analyzed closely. The roll-yaw-roll standard maneuver
was selected with the spacecraft configurations as follows:

(1) Transmitter B/omnidirectional antenna B/high

power.
(2) 1100 bits/s data.

(3) One-way lock.

The spacecraft velocity change from retroignition to
touchdown caused the effective spacecraft received fre-
quency value to increase. It is important to maintain
command capability with the spacecraft; therefore, the
Deep Space Station transmitter frequency was adjusted
prior to retroignition to a value that enabled the
spacecraft-received frequency, both before and after
ignition, to have minimum deviation from the automatic
frequency control center frequency of the receiver se-
lected to be optimized. To complicate the determination
ol the frequency offset value, the frequency adjustment
is made when the spacecraft is operating in the trans-
ponder mode. It was necessary then to determine what
static phase error frequency corresponded to the desired
automatic frequency control frequency. This was deter-
mined for receiver B at 23:04:26 GMT (January 9) when
transponder B was turned off to perform the narrowband
voltage-controlled crystal oscillator check. The touch-
down frequency offset summary was tabulated. At ap-
proximately 23:52:00, the DSS 11 transmitter frequency
was set so that static phase error B read —1.8 kHz.
The doppler change from transmitter tuning to the time
when transponder B was turned off (00:21:51 GMT,

JPL TECHNICAL MEMORANDUM 33-301

January 10) caused static phase error B to read —4.7 kHz
and the corresponding automatic frequency control B
after turnoff to read 0.3 kHz. At touchdown, automatic
frequency control B read 8.4 kHz, which was in complete
agreement with the desired value of 8.25 kHz.

Following the terminal maneuver evaluation, the touch-
down strain gage feasibility analysis was performed and
a turnon criterion established. Best estimates of space-
craft worst-case performance during descent and at
touchdown indicated that, with the strain gage activated,
1100-bit/s data could be obtained at a 3 X 10-* bit error
rate at either DSS 11 or DSS 14 with the spacecraft trans-
mitting on omniantenna B. It was recommended that the
strain gages be turned on if the received carrier power
at DSS 14 was greater than —127.6 dBmW at the end of
the terminal maneuver with the spacecraft transmitting
data at 1100 bits/s only.

For the greater part of the coast phase, the earth vector
to omniantenna A was in the deep null region of the
antenna gain pattern. At the time of preparation for
the terminal sequence, spacecraft limit cycling caused the
signal level in receiver A to vary through the indexing
threshold. At all times the signal was well below com-
mand threshold for this receiver. During commanding
it was necessary to assure that receiver B was related for
command processing. However, receiver indexing at
times occurred so frequently that it was necessary to
repeat some commands. Commands to select the coast-
phase commutator, to turn on high power, and to turn oft
transponder B had to be repeated. The indexing would
not be a problem during descent since the earth vector
to omniantenna A would leave the null region after the
spacecraft had rolled approximately 5 deg.

The spacecraft was commanded to high power at
00:07:23 GMT (January 10), and 1100-bit/s data were
selected at 00:12:32. The resulting —123.3 dBmW signal
level indicated an increase of 159 dB over low power
operation. Transponder B was turned off at 00:21:51,
establishing the spacecraft configuration for the terminal
sequence. Manecuver initiation times were 00:27:14 for
the first roll, 00:35:50 for the yaw, and 00:41:07 for the

second roll.

The DSS 11-received carrier power at the completion
of the second roll maneuver was —125.9 dBmW, which
was in agreement with the nominal 1100 bits/s on trans-
mitter A, Omniantenna A was selected at 01:30:41, with
a resulting 2.1-dB decrease in the ground-received signal.
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Omniantenna B was reselected at 01:31:24 because it
was the favorable transmitting antenna. The ground-
received total power of —121.1 dBmW resulted in a
10.3-dB nominal margin for 200-line TV pictures. The
spacecraft was configured for 200-line TV by approxi-
mately 01:41:00, with the first picture being obtained at
approximately 01:47:00.

Starting at touchdown, minor fluctuations in the re-
ceived signal levels of both the uplink and downlink were
noted. A check of associated subsystem elements indi-
cated that the spacecraft was performing as expected.
This condition then implied that a possible RF multipath
situation existed; however, normal spacecraft operation
was not affected by the resulting signal level variations.

The automatic-descent sequence was initiated by the
altitude marking radar mark, generation of the mark
was confirmed on the ground at 01:02:11.930 GMT
(T + 66:32:11). Vernier engine ignitions, retroengine ig-
nition, RADVS initial turnon and application of high
power after 18 s, retroengine burnout, and retroengine
separation occurred normally. The moment disturbance
produced by the retroengine firing was small (on the
same order as the previous spacecraft) and indicated that
there was no large center of gravity offset. When the
enable doppler control signal was generated (2.15 s after
retroengine separation was initiated), the doppler control
phase was initiated. Realignment of the spacecraft Z axis
to the existing velocity vector was accomplished in 34 s,
with the gyro error signals confirming that the spacecraft
was being controlled normally during this phase.

The vernier engines, under control of the RADVS, kept
the spacecraft on the desired range-V. contour, and the
1000-ft, 10-ft/s, and 14-ft marks were generated as
expected (telemetry confirmation was received on the
ground at T + 66:34:28, 66:35:30, and 66:35:36, respec-
tively). Touchdown occurred at T + 66:35:37.075, with
continuous data being received and the spacecraft in
excellent condition. Postlanding shutdown sequences
were immediately initiated with an engineering assess-
ment performed and the spacecraft prepared for tele-
vision operations. Table 19 shows the Surveyor VII
terminal descent sequence of events.

G. Touchdown to End of Mission

Terminal descent was nominal with all events occurring
as expected. Touchdown was at approximately 13 ft/s,
the order of leg contact was 1, 3, and 2 on a slope of
approximately 3 deg, as estimated from gyro error signal
shifts at touchdown and relative timing of the leg impacts.
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Table 19. Surveyor VIl terminal descent sequence

Time, GMT
Event

Actual Predicted
AMR 60-mi mark 02:11.930 02:11.944
Vernier ignition 02:14.730 02:14.744
Retroignition 02:15.830 02:15.844
Retroburnout 02:59.028 02:59.043
Retroeject 03:11.028 03:11.042
RADVS control descent 02:13.128 02:13.142
1000-ft mark 05:13.323 05:13.338
10-ft/s mark 05:30.223 05:30.237
14-ft mark 05:36.322 05:36.337

All spacecraft systems operated extremely well during
the transit and lunar phases, spacecraft thermal perfor-
mance was excellent and all temperatures were essentially
nominal. Thermal performance during lunar operations
indicated a lunar surface temperature some 20°F higher
than expected.

The telecommunications system performed essentially
nominally as expected during the transit part of the
mission. Operation during the lunar phase was generally
nominal; however, on three occasions lunar reflections
interfered with uplink commanding.

Electrical power system performance during transit
was normal. The battery was fully charged at launch and
the voltage remained high, resulting in tripping of the
solar panel switch only three times during the transit
phase.

Lunar performance operations were generally as ex-
pected. Postlanding operations prior to the first 200-line
TV picture were also normal as expected. Attitude
determination, using combined A/SPP fine positioning
data and gyro error signal shifts at touchdown, was
completed at 12:38 GMT on January 10.

By January 26, more than 20,000 TV frames had been
obtained. These included narrow-angle and wide-angle
surveys of the lunar surface and pictures of earth and
Jupiter.

In summary, the Surveyor VII Mission was regarded
as a very successful mission in terms of: (1) overall space-
craft performance, (2) accuracy achieved by the mid-
course correction making a second correction unnecessary,
and (3) successful operation of all scientific payload
instruments, including use of the soil mechanics/surface
sampler (SM/SS) to deploy the alpha scattering instru-
ment (ASI) sensor head.
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The overall support effort for the Surveyor VII Mis-
sion, as well as for previous missions, was significantly
enhanced through the availability and use of the Space-
craft Checkout Computer Facility 1219 computer data
system. The loss of prime (7044 system) data during the
critical final minutes prior to this launch, extending
through liftoff, has demonstrated the real need and use-
fulness of the Spacecraft Checkout Computer Facility
backup system.

In addition to being highly reliable, the computer
facility has demonstrated complete compatibility with
the prime 7044 system. From the user standpoint, it was
recognized that the two computer systems were com-
plementary, not competitive, in that the computer facility
was programmed to display any change in an unlimited
number of signals, whereas the 7044 was programmed to
display all samples of a limited rumber of selectable
parameters.

It was recommended that the Spacecraft Checkout
Computer Facility be made an integral part of the DSN/
SFOF computer data processing configuration.

The aiming point at the time of the midcourse maneu-
ver was 40.870 deg S lat and 11.37 deg W lon. Based
on the final postlanding orbit determination, the com-
puted landing site of Surveyor VII was determined to be
at 41.059 deg S lat and 11.451 deg W lon. This resulted
in a 6.0 kim miss from the predicted aiming point.

In addition, a study of Lunar Orbiter photographs ot
that area revealed the probable landing site to be 40.89
deg S lat and 11.44 deg W lon. From this determination,
a miss of 1.69 km was indicated.

Surceyor VII touched down south of the equator, with
its —Y axis 22 deg west of north; this orientation re-
sulted in the scientific payload being illuminated for
most of the lunar day. Figure 39 shows the Surveyor VII
landing location.

A number of backup command execution times were
computed for the Surveyor VII Mission. These included
the following:

(1) The optimum time to transmit the backup AMR
mark command. The strategy employved to gener-
ate this command was based upon a predicted
probability of 0.999 that the marking radar would
work.
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(2) The time to transmit the emergency AMR mark
command given that the marking radar was known
to be inoperative. The command could have been
sent at this time if confirmation of ANMR Power On
and AMR Enable were not received.

(3) The time to start the emergency terminal-descent
command tape. This tape could have been used if
the counter were known to be inoperative and
would have started with the vernier ignition com-
mand.

The computation of these command times was based
on the final estimate of the unbraked impact time and
the uncertainty associated with it. These values were
obtained from the final pre-retromaneuver orbit determi-
nation generated 40 min prior to ignition. The uncer-
tainty (orbit determination and manual implementation)
associated with executing the AMR backup command
was determined to be [(0.70)* + (0.15)*]"* = 0.7155s (1 o).
Using this value and the amount of predicted vernier
engine propellant available, a backup delay of 1.2 s was
specified. Known fixed delays such as the propagation
delay, operator delay, command generator, and com-
mand decoder delays totaled 2.37 s. Fixed delays were
anticipated by executing the command early. In addi-
tion, because of a questionable situation with regard to
determining the final unbraked impact time via orbit
determination, a conservative bias of 1 s was added to
the backup transmission time. The final time for trans-
mission of the AMR backup command, rounded up to
the next second, was 01:02:12 GMT. This backup mark
command should have arrived at the spacecraft approxi-
mately 3.1 s after the predicted mark. The predicted and
estimated AMR mark and backup times (GMT) were as
follows:

Mark Backup

01:02:11.28 (predicted)
01:02:10.60 +0.05 s
(estimated)

01:02:14.37 (predicted)
01:02:14.52 +0.1 s
(estimated)

For commands (2) and (3), the approach taken was to
determine a new burnout altitude centered with respect
to the total burnout capability defined by the midcourse
maneuver, descent contour, and predicted nominal burn-
out velocity. In general, the new burnout altitude is
greater than the nominal value, and this higher burnout
altitude gives rise to earlier desired backup mark and
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Fig. 39. Surveyor VIl landing location
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ignition command times, These backup command times
(GMT) for the Surceyor VII Mission were as follows:

Command Time

01:02:08
01:02:12

Emergency mark

Start terminal-descent command tape

1. Downlink signal variation. Shortly after touch-
down, after the 200-line TV pictures were taken, the
downlink signal varied in magnitude (about 0.7-1.0 dB)
and frequency for several minutes, It was suspected at
the time that these variations may have been caused by
multipath transmission effects, and a special telecom-
munications test was designed by SPAC to define the
cause. This special test was performed on day 016 be-
tween 15:49 and 18:31 GMT from DSS 42 and again
between 14:03 and 15:03 GMT on day 017 from DSS 11.

2. Alpha scattering head deployment problem. The
alpha scattering head was deployed to the background
position at 15:48 GMT on day 010 and calibrated. At
approximately 22:01 GMT the command to deploy the
head to the lunar surface was transmitted. Television
pictures taken after the deploy command indicated that
the head was still suspended. However, all deployment
functions up to the sequence where the escape mecha-
nism is supposed to lower the head to the surface func-
tioned properly. Attempts to shake the head loose by
stepping the SM/SS were not successful, Initial attempts
to shake the head loose with the SM/SS were also unsuc-
cessful. Deployment procedures were then developed on
a crash basis and extensively tested. Operations to imple-
ment these procedures were initiated at approximately
07:30 GMT on day 012, The first problem was that the
head was too high to position the SM/SS claw on top tor
the purpose of pushing down. Because of this situation
the claw was opened and positioned on the skirt that
projects around the bottom of the head. The head was
nudged against the side of the spacecraft by the claw
and then forced downward with considerable force. As a
result, the head was moved down sufficiently to position
the claw on top. The head was then lowered with a
series of short pushes until it was finally confirmed that
it was in contact with the lunar surface.

3. Television command failures. On day 014 at 15:48
GMT and again at 07:15 GMT on day 015, the TV
camera failed to respond to some commands. Subse-
quent investigation indicated that: (1) The same TV
command tape was utilized by DSS 42 and DSS 11, with
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the spacecraft not responding to the same TV commands
at the identically same point on each command tape. (2)
The television electronics temperature was near its upper
operational limit at these times. (3) All commands were
confirmed as being transmitted.

Thermal analysis using data from Surceyors 111, V, and
VI, together with the projected cooler environment, pre-
dicted that units of the scientific payload would not ex-
ceed their survival limits during the day. However, the
SM/SS electronies auxiliary, the alpha scattering sensor
head (ASSH), and compartment C were expected to ex-
ceed their upper operational temperature limits of 158,
122, and 131°F, respectively.

Following the touchdown of Surveyor VII, subsystems
of the scientific payload were above their maximum
operational temperature limits longer than payloads asso-
ciated with previous spacecraft; hence, the available time
for scientific exploration was less for the Surceyor VII
lunar mission. During previous missions, the solar panel
and planar array were often used to shield units and
subsystems from direct solar illumination, thereby in-
creasing the unit operational time. However, because ot
the touchdown site and spacecraft orientation, it was not
possible to use the planar array and solar panel to cast
shadows over the scientific payload during the mid-
morning to mid-afternoon interval,

4. Alpha scattering experiments. Preflight predictions
indicated that the ASSH would exceed its upper oper-
ational temperature limit of 122°F at a solar azimuthal
angle of 95 deg (or 45 deg from the solar azimuth cor-
responding to zero degree elevation). The ASSH ex-
ceeded the upper temperature limit at a solar azimuthal
angle of approximately 93 deg. However, contrary to pre-
dictions, the ASSH also exceeded its survival tempera-
ture limit of 158°F. The ASSH reached a peak
temperature of 163°F, Preliminary thermal analyses
indicated that the higher than expected temperatures
were probably caused by one of the following or both:

(1) Uncertainties in the optical properties, especially
the solar absorptance, associated with the ASSH
vycor mirror, and in the thermal contribution of
the sides of the container to radiator and electron-
ics temperatures,

(2) Uncertainties in the thermal contribution caused
by infrared energy exchange with the lunar surface
and the reflected component of insolation from the
spacecraft.
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The ASSH radiator (vycor mirror) optical properties are
measured prior to subjecting the spacecraft to systems
level solar thermal vacuum tests; property measurement
data indicate that the optical properties are nominal, i.e.,
a~ 011 <002 and € ~ 0.80 =0.02. In general, if con-
tamination prior to launch is eliminated, it becomes
plausible that the thermal coupling between the ASSH
electronics/radiator assembly and the ASSH shielding
compartment is probably an order of magnitude greater
than predicted,

5. Alpha scattering electronics compartment. The
alpha scattering electrcnics compartment (ASEC) like
the ASSH exceeded its upper operational temperature
limit of 131°F. The ASEC reached a peak temperature
of 157°1" during the first lunar day. The orientation of
the ASEC thermal radiator results in peak solar heating
at sun elevation angles of 45 +5 deg for equatorial land-
ings (approximately 20 h). However, the ASEC thermal
radiator is subjected to peak or near peak solar loads for
several days at the Tycho latitude. The increased period
of near peak solar heating coupled with the infrared
energy exchange with the funar surface resulted in the
ASEC being above its upper operational temperature
limit longer than on previous missions.

6. Soil mechanics/surface sampler subsystem experi-
ment. The SM/SS subsystem has two major units: a sur-
face sampler mechanism and an auxiliary electronics
compartment, The lunar day thermai performance of
the Surveyor VII auxiliary compartment indicates that
the compartment experienced either/or both a “hotter”
thermal environment and higher solar energy heating
load than previous Surveyor spacecriit,

The spacecraft touchdown orientation and Tycho
location resulted in the maximum period of direct illumi-
nation in the landing leg 2 region of the spacecraft. The
SM/SS auxiliary electronics compartment and the mech-
anism which are located in this region were insulated
throughout most of the lunar day.

The maximum temperature of the SM/SS compart-
ment (180°F) was 40°F higher than that experienced on
Surveyor 1 (the previous successful spacecraft with an
SM/SS subsystem). The maximum operating temper-
ature of 158°F was exceeded for a period of 95 h. An
extrapolation of Surveyor 111 thermal data for the period
when the compartment was shaded indicates that a
maximum temperature of 155°F could have been
attained, Therefore the maximum temperature of the
Surveyor VII auxiliary electronics compartment was
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25°1" warmer than the extrapolated peak for that of
Surceyor I11.

There were no flight sensors on the Surceyor 111
SM/SS motors; therefore, no comparison may be made of
the Surveyors 111 and VII thermal performance. However,
the bulk temperature of the mechanism had been ana-
Iytically predicted as a function of percentage illumi-
nation. A maximum bulk temperature of 1968°F was
predicted for 50% illumination. This compares closely
to actual maximum temperatures of 186 and 196°F,
respectively, for the Surceyor VII elevation and retrac-
tion motors,

7. Survey TV camera. Operation of the survey televi-
sion camera was limited during the mid-morning to
mid-atternoon interval as a result of high temperatures.
Preflight thermal analyses indicated that the survey TV
camera would be operation-limited at the southerly lat-
itude. Thermal predictions indicated that the electrical
conversion unit could exhibit temperature rise rates of
1.1°F/min. The actual electrical conversion unit temper-
ature rise rate is a function of the camera duty cycle
and actual internal power dissipation (which is depen-
dent on available battery voltage). The Surceyor VII
electrical conversion unit exhibited an average temper-
ature rise of 1.0°F/min during one operational interval
of approximately 7 min. The upper operational temper-
ature limit for the survey camera electrical conversion
unit is 165°F.

8. Television performance. The first 200-line TV pic-
ture was transmitted approximately 40 min after touch-
down. Based on reported DSS 11 signal levels, the com-
puted nominal signal-to-noise ratio for the first picture
was 14.8 +1 dB.

The first 600-line TV picture was transmitted approx-
imatcly 2'2 h after touchdown, shortly after the planar
array was roughly aligned with the earth, Based on
reported station signal levels, the computed nominal
signal-to-noise ratio for the first picture was 16.3 =-1.0 dB.

In both cases, the signal-to-noise ratio was high
enough to provide good quality detected video data which
is apparent in the quality and resolution of the pictures.

Transmitter A was used for 600-line TV operations
until day 014, at which time the center frequency of the
wideband voltage cont~olled crystal oscillator drifted
outside the tuning range of the DSS 11 receivers. The
upper tuning limit of the DSS 11 receivers is 2295.234560
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MHz, and at 22:00 GMT on day 014 the measured center
frequency of spacecraft transmitter A operating in the
wideband FM mode was 2295.236480 MHz. Transmitter
B was activated and used until day 021, at which time
the frequency of the wideband voltage controlled crystal
oscillator of transmitter A was again within ground
station limits, Transmitter A was then selected and used
for the remainder of the lunar day. Trouble/failure
report 18273 was generated against transmitter A based
on the above experience.

When the oscillator center frequency drifted 245 kHz
above the nominal 2295 MHz value during ground tests
trouble/failure report 87206 was written against this same
transmitter on October 2, 1967, This report was closed
without corrective action on the assumption the fre-
quency was within the handling capability of the station
ground equipment. This frequency was, in fact, beyond
the tuning range of the receiver voltage controlled oscil-
lator available on site at DSS 11.

9. Alpha scattering performance. The alpha scatter-
ing experiment was p.rformed during much of the first
lunar day. The total power at the ground station with the
planar array pointed toward the earth was reported to be
approximately —110 dBmW. This signal level for the
735 kHz PCM subcarrier oscillator/alpha scattering mul-
tiplex mode resulted in nominal signal-to-noise ratios of
250 dB for the 7.35 kHz PCM channel, and 21.9 and
20.1 dB fer the two alpha scattering channels. Good
quality data, therefore, were expected and received for
this experiment.

10. RF and signal processing tests. During Surveyor VI
lunar operations, tests were conducted to provide data
for evaluation of the performance of the spacecraft tele-
communications RF and signal processing systems. The
RF communications test is identified in the SPAC per-
formance analysis detailed operating procedure as op-
tional sequence 16 and the signal processing test as
optional sequence 17 (Table 20). Based on real-time
observations and preliminary posttest analysis, the RF
and signal processing subsystem performances during
all tests were as expected.

11. Signal level variations during lunar operations.
Throughout the lunar day, periodic fluctuations were
observed in the telemetered automatic gain control of
both spacecraft receivers and in the ground station
received signal level when the spacecraft transmitter was
radiating on an omnidirectional antenna. No downlink
fluctuations were evident when transmitting via the

JPL TECHNICAL MEMORANDUM 33-301

planar array antenna. This phenomenon was first noted
immediately after touchdown. Relatively large step
changes in tne spacecraft receiver automatic gain control
were noted at station transfers,

12, First lunar day operations. The postlanding power
shutdown was commanded immediately after touchdown
and the postlanding engineering assessment was short-
ened in order to initiate 200-line TV operations as quickly
as possible. The first picture was commanded at 01:46.50
GMT, In this mode, a tetal of fourteen 200-line frames
were commanded and received, all of good quality, and
the camera was commanded off at 02:11 GMT. Stepping
of the A/SPP for 600-line TV (positioning the solar panel
toward the sun and the planar array toward the earth)
was completed in less than one hour. The first 600-line
TV sequence began at 03:41 GMT, and continued for
1's h. Very good pictures were received which revealed a
rough, rocky, uneven lunar highland area, quite different
from the mare areas in which previous Surveyors had

landed.

Lunar operations were conducted in accordance with
the lunar operations plan as refined by the daily lunar
operations planning meectings. A major problem, requir-
ing revision to the plan, was experienced on January 10
wher the ASI would not deploy from the background
position to the lunar surface as commanded. A special
analysis and test effort was performed to overcome a
mechanical failure in the deplo:ment mechanism, and
the instrument was finally deployed on January 12, using
the SM/SS to push the instrument to the lunar surface.

The SM/SS was subsequently used to reposition the
ASI two additional times, providing data samples from
three separate locations.

In general, spacecraft temperatures were higher than
expected, and necessitated frequent cooldown periods
with consequent delays to science activities. However,
by judicious scheduling of lunar activities and close
power/thermal management of the spacecraft, essentially
all lunar objectives were accomplished. Total data acqui-
sition included 20,993 video frames, 65 h and 44 min of
alpha scattering data and 36 h and 21 min of surface
sampler operations.

Following sunset at the spacecraft at 06:24 GMT on
January 23, first lunar day operations were continued for
an additicnal 79 h, 48 min until final shutdown at 14:12
GMT on January 26.
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Table 20. Optional sequence for RF communications test

Day/time start of test:

015/14:54 GMT

Supporting ground station: 0SS 42
Initial conditions: Transmitter A Low power
Antenna Planar array
Transponder power A ON, B OFF
Analog-to-digital converter 2
Commutator 5
Clock rate 1100 bits/s
SCO 7.35 kHz PCM
Omniantenna selected B
Time, GMT Command Command title/data Comments
14:54:03.5 0207 Presumming amplifier ON
14:54,07.0 0504 Analog-to-digital clock rate 137.5 bits/s
14:54:.01.4 0204 Launch data radar altimeter ON
14:54:12.9 0220 33.0, 7.35, 3.9-kHz SCO OFF
14:54:25 DSS-received signal level — ! 14.0 dBmW Transmitter A unmodulated carrier
14:55.01.0 0500 0.96-kHz A/D SCO ON Discriminator /decommutator Iock
14:55:35 DSS-received signal level —119.8 dBmW
14:55:55.6 0116 Transmitter B to planar array Omniantenna B transmitted power 346 BCD"
14:56:15 DSS-received signal level —144.0 dBmW
14:56:30.6 0120 Select omniantenna A Omniant Atr itted power 321-315 BCD
14:5¢:35 DSS-received signal level —150.5 dBmW
14:57:18.1 0102 Transmitter A filoment pc ~ar ON
14:59:42.1 0125 Transfer switch A high power
14:59:42.6 0103 Transmitter high voltecge ON Omni Atr itted power 952-949 B7D
14:59:55 DSS-received signal level —132.16 dBmW
15:00:15.6 0107 Transmitter high voltage OFF
15:00:35.4 0121 Select omniantenna B
15:00:44.1 0103 Transmitter high voltage ON Ominiantenno B transmitted power 925-922 BCD
15:01:00 DSS-received signal level —126.0 dBmW
15:03:12.6 0107 Transmitter high voltage OFF
15:03:19.1 onz Transmitter A to planar array
15:03:22.1 0103 Transmitter high voltage ON
15:03:40 DES-received signal level —102.2 dBmW
15:04:31.6 0107 Transmitter high voltage OFF
15:04:37.6 0126 Transfer switch A lower power
15:04:40.1 0110 Tr itter fil ! p OFF Confirmed
DSS-received signal level —120 dBmW
15:06:52.6 0214 Summing omplifiers OFF Loss of data
15:07:01.1 0113 Narrowband VCXO OFF
Tronsmitter A wideband VCXO
Frequency drift measurements
15:18:51.1 0112 Narrowband VCXO ON
15:18:54.6 0210 PM summing amplifier A ON
15:19:53.1 0210 Presumming amplifier ON Discriminator /decommutator lock
15:20:41.6 0124 Transponder power OFF Confirmed
15:21:15 DSS-received signal level —120.2 dBmW
15:22:33.6 0123 Trensponder B power ON Transponder B phase-lock confirmed
15:35:55.2 o1 Transmitter low power OFF
15:36:02.7 0104 Transmitter B lower power ON
15:36:06.2 0112 Narrowband voltage controlled crystal oscillatcr ON
15:36:09.7 0214 Summing amplifiers OFF
15:36:20 DSS-received signal level —136.0 dBmW
15:36:35.7 0207 Presumming omplifier ON
15:36:38.7 0211 PM summing amplifier B ON Discriminator /dec tator lock
15:36:35 DSS-received signal level —144.1 dBn,W Omniantenna B transmitted power 345-330 BCD (3 min)

L “Binary-coded decimal.
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13. Second lunar day operations. The first revival at-
tempt on the second lunar day was initiated by DSS 61
approximately 130 b after sunrise at 19:00 GMT. Feb-
tuary 12, The spacecraft responded immediately. termi-
nating a shutdown period of 17 days, 5 h. An engineering
assessment revealed a major power subsystem anomsly,
however, which placed the spacecraft in a marginal sur-
vival category for the remainder of the lunar day and
greatly limited operations. Other anomalies were:

1' Landing leg 1 was collapsed. giving the spacecraft
an S-deg tilt away from the earth.

19

! Television in 600-linc mode was inoperative. Tests
indicated a failure in the camera 600-line hori-
zontal sweep circuit.

(¥}

Alpha scattering instrument proton system in-
operable.

Scheduled science operations were limited to two
abbreviated activity perieds on February 13 and 14. The
TV camera was operative in the 200-line mode. however,
and approximately 39 video frames of good quality were
received. These included pictures of new. nearby surface
areas revealed by the spacecraft tilt. Surface sampler
operations were limited to a brief but successful test of
the extension stepping capability of the instrument.

Because of the critical condition which developed in
the battery. a decision was made to forego TV and
SM\/SS activities and preserve the spacecraft in favor of
the alpha scattering experiment which was given first
scientific priority. The ASI temperatures were above
operating limits at this time due to the lunar noon. The
spacecraft was successfully “nursed” through the next
two davs and power management techniques succeeded
in producing a limited improvement in battery perfor
mance. Further degradation could not be prevented, how-
ever. and the battery lost its remaining capability on
February 17. Solar panel current was sufficient to support
alpha scattering operations. however, and more than 20 h
of good alpha system data were successfully obtained.

Power management and operational experiments. ac-
companied by increasing loss of lock, continued until the
carrier was lost for the final time at 00:24 GMT, on
February 21. This preceded the predicted lunar sunset
time by approximately 21': h. Efforts to revive the space-
craft were continued until 06:4S GMT on February 21.
when all search activities were terminated.
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H. Summary of Deep Space Station Operations

The tollowing pages comprise a summary of Deep
Space Station operations for the Surveyor VII Mission.
A description ot the tabular columns follows:

ot

Acquisition/end of track (GMT), day of vear. time:
Each station entry in these columns consists of two
sets of numbers. The first set is the day and time,
in hours. minutes, and seconds. CMT. of space-
cratt acquisition. The second set of numbers indi-
cates the day and time that tracking terminated.

(2) Tracking. ground mode. length of time: These
columns list the duration (in hours. minutes, and
seconds) of each tracking ground mode. The
¢round mode indications, numerals 0-5, are defined
in Table 21. At the end of each station entry is the
total tracking time in all modes.

Ground-received signal level. —dBmW. The
ground received signal level column contains two
figures for each station’s entry. These figures are.
respectivelv, the maximum and minimum signal
levels received at the indicated station.

(o)

Table 21. Ground rmodes

Indicator —]

d

Ground mode

Transmit only
One-way (receive only)
Two-way coherent
Three-way coherent

| Two-way non-coherent

n bW -0

Three-way non-coherent

(4) Television pictures reccived by command. non-
command: Unless otherwise indicated. these fig-
ures represent 600-line TV pictures received by a
station while the spacecraft was under its com-
mand. Noncommand pictures are pictures received
by a station while the spacecraft was commanded
by another station.

(5) Significant events, equipment failures. and anom-
alies: As indicated. this column notes important
events, equipment failures, and problems. All times
given in this column are GMT in hours and minutes
(four-digit numbers) or hours, minutes, and seconds
(six-digit numbers).

The summary of Deep Space Station operations is
contained in Table 22.
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|. Station Tracking Summary

Figure 40 shows a profile of the DSIF mission activity
from launch until the end of DSN-committed coverage.
This figure contains: the periods each station tracked the
spacecraft plotted against mission time from liftoff: the
number of commands transmitted by each station during
each pass; the number of TV pictures received by com-
mand by each station during cach pass: and the number
of hours of alpha scattering data received by each station
during each pass. Table 23 presents the total number of
commands sent by each station during the mission. The
total number of TV pictures received by command and
noncommand for each station is presented in Table 24.
The three prime stations committed to support alpha
scattering operations received a total of 58 h and 08 min
of data. The total number of hours alpha scattering data
received by each station during each pass is presented
in Table 25.

1. Deep Space Station 71. DSS 71 support for the
Surveyor VII Mission consisted of a DSIF-spacecraft
compatibility test, an ORT, a spacecraft prelaunch count-
down phase, and a postlaunch phase lasting through
approximately the first 40 min of the mission.

The purpose of the DSIF-spacecraft compatibility test,
performed during joint flight acceptance composite test-
ing. was to verify the ability of the DSN to support the
mission. Command telemetry and TV interfaces were
exercised via the RF link.

The ORT. performed on January 4 and 5. 1968, con-
sisted of processing simulated spacecraft data received
prior to T — 5 min from JPL, routed via hangar AO, and
from T — 5 through T -+ 40 min from KSC. The received
data in both cases were 550 bits/s PCM, which were fed
directly into the CDC decommutator. The data were
then outputted in the normal manner back to the SFOF
via teletype and high-speed data luie.

During the prelaunch countdown on January 6, space-
craft data were received from hangar AQ in the system
test equipment assembly area. At T — 5 min, the data
source was switched to 550 bits/s PCM from KSC. The
KSC data consisted of various AFETR tracking stations,
including Centaur telemetry link prior to liftoff. The KSC
data were received until approximately T -+ 46 min.

During the spacecraft readiness test. countdown, and

launch, the DSS 71 antenna was optically aligned with
the spacecraft. The receiver was locked on the spacecraft

JPL TECHNICAL MEMORANDUM 33-301

during these tests until spacecraft visibility was lost. This
served as a backup to the KSC data source.

2. Deep Space Station 11. The pioneer site of the
Goldstone complex was used to track Surveyor VII.
Backup tracking was provided by the Mars site with
its 210-ft diameter antenna. Provision had been made to
allow the CDC to utilize the Mars site equipment for
commanding the spacecraft and receiving spacecraft
telemetry,

The mideourse maneuver and terminal descent phases
of the Surveyor VII Mission were the major events of
the Surceyor mission to be commanded from Goldstone.
The midcourse mancuver was accomplished during the
first Goldstone view period. A second mancuver was
anticipated but was unnecessary because of the accuracy
of the first maneuver. Spacecraft and ground equipment
performed flawlessly.

Terminal descent occurred during the third Goldstone
view period. The spacecraft performed as expected to
touchdown and was transmitting 200-line TV pictures
some 45 min after touchdown.

There were no failures or anomalies in the CDC dur-
ing the mission. A summary of the station’s view periods
is given in Table 26, Table 27 gives a summary of DSS
11 CDC activities.

a. Pass 1. The spacecraft was acquired at 21:05 GMT.
During this pass, 82 commands were transmitted. The
majority of these were required to perform the mid-
course maneuver, A manual lockon was required for star
lockon because of star intensity saturation. The remain-
der of the commanding concerned routine engineering
interrogations and drift checks. The spacecraft bit rate
was 1100 bits/s throughout the pass with the exception
of the maneuver period during which the bit rate was
increased to 4400 bits/s. End of tracking was at 08:56
GMT.

There were no CDC anomalies during the countdown
or pass L.

b. Pass 2. The second pass at DSS 11 was uneventtul.
Initial acquisition time was 21:19 GMT utilizing DSS 14.
When DSS 11 acquired and had sufficient signal strength
for good data, the CDC transferred to DSS 11 (21:28
GMT). Pass activity amounted to one engineering inter-
rogation and one gyro drift check, Nine commands were
transmitted to the spacecraft. End of tracking occurred
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Fig. 40. Station tracking periods, first lunar day and night
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Table 23. Commands transmitted by Deep Space Stations

: Date - Commands transmitted
ass ven
1868 o) DSS 51 pss 1 DSS 42 DSS 61
Launch 1/7
01 17 0
01 1/7 52
o1 1/7,8 37
o 1/7,8 Midcoursa correction 82
02 1/7 10
02 1/8 16
02 1/8,9 8
02 1/8,9 9
03 1/8 4
03 1/9 26 15
03 1/9 2
03 1/9,10 Lunar touchdown 8815
04 1/10 1077
04 1/10, 1 Alpha scattering instrument to back- 237
ground position
04 1/10, 11 4658
05 (VAR 5239
05 /11,12 464
05 /11,12 444
06 112 3353
06 1/12,13 1396
06 1/13 Alpha scattering instrumen! moved to 8160
second location
07 1/13 3198
07 1/13,14 7
07 1/14 Laser experiment unsuccessful 5767
08 1/14 1910
08 1/14,15 153
08 1/15 5874
09 1/15 199
09 1/15,16 Surveyors V and VI revival unsuccessful 3843
09 1/16 3629
10 1/16 76
10 1/16,17 Conducted multipath tests 324
10 117 6661
1" 1/17 2348
1 1/17,18 446
n 1/18 8404
12 1/18 2215
12 1/18,19 Best-lock frequency measureme nte 32
12 1/19 6608
13 1/19 4791
13 1/19, 20 2842
13 1/20 Loser experiment successful 5336
14 1/20, 21 5795
14 1/20, 21 1né
14 /2 3953
15 1/21, 22 7651
15 1/22 302
15 1/22 Alpha scattering instrument meved to 5274
third location "
16 1/22,23 Spacecraft camero sunset 5360
16 1/23 2240
16 1/23 2906
JPL TECHANICAL MEMORANDUM 33-301 m




Table 23 (contd)

| Grand total

Date Commands transmitted
_— 1968 (GMT) Gvent
DSS 51 Dss 11 DSS 42 DSS 61
17 1/23, 24 981
17 1/24 77
17 1/24 41
18 1/24, 25 100
18 1/25 58
18 1/25 16
19 1/25, 26 128
19 1/26 108
19 1/26 Spacecraft turned off 16
L— Deep Space Station totals 50 80,650 44,504 12,856
138,060

Table 24. Television pictures received

Table 25. Alpha scattering data received by
Deep Space Stations

DSS Via station command Via external command
71 0 0
51 0 0
42 9,015 3,297
61 752 2,356
1 11,226 1,781
14 0 0
Totals 20,993 7,434

Grand total 28,427

at 09:01 GMT. A bit rate of 1100 bits/s was maintained
throughout the pass. A marginal signal level at space-
craft receiver A resulted in periodic decoder cycling
throughout the pass.

There were no CDC anomalies during countdown or
pass.

¢. Pass 3. The spacecraft was initially acquired at
21:06 GMT utilizing DSS 14; the spacecraft was trans-
ferred to DSS 11 data at 21:38. Events progressed nomi-
nally throughout the pass. Prior to the first maneuver, it
was necessary to repeat a few commands because of
decoder cycling. Terminal maneuvers were initiated
at 00:29 GMT, and subsequent events occurred as
scheduled.

Touchdown occurred at approximately 01:05:37 GMT.
A modified postlanding sequence was accomplished, and

the first 200-line TV frame was received approximately

112

Date Hours of data received
Pass
1968, GMT | pes 19 DSS 42 DSS 61
04 1/10 5:17
04 1/10, 1 1:01
05 VAR 0:15
05 1/11,12 7:16
05 /11,12 0:12 |
06 1/12 0:36
06 1/12,13 6:45
06 1712, 13 1:12
07 1/13 1:27
07 1/14 0:28
08 1/14 0:1C
08 1/14,15 6:31
14 1/20, 21 2:04
14 1/20, 21 7:01
15 /21,32 1:45
15 1/22 8:02
15 1/22 1:26
16 1/22,23 4:24
16 1/23 2:26
16 1/23 0:50
-
Totals 4:08 15:58 39:02
Jrand total 59:08

45 min after touchdown. Fourteen 200-line frames were
received. The A/SPP positioning was accomplished, and
the remainder of the pass was devoted to 600-line TV
and engineering interrogations.

There were 8815 commands transmitted to the space-
craft und 1055 video frames received (including 200-line

JPL TECHNICAL MEMORANDUM 33-301



frames). In addition, 169 video frames commanded by
DSS 42 were received prior to the end of tracking at
09:30 GMT.

There were no CDC anomalies during countdown or
pass 3.

The Pioneer site of the Goldstone complex continued
tracking Surveyor VIl throughout the first lunar day and
into the lunar night. Spacecraft tracking operations were
suspended January 26, 1968 at 14:12 GMT. The activity
at this station emphasized commanding SM/SS opera-
tion and TV pictures. Alpha scattering data were accu-
mulated and engineering interrogations were performed.

Operations during this period included the unique
deployment of the SM/SS to force the ASI to the lunar
surface after norma! ASI deployment techniques failed,
and the repositioning of the ASI to new locations on the
lunar surface. In addition, a laser experiment was per-
formed in which the spacecraft TV was successful in
“seeing” laser light beams transmitted from earth. Excel-
lent earth pictures were received throughout this opera-
tional phase.

d. Pass 4. This pass emphasized TV and SM/SS oper-
ations. The SM/SS operations were conducted with the
station in a two-receiver configuration, with the CDC
receiving telemeuy only.

When the ASI failed to deploy from the backzround
position to the lunar surface, the SM/SS was utilized to
force deployment. Deployment ot the ASI with the aid
of the SM/SS was unsuccessful. Television was then
utilized to survey the ASI for possible fault location.

During receipt of a command tape, the paper tape
punch fuse failed. The fuse was replaced and normal
operation was resumed.

During this pass 4658 commands were transmitted,
including 751 TV frames.

e. Pass 5. This pass saw a repeat of the attempt to
lower the ASI to the lunar surface utilizing the SM/SS.
After apparently succeeding in the air deployment. a
10-min data accumulation was run which indicated the
surface had not been reached. Subsequent deployment
attempts were then attempted prior to transfer to DSS 42.

A total of 4441 commands were sent during this pass;
601 were TV frames.

JPL TECHNICAL MEMORANDUM 33-301

Table 26. Summary of DSS 11 view periods

Pass D‘:::I'm.l “::;: s CDC problems

1 Jan7 21:05 82 No equipment
8 08:56 problems

2 8 21:19 9 No equipment
9 0%:01 problems

3 9 21:06 8815 No equipment
10 09:30 problems

Table 27. Summary of DSS 11 CDC activities

Date /stari No. of v
Pass and finish com- e CDC problems TFR No.
mes
time, GMT mands
4 |(Jan10 22:12 4658 751 Paper tape punch | 47769
11 10:19 fuse blown
5 11 22:55 4441 601 None —
12 10:40
6 12 22:55 8160 846 None —
13 12:00
7 14 00:42| 5767 842 None ——
14 12:39
8 15 01:36| 5874 995 Command 47770
15 13:47 subcarrier
osciilator 2
had no output
9 16 02:35 3679 356 None -
16 14:41
10 17 03:25| 6661 860 None —
17 15:34
1 18 04:15 8404 1220 None —
18 16:22
12 19 05:14| 6608 720 None —
19 17:06
13 20 06:07| 5336 846 None —_
20 17:53
14 21 07:17| 3953 672 None —
21 18:21
15 22 08:17 5274 966 Camera film 4777,
22 18:49 counter switch
intermittently
chattered
16 23 09:31 2906 496 None —
23 19:12
17 24 11:25 41 0 None —_
24 14:40
18 25 14:50 16 0 None —
25 15:20
19 26 13:56 16 0 None p—
26 14:14
113




f. Pass 6. The ASI was found to be properly deploved.
During this pass all scientific iustruments were exercised.
The ASI accumulation time totaled 52 min.

During this pass, 8160 commands were transmitted.
including 846 TV frames.

¢ Pass 7. A laser search was conducted during this
pass without apparent success at the time. Three wide-
band voltage controlled auxiliary oscillator checks were
conducted utilizing spacecraft transmitter A. Rising tem-
peratures necessitated a 50% duty cycle on TV opera-
tions.

During this pass, a total of 5767 commands, including
842 TV frames, were sent.

. Pass S. During countdown, command SCO 2 failed.
The system tester 2.3-kHz SCO was patched and avail-
able for backup if command SCO 2 failed during the
pass.

Operation of the spacecraft had Leen transterred to
spacecraft transmitter B prior to DSS 11 acquisition.
Operztion continued on transmitter B throughout the
pass.

During execution of command tape 202, the camera
failed to respond to all positioning commands. No posi-
tioning errors were noted in subsequent TV operation.

During this pass 5874 commands were transmitted, in-
cluding 995 TV frames.

i. Pass 9. Activity during this pass was limited be-
cause of high temperatures. Attempts were made to
revive Surveyors I, II1, V, and VI; all attempts were un-
successful. Surveyor VII was then brought up on trans-
mitter A. then transferred to transmitter B.

Command activity totaled 3629 commands with 356
pictures received.

j. Pass 10. Activity was again somewhat limited be-
cause of lunar noon temperatures. Both spacecraft trans-
mitters were exercised, although spacecraft operations
were predominantly conducted with transmitter B. The
multipath experiment was conducted during this pass.
Television deviation appeared greater during this pass
than on the previous pass.

114

Commands transmitted during this pass totaled 6661,
with 860 pictures received.

k. Pass 11. Activity during this pass consisted of TV
operations and engineering interrogations, Temperatures
did not present the problem anticipated; therefore, addi-
tional TV work was accomplished.

During this period 8404 commands were transmitted,
and 1220 pictures were received.

l. Pass 12. The SM/SS operation was resumed during
this pass, and a second attempt at the laser experiment
was made.

Commands totaled 6608 during this pass. including
720 TV frames. An additional 186 pictures con.manded
by DSS 42 were received.

m. Pass 13. This pass emphasized SM/SS and TV op-
erations. The laser experiment was conducted again and
Space Science Analysis and Command indicated success.

During this pass. 5336 commands were transmitted,
including 846 TV frames. An additional 120 pictures
cc.amanded by DSS 42 were received.

n. Pass 14. The spacecraft was returned to operation
on transmitter A. The ASI operation was resumed in
addition to normal TV and SM/SS operations. The ASI
was moved to new site,

Commanding activity totaled 3953 commands, includ-
ing 672 TV frames. In addition, 321 pictures commanded
by DSS 42 were received.

0. Pass 15. This was a routine operational pass with
the exception of moving the ASI to a third site.

During this pass, 5274 commands were transmitted,
including 966 TV frames. An additional 391 pictures
commanded by DSS 42 were receive 1.

One problem occurred during this pass: the 35-mm
camera film counter switch intermittently chattered and
produced an erroneous footage count. Camera operation
was not affected.

p. Pass 16. The spacecraft was already into the lunar
night when acquired, although some lunar features
were still illuminated. Television operations continued
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throughout the pass. Excellent earth pictures were re-
ceived and the planet Mercury was photographed using
the integrate mode of operation. The SM/SS was utilized
to perform bearing strength tests. The ASI was turned
on at completion of SM/SS operations, and data were
accumulated until thermal restrictions prevailed.

Commands totaled 2906 during this pass, including
496 TV frames. An additional six pictures commanded
by DSS 42 were received.

q. Passes 17, 18, and 19. These passes consisted of
engineering interrogations and thermal ccatrol checks.

Command activity during these passes totaled 73 com-
mands.

Pass 19 concluded the DSS 11 first lunar day track.

3. Deep Space Station 42. During the transit phase of
the Surveyor VII Mission, DSS 42 had three tracking
periods prior to touchdown. The station was in two-way
lock with the spacecrafi tor 4 h and 33 min during the
first pass (launch). 7 h and 15 min for the second pass,
and 7 h and 30 min during the third pass. Eighty-three
commands were transmitted to the spacecraft during the
transit phase.

A summary of the DSS 42 view periods is given in
Table 28.

Table 28. Summary of DSS 42 view periods

Pass Date/time, GMT No. of commands
1 Jan7 07:20 52
13:35
2 Jan 8 05:05 16
14:19
3 Jan9 05:25 15
14:28

a. Pass 1. The spacecraft was acquired at 08:21 GMT,
and, after two-way lock was obtained, initial spacecraft
operations were performed.

b. Pass 2. During pass 2, this station performed two
engineering interrogations. The rest of the pass empha-
sized gyro drift checks.

c. Pass 3. As in pass 2, two engineering interrogations

and several gyro drift checks consumed much of the
commanding activity during pass 3.
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During the first lunar day of the Surveyor VII Mission,
DSS 42 tracked Surveyor VII for 13 passes prior to sunset
and, three passes into the lunar night.

Durmg the lunar phase of the Surveyor VII Mission
44 438 commands were transmitted to the spacecraft, and
12312 TV frames were received, of which 9015 were
commanded by DSS 42,

A total of 242 min of alpha scattering lunar surface
information was accumulated, as well as 15 min of
background information and 252 min of stowed data.

No equipment problems or failures occurred during the
passes; therefore, no trouble/failure reports were raised
for the mission.

The DSS 42 CDC anomalies encountered during this
period are described in the pass summaries and are
listed in Table 29.

d. Pass 4. Track began at 05:42 GMT with the station
going two-way at 08:00 GMT.

The station was reconfigured for TV at 08:06 GMT,
and narrow-angle sector 5 survey was commanded. From
08:29 to 08:51 GMT, narrow-angle pictures of the carth
were taken using the various polarization filters.

At 09:06 GMT, the spacecraft was reconfigured for
PCM and an engineering interrogation was performed.
At 09:27, GMT alpha scattering operations commenced
utilizing optional sequence 10, items 9.0-34.0. A total of
4 h and 12 min of ASI stowed information was accumu-
lated.

At 10:12 GMT, A/SPP fine positioning started, with
the A/SPP optimized at 12:24 GMT. An engineering
interrogation completed the DSS 42 commanding for the
pass at 13:40 GMT.

Transfer to DSS 61 occurred at 14:15 GMT, with end
of track at 14:51 GMT. A total of 1077 commands were
transmitted to the spacecraft, and 972 TV frames were
received, including 169 commanded by DSS 42.

e. Pass 5. Track began at 06:42 GMT with the station
going two-way ut 09:30 GMT, The attempts by DSS 11
to free the ASI using the SM/SS were monitored prior to
transfer, as were the earth pictures,
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Table 29. Summary of DSS 42 CDC activities

TV frames received
Date /start No. of
5 A ‘ CDC problems
Pass o thnleh e commands DSS 42 DSS 11 *
GMT " d
4 Jan 10 05:42 1077 169 803 None
14:51
S 11 06:42 5239 1261 121 None
15:23
] 12 07:41 3353 799 202 ESP" and TV on at same time causing loss of
16:00 TV ID. ESP turned off before going on
with TV survey, solving problem
7 13 10:50 3198 984 — None
16:48
] 14 11:44 19.0 382 138 Spacecraft transponder dropped lock during
11 17:46 a TV survey, causing TV not to respond
to commands
9 15 10:26 199 — 300 Spacecraft receiver A had 20-30 dB
18:49 AGC" variations and dropped AFC” lock
10 16 11:06 76 — —_— Same as pass 9, variations reduced to 10 dB
19:56 by biasing predicts by + 150 kHz
1" 17 11:44 2348 — 233 None
21:00
12 18 12:13 2215 — 405 None
22:01
13 19 15:57 4791 1053 ©3 None
22:35
14 20 16:52 5795 1297 106 None
21 00:13
15 21 03:50 7651 1838 71 Filter wheel struck in mid-position for CT
22 01:14 803B 241 and part of 242
16 22 13:58 5360 1184 692 None
23 02:26
17 23 14:30 981 48 133 None
24 02:14
18 24 16:00 100 — — None
25 03:16
19 25 17:10 128 —_ - None
26 05:48 ‘
*Engineering signal processor.
bAutomatic gain control.
“Automatic frequency control.

An engineering interrogation was performed at 09:34
GMT with the spacecraft configured for TV at 09:50
GMT. Focus ranging surveys were commanded from
09:57 GMT until 11:04 GMT.

After an engineering interrogation, a wide-angle 360-
deg panorama was commanded from 11:11 until 11:33
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GMT. At 11:37 GMT an engineering interrogation was
performed.

At 12:00 GMT a narrow-angle 360-deg panorama was
started, with the five segments completed at 14:09 GMT.
The ASI was turned on at 14:19 GMT and an engineering
interrogation was performed.
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Transfer to DSS 61 occurred at 15:00 GMT v.ith the
end of track at 15:23 GMT. A total of 5259 commands
were transmitted to the spacecraft, and 1382 TV frames
were received, 1261 commanded by DSS 42, There were
15 min of ASI background information accumulated.

f. Pass 6. Track began at 07:41 GMT with the station
going two-way at 10:40 GMT. During the threc-way
period DSS 42 was able to observe the final positioning
ol the ASI on the lunar surface using the SM/SS.

Commanding consisted of three engineering interro-
cations, a special survey of the rock field at the TV camera
end stops. focus ranging at three different azimuths, and
narrow-angle segment snrveys of segments 1, 2, and the
first halt of segment 3.

Transter to DSS 61 occurred at 15:30 GMT, with the
end of track at 16:00 GMT. A total of 5353 commands
were transmitted to the spacecraft, and 1001 TV frames
were received, 799 commanded by DSS 42, There were
22 min of ASI lunar surface information accumulated.

A minor problem occurred at the start of the narrow-
angle surveys. The engineering signal processor (mode 4)
was left on causine less of TV identification for the first
TV frames. The initial command sequence for recon-
figurin © the spacecratt to TV turned off the processor
(mode 5) leaving the mode the spacecraft was in (mode 4)
on. The problem was rectified by sending command
0232 and continuing with the TV survey.

¢, Pass 7. Track began »* 10:50 GMT with the station
going two-way at 1i:25 GMT.

Commanding consisted of a special area survey.
narrow-angle segment survey (segments 1, 2, 3, 4, and 5),
the rock field at the camera end stops, and two engineer-
ing interrogations.

Transfer to DSS 61 was at 16:20 GMT with end of
track at 16:48 GMT. A total of 3198 commands were
transmitted; 984 TV frames were received, all transmitted
by DSS 42, A total of 87 min of ASI lunar information
vas accumulated

h. Pass S. Track began at 11:40 GMT with the station
coing two-way at 12:35 GMT.

Commanding consisted of three engineering interro-

gations, photometric surveys of selected areas, a 360-deg
wide-angle panorama including a special look at the ASI
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auxiliary mirrors, narrow-angle segment 1 survey, and
alpha scattering turnon.

Transter to DSS 61 occurred at 17:10 GMT with end
of track at 17:46 GMT. A total of 1910 commands were
transmitted; 520 TV frames were received, 382 com-
manded by DSS 42.

The only operational problem was dropping of the
spacecraft transponder receiver lock about bubble 263 of
tape 241 (narrow-angle segment 1). This caused a failure
of the TV to respond to commands. When the spacecraft
was reconfigured to PCM for troubleshooting, it was
observed that mode 4 data were very erratic. It was
concluded that the TV was still on, so command 1104
was transmitted, resulting in good mode 4 data. A normal
uplink search resulted in capturing the spacecraft trans-
ponder. No evidence of DSS transmitted power difficul-
ties or VCO malfunctions could be found. The remainder
of the TV surveys were done with the spacecraft trans-
ponder off.

. Pass 9. Track began at 10:26 GMT with the station
going two-way at 13:40 GMT.

Commanding consisted of two engineering interro-
gations and optional sequences 16 and 17. No problems
occurred during the sequences,

Transter to DSS 61 occurred at 18:30 GMT. A total of
199 commands were transmitted: 300 TV frames were
received, all while three-way with DSS 11. End of track
was at 18:49 GMT. The only problem was a loss of
receiver A automatic frequency control lock with the
automatic gain control voltage for receiver A varying as
much as 30 dB during the pass.

j. Pass 10. Track began at 11:06 GMT with the station
going two-way at 11:15 GMT. After an engineering
interrogation, the station transferred the command link
back to DSS 11 at 11:50 GMT. Final transfer from DSS 11
occurred at 14:35 GMT. The purpose of the early transfer
was to obtain two-way doppler information from the
spacecraft while the rates were high early in the DSS 42
pass.

The remainder of commanding for the pass consisted
of an engineering interrogation and RF link (multipath
experiment) commands. The multipath experiments were
designed to duplicate cyclic variations in the automatic
gain control and frequency observed by DSS 11 just after
Surveyor VII touchdown. All RF link combinations were
tried in high power with only a half dB power level
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observed in a random fashion. The frequency staved
fairly constant on the narrowband voltage controlled
crystal oscillator.

Problems again occurred with large variations in re-
ceiver A automatic gain control. After biasing the predicts
by 150 kHz, the receiver remained in firm lock with
the variations reducing to less than 10 dB.

Transfer to DSS 61 was at 19:20 GMT., with end of
track occurring at 19:56 GMT. No TV was received.
A total of 76 commands were transmitted.

k. Pass 11. Track began at 11:44 GMT with initial two-
way transfer to DSS 42 at 12:10 GMT. Transfer back to
DSS 11 was at 12:50 GMT and final transfer from DSS 11
occurred at 15:30 GMT.

An engineering interrogation was commanded at 15:30
GMT followed by a sequence to shade the TV camera at
16:28 GMT. At 15:00 GMT another engineering interro-
gation was commanded. From 18:25 to 19:22 GMT
varions commands were transmitted to turn on spacecraft
loads in an effort to reduce the battery charge to a rate
where the solar panel switch would stay on. Commanding
for the pass concluded with an engineering interrogation
at 19:25 GMT. Throughout the pass the switch tripped
three times and was commanded back on each time.

Transfer to DSS 61 was at 20:00 GMT, with end of
track occurring at 21:00 GMT. A total of 2348 commands
were transmitted; 233 TV frames were received, all

commanded by DSS 11.

l. Pass 12. Track begar at 12:13 GMT with initial
transfer from DSS 11 at 12:40 GMT. After commanding
an engineering interrogation, transfer back to DSS 11
was at 13:20 GMT. Final transfer to DSS 42 was at
16:15 GMT.

At 16:28 GMT the A/SPP was stepped to provide
shade on the TV camera. At 18:08 GMT the solar panel
switch was commanded on. At 18:19 GMT filament A
and touchdown strain gauges were turned on to recuce
the battery charge current. Two more engineering inter-
rogations completed the commanding for the pass.

Transfer to DSS 61 was at 21:20 GMT, with end of
t-ack occurring at 22:01 GMT. A total of 2215 commands
was transmitted; 405 TV frames were received, all com-
manded by DSS 11.
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m. Pass 13. Track began at 15:57 GMT with transfer
to DSS 42 at 16:30 GMT.

Commanding consisted of three engineering interroga-
tions on TV commands tapes 805, S01B (sequences 2, 3,
5. 7, and 8), S03B, 241 (starting at sequence 162), 242,
243, 245 (sequences 162 to 363, sequence 547 to 651),
202, ‘ind the special rock field survey at the camera end
stops.

Transfer to DSS 61 was at 22:30 GMT with end of
track occurring at 22:35 GMT. A total of 1146 TV frames
were received, 1053 corinanded by DSS 42, The total
number of commands transmitted to the spacecraft was

4791.

n. Pass 14. Track began at 16:52 GMT with transfer to
DSS 42 at 17:25 GMT.

Commanding consisted of two engineering interroga-
tions, an alpha scattering calibration sequence (10A), and
TV command tapes 202, 806, SO1B, S03B, 241, 242, 243,
244, 245, and the special end stop coverage plus some
narrow-angle earth pictures.

Transfe: to DSS 61 was at 23:30 GMT, with end of
track occurring at 00:13 GMT. A total of 1403 TV frames
were received, 106 while three-way with DSS 11 and
1297 commanded by DSS 42; 5795 commands were
transmitted to the spacecraft. There were 130 min of
lunar surface ASI data accumulated.

0. Pass 15. Track began at 16:51 GMT with transfer
from DSS 11 occurring at 17:20 GMT.

Commanding consisted of three engineering interroga-
tions, solar panel stepping (70 step solar panel plus
commands), an alpha scattering calibration sequence
(10A), and TV command tapes 824 (at 5 different azi-
muths), 801B, 803B, 241, 242, 243, 244, 245, and 202.

An operational problem occurred during this pass in
that the filter wheel stuck in half-way position for approx-
imately the whole of command tapes 803B, 241, and the
initial segment of 242. This was caused by transmitting
the step filter wheel commands without waiting the
proper interval between commands. The problem was
difficult to detect because of the extreme shadow detail
in the pictures. The filter wheel was reinitialized and
the complete segment 2 narrow-angle survey was rerun.

Transfer to DSS 61 was at 00:35 GMT with end of
track occurring at 01:14 GMT. A toial of 1909 TV frames
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were received, 71 commanded by DSS 11 and 1838 com-
manded by DSS 42. A total of 7651 commands was trans-
mitted. There were 90 min of lunar surface ASI infor-
mation accumulated.

p. Pass 18. Track began with downlink lock at 16:00
GMT on day 24.

Commanding consisted of bringing up the spacecraft
five times during the engineering interrogations, and
transponder frequency measurements. Start/stop times
for the standby-to-engineering interrogation back to
standby were:

Time, GMT
Start Back to standby
16:00 16:16 Day 24
17:59 18:14 Day 24
21:00 21:13 Day 24
00:00 00:17 Day 25
03:00 03:09 Day 25

End of track occurred with transmitter off at 03:16 CMT.
No TV frames were received. A total of 100 commands
were transmitted to the spacecraft.

q. Pass 19. Track began with downlink lock on day 25
at 17:10 GMT.

The initial commanding was an engineering interroga-
tion. The shutdown sequence completed at 17:28 GMT
left the spacecraft transmitter on wideband voltage con-
trolled auxiliary oscillator with transponder B on, fila-
ment B on, and the AMR heater logic on to temperature
balance loads.

At 19:30 GMT the spacecraft signal processing was
turned on for a second engineering interrogation. Only
modes 4 and 5 were accessed. The AMR heater logic
was turned off and the spacecraft was left with trans-
mitter B in wideband, transponder B on, and filament B
on for the shutdown period starting at 19:37 GMT.

At 21:30 GMT the spacecraft was interrogated again,
with all modes examined this time, including modes 3
and 6. Loads were again shifted, leaving the spacecraft
shut down at 21:52 GMT with the transmitter B on
narrowband voltage controlled auxiliary oscillator, trans-
ponder B on, and the AMR heater logic on.
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On day 26 at 00:00 GMT the spacecraft signal proc-
essing was commanded on for an engineering interro-
gation. All modes were again cycled through, The shut-
down loads were the same as interrogation 3 with the
additional load of transponder A. Shutoff occurred at
00:28 GMT.

At 02:30 GMT the spacecraft signal processing was
brought up for the fifth time for another look at all the
commutator modes. Shutdown occurred at 02:45 GMT
with the same loads as interrogation 4 remaining on.

At 05:00 GMT the last interrogation was started
cycling through all the commutator moedes. The shut-
down left the same loads on, transmitter B on narrow-
band oscillator, transponder A and B, and AMR heater
logic. The shutdown occurred at 05:10 GMT. The battery
temperature had remained constant through the last three
interrogations, indicating the loads were well selected.

At 05:25 GMT the signal processing was brought up
in mode 5 for transfer to DSS 61. This was to allow DSS
61 to acquire the uplink with telemetry as their rise time
was later than the DSS 42 5-deg transmitter off limit.
The DSS 42 transmitter off time was 05:30 GMT.

A total of 128 commands were transmitted to the
spacecraft. End of track occurred at 05:46 GMT. Table
30 gives the track summaries during the lunar phase.

4. Deep Space Station 51. DSS 5! had decommutator
lock for only 4 min during the launch pass. During the
additional three tracks, command activity at DSS 51 was
rather minimal, consisting of the fcllowing:

(a) Seven engineering interrogations.
(b) One bit rate change (1100-550 bits/s).
(¢) Three gyro drift checks.

Assorted commands were detailed in the view period
summaries.

Fifty commands were transmitted from DSS 51 and
all were accepted by the spacecraft. A summary of the
station’s view periods is given in Table 31.

a. Launch Pass. Although communications were poor
at the time of launch, DSS 51 obtained the necessary
information to z2cquire Surveyor VII. The decommutator
was in lock for 4 min with the spacecraft in high power

119



Table 30. Track summaries, lunar phase

Date/start . TV frames Alpha
. No. of X
Pass and finish commands Not scattering
time, GMT Commanded S Total time, min:s
4 Jan 10 13:35 237 108 451 559 339:00
11 03:15
5 11 14:14 464 0 367 367 449:59
12 04:14
6 12 14.55 1396 294 597 891 418:39
13 05:06
7 13 14:42 171 0 365 365 265:05
14 02:00
e 14 16:42 153 0 0 0 469:51
15 02:30
9 15 17:37 3843 0 0 0 —
16 07:50
10 16 18:45 324 0 338 338 —
17 08:27
1 17 19:50 446 0 416 415 —
18 08:52
12 18 20:54 32 0 0 0 s
19 06:30
13 19 21:58 2842 0 65 65 —
20 07:03
14 20 23:06 116 0 64 64 400:00
21 08.40
15 22 00:19 30z 0 0 0 470:00
09:35
16 23 01:42 2246 350 109 459 140:00
11:05
17 24 03:08 77 0 0 0 -—
10:40
18 25 07:00 58 0 0 0 —
11:23
19 26 05:34 108 0 0 0 —_
13:11

Table 31. Summary of DSS 51 view periods

Date/time, No. of
Pass
GMT commands
1 Jan 7 11:32 10
21:20
2 Jan 8 12:34 14
21:5¢6
3 Joan 9 12:47 26
22:00

with all systems appearing nominal during the neces-
sarily quick analysis of the telemetry. The solar panel
had stepped up about halfway o the transit position.
No commands were transmitted from DSS 51.
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b. Pass 1. The decommutator was in lock at 11:32
GMT with the spacecraft in mode 5 at 1100 bits/s.
Transfer of spacecraft control from DSS 42 to DSS 51
occurred at 12:00 GMT.

It was noticed that the solar panel switch had gone
off at about 12:05 GMT. This was reported to Mission
Control. Command 0306 was transmitted at 12:27 GMT
to turn the solar panel switch on. The switch went oft
again and command 0306 was again transmitted at 12:46
GMT.

Spacecraft control was transferred to DSS 61 at 14:00
GMT with the solar parel switch again off.

Star acquisition performed by DSS 61 was monitored
by DSS 51. Decommutator lock was lost during the
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spacecraft roll maneuver. After the spacecraft was com-
manded back to 1100 bits/s. it was discovered that the
receiver telemetry bandwidth had not been switched
to 420 kHz during the 4400-bits/s operation,

Spacecraft control was transfeiced back to DSS 51 at
15:00 GMT with a gvro drift cheek in progress. An engi-
neering interrogation was performed at 18:23 GMT. The
gvro drift check was terminated at 19:10 GMT with
commends 0704 and 0716. Control of the spacecraft was
transferred to DSS 11 at 21:20 GMT.

“on commands were transmitted from DSS 51 and
accepted by the spacecraft.

¢. Pass 2. Decommutator was in lock at 12:34 GMT
with the spacecraft in mode 5 at 1100 bits/s. Control of
Surveyor VII was transferred to DSS 51 at 12:45 GMT.

A gvro drift check was initiated by DSS 51 at 14:02
GMT. This check was terminated by DSS 61 after trans-
fer of control.

Engineering interrogations were perfermed at 16:01
and 19:10 GMT from DSS 51 during two-way lock.

Spaceeraft control was transferred to DSS 61 at 16.30,
back to DSS 51 at 18:30, and back to DSS 61 at 20:30
GMT.

Commiand 0615 was transmitted at 20:05 GMT to turn
on the vernier oxidizer tank 2 temperature control.

An engineering interrogation, commanded by DSS 61,
was monitored at 21:56 GNT by DSS 51 while in three-
way lock.

Fourteen commands were transmitted from DSS 51
and all were accepted properly by the spacecraft.

d. Pass 3. Initially, the decommutator lock was inter-
mittent at 12:47 GMT during acquisition due to horizon
noise. Solid lock was obtained shortly with the space-
craft in mode 5 at 1100 bits/s and DSS 61 in control.

Spacecraft control was transferred from DSS 61 to 51
at 13:30 GMT. At this time, some decoder switching
wis observed as the signal into receiver A was occasion-
ally helow indexing threshold. A dummy command, 3737,
was accepted by the spacecraft at 14:00 GMT. It was
decided to initiate a gyro drift clhieck with command
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0700 and turn on the compartn nt A heaters with com-
mand 0411,

An engineering interrogation was performed from DSS
51 at 14:14 GMT.

Spacecraft control was transferred to DSS 61 at 15:30
and back to DSS 51 at 15:00 GMT.

Engineering interrogations were performed at 15:07
and 20:58 GMT. At 18:10 GMT the survey camera elec-
tronics temperature control was turned on with com-
mand 1136, The bit error rate was checked with the
following results:

Time, GMT Bit errors/1000
15:08 0.36
19:21 0.71
19:36 0.63

At 19:56. the bit rate was reduced to 550 bits/s using
command mutrix TB3.

Spacecraft control was transferred to DSS 11 at 22:00
GNIT.

Twenty-six commands were transmitted by DSS 51;
all were accepted by Surveyor VII.

Johannesburg operations were not committed for the
Surveyor VII mission after touchdown.

5. Deep Space Station 61. DSS 61 operations during
the transit phase were minimal, with most of the track-
ing period being three-way with DSS 51. The main
exception to this was for star acquisition, which was
performed by DSS 61.

Surveyor VII was tracked for three passes beginning
at T + 6 h, 30 min until touchdown + 1 hr, 15 min. The
operations crew was in for the launch and the complete
event was monitored on the status net.

Star acquisition proceeded smoodhly although it was
necessary to use manual lockon,

Forty-seven commands were transmitted during the
transit phase. There were no CDC equipment or opera-

tional problems.

Table 32 summarizes the DSS 61 view periods.
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Table 32. Summary of DSS 61 view periods

s Date/time, No. of
GMT commands
1 Jan 7 12:55 37
Jan 8 01:32
2 Jan 8 13:15 8
Jan 9 02:08
3 Jan 9 13 7 2
Jan 10 02:20

a. Pass 1. Surveyor VII was acqaired with decommu-
tator lock at 13:00 GMT to begin the first pass with DSS
51 in control at the time. The station transfer to DSS 61
was executed at 14:00 GMT, An engineering interroga-
tion was performed, followed by the star-acquisition
procedure. During the roll maneuver, the automatic star
lockon signal! did not function properly. While rolling
the second time, the spacecraft was stopped with the
star in view by sending the sun lockon (reset roll latch)
command at 14:14 GMT. After the gyros stabilized, the
manual lockon command was sent and the Canopus error
nulled out.

A ayro drift check was completed and another engi-
neering interrogation was performed prior to transfer
back to DSS 51 at 18:00 GMT. An engineering interro-
gation and gyro drift checks by DSS 51 were monitored
until transfer to DSS 11 at 21:20 GMT.

A compiete premidcourse sequence, midcourse maneu-
ver, and postmidcourse sequence, executed by DSS 11,
were monitored by DSS 61 prior to the end of tracking.
End of tracking was at 01:32 GMT. Thirty-seven com-
mands were transmitted during this pass,

b. Pass 2. The decommutator was in lock at 13:20
GMT to begin pass 2. Activity during this pass consisted
of monitoring the spacecraft engineeriug interrogations
and gyro drift checks.

Station ‘ansfers occurred as follows:

DSS
Time, GMT
From To
51 61 16:30
61 51 18:30
51 61 20:30
61 11 22:30
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During the DSS 61 two-way tracking, the decomm:u-
tator lost lock for a short period. The station antenna was
in auto track and moved off the spacecraft signal for no
apparent reason. The antenna was switched to aided
track and moved back onto the signal and the decommu-
tator was back in lock. The problem did not recur during
this pass.

The end of the pass occurred at 02:08 GMT. Eight
commands were transmitted to terminate once gyro drift
check and perform one engineering interrogation.

c. Pass 3. Pass 3 began with decommutator lock at
13:30 GMT. DSS 42 was in control at the time but
immediately transferred control to DSS 51. Station trans-
fer from DSS 51 to 61 occurred at 15:30. A gyro drift
check was terminated at 17:04, and transfer back to DSS
51 was executed at 18:00 GMT.

A parity error rate of 0.75 per 1000 bits was measured
at 19:00 GMT. A bit rate reduction to 550 bits/s was
commanded at 19:55 by DSS 51. Terminal descent se-
quences were all monitoied, as were 200-line TV se-
quences after touchdown.

The end of tracking was at 02:20 GMT. Tvo com-
mands were transmitted during two-way tracking.

DSS 61 continued to track Surveyor VII for 15 addi-
tional passes of lunar operation to complete the first
lunar day tor the mission,

As long as the instrument was operating (when tem-
seratures were not elevated) DSS 61 activity was limited
to accumulating ASI data. A TV sequence was also
obtained as the instrument was deployed to the back-
ground position. Most TV activity, however. occurred
while the station was tracking three-way.

Operationally  the most significant activity of this
mission came as a result of lunar sunset occurring over
DSS 61. Television shadow progression sequences were
run until near sunset, and during one of these sequences
it was realized that sunset would occur earlier than
expected. Solar corona and other horizon pictures at
sunset were obtained, as were temperature data in engi-
neering modes,

During the lunar noon, when the spacecraft was too
hot for much activity, Surveyor VII was put in standby
and revivals of Surveyors I, III, V, and VI were at-
tempted. These attempts were unsuccessful.
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There were no CDC equipment problems during the
entire mission and there were also no operational
problems.

d. Pass 4. Pass 1 started with decommutator in lock
at 13:38 GMT. Alpha scattering accumulations were in
process at DSS 42, and DSS 61 started tracking in three
way. Transfer to DSS 61 occurred at 14:15 GMT.

Preparation of an on-site command tape was requested
to accomplish deployment of the ASI to the background
position. The command tape consisted of deployment
commands followed by 100 start frames with 2'2-s delays
between each start frame.

The ASI was deploved to the background position at
15:4S GMT in conjunction with special command tape
to get video during instrument swinging. Total video
during this sequence was 108 frames.

The telemetry was reconfigured for PCM at 16:04
GMT; bit rates of 1100, 137.5, and back to 1100 bits/s
were exercised. The crew experienced expected inter-
ference in alpha scattering 70 kHz channel 0.960 kHz
53CO during 137.5-bits/s operations.

Photographs of alpha scattering deployment sequences
were examined in an effort to analyze possible objects
that might have been under the instrument when it was
deploved to the surface. Views of the surface were ob-
tained at the farthest swing of the instrument. One
small rock, apparently 2 in. in diameter, was visible in
surface area of concern.

Some noise was observed in all discriminator band
passes affecting bit error and synchronization of de-
commutator and alpha scattering ground equipment.
Noise apparently came from ground microwave sub-
svstem, and was coincident with large gusts of local
winds. The noise did not seriously affect the quality of
the data and was ignored.

An attempt was made to deploy the ASI to the lunar
surface at 22:01 GMT. Deployment was apparently un-
successful since no increase in alpha scattering channel
activity was detected. Deplovment commands were again
attempted with no success.

A transfer to DSS 11 occurred at 22:25 GMT. The

video of ASI was monitored which confirmed little move-
ment of the instrument head.
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The SM/SS mechanism was released followed by
SM/SS operadon with TV mode 4. then with TV
mode 7. The station configured one receiver for TV
and one for PCM telemetry. The transter back and forth
went very smoothly. Several attempts were made to jar
the ASI to see if it would release. This included com-
manding the A/SPP in three axes, both plus ard minus.
At the end of this pass the instrument was still in the
background position.

"he total commands were 237, total video commanded
108, and total video received 451.

e. Pass 5. The pass began slowly with acquisition
occurring as DSS 42 was completing TV operation; how-
ever, no pictures were received as commanded by DSS
42, Shortly therecafter, the spacecraft was returned to
commutator mode 4. Station transfer was effected at
15:00 GMT and the remainder of the two-way tracking
period was utilized for accumulating alpha scattering
data in the background position. The alpha scattering
operations were performed concurrently with inter-
spevsed engineering interrogations. The solar panel was
stepped as required to keep pace with the sun.

After a station transfer to DSS 11, DSS 61 monitored
TV and engineering operations until loss of signal.

During the pass, 464 commands were transmitted and
367 TV frames were received as commanded by Gold-
stone. In addition, 450 min of alpha scattering data were
collected.

f. Pass 6. The pass started with acquisition at 15:55
GMT. DSS 61 was monitoring 600-line video as com-
manded by DSS 42.

Station transfer occurred at 15:30 GMT as DSS 61
continued the TV operations with completion of narrow-
angle section 3, survey from sequence 354, and all of
sector 5. Total TV frames commanded and received
was 294,

Subsequent to TV operations, the alpha scattering
subsystems were energized and alpha scattering and
engineering interrogations consumed the balance of the
evening. During the first alpha scattering calibration
sequence, an intermittent signal from the calibration
pulses was detected and reported. Subsequent analysis
revealed no anomalies in the calibration spectrum or
event rates. Scope triggering was suspected as the cause
of the intermittent indication. This was verified during
a later calibration sequence.
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Total commands was 1355. Total TV frames was 873,
of which 264 were commanded from DSS 61. Five hours
and 18 min of alpha scattering data were accumulated,
including two calibration sequences.

o, Pass 7. The decommutator was in lock at 15:49
GMT to begin pass 7. The bit rate was 1100 bits/s and
the ASI was turned on. Two minutes later the bit rate
was dropped to 530 bits/s with low modulation index
subcarrier oscillator (SCO). Transfer from DSS 42 oc-
curred at 16:20 GMT, and the first engineering interro-
aation was pe formed at 18:03 GMT. Alpha scattering
data accumulations continued until 20:21 GMT, when the
instrument was turned off because of excessive heating.

With the ASI turned off. the bit rete was increased to
1100 bits/s. dropped to 137 bits/s for accurate alpha
scattering temperature readings, and then returned to
1100 bits/s. More engineering interrogations were exe-
cuted with considerable switching between modes 4 and
5. The ASI was turned back on at 22:37 GMT and more
data accumulations were made. Minor solar panel step-
ping was exccuted and a receiver zero beat frequency
check in wideband mode was made.

Transfer to DSS 11 occurred at 00:30 GMT after which
TV sequences were monitored until end of track at 02:00
GMT. DSS 61 track times were shortened by approxi-
mately 4 h, during DSS 11 overlap, for passes 7 and 8.

A total of 171 commands were transmitted and 365 TV
frames received during DSS 11 overlap, and 4 h, 25 min
of alpha scattering data were accumulated, including
calibration data.

h. Pass 8. Pass 8§ was a very quiet pass; alpha scatter-
ing data accumulation was the prime activity, Several
engincering interrogations were performed during the
data collection. A wideband frequency modulation fre-
quency measurement was made on both the A and B
transmitters. The A transmitter was near the limit of the
ground receiver VCO, so it was decided to stay on
the B string until further notice. Alpha scattering data
accumulations were stopped and the instrument was
turned off because of excessive heating.

Station transfer to DSS 11 was executed at 02:00
GNMT. and DSS 61 was released from track at 02:30
GMT.

A total of 153 commands were transmitted and 6 h,

10 min of alpha scattering data were accumulated. There
was no TV activity during this pass.
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i. Pass 9. As pass 9 began. DSS 42 was just starting
optional sequence 17. This sequence was being run
through rather rapidly so it would be complete by trans-
fer time, 18:30 GMT.

There was a minimum of activity during this pass as
the spacecraft was very warm. Engineering interroga-
tions were performed about every 2 h. At 00:30 GMT
Surveyor VII was shut down and Surceyors I. 111, V,
and VI revival attempts were made until 01:50 GMT.
These were only tried on transmitter A and no signal
was detected.

Surceyor VII was turned back on, and the A/SPP was
stepped around to shade the TV camera. At this time
the transmitter was svitched to the omniantenna and
the bit rate was redaced to 530 bits/s. With this signal
level (—137.5 dBmW) DSS 61 was stiil getting a parity
error rate of 1.4/100C bits.

Station transfer to DSS 11 occurred at 03:00 GMT.

At 04:40 GMT the spacecraft was commanded into
standby and DSS 11 made further revival attempts for
Surveyors I, I11, V, and VI. At 07:10 GMT DSS 11 trans-
ferred back to DSS 61 for 30 min of doppler data. During
this period the A/SPP was realigned to provide planar
array operation.

Total commands sent to the spacecraft was 3843,

j. Pass 10. Pass 10 started with decommutation in lock
at 18:47 GMT. Transfer from DSS 42 occurred at 19:20
GMT. Spacecraft temperatures were quite high during
this lunar noon period, and, therefore, command activ-
ities were minimal and limited generally to engineering
interrogations.

Transfer tc DSS 11 occurred at 03:40 GMT. Total
commands transmitted was 320. Total TV frames re-
ceived was 338.

The track advisor questioned the voltage levels pro-
duced by the CDC demodulator during TV operations
as FR-1400 magnetic tapes produced on station have
shown overmodulation. Video checks were performed on
the demodulator to prove all outputs were within
specification, The phenomenon was interesting as pre-
mission analysis indicated that the spacecraft video
sync tip would have a 2.3-V level; however, the DSS 61
demodulator was producing 2.7 V. The premission anal-
ysis is considered questionable as on-site equipment
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performance and operational procedures appear to be
proper.

k. Pass 11. The decommutator was in lock at 19:55
GMT. DSS 61 was three-way with DSS 42. Transfer to
DSS 61 occurred at 20:00 GMT.

Engineering interrogations were performed approxi-
mately every 2 h. A spacecraft best-lock frequency mea-
surement, and movement of the A/SPP to shade the ASI
constituted the only spacecraft activities due to high
lunar noon temperatures.

The total number of commands was 446 and 416
TV frames were received.,

Some 30 min of two-way doppler data were gathered
just prior to DSS 61 set.

[. Pass 12. The decommutator was in lock at 20:55
GMT to begin pass 12 with station transfer from DSS
42 at 21:20 GMT. Activity during the pass consisted of
four enginecring interrogations at approximately 2-h
intervals and a best-lock frequency test by the station.
Transfer to DSS 11 occurred at 05:30 GMT with DSS 61
released from tracking at 06:30 GMT.

A total of 32 commands were transmitted during this
pass.

m. Pass 13. At 22:00 GMT th : decommutator was in
lock to begin pass 13. As soon as station transfer from
DSS 42 was complete at 22:30 GMT, the station per-
formed a best-lock frequency check. Engineering inter-
rogations about every 2 h were the prime activity during
this pass except for extensive solar panel stepping. The
signal was switched to the omniantenna at a low Dbit
rate and the planar array moved to shade the TV camera.
Just before transfer to DSS 11 the antenna was moved
back and the bit rate increased.

Station transfer to DSS 11 occurred at 06:30 GMT
after which SM/SS and TV activity were monitored. A
total of 2842 commands were transmitted, and 65 TV
frames were received before the station was released
from track at 07:30 GMT.

n. Pass 14. Alpha scattering operation was once again
activated after the instrument had cooled. Alpha scatter-
ing data were accumulated for the entire pass inter-
spersed with engineering interrogations, One zero-beat
frequency check in wideband  frequency modulation
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mode was made on transmitter A. Station transfer to
DSS 11 occurred at 07:30 GMT. After the spacecraft had
been reconfigured, TV pictures of the earth commanded
by DSS 11 were monitored. DSS 61 was released from
track at 06:40 GMT.

A total of 116 commands were transmitted and 6 h,
40 min of alpha scattering data were accumulated. There
were 64 TV frames commanded by DSS 11 that were
received.

0. Puss 15. Pass 15 started with decommutator in lock
at 00:19 GMT. Station transfer occurred at 00:35 GMT.
Alpha scattering accumulations were made throughout
the pass along with one standard calibration sequence.
Several engineering interrogations were performed and
the battery charge regulator was commanded first to the
preregulated bus and then to the unregulated bus. At
01:34 GMT the PCM SCO was changed from 7.35 kHz
(1100 bits/s) to the low mod index SCO (550 bits/s). The
latter two commanding sequences were exhausted for
decommutator stabilization. The solar panel was lagging
the sun and it was necessary to step the solar panel to
improve the charging rate.

Transfer to DSS 11 occurred at 08:30 GMT. The station
sent 302 commands to the spacecraft, and 7 h and 50 min
of alpha scattering data were accumulated including
calibration time.

p. Pass 16. Lunar sunset occurred at 06:06 GMT
during this pass; as a result, the pass was one of the
busiest of the mission for DSS 61. The decommutator was
in lock at 01:45 GMT and station transfer from DSS 42
occurred immediately after, at 02:00 GMT. Alpha scatter-
ing operation began before station transfer and was in-
terrupted only for a TV shadow progression sequence at
03:00 GMT. A total of 2 h, 20 min of alpha scattering
operation, including calibration, was completed before
the second TV shadow progression sequence was
started. During this shadow progression series it
was noted that lunar sunset appeared to be much closer
than anticipated.

Special command tapes that had been prepared earlier
were used for the TV sequence for shadow progression
and various filter wheel positions, which went very
smoothly. Sunset on the camera was declared to be
06:06 GMT from verbal description of the TV polaroids
and the camera was then moved around for the corona
pictures. The remainder of the pass was spent running
short engineering interrogations and many TV sequences.
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Also included during this time were some SM/SS
operations.

Despite the rush to accomplish as much as possible in
as little time as possible everything went smoothly. The
crew was very efficient. There were no equipment or
operational problems during this pass.

Transfer to DSS 11 occurred with a nonstandard hur-
ried transfer at 09:32 GMT and went very well. A total
of 2240 commands were transmitted, including 350 TV
frames commanded and received. An additional 109 TV
frames from DSS 11 commanding were received before
the end of this pass at 11:05 GMT.

q. Pass 17. By this time the spacecraft has been put
in standby mode. Every 2 h during this pass the space-
craft was brought up for an engineering interrogation
and then put back to standby. During the third wake-up
a best-lock frequency test was performed. A total of
four interrogations were run during this pass with a
total of 77 commands transmitted.

r. Pass 18. The spacecraft was in standby mode at
this point in the lunar night and engineering interroga-
tions were performed approximately exery 4 h. First
interrogation for this pass was at 07:00 GMT. Some
telemetry values obtained during this interrogation indi-
cated the thermal switch in compartment B had opened.
The spacecraft was brought up at 08:30 GMT for a
recheck and then put down at 08:32 GMT. At 09:05 GMT
the spacecraft was turned on once again for certain
electronic reconfiguration for thermal reasons and then
shut off. The last wake-up and engineering interrogation
for this pass was at 11:00 GMT. A total of 58 commands
were transmitted.

s. Pass 19. On this, the last pass of the first lunar day,
Surveyor VII was acquired first at 05:35 GMT in com-
mutator mode 5. It was at that time being commanded
by DSS 42, prior to DSS 42 set.

The spacecraft was turned on again at 07:30 GMT and
an engineering interrogation of all commutator modes
was performed. Also best-lock frequency measurements
were made on telecommunications strings A and B.

Thereafter, for the remainder of the pass, the space-
craft was turned on at approximately 1-h intervals in
commutator mode 5 to closely monitor the falling
compartment temperatures.

A total of 108 commands were transmitted.
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VI. Tracking and Data System Performance
Evaluation

A. Near-Earth Flight Phase

The near-earth flight phase is that portion of flight that
is within 10,000 mi from earth. The TDS near-earth phase
network is comprised of those facilities and operations
that were committed by the various agencies of the
AFETR, GSFC/MSFN, DSN, and NASCOM to support
the launch through DSIF acquisition. Thereafter, the
DSN s solely responsible for spacecraft tracking and
data acquisition functions.

1. Air Force Eastern Test Range. Being a part of the
TDS near-carth phase network, the AFETR was to pro-
vide coverage for tracking (metric data), Atlas/Centaur
telemetry (VHF), and Surveyor spacecraft telemetry
(VHF and S-band), using land stations, range instru-
mentation ships and aircraft, as needed, to meet the
commitments.

The TDS configuration for near-earth support of the
Surveyor VII Mission is shown in Table 33. Earth tracks
and anticipated coverage intervals are illustrated in
Figs. 11 and 12.

Table 33. Tracking and Data System configuration for
near-earth support of Surveyor VII

Metric VHF S-band

tracki tel + 1 "

g Y Yy

Station

Kennedy Space Center
Cape Kennedy

Patrick AFB

Grand Bahama Island
Grand Turk

Antigua

Twin Falls
Ascension
Pretoria
Sword Knot
Bermuda
Tananarive
Carnarvon
DSS 71
DSS 51
DSS 42

| > % x> x | x|

X X | > > x| X X X X X X X X X
| > > > x x x x x | x |

X X x x |

a. Tracking. Estimated and actual radar coverages are
shown in Fig. 41, All class I metric coverage requirements
were met, with the actual coverage equalling or exceeding
the estimate at most stations.
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A short dropout, attributed to balance point shift,
occurred as predicted during the Grand Turk coverage
interval. Redundant coverage from Antigua was available
during the 34-s dropout.

Coveruge from the Ascension 12,16 radar was less than
predicted. This was attributed to low signal strength.
Full coverage was obtained from the 12:18 radar at
Ascension during this period.

b. Telemetry (VHF). Estimated and actual VHF
telemetry coverages are shown in Fig. 42.

Continuous and substantially redundant coverage was
provided, with the exception of the expected gap between
Antigua and Ascension.

All VHF data were of good quality, with the exception
of a noisy interval of data that was noted around space-
craft separation. Pretoria was the only station in view
at this particular time,

Spacecraft data that were retransmitted in real-time
were of good quality, and good launch vehicle telemetry
was received in real-time from RIS Twin Falls.

Mark event times that wcre received and read out by
AFETR and MSFN stations are shown in Table 34.

c. Telemetry (S-band). The estimated and actual S-band
telemetry coverages are shown in Fig. 43.

Good S-band support was realized, both in receive/
record and in real-time retransmission.

The actual coverage from KSC was about 100 s short
of the estimated coverage. This has been experienced on
past launches, but has varied with the launch azimuth.
Coverage from each of the remaining stations and ships
exceeded the estimates.

The AFETR capability for providing future launch
vehicle and spacecraft 5-band support has been
demonstrated.

d. Surveyor real-time telemetry data. The AFETR con-
figuration for spacecraft telemetry retransmission from
the supporting stations and ships to building AQ und
DSS 71 is shown in Figs. 44-46.

The data were to be routed to KSC as shown in
Figs. 44 and 45. There, after analysis by using the time
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Table 34. Time of Surveyor VIl mark events

Mork Time, GMT Source
Liftoff 06:30:00.545 Cape Kennedy
1 06:32:33.100 Kennedy Space Center
2 06:32:36.080 Kennedy Space Center
3 06:33:18.050 Kennedy Space Center
4 06:33:47.600 Kennedy Space Center
5 06:34:09.200 Kennedy Space Center
06:34:08.900 Bermuda
6 06:34:11.400 Kennedy Space Center
06:34:11.500 Bermuda
7 06:34:22.120 Kennedy Space Center
06:34:21.900 Bermuda
8 06:39:53.700 Antigua
06:39:53.800 Bermuda
9 06:39:54.600 Antigua
06:39:56.000 Bermuda
10 06:41:09.5
1 06:41:11.100 Antigua
12 07:01:51.700
13 07:02:21.300 Pretoria
14 07:02:21.300 Pretoria
15 07:04:15.500 Pretoria
16 07:04:36.700 Pretorio
17 07:04:44.700 Pretoria
18 07:05:00.000 Pretoria
19 Not available
20 07:05:16.500 Pretoria
21 07:05:20.000 Pretoria
22 07:06:30.900 Tananarive
23 Not available
24 07:09:15.000 Tananarive
07:09:15.700 Sword Knot
07:09:16.000 Pretoria
25 07:13:26.800 Tananarive
07:13:26.300 Sword Knot
07:13:25.000 Carnarvon
26 07:15:06.500 Tananarive
07:15:06.000 Sword Knot
07:15:06.000 Carnarvon

division multiplexes, the AFETR telemetry coordinator
would select the best source for transmission to building
AO and DSS 71 via modems. As shown in Fig. 46, there
are two modem lines between KSC and the X-Y building
to provide redundancy.

The modem lines were bridged at the X-Y building to
provide two modem lines each to building AO and DSS
71. The DSS 71 routes the data through a CDC and
telemetry and command processor for further trans-
mission to the SFOF via a NASCOM high-speed data
line. This is the prime route to the SFOF. In addition,
downrange data were relayed directly to the SFOF
from Ascension, through the use of communication
satellite circuits.
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TIME AFTER LAUNCH, s

Fig. 43. Air Force Eastern Test Range S-band telemetry coverage
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All requirements were met. The VHF telemetry data,
including spacecraft data, were transmitted in real-time
to the SFOI™ from liftoft to spacecraft High-Power-On.
At High-Power-On ATETR switched, as planned, to
real-time  transmission of spacecraft S-band  telemetry
dati. Real-time data flow was of excellent quality, The
HF propagation conditions were such that the retrans-
mission of data was not hampered by communication
conditions.

Retransmission coverage is shown in Fig, 47.

e. Real-time computer systeni. The RTCS provided
all required support for Surceyor VII. The following
computations were made from AFETR, MSFN, Cenlaur
guidance telemetry, and DSN data.

A parking orbit was computed using Antigua free
flight data. The solution was considered good and agreed
closely with the nominal. Interrange vector, standard

orbital parameter message, and orbital elements were
provided from this solution.

A theoretical transfer orbit was computed. using the
above solution plus nominal second burn data. An inter-
range vector, standard orbital parameter message, orbital
elements, and look angles for Tananarive and Carnarvon
were provided, Deep Space Network predicts for DSSs
51 and 42 were also provided. The system data analysis
group indicated that these predicts agreed closely with
the nominal predicts.

An initial transfer orbit was computed. using about 3
min ot Pretoria data. This solution was considered a good
fit by the RTCS, and an interrange vector, standard
orbital parameter message, and orbital clements were
provided from this computation. Updated look angles
for Carnarvon and DSN predicts for DSS 42 were also
provided. The system data analysis group indicated these
predicts agreed closely with the nominal predicts for
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Fig. 47. Real-time retransmission of spacecraft telemetry data
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the transfer orbit. The RTCS also provided moon map-
ping (in the B-plane) and an I-matrix from this
computation.

Tables 35-37 show the orbit generation. computations
and initial lunar encounter predicts produced by the

RTCS.

2. Manned Space Flight Network. The MSFN, man-

Because of noisy paramp Klystron thermostat, FPQ-6
was operated in the paramp bypass mode. Bermuda
reported FPQ-6 had excellent pass, achieving 426 s of
valid auto-track data. The FPS-16 tracked passively,
obtaining 295 s of track data.

Table 35. Real-time computer system orbit generation
for Surveyor VII

aged by GSFC, supported the Surveyor ViI Mission by Time of
performing the following functions: Orbit Epoch, s [computa- | Data source | Quality
tion, s
(1) Tracking of the Centaur beacon (C-band).
Centaur/spacecraft 676 900 Antigua Good
(2) Receiving and recording Centaur-link telemetry. parking orbit
o . o . Predi-ted Centaur/ 2049 1190 Aniigua plus Good
(3) Receiving, recording and retransmitting S-band sbacacrift ninal
telcmctr,\' to DSS 42 in real-time. transfer orbit second burn
e X . . Preretro transfer 2123 2520 Fretoria Good
(4) Providing real-time confirmation of certain mark bt (3 min)
events. Certaur postretro 2819 3420 Carnarvon Good
orbit (7 min)
5) Providing computing support through the use of
( ) GSFC dg _0 E 75 , bll I = Centaur/spacecroft 674 3660 Guidance —
< ata operations branch. parking orbit relemetry
(6) Providing NASCOMI support to all NASA elements Feare, sl 46 | 528 | Freicite Pase
. . i b orbit flight data
for simulations and launch, and extending this only)
co.mmumcunoqs support zlS‘ necessary to interface Contoarfipanearot 673 6000 Astigen Good
with the combined worldwide network. poiking Grbit tolemetry
via KSC
a. Tracking (C-band). Figure 48 gives the MSFN radar Actual spacecraft 4813 8400 | DSs 42 Good
coverage support provided for the Surteyor VII Mission. Teitnstak mtist
Table 36. Real-time computer system orbit computation for Surveyor VI
Orbit Deta sovice ! Epoch,” Semimajor Inclination, Eccentricity, Cz’," i
GMT axis, km deg deg km"/s”
Parking Antigua 06:41:16.9 6542.5 30.692 0.00061 —60.92
Parking Guidance 06:41:15.3 6545.3 30.688 0.00076 —60.89
telemetry
Parking Antigua 0¢ 41:14.2 6543.4 30.686 0.00046 —60.91
telemetry via
KSC
Theoretical Antigua 07:04:09.5 361,320.3 30.687 0.98188 —01.10
plus second burn
Preretro Pretoria 07:05:24.0 355,366.6 30.691 0.98158 —01.12
(3 min)
Preretro Pretoria 07:06:03.0 329,368.3 30.693 0.98012 ~01.21
(free flight)
Postretro Carnarvon 07-17:00.0 230,247.5 30.685 0.97157 ~01.73
(7 min) ‘
Actual transfer DSS 42 07:50:17.0 361,236.8 30.663 0.98187 ~01.10
aEpoch °, for Jon 7,1968.
bC., twice the energy per unit mass.
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Table 37. Initial lunar encounter predictions for Surveyor VI

Time of
Orbit mapped Pta B, km BT km B+R, km closest appronch
source (1/1C/68),
GMT
RTCS transfer orbit Pretoria 2,947.3 2,926.5 349.4 01:39:48.4
RTCS postretro (Centaur) Carnarvon 24,427.0 24,403.0 1,075.9 13:19:15.0
RTCS DSN spacecraft orbit based on DSS DSS 42 1,927.0 1,847.3 551.1 01:00:54.2
42 dota
SFOF transfer orbit (radar data) Pretoria 2,040.0 1,993.36 433.7 00:58:08.1
SFOF first spacecraft orbit based on DSN DSS 42 2,077.9 2,009.1 530.6 01:01:11.1
data
Final SFOF solution used for midcourse DSS 42 2,075.4 2,044.1 359.0 01:02:53.5
maneuver DSS 51
DSS 61
“B, magnitude of the impact parameter.
"B « T, projecton of the imract parameter B upon the vector T.
“B * R, projection of the impact parameter B upon the vector R.

Taranarive provided valid data during an overall
interval of 438 s.

Tananarive had less of track at 07:12:58 GMT, and
reacquired at 07:14:13 GMT. The first AOS occurred at
07:11:59, first LOS at 07:12:58, reacquired at 07:14:13
GMT. Final LOS 07:19:35 GMT. Good signals were
reported.

Carnarvon reported beacon exceptionally good during
view periods. Experienced abrupt LOS preceded by
heavy lobing. Loss of track at 07:27:54 and reacquired
at 07:34:24 GMT. Carnarvon first AOS occurred at
07:14:12, first LOS at 07:27:54, reacquired at 07:34:24,
and final LOS at 07:48:06 GMT. Initial tracking interval
provided 822 s of valid data, and another 822 s of data
were obtained after the dropout.

b. Telemetry (VHFE). Vigure 49 gives the MSFN telem-
etry coverage provided for Surceyor VII.

Carnarvon reported a 1-min telemetry dropout caused
by interference from the local airport equipment.

Computer coverage extended to 04:05:00 GMT only,
but Carnarvon would have had much longer coverage
if there had been such a requirement.

The DSS 42 reported using Carnarvon data from
07:13:13 to 07:27:18 GMT only. The remainder of their
track was as backup to DSS 42.

Carnarvon was given release at 07:50:45 GMT.
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c. Computer. During launca the prepass acquisition
messages generated by GSEC data operations branch
were in error, but those transmitted during the pass were
exceilent.

All other support was provided as required.

Ber nuda covered mark events 5,6,7,8, and 9. The
Bermuda actual AOS time was 06:33:55 and LOS time
was 06:40:58 GMT.

Tananarive covered mark events 22, 24, 25 and 26,
but was unable to confirm mark event 23. Tananarive
actual AOS time was 07:05:30 and LOS time was
07:25:10 GMT. Real-time data transmission to hangar
AE included Centaur yaw rate, roll rate, and spacecraft
separation. Tananarive had a serial decimal time problem
during launch that produced an erroneous day indication.

Carnarvon covered mark events 25 and 26.

Carnarvon actual AOS time was 07:13:45, and LOS
time was 08:03:54 GMT.

The actual coverage for Tananarive and Carnarvon
significantly exceeded the estimated coverage. This is
valid for Tananarive. because of equipment modifications
which improve the range, but is unrealistic for Carnar-
von, The latter part of this station’s actual coverage
comprised bad data.

d. NASCOM support. The NASCOM network pro-
vided teletype, voice, and high-speed data circuits in
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support of Surveyor VII. The circuits were assigned as
indicated below.

No. of circuits
Site TTY Volve High-speed
data

Building AO 3 3 1
DSS 71 3 1 1
DSS 42 4 1 1
DSS 51 3 2 1
DSS 61 4 1 1
Carnarvon/

DSS 42 — 1 1
Ascension/

Cape

Kennedy 1 — 1
Ascension/

JPL — — 1

Special coverage was established commencing at
approximately T — 7'z h, and special propagation
forecasts were provided for HF radio circuits effective
atT — 9% h,

One TTY and one voice circuit were activated from
DSS 51 via Pretoria, Ascension, and communication satel-
lite to GSFC to JPL. Quality of the teletype circuit was
excellent during the time when other DSS 51 circuits

were lost. The voice circuit via this route was marginal,
but usable.

The DSS 51 high-speed data circuit was not of suf-
ficient quality to provide acquisition support. Instead,
DSS 51 average alarm and tracking data were trans-
mitted to JPL via TTY. All circuits to DSS 51 suffered
periodic outages, commencing at about T — 4 h and con-
tinuing through liftoff.

With the exception of the high-speed data and voice
circuits and the two TTY circuits to DSS 51, the
NASCOM network was green at liftoff. The DSS 51
voice and teletype circuits were restored prior to DSS
51 rise.

Excellent quality was maintained on both the TTY
and voice/data circuits that were routed from Ascension
to Cape Kennedy and JPL via the communication
satellite.

3. Near-earth phase performance evaluation. The com-
bined AFETR and MSFN TDS coverage summary is
illustrated in Fig. 50. As can be seen, the actual coverage
exceeds the estimates in most cases.

The project and the individual data users agreed that
the TDS support provided for this mission was the best
to date. The lack of operational problems, as compared
to past missions, was noted; it was considered that the
TDS, as an integrated whole, performed excellently.
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[1111]]1]] AcTuAaL
10 5713
o |(ZZZZ | 2 3 777,
] | 1} (L1 ] O ‘ 1§ ‘
4326
w [ ) 7 s
J | il
o fpzzavzl E2 @ 1 ) &
: [ jul r l YJJV_L‘LUML_‘UHAJH ]
0 1000 2000 3000 4000 5000
TIME AFTER LAUNCH, s
Fig. 50. Combined AFETR and MSFN TDS coverage summary
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The TDS near-earth phase network included selected
resources of the AFETR. the MSFN, the DSN, and
NASCOM. Coverage was provided for Atlas/Centaur
tracking data (metric), Atlas/Centaur telemetry (VHF),
Surceyor telemetry (VHF and S-band), and real-time
orbit computation. The TDS support for the mission was
considered good and the minor problems experienced
had no significant effect on the overall support. All re-
quirements were met and, in most cases, exceeded. An
option was exercised to extend the 60-min hold at
T - 90 min by an additional 35 min, thus ensuring near-
optimum tracking coverage by downrange stations.

Tracking data acquisition during the near-earth phase
was good, and all class T requirements were met. The
mainland stations, Grand Bahama Island, Grand Turk,
and Antigua provided continnous coverage from liftoff
to T 80S s. Ascension covered the interval from
T + 1286 to T -+ 1592 s, and RIS Twin Falls and
Pretoria provided coverage from T + 1670 to T + 2342 s,
A short dropout occurred as predicted during the Grand
Turk interval.

Atlas/Centaur telemetry coverage via VHF was greater
than predicted and all requirements were met or ex-
ceeded. Continuous and substantially redundant VHF
telemetry was received beginning with the countdown,
through Antigua LOS at T + 826 s, and from T + 1225
to T + 3261 s. All mark events except 19 and 23 were
received and read out by AFETR and MSFN stations.

Spacecraft S-band telemetry was received continuously
from liftoff to T+ 760 s by KSC, Grand Bahama Island,
and Antigna. With the exception of a short gap between
Ascension and RIS Twin Falls, these two stations,
Pretoria, and RIS Sword Knot provided continuous
coverage from T + 1225 to T - 3709 s,

All requirements for real-time transmission of
Surceyor telemetry data to the SFOF were met. As
planned. data via VHF was provided from liftoff to
spacecraft High-Power On, and thercafter via S-band.

The RTCS provided all required support. A total of
eight orbits were computed by the RTCS, including a
parking orbit using Antigua data. a second and third
parking orbit using Centaur guidance telemetry data, a
theoretical transfer orbit using Antigua data plus nomi-
nal second burn data, two actual preretro transfer orbits
from Pretoria data, a postretro orbit using Carnarvon
data, and a spacecraft orbit from DSS 42 data. From
these, interrange vector, orbital elements, MSFN look
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angles, DSN predicts, moon-mapping and injection
matrices were provided.

B. Deep Space Network Phase

As with the Surveyor VI Mission the DSN provided a
constant high level support for Surveyor VII, with the
exception of that listed below.

The DSS 71 received spacecraft telemetry from prior
to launch to T + 6 min, 2 s. The signal strength was
nominal, confirming a good spacecraft transmitter at
launch, as shown in Fig. 51.

The prime data source for transmission of AFETR
real-time telemetry from KSC to the SFOF was via the
command and data console (CDC) and telemetry and
command processor computer at DSS 71, with the Bell
202 dataphone circuit as backup. This link provided
excellent high-speed data at the SFOF.

The Carnarvon-to-DSS 42 link delivered good data to
the SFOF from DSS 42 decommutator lock (on Car-
na von data) at 07:13:12 GMT until the telemetry proc-
essing station changed over to processing DSS 42 data
at 07:28:34 GMT.

The DSS 51 acquired the spacecraft of 07:04:53 GMT
and tracked in the on-way mode until 07:08:38. The DSS
42 acquired at 07:20:25 GMT, which marked the begin-
ning of continuous DSN view. The DSS 72 was not
activated for this mission.

At 06:52:50 GMT, DSS 51 and DSS 42 predicts were
reported leaving AFETR and arrived at the stations in
time for acquisition. In view of the problems existing at
the same time in the JPL/communication processor inter-
face which couid have prevented JPL predicts getting
to the stations, the timely arrival of AFETR predicts was
significant.

From the time of two-way acquisition by DSS 42 until
approximately retroignition —40 min, the DSN tracked
Surceyor VII in the two-way mode and, with minor
exceptions. returned extremely high quality, two-way
doppler data. Surceyor VI marked the first use of doppler
resolver data during the inflight portion of a Surveyor
mission; for Surceyor VII, all participating stations were
equipped with doppler resolvers and the data were, of
course, used in flight. The result of using the doppler re-
solver was a reduction in the standard deviation of the
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doppler data (60-s samples) from a preresolver level of ap-
proximately 0,005 to about 0.002 Hz, or a reduction by a
factor of 4. Unfortunately, this did not produce a signifi-
cant decrcase in the corresponding target uncertainties
because, at doppler resolver levels, the main component
of the target urcertainties is computer noise and not
data noise. The only significant losses of good two-way
doppler data occurred during the first passes over DSSs
51 ard 11, Approximately 'z h of good two-way doppler
data at the start of its first pass were lost by DSS 51
because of a faulty frequency shifter unit; the problem
was eliminated by replacing the unit. The DSS 11 lost
30 min of doppler resoiver data during the midcourse
maneuver (although the basic two-way doppler data was
not affected) due to a misadjusted potentiometer in the
doppler resolver counter, the problem was eliminated by
correctly adjusting the potentiometer (however, DSS 14
made the same error on its third pass).

The DSN tracking data and alpha scattering data
recovery was good throughout the mission, with very
little real-time data lost. Data losses were caused,
primarily, by minor GCF problems whicl: occurred dur-
ing the operational periods.

1. Deep Space Instrumentation Facility. The follow-
ing Deep Space Stations were committed as prime sta-
tions for support of the Surveyor VII Mission:

DSS Name

11 Goldstone Deep Space Communications
Complex, Barstow, Calif.

42 Tidbinbilla, Australia, near Canberra

61 Robledo, Spain, near Madrid

In addition to the basic support provided by prime
stations, the following support was provided for the
Surceyor VII Mission:

(I) DSS 71, Cape Kennedy, provided facilities for
spacecraft/DSIF  compatibility testing, and also
received and recorded telemetry data after liftoff.
In addition, DSS 71 used its CDC and telemetry
and command processor computer to process
AFETR range telemetry data for transmission
to JPL.

(2) DSS 14 Mars, Goldstone Deep Space Communi-
cations Complex, Barstow, Calif., provided backup
tracking and command support during midcourse
and terminal maneuvers, using its  210-ft-diam
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antenna. At touchdown, the baseband telemetry
output of the DSS 14 prime receiver was trans-
mitted to the SFOF.

(3

DSS 51, Johannesburg, South Africa, provided
tracking support during the transit phase.

For the January 7. 1968 launch date, DSS 42 was
designated the initial two-way acquisition station as it
met all the acquisition criteria of both the DSIF and the
Surveyor Project.

Approximately 46 min after lunar touchdown DSS 11
commanded and received 200-line TV pictures. On Jan-
uary 10. during the spacecraft’s fourth pass over DSS 61,
the ASI was commanded to the background data position
and received the first alpha scattering experiment data.

DSS 11 commanded the ASI to be lowered to the lunar
surface during the spacecraft’s fourth pass over DSS 11:
however, the instrument failed to lower because of a
malfunctioning escapement mechanism. During the fifth
pass over DSS 11, the surface sampler was successfully
commanded to push the ASI to the lunar surface.

Starting on January 13, 1968, the DSIF provided track-
ing support during a series of laser experiments. From
January 15 through 17, 1968, the DSIF supported two
unsuccessful attempts to revive Surceyors I, 111, V, and
VI spacecraft. For the remainder of the first lunar day
the DSIF provided spacecraft operations support by
commanding soil sampler, alpha scattering experiment,
and TV picture sequences, as well as receiving and
recording the following types of data: lunar rock bear-
ing, TV meteorological pictures of the ecarth, magnet
study, polarmetric survey and rock polarization studies,
star survey, alpha scattering experiment studies, laser
beam experiment, and multipath tests.

One-way spacceraft signals were received by DSS 71
for 6 min and 3 s after liftoff. Signal levels received
varied from approximately — 68 dBmW on the pad at
liftoff to — 158 dBmW at loss of signal. Also, DSS 71
processed real-time AFETR telemetry with its CDC and
on-site telemetry and command  processor  computer.

DSS 51 acquired spacecraft signals 34 min after launch
and tracked the spacecraft for 3 min and 45 s during the
first pass. The DSS 51 provided support during all three
of its transit-view periods.

141




The initial two-way acquisition was achieved by
DSS 42, 7 min and 58 s after spacecraft rise over the
stations horizon. Slightly over 8 min elapsed from the
receipt of the first spacecratt signals until DSS 42 was
prepared to command the spacecraft. Signal levels varied
from approximately — 128 dBm\W at first RF contact to

88 dBm\V at the time commanding began.

From the time of initial two-way acquisition by DSS
42 until approximately 40 min before spacecraft main
retroignition, Deep Space Stations tracked Surveyor VII
in the two-way mode, and, with minor exceptions,
received high-quality doppler data. For Surveyor VII all
participating stations were equipped with doppler re-
solvers, which resulted in a reduction in the standard
deviation of the doppler data by a factor of 4. However,
this did not produce a significant decrease in the cor-
responding  target uncertainties  because at  doppler
resolver levels the main component of the target un-
certainties was computer noise and not data noise.

The midcourse maneuver was successfully commanded
by DSS 11 during its first pass. Two midcourse adjust-
ments were scheduled but orbit calculations indicated
that the first midcourse performed the necessary adjust-
ments, hence the second midcourse was not required.
DSS 14 also provided support during the midcourse
maneuver using its 210-ft antenna.

The spacecraft terminal maneuvers and retrodescent
were successfully commanded during the third DSS 11
pass. A smooth spacecraft touchdown in the targeted
area was achieved with no loss of receiver lock at the
three stations having spacecraft visibility (DSSs 11, 14,
and 61).

The signal levels received at the Deep Space Stations
during the transit phase are shown in Fig. 52 and cor-
respond very closely to the predicted levels, The pre-
dicted levels for the prestar acquisition track are not
given as the spacecraft was not roll-stabilized during this
period. Therefore, the received signal level could vary
over a wide range because of variations in spacecraft
antenna  patterns. During star acquisition, midcourse
correction, and retromanecuver, the spacecraft was in
high-power mode and the received data were 16,5 dB
above the low-power signal level. Data bit rate changes
occurred within 2 dB of the predicted thresholds. The
periods during which gyro drift tests were conducted are
shown at the top of the illustrations. The random gyro
drift and subsequent antenna pattern variations pro-
duced a spread in the received signal level of +3 dB.
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At touchdown, the baschand telemetry output of the
DSS 14 prime receiver was transmitted to the SFOF
using the wideband microwave line, The DSS 14 pro-
vided excellent support during all of its tracking periods,

After the lunar landing, the DSIF provided 24-h/day
tracking coverage, with DSSs 11, 42, and 61 providing
postlanding mission operations support.

During lunar operations, several losses of uplink lock
were experienced by both DSSs 11 and 42, with a con-
sequent loss of command capability, In each case uplink
was reacquired and commanding proceeded normally.

The DSIF provided essentially continuous support to
Surceyor VII during all spacecraft operating periods.
Prime station support was provided by DSSs 11, 42, and
61; DSS 51 provided additional support during all three
of its transit-phase view periods. Initial two-way acqui-
sition and commanding of the spacecraft was performed
by DSS 42, DSS 71 supported the prelaunch spacecraft-
DSIF RF compatibility tests, and, during the launch
phase, was the prime source of real-time AFETR telem-
ctry transmission to the SFOF. The DSS 14 provided
transit phase and lunar operations support using the
210-ft antenna.

During lunar operations there were instances of loss of
uplink lock and consequent loss of command capability.
In each case, the uplink was reacquired and commanding
proceeded normally. This occurred at DSSs 11, 61, and
42 on different occasions. The DSIF participated fully in
investigating these problems but no evidence of ground
equipment malfunctions could be found.

During prelannch preparations, there was momentary
concern over the readiness of the TV ground data
handling system at Goldstone (TV-11) for mission sup-
port. The main problems were due to extended mission
support provided to Surveyors V and VI during Decem-
ber, the tight schedule, and the amount of testing
required prior to the Surveyor VII Mission. With the
help and cooperation of TV-1 personnel, all tests were
completed and TV-11 performed efficiently and reliably
throughout the first lunar day.

Various operational, equipment, and interface prob-
lems were experienced during the mission: however,
none caused a serious loss of data or had any significant
effect on the overall mission.

The following is a summary of the major activities of
cach station during the mission.
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a. DSS 11—Goldstone (Pioneer) Calif. The DSS 11
tracked Surceyor VII for three passes during the transit
phase. commanding the critical midcourse and terminal
mancuvers, After the touchdown pass, DSS 11 continued
tracking during the remainder of the Tunar day and into
the Junar night, compiling a total of 16 passes. During
the first pass on day 7-8, the midcourse mancuver was
commanded with nominal performance except for star
lockon which was performed manually due to sensor
saturation. The terminal descent sequence was success-
fully commanded on the third pass with nominal space-
craft response. A modified postlanding sequence was
accomplished and the first 200-line TV frame was re-
ceived within 45 min after touchdown. The A/SPP
positioning was accomplishea after i rteen 200-line
frames were received, and the remainder of the third
pass was devoted to 600-line TV and engincering inter-
rogations. Station activity on subsequent passes empha-
sized SNI/SS operations and TV pictures, The surface
sampler was utilized to deploy the ASI after the normal
deployment mechanisin failed, and to move the instru-
ment to two other locations on the lunar surface. Alpha
scattering data were acquired and engineering interro-
gations were performed throughout the lunar operational
period. In addition, the station participated in the laser
exp-riments and an REF multipath experiment. Several un-
successful attempts were made to revive other Surceyor
spaceeraft when Surceyor VII was in standby.

Several operational and equipment  problems  were
encountered: however, none resulted in any  serious
cffect on the mission,

b. DSS 14—CGoldstone (Mars). Calif. The DSS 14 with
its 210-ft antenna provided transit phase support during
all three passes. Provision had been made to allow the
DSS 11 CDC to utilize the DSS 14 receiver output, if
necessary, Project-furnished equipment was installed to
permit predetection recording, At midceourse and touch-
down, the baseband telemetry receiver output was trans-
mitted to the SFOF via the microwave link. Good data
were received from DSS 14 during all three tracking
periods.

c. DSS 42—Tidbinbilla (Canberra) Australia. During
the transit phase of the mission. DSS 42 had three track-
ing periods and performed the initial two-way acqui-
sition and spaceeratt commanding, Good PONM data were
received from Carnarvon prior to DSS 42 first view.
These data were processed and transmitted to the SFOF
for approximately 14 min before switching to DSS 42
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data alter acquisition, After touchdown, DSS 42 con-
tinued to track for 16 passes during the lunar day and
into the Tunar night. During the lunar passes, the station
was quite active with extensive TV operations, alpha
scattering data acquisitions, A/SPP positioning, RF and
signal processing experiments, engineering interrogations,
and power/thermal management activities.,

Although several operational and equipment problems
were encountered, none had any significant effect on the
mission,

d. DSS 51—Johannesburg, South Africa. The DSS 51
acquired on the Tvanch pass after injection and tracked
the spacecraft for approximately 4 min during a very
short view period. Although communications were poor,
the station was able to verify that the spacecraft status
was nominal and that automatic solar panel deployment
was taking place. During the three succeceding transit
phase passes, DSS 51 tracked both two- and three-way,
monitored the star acquisition performed by DSS 61,
and performed engineering interrogations and gyro drift
checks. Some decoder switching was observed  during
the third pass. Except for the loss of approximately
30 min of two-way data during the first pass because
of a faulty frequency shifter unit, no significant equip-
ment or operational problems were encountered which
adversely affected the mission.

¢. DSS 61—Madrid, Spain. The DSS 61 tracked the
spacecraft for three passes during the transit phase and
for 16 passes during the lunar phase. Star acquisition was
performed on the first transit pass. During the roll
maneuver, automatic star lockon did not function prop-
erly and it was necessary to perform a manual lockon.
Except for the star acquisition sequence, commanding
from DSS 61 was minimal during the transit passes.
However, the station was in view during midcourse and
touchdown and these events were monitored until the
end of the view. Activities during the lunar day and
night consisted of extensive television, alpha scattering
accumulations, engineering interrogations, A/SPP posi-
tioning and power/thermal management. Sunset at the
spacecraft  occurred  carlier  than anticipated during
DSS 61 view, and the station successfully  obtained
shadow progression and solar corona TV sequences.
During one pass, a period of high winds caused noise
spikes in the RF system and forced a change in bit rate
from 1100 bits/s for both telemetry and alpha scattering
data. The immediate source of this problem was not
determined. Several other operational and  equipment
problems were encountered: none had any significant
cffect on the mission, however.
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f. DSS 71—Ceape Kennedy, Fla. The DSS 71 support
for the mission consisted of providing PCM data to the
SFOF during the spacecrait prelaunch countdown and
up through the end of the near-carth phase. Source of
the data was building AO until T 5 min and KSC
thereafter until approximately T+ 40 min. Data in hoth
cases were processed by the CDC and the telemetry and
command processor computer and transmitted to the
SFOF via high-speed data line and TTY. This data path
worked quite well and good data were received at the
SFOF during all times that good data were received.

2. Deep Space Network/GCF. For Surveyor missions,
the GCF transmits tracking, telemetry, and command
data from the DSIF to the SFOF, and control and
command functions from the SFOF to the DSIF by
means of NASCONM facilities, The GCF also transmits
simulated tracking data to the DSIF and video data
and bascbhand telemetry from DSS 11, Goldstone Deep
Space Communications Complex, to the SFOF. On the
Surveyor VI Mission all communication circuits between
the DSIF and SFOF were automatically switched using a
communication processor.

In general, the NASCOM network provided excellent
support throughout the mission. Communications pro-
cessor operations proved reliable during critical mission
phases. During lunar operations, the Goddard communi-
cations processor experienced a number of failures but
these did not cause serious loss of data. Hardwire tele-
type circuits were available in the event of a communi-
cations processor failure during critical periods, but were
not needed during the mission.

Two new carth satellite communications circuits were
made available to the AFETR Ascension Island station
to provide improved downrange communications relia-
bility. One satellite circuit consisted of a dataphone
circuit fromr AFETR station 12 to JPL via GSFC. Good
data were received in the telemetry processing station
via this circuit: however, the data were not processed
because of the high-quality data received via the normal
KSC/DSS 71 path. A second satellite circuit was used to
transmit downrange metric teletype data from Ascension
to Cape Kennedy; this circuit also provided good data.
The Goldstone microwave circuits, including the 6-NHz
video line, performed very well during the mission. One
significant 6-M1Hz line problem occurred, causing loss of
real-time data for part of one pass. All data were recov-
cred at the end of the pass, and the prime data recorded
at DSS 11 were not affected.
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Special communications support linking all partici-
pating stations was provided for the laser experiment.

a. Teletype circuits. Teletype circuits (four available
to prime stations) are used for transmitting tracking and
telemetry data, commands. and administrative traffic. The
Surveyor VII Mission was supported through the Can-
berra,  London, Goddard, and JPL
Processor.

communication

At launch the communications processor/data process-
ing system interface could not be established but was
restored 1 min after launch and caused no data loss.
The communications processor proved very reliable dur-
ing critical mission phases. Hardwire teletype circuits
were available in the event of a processor failure, These
circuits were checked out during premission testing, but
they were not needed during the transit phase of the
flight because of the high reliability of the processors
during this period. During lunar operations the project
did not eleet to use the hardwire circuits because of the
generally short duration of the processor outages that
did occur. During lunar operations Goddard and over-
scas  processors  experienced  many  periodic  outages,
which did not, however, cause a serious loss of data.

Teletype communications through this system were
considered excellent. During lunar operations there were
22 failures at Goddard. necessitating manual and auto-
matic recoveries and some system swaps; however, their
effects were minimal. The Canberra communications
processor experienced  three failures and London pro-
cessor experienced five; all were of short duration,

Utilization of the communications processor system,
however, did not exempt DSS 51 from  propagation-
caused outages. Teletype communications during  the
Surveyor VII Mission were nevertheless degraded be-
cause of this continuing problem.

The teletype cireuits and the processor were excep-
tionally reliable: the weakest cirenits (to DDS 51) showed
approximately 97% reliability.

b. Voice circuits, The voice circuits are shared be-
tween the DSIF and the Surceyor Project for administra-
tive control and commanding functions. The NASCOM
voice circuits provided for the Surceyor VII Mission
performed well except for several minor outages.

The voice portion of the NASCOM network generally
provides a higher reliability factor than the TTY, with
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the exception of the radio link between London and
Pretoria. Similar to the DSS 51 teletype circuits, de-
graded propagation conditions caused the majority of
voice failures to South Africa, The DSS 51 voice was
out at launch due to propagation, but was restored prior
to acquisition. The balance of the NASCOM voice cir-
cuits encountered very little outage time, and when
outages did occur, they were held to short durations by
means of switching to alternate make-good  circuits.
Voice communications with the Goldstone stations was
nearly optimum and no major problems were encountered.

All voice circuits exhibited 99-100% reliability except
DSS 51, the weakest showed 95%
reliability.

circuit, which

c. High-speed data lines. One high-speed data line is
provided to cach prime site for telemetry data trans-
mission to the SFOF in real-time. This part of the
communications system performed well during both the
prelannch testing and mission phases.

The outhound sides of the lines were used during
testing to transmit simulation data to the stations and
during the mission to backfeed various
required. During the mission all high-speed data lines
exhibited from 99 to 1009% reliability except DSS 51,
which showed 91% reliability, as it experienced outage
during the initial short launch pass due to propagation.
Both NASCOM and Hallicrafter data sets (DSS 51 only)
were emploved for Surceyor VII and no major problems

Jdce nets as

were encountered at any of the DSN stations.

d. Wideband microwave system. The wideband micro-
wave link between DSS 11, Goldstone Deep Space Com-
munications Complex, and the SFOF consists of one
6-MHz simplex (one-way) channel for video, and one
96-kHz duplex (two-way) data channel.

Communications between JPL and Goldstone via the
Western Union microwave system was almost 100%
reliable in passing TTY, voice, and high-speed data.
However, that portion of the microwave system  that
carries the 6-NHz video channels did experience one
outage of 23 min during the Surveyor VII Mission. This
outage was due to a high B-beam pilot tone, causing the
beam to switch to oscillate sooner than normal, Other sys-
tem failures were minor, and of short duration. Longer
outages on the system were avoided by immediate
switching to the backup landline circuits.
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e. Television ground data handling system. The system
used for the Surveyor VI Mission was the same as the
configuration used during the Surceyor VI Mission.

Operations in the TV-1 arca were comparatively
smooth and trouble-free during the entire lunar day.
Real-time spacecraft signals received via the microwave
link from DSS 11 were of excellent quality with the
exception of a portion of one view period when micro-
wave channel switching problems occurred. The lost
data were recovered on the following day from the
DSS 11 FR-900 recording.

When possible, minor equipment failures within the
TV-1 arca were corrected in real-time and TV data losses
were held to a minimum. Among these failures were:

(1) The main clutch spring in film transport 1 broke
but was rebuilt and installed by JPL machinists
with minimum loss of film data transfer,

(2) The video data simulator used during countdown
calibrations failed to operate in the framing mode.
The TV-11 simulator was employed as a backup
and countdown calibration schedules were met.

(3) Normal wear to photo processing equipment gear
trains and drive belts required replacement in real-
time during operations but did not affect photo
product delivery schedules.

During the first lunar day, TV-1 recovered a total of
20993 video frames via microwave from TV-11 and
from FR-800 tapes recorded overseas. From these, the
following photo products were produced:

Type Quantity

Mosaic 648 negatives,
1134 prints

Photo enlargement 5619 prints

Strip contact print 560 rolls
Master positive 80 rolls
Public Information Office duplicate 80 rolls
Engineering data record 80 rolls

Command and data console film 59 rolls
Video tapes recorded at TV-1:
HW-7600 analog recorder
FR-1400 analog recorder

FR-700 video recorder

90 each
26 ¢ach
68 cach
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f. Deep Space Network/AFETR interface. The DSN/
AFETR interface provides real-time data transmission
capability for both VHF and S-band downrange telem-
ctry from building AO at Cape Kennedy to the SFOF.
The nominal switchover time from VHF to S-band data
is after the spacecraft S-band transmitter high-power
turnon. Incoming AFETR telemetry is sent from KSC
simultaneously to building AO ard to DSS 71 for pro-
cessing and transmission to JPL. The output of both
stations is transmitted to the SFOF via the GCF/
NASCOM. During the Surceyor VII Mission, the KSC
to DSS 71 configuration was established as the prime
link between the SFOF and AFETR to provide an inter-
tace similar to the data transmission links with prime
Deep Space Stations. The previously used link between
buildaing AO and SFOF. via Bell modems, was retained
as backup.

In additicn. two new satellite communications circuits
were used from the Ascension Island stution of AFETR
to provide improved reliability of communications from
down range. These circnits were implemented by
NASCOM in cooperation with AFETR. One voice/data
grade circuit extended from AFETR station 12 ( Ascension)
to JPL via GSFC. A total of 202 data sets were used to
transmit 330 bits/s Surveyor data direct to JPL from
Ascension and stations farther down range. Good data
were reccived in telemetry processing stations via this
circuit: however. it was not processed because of the
high quality of the data cocming in via the normal KSC/
DSS 71 path. A second satellite circuit was used to
transmit downrange metric data via teletvpe from
Ascension to Cape Kennedy. This circuit was also
checked out and provided good data

Inflight spacccraft telemetry was received from the
AFETR stations and relaved to the SFOF until approxi-
mately 40 min after liftoff.

Both the prime DSS 71 and the building AO backup
circuits provided good data during the mission. but due
to the high quality of the DSS 71 data. the building AO
data were not processed. The backup svstem was also
used during the ORT to provide simulated telemetry
data from the SFOF to building AO and performed well.

The DSIF tracking data for early orbit determination
was successfully backfed to the real-time computer sys-

tem at the AFETR.

The system for transmission of real-time telemetry data
from the Carnarvon. Australia. MSFN station to the
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SFOF via DSS 42 was again activated for Surceyor VII.
This system performed very well and good data was
received in the SFOF from Carnarvon acquisition until
D35S 42 switched over to processing their own data. a
pericd of approximately 14 min.

3. Deep Space Network/SFOF. The DSN supports
Surveyor missions by providing mission control facilities
and performing special functions within the SFOF.

a. Data processing system. The SFOF Data Processing
Svstem performs the following functions for Surveyor
missions:

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

(2' Orbit determinations.

(3) Maneuver computation and analysis.
(4! On-line telemetry processing.

(5 Command tape generation.

(6) Simulated data generation (telemetry and tracking
data for tests).

The data processing system general configuration for
Surveyor missions consisted of two PDP-T computers in
the telemetry processing station. two strings of IBM
7044/7094 computers in the central computing com-
plex and a subset of the input/output system.

The IBN 7044/7094 redesign software system. modi-
fied to process both Mariner IV and Surveyor VII data,
was utilized in the data processing system during the
Surceyor VII Mission. Teletype traffic. other than
Surveyor. was not removed from the communications
processor during the critical periods as had been done
on the Surceyor. Vand VI Missions. Manning of the data
processing system was adequate and the performance of
all personnel was skillful and proficient.

Significant differences from prior missions were:

(1) The IBM T044W and IBM 7094V were reconfig-
ured as a mode 2 string and closed-circuit moni-
tors were installed.

(2) Computer program MTGS was modified to in-
crease the accuracy in some of the constants.

(3) Coordiration procedures were modified in order
to specd up the initiation of predict transmissions.
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(4) The NASCOM end-of-message marks and new
headers were generated by the IBM 7044 every
15 min cr every 5400 teietype characters, which-
ever occurred sooner.

The following problems deserving special attention
were encountered:

(1) At liftoff, the interface between 7044X and the
communications processor failed, causing incom-
plete words to be received by the 7044. The
computer programs were loaded on the Y-string
as expeditiously as possible and operations con-
tinued on the Y-string.

(2) During the midcourse maneuver, telemetry pro-
cessing station 2 faulted, causing a momentary loss
of data until the program was restarted. PDP-7 3
was replaced by PDP-7 1, but the faults recurred
to the extent that station 2 operations were signifi-
cantly curtailed during lunar operations.

(3) During the terminal phase, the 7044W queue list
could not be cleared. The 7094 also indicated disk
transmission errors. The telemetry processing was
switched to the Y-string. This resulted in orbit
determination program card read problems. The
7044X was then made available and was used to

process telemetry data during the terminal descent.

™

Communication processor computer changes in-
duced interface problems between the processor
and the 7044, necessitating several resta:ts of the
7044.

It

The orbit determination program did not run
successfully when telemetry data were being pro-
cessed by the same string. It is suspected that the
problem may be due to a card read problem in
the 7044/7094 program.

(6) The organizational interfaces between mission-
dependent and mission-independent personnel in
the SFOF computer operations became extremely
awkward and drawn-out at times. These interfaces
should be better defined and well understood.

Surceyor VII utilized a redesigned computer configu-
ration in conjunction with a communication processing
system which automatically switched teletype lines and
allowed computer sharing in support of other concurrent
space program missions. Its capabilities included switch-
ing, real-time monitoring, quick-access message logging
and recall. Communication processor problems, although
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not significantly affecting the mission, did cause minor
delays in providing SFOF user areas with incoming data.

The data processing system performed in an excellent
manner, with only minor hardware problems that did not
detract from mission support. The two PDP-T computers
were used extensively to process high-speed telemetry
data for the Surveyor VII Mission. This processing con-
sisted of decommutating and transferring the data to
the 7044 computer via the 7288 data channels, generating
a digital tape for non-real-time processing, and supplying
digital-to-analog converters with discrete data param-
eters to drive analog recorders in both the spacecraft
analysis area and the space science analysis area.

The IBM 7044/7094 computer string dual configura-
tion successfully processed all high-speed data received
from the telemetry processing station and all teletype
data received from the communications center, as well
as all input/output requests from the user areas.

The input/output system provides the capability for
entering data control parameters into the 7044/7094
computers and also for displaying computed data in the
user areas via the various display devices. The input/
output system performed adequately; many minor prob-
lems were reported, but were resolved in real-time with
only a minor loss of data.

b. Deep Space Network/ICS. The DSN/ICS provides
the capability of receiving, switching, and distributing
all types of information required for spaceflight opera-
tions and data analysis to designated areas or users within
the SFOF. The system includes facilities for handling all
voice communications, closed circuit TV, TTY, high-
speed data, and data received over the microwave
channels,

The DSN/ICS performed il\an exceptional manner,
with only minor anomalies,

Both modem* types (NASCOM and Hallicrafters) were
required during the Surveyor VII Mission. The NASCOM
modems were used tor sending high-speed data from all
stations except DSS 51, and reliability was very high.
The DSS 51 wsed the Hallicrafters modems, which per-
formed reliably; the only circuit problems were caused
by propagation. Minor problems occurred during launch

*A modem (modulator-demodulator) is a device for converting a
digital signal to a signal which is compatible with telephone line
transmission (e.g., frequency-modulated tone)).
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when several stations were active and modem switching
was required within the SFOF so that each station could
perform data transfer tests.

The TV communications subsystem experienced minor
equipment problems that were resolved in real-time.
During the launch phase there was a shortage of TV
monitors used for viewing teletype lines.

¢. Evaluation, The overall performance of the main-
tenance and operations personnel and equipment in the
SFOF in supporting the Surveyor VII Mission was satis-
factory. Stafting for the mission was adequate. and no
manning problems were experienced in any of the
operation and support areas.

Major changes in the facility between the Surveyor VI
and VII Missions were:

(1) The 7044\W and 7094V computers were reconfig-
ured into a new operational W-string.

(2) The new SFOF computer-driven display system
was used and a number of interesting and useful
displays were developed to support real-time
operations.

A significant problem in the interface between the
communications processor and 7044X occurred shortly
before liftoff. As discussed above, the Y-string was
brought up as a replacement for the X-string. The net
result was a 15-min loss of the CP/7044 at a critical time
during the countdown.

Another significant problem occurred on January 18,
1968 when a circuit breaker controlling the diesel power
unit was switched oft in error. This resulted in a shut-
down of some communications equipment in the SFOF,
and caused a 25-min delay in providing data to the
project.

C. Tracking Data Analysis

The Surveyor VII spacecraft was tracked by prime
Surceyor DSIF stations at Johannesburg, South Africa
(DSS 51), Canberra, Australia (DSS 42), Madrid, Spain
(DSS 61), and Goldstone, Calif. (DSS 11), and by backup
station DSS 14 at Goldstone, Calif., from shortly after
transfer orbit injection until lunar touchdown at 01:05:28
GMT on January 10, 1968. The DSIF then continued to
track the spacecraft on the lunar surface until 14:14:00
GMT on January 26, 1968, or approximately 80 h into
the lunar night. Actual station tracking periods during
the inflight portion of the mission, together with nominal
view periods, may be seen in Table 38.

1. Spacecraft center frequencies. So that spacecraft
predictions may 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 is essential that the spacecraft transmitter (one-
way) center frequencies and transponder (two-way)
center frequencies be accurately known. The nominal
values for these frequencies are 2295.000000 MHz (at
carrier level) for the transmitter center frequency and

Table 38. Nominal view periods vs actual tracking at Deep Space Stations

o 5 Nominal rise, Nominal set, Nominal view Athiﬁ'ﬁon .l“’ of * Actual view
ate SS GMT GMT period® by station, signal by period
GMT station, GMT
Jan 7 51 07:03:01 07:07:11 00:04:10 07:05:06 07:08:36 00:03:30
42 07:20:04 13:37:08 06:17:04 07:22:12 13:35:02 06:12:50
51 11:33:52 22:19:33 10:45:41 11.33:02 22:24:02 10:51:00
61 13:00:15 01:35:53 12:35:38 12:59:02 01:33:02 12:34:00
1M 21:06:54 09:02:10 11:55:16 21:07:02 08:56:02 11:49:00
Jan 8 42 05:06:43 14:18:59 09:12:16 05:15:02 14:18:02 09:03:00
51 12:32:48 22:34:30 10:01:42 12:32:02 22:24:02 09:52:00
61 13:16:47 02:08:48 12:52:01 13:18:02 02:06:02 12:48:02
mn 21:19:37 09:17:05 11:57:28 21:27:02 09:11:02 11:44:00
Jan 9 42 05:27:52 14:26:39 08:58:47 05:30:02 14.28:02 08:58:00
51 12:44.38 22:37:33 09:52:55 13:20:02 22:39:02 09:19:00
61 13:18:44 02:21:26 13:02:42 13:33:02 02:20:54 12:47:52
1 21:25:41 09:34:21 12:08:40 21:34:02 09:37:00 12:02:58
“Based on horizon mask for oll stotions except DSS 72, which is based on 0-deg elevation.
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22.013670 MHz (at station VCO level) for the trans-
ponder center frequency. These frequencies are mea-
sured months before the mission for use in the preflight
prediciion document, and again measured several times
within the last 10 h of the countdown for use in real-time
predictions. The frequencies which were used in the
preflight prediction decument were:

Frequency, MHz Transmitter/transponder

2294.990100 Transmitter A at 110°F

2294.990100 Transmitter B at 110°F
22,013672 Transponder A at 90°F
22.013615 Transponder B at 90°F

These frequencies were abstracted from preflight data
supplied by HAC. During the countdown, frequency
measurements were made and sent to the SFOF at
T - 669, 565, 326, 50, 30, and 20 min, approximately as
called for in the sequence of events. These measurements
were plotted against the preflight frequency vs tempera-
ture curves and can be seen in Figs. 53-56. In previous
Surveyor missions (I1I-V) the preflight data were biased
by the countdown frequency measurements for use
during the actual flight. For Surveyor VI, a 60-Hz bias
was added to the preflight transponder frequency vs
temperature curves in an effort to more accurately pre-
dict inflight frequencies. However, since neither of
these methods has effectively achieved the desired result,
the preflight curves were used unaltered. Real-time
frequency predictions were obtained by using the pre-
flight vs temperature curves in conjunction with real-
time temperature predictions; these values are shown in
Table 39. The various transmitter B one-way frequen-
cies reduced from the one-way data recorded during
Surveyor VII are presented in Table 40; these values can
be compared to the data presented in Figs. 53 and 54.

2. Spacecraft predictions. Spacecraft predictions,
which are composed of time-tagged observables such as
antenna pointing angles, one-, two-, and three-way
doppler, best-lock ground transmitter frequency, etc.,
are routinely provided to the DSN tracking stations to
insure the success of spacecraft acquisition, aided track,
and station handovers of the spacecraft. However, during
the launch phase, the provision of accurate predictions
to DSSs 51 and 42 becomes a critical matter because of
the crucial need for early acquisition and commanding
of the spacecraft. For first two-way acquisition at DSSs
51 and 42, there are three distinct sets of predictions
available:
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Fig. 53. Transmitter A frequency vs temperature
(1) Preflight prediction document.

(2) T — 5 min predictions based on actual launch azi-
muth.

(3) The AFETR predictions based on actual post-
injection tracking data.

Although both the preflight predictions and the T — 5
min predictions are generated before launch, the T — 5
min predictions have two important advantages over the
preflight predictions in that they are based on updated
frequency information and are generated for the exact
actual launch azimuth. For these reasons, the T — 5 min
predictions were generated and sent to DSSs 51 and 42
with the instruction that they be used instead of the
preflight prediction document. A minor communication
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Fig. 54. Transponder A frequency vs temperature

processor failure at approximately launch time delayed
the T — 5 min predicts by about 10 min. Both stations
reported receipt of the T — 5 min predicts at about
T --15 min and DSS 51 subsequently acquired the
spacecraft in the one-way mode using these predicts.
At T + 22 min, AFETR predicts based on a nominal
second burn arrived, and at T -- 45 min, AFETR pre-
dicts based on the actual transfer orbit arrived, both sets
verifying the accuracy of the T — 5 min predicts. Using
the T — 5 min predicts, DSS 43 performed the initial
two-way acquisition in a nominal fashion. It should be
noted that the AFETR predicts arrived quite quickly
(in contrast to the sluggish AFETR predict performance
in the Surveyors V and VI Missions) such that they would
have been quite useful had they been needed. During
the remainder of the mission, predictions were routinely
supplied to all participating DSIF stations.
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Fig. 55. Transmitter B frequency vs temperature

3. Initial two-way acquisition at DSS 42. Predictions
indicated a Surveyor VII rise at DSS 42 at 07:20:04
GMT on January 7, 1968, or T + 50 min 05 s. DSS 42
received good, one-way data at 07:20:25 (rise + 00:21)
GMT, reported auto-track on the acquisition aid antenna
at 07:23:00 (rise + 02:56) GMT, auto-track on the an-
tenna main beam shortly thereafter, and good two-way
data at 07:28:02 (rise + 07:58) GMT.

This acceptable but relatively slow two-way acquisi-
tion time can be partially attributed to the comparatively
slow ascent of the spacecraft above the horizon. Acquisi-
tion procedure prohibits turning on the transmitter prior
to a 10-deg elevation over the local horizon. This can
account for as much as 2 min in this type of acquisition.
Taking this factor into consideration, the acquisition
compares reasonably with past missions.
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Fig. 56. Transponder B frequency vs tempercture

4. Tracking performance. The DSN provided con-
tinuous angulir and doppler tracking of the inflight
portion of the Surveyor VII spacecraft from initial one-
way acquisition at DSS 42 at 07:20:25 GMT on January
7. 1968 through lunar touchdown at 01:05:28 GMT on
January 10.

In general, the overall quality of the tracking data
taken during the Surveyor VII Mission can be described
as excellent. Data types used in the orbit determination
program were angular data taken during the first pass
of DSS 42 and two-way doppler data taken during all
passes of DSSs 61, 51, 42, and 11.

A summary of these data, together with statistics, is
given in Table 41. 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.
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Table 39. Surveyor VIl frequency prediction

Time after | h, h T Frequency, MHz

perature, °F

Transmitter B"

=16 85 2294.994178
16-42 60 2295.005600
42-50 54 2295.010800
50-R 74 2295.002000

Transponder 3"

=16 85 22.013798
16-42 60 22.013824
42-50 54 22.013838
50-R 74 22013800

Time after
retroignition, Temperature, °F Frequency, MHz
days
Transmitter A”

R-3 88 2294.998000

3-8 110 2294.993000

8-13 80 2294.999109
13-17 50 2295.012900
17-21 20 2295.021500

Transponder Ab

R-3 88 22.013676

3-8 110 22.013625

8-13 80 22.013698
13-17 50 22.013771
17-21 20 22.013855

“Used in flight,

bUsed after touchdown.

Orbit identifications are as follows:

Orbit Identification

Predict PROR
Injection condition evaluation ICEV
Preliminary premidcourse PREL
Data consistency DACO
Nominal midcourse NOMA
Last premidcourse LAPM
Premidcourse cleanup PRCL
Postflight analysis POST
N postmidcourse N POM
Final inflight FINAL

In general, DSIF station operations during the
Surveyor VII Mission were effectively implemented.
This is best judged by the fact that the DSN was able
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Table 40. Auxiliary oscillator frequency reduced from one-way doppler data

Auxiliary oscillator Avxiliary oscillator
DSS Pass Day Time, GMT Hraqwaney, Mits DSS Pass Day Time, GMT fequency, Wil
51 0 07 07:05:11 2294.994556 61 1 07 14:38:32 2294.997923
07:05:21 2294.994790 14:39:32 2294.997816
07:05:31 2294.993987 14:40:32 2294.997705
07:05:41 2294.994031 14:41:32 2294.997590
07:05:51 2294.993761 14:42:32 2294.997474
07:06:01 2294.993769 14:43:32 2294,997356
07:06:11 2294.993652 14:44:32 2294.997233
07:06:21 2294.993649 14:45:32 2294.997108
07:06:31 2294.993588 14:46:32 2294.996983
07:06:41 2294.993584 14:47:32 2294.996855
07:06:51 2294.993545 14:48:32 2294.996725
07:07:01 2294.993539 14:49:32 2294.996592
07:07:11 2294.993520
42 1 07 07:21:27 2294.992238 6l * Ao S 3t 4304935598
00:24:32 2294.995490
07:21:37 2294.992210
00:25:32 2294.995392
07:21:47 2294.992178
00:26:32 2294.995299
07:21:57 2294.992149
00:27:32 2294.995199
07:22:07 2294.992118
07:2217 2204.992089 00:28:32 2294.995094
o ’ 00:29:32 2294.994983
07:22:27 2294.992057
00:30:32 2294.994874
07:22:37 2294.992028
072947 2294.991997 00:31:32 2294.994765
')7:24:47 2294’991 644 00:32:32 2294.994649
o ' 00:33:32 2294.994530
61 1 07 14:23:32 2294.998888 00:34:32 2294.994406
14:24:32 2294.998872 00:35:32 2294.994286
14:25:32 2294.998849 00:36:32 2294.994169
14:26:32 2294.998822 00:37:32 2294.994047
14:27:32 2294.998784 00:38:32 2294.993919
14:28:32 2294.998738 00:39:32 2294.993787
14:29:32 2294.998682 00:40:31 2294.993664
14:30:32 2294.998621 00:40:41 2294.993644
14:31:32 2294.998555 00:40:51 2294.993622
14:32:32 2294.998479
14:33:32 2294.998398 61 3 10 00:41:01 2294.993603
14:34:32 2294.998314 00:41:11 2294.993582
14:35:32 2294.998223 00:41:21 2294.993563
14:36:32 2294.998128
14:37:32 2294.998027 1 3 09 23:05:32 2294.996911

to provide very high quality data to the orbit deter-
mination grcap such that they were able to meet all
orbital accuracy requirements for such events as the
midcourse maneuvers, retromotor ignition backup, etc.
From the time of first two-way acquisition of the space-
craft over DSS 42 until shortly before retroignition, the
spacecraft was almost continuously in two-way lock, and
station transfers were rapidly and effectively executed.
The only major losses of good two-w y doppler data
occurred during the first passes over DSS 51 and DSS 11.
The DSS 51 lost approximately one-half hour of good
two-way doppler at the start of their first pass due to a
faulty frequency shifter unit; the problem was eliminated
by replacing the unit. The DSS 11 lost 30 min of doppler
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resolver data during the time of midcourse maneuver
(although the basic two-way doppler datc was not
effected) due to a misadjusted potentiometer in the
doppler resolver counter; the problem was eliminated
by correctly adjusting the potentiometer (however, 1DSS
14 made the same error on the third pass). The effect
trom these data losses on the mission was negligible.

a. Premidcourse phase.

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.

153



€21000°0 £TT00°0 £TT00°0 (74 zeesiZ1—L0/ 1 TE95 w1 —L0/ 1 €20 19
$5£000°0 ¥4¥00'0 89700°0 €S zev61—L0/ 1 zeieo'81—20/1 [} s
68£000°0 66€00°0 £6€00°0 6L ZEESEL—L0/ 1 zeTTTI—L0/ 1 €20 1S
¥62000°0— 0EV¥00°0 6Z¥00°0 86¢ zZews L 1—L0/ 1 £1:8T:£0— L0/ \ €20 144 A Wdv1
Z£9000°0— 612000 012000 Tl TeEsiLL— L0/ ze95w1—L0/ L £20 19
£81000°0 89500°0 £9500°0 ¥E TE:50°61—2L0/ 1 zeieo'81—20/1 €22 1S
0110000— 8Zr00°0 8Z¥00°0 o8 zeesiEl—L0/1 zezTz1L—L0/1 €20 1S
8¥10000— 617¥00°0 61700°0 86¢€ ZEPS L1—20/1 £1:82:£0—£0/ 1 €22 144 VA Wdv1
Z£80000°0— €1500°0 Z1500°0 SE z€90'61—20/ 1 Zeie0'81—L0/1 €20 1S
T6£000°0 $5Z00°0 T5200°0 9L zeesie1—20/1 zezTiz1—L0/1 €20 1S
¥11000°0 94¥00°0 94¥00°0 66¢€ ZEYS LLI—L0/ 1L £0°82:£0— L0/ \ €20 144 VM Wdv1
6650000 1S¥00°0 LyYv00°0 881 TEESLLI—LO[ L ZEE0'w1—20/1 €D 19
¥¥6000°0— $$Z00°0 S€Z00°0 8z z<:05'81—£0/1 zeeo'81—L0/ 1 €20 1S
££1000°0 SZTE000 ¥Z€00°0 08 ZEES'EL—LO/ L zeTTTI—LO/ L €20 1S
96Z00°0— 61¥00°0 817000 66€ ZEVS L1—L0/ 1 £0°8T:£0— L0/ 1 €20 zv DA YWON
££6000°0 692000 15200°0 61 zeesl—20/1 ze€0'81— L0/ 1 €20 1S
0£9000°0 94T0L0 692000 9L ZeESEL—L0/ 1 ZETTTI—LO/ L €20 s
Z190000°0 £9700°0 £9700°0 66€ Zers L L—L0/1 £0°'8T:£0—£0/ | o255 | t44 M VWON
¥£2000°0— 80600°0 £0600°0 881 zeesiZ1—L0/1 ZeEe0v1—L0/ 1 €20 19
89500°0 919000 8€200°0 9L zeEsie1—L0/1 TETTTI—L0/ 1\ €22 s
ZT1000°0 ¥2£00°0 ¥Z.£00°0 6€€ zeEvsLL—L0/1 £0°82:£0—£0/ | €20 144 VM YWON
T/90000°0— *Z£00°0 1ZE000 £91 zezeLL— L0/ TeTTTI— L0/ L €20 19
oiop |G SSA TTT000'0 — ZEY00'0 LE¥00'0 66€ zevsi1—L0/1 £0°82:£0—£0/ | £2D 144 VA YWON
SE£000°0— 9¥900°0 9¥900°0 16 ZE0e:91—L0/ 1 ze9s'w1—L0/1 £2D 19
£¥100°0 1Z¥00°0 96£00°0 9L zeesiel—20/1 TETTTI—LO/ L €20 1S
062000°0 ¥0500°0 £0500°0 86€ eV LL—L0/ 1 £1'8T:£0— L0/ 1 [ 144 oM 0dva
1Z¥000°0 ¥ 12000 012000 08 zeEYSIEL—L0/1 zeTTTI—L0/ L €20 1S
§S£0000°0— 08¥00°0 08+00°0 66€ zEPSILL—L0/1 £0'82:£0—£0/\ €20 144 A Odva
Z000°0— 957000 95¥00°0 (¥4> zezeo1l—L0/1 £0°8Z:£0— L0/ | €22 144 M 13d
1£10000— 66¥00°0 66¥00°0 z92 TEEE'60— L0/ L £0°'8T:/0—£0/ 1 €20 144 VM 134d
£1£0000°0— 06700°0 06¥00°0 $9Z TE9€:60—L0/ L £0'8Z:£0— 20/ | €20 tA4 VA 13¥4d
T45000— ¥$100 £¥10°0 £ET 20'95:80—£0/ L T0°82:£0—£0/ 1 29p
£1£00°0— 156000 96800°0 £€T 20'95:80—£0/ | Z0'8Z:£0—£0/1 VH
S¥1000 Z8100 18100 (744 Z€:55'80—£0/ 1 £0°8T:£0— L0/ 1 o) 144 VM A3DI
S9¥00°0— ov10°0 ZE100 612 z0'Z¥'80— L0/ L T0°8Z:£0— L0/ 29p
S¥Z00°0— ¥¥£00°0 £0£00°0 612 zZ0:Zy'80—L0/ 1 Z0°8Z:£0—£0/ 1 VH
012200 SZ10°0 €£10°0 z1z ZE1¥:80—L0/ L £0°8T:£0—£0/ 1 e e) 144 VA A
09€000°0— LLEOO LLEOO vozZ TO'¥Z:80— L0/ L T0'8Z:£0— L0/ L 22p
2401 9jdwos s-09 90£000°0— 6090°0 60900 ¥ozZ zZo'¥Z:80—2£0/ 1 z0'8Z:20—£0/ 1 VH
219m DIOP §SQ @s4nodpiwasd Y¥80°0 €z1ro 1060°0 zoz 2EETB80— L0/ L £0'8Z:£0— L0/ | €22 (44 VM d30¥d
420 ||o ‘3404 3|dwos 5-0 | 612000°0— £5v00°0 95700°0 96 TTSYiL0— L0/ L z0'82:£0—£0/1 s9p
2uem JWO 6Z:L0 PUP 8Z:L0 £8£0000°0— 65500°0 65500°0 96 TTSP:L0—LO/ L Z0'82:20—£0/ 1 Vil
usamiaq Zy SSQ woll bjoq 9Z£000°0 62100 62100 66 L1:S¥:£0— L0/ | £0'8T:£0—£0/ | €20 144 VA ¥0¥d
uoyoAGp sjujod 1wo—Aop/ow 1W9—Acp [ow ad4y uoHDIYK{UIP)
sHyoway 10419 upayy suu ; = ssa
pappunig 4o 'oN awy Djop pugz ‘awyy ojop BujuuiBag ojoq 90

suoypindwod §1G10 [|A 1043.-4ng ul pasn pop BupIpyy §§Q J2Anaubwald jo Alpwwng | 3|qD]

JPL TECHNICAL MEMORANDUM 33-301

154




804 9jdwos ££8000°0— 962000 ¥8Z00°0 60¥ zegeiz1—80/1 Ze'verso—se/ 1 €20 144
$-09 219M DJDP ISINCOPIW 64¥000°0 Z9v00'0 09¥00°0 19¢€ TEETS0—80/ 1 TESYET— L0/ L €20 ]
-isod a0 ||y ‘3404 Ijdwos TL100 €£10°0 928000°0 S TELE0T—80/ 1 ZE€E:0Z—80/ 1 £ 19
$-0| ®49m Djop | | SSA 90100°0— 0££00°0 ¥S£00°0 vol ZEET'81—80/ 1 ZeveE91—80/ 1 €20 19
40 (ZZ:10-¥ 1:10) s@unuiw jybig £¥6000°0 155000 £¥500°0 6vlL TE8SS1—80/ 1 TE00°E1—80/ 1L €20 s aA WOdE
$6200°0— ZYe000 €£100°0 8Z ZEL0°L1—80/ 1L ZEYE91—80/1 €22 19
151000 £8¥00°0 £9¥00°0 174 ZEE€T91—80/1 TE00°€1—80/1 €20 s
€11000— 08Z00°0 £5200°0 60v zeBET1I—80/1 ZEVESO—80/ L €20 v
1£9000°0 64¥00°0 SZ¥00°0 19¢€ ZE'€T:S0—80/1 ZeSrET— L0/ 1 €22 1 DM WOdE
858000°0 £0S00°0 66¥00°0 S8l TEET91—80/ 1 TE6YT1—80/1 €20 1S
266000°0— 01£00°0 ¥6Z00°0 60¥ zZe8ET1—80/1 ZEVES0—B0/ 1 €20 144
4150060 66¥00°0 96¥00°0 19€ TEET:S0—80/1 TESVET—LO/ L €20 1t M WOdE
£81000 T5£00°0 0€££00°0 v9 TELEW1—80/ 1L TE6¥'T1—80/1L €20 1S
$16000°0— 81€00°0 S0€00°0 (74 Ze8ET1I—80/1 ZEwES0—80/ 1 £ 144
96¥000°0 £9¥00°0 09700°0 SSE ZEET:S0—80/ 1 TESYET—LO/ L €20 N 9A WOdE
6¥10000°0— S¥Z00°0 S$¥Z00°0 P24 ZEYY:T1—80/1 ZEWESO—80/ 1 €20 zv
$080000°0 ZTE000 zzecoo SSE ZTEET'S0—80/ 1 ZESYET— L0/ L €20 1 VA WOdE
90£0000°0 €4£200°0 £4Z00°0 81z ZEV1:60—80/ 1 ZEVESC—B0/ 1 €22 144
89500000 Z1£00°0 £1£00°0 19€ ZEET:S0—80/ 1 TESTET—LO/ L €20 1 VM WOdZ
401 ojdwos 6S€0000°0— 682000 68Z00°0 0L ZeyZ:80—80/ 1 ZEWESCO—80/ 1 €22 144
5-09 910m DIOP SEINCOPIW 01Z0000°0 0Z£00°0 0Z£00°0 19¢€ TEET:S0—80/1 TESYET—L0/ L €20 1 4M WOdi
-4s0d 19Y40 ||y 2401 3dwos ¥E¥000°0 SZTE000 TTE00'0 9¢ TE60'90—80/ 1 ZEvE'S0—80/1 €22 144
s-Q| @49m DJOpP || SSA ¥£50000°0— 81£00°0 81€£00°0 19¢€ TEET:S0—80/ L zeisrez—L0/1 €20 L am Wodl
40 (ZT:10-¥ 1:10) sunuiw ybrg 988000°0— 865000 16500°0 ozs TEVYT'Y0—80/1 ZESYET— L0/ 1 €20 L VM WOdL
£Z£000— 06£00°0 61£00°0 T TEESLL—L0/ L ZE9Sw1—L0/ 1 €20 19
6290070 ££800°0 ¥0900°0 611 zez 1 z—Lo/1 TEE0'81—LO/ 1 €20 1S
£8900°0 01£00°0 841000 08 zEESEL—L0/ 1 zezTz1—L0/1 [»s) 1S
Z61000— 90£00°0 6/£900°0 66¢€ zEYSIL1—L0/ 1 £0'8T:£0— L0/ €20 144
£51000 61€00°0 08Z00°0 86 TELO'ET— L0/ L TEPTIIT—LO/ L €20 L 3A 1DAd
ZSE00°0— £2800°0 ¥¥£00°0 (¥4 TEESLL—LO/L TE9S ¥ 1I—L0/ L o)) 19
8590070 ¥6800°0 90900°0 611 ZEZ1IT—L0/1 ZE€0'81—2L0/ 1 €20 1S
€2£00°0 S¥£00°0 841000 08 zessiel—L0/1 TETTTLI—LO/ L €20 1S
91Z00°0— 1z£00°C 889000 66€ ZEWSLL—L0/1 £0°8T:£0— L0/ €22 144
$9100°0 0€££00°0 98Z00°0 86 Ze:L0°€T— L0/ 1 ZEVYTIT—LO/L €22 1 aA 1DAd
165000— 646000 18£00°0 zZ1 ZEESLL—LO/ L ZE9S W 1—L0/ 1 €22 19
¥£600°0 ¥Z10°0 ¥££00'0 611 TETLIIT— Lo/ Tee0'81—L0/1 €20 1S
12100 £€2100 012000 08 ZEESEL— L0/ zezTTzI—2L0/1 €22 1S
84200°0— $1600°0 1£800°0 66¢€ TEYS LLI—L0/1 £0°8Z:£0— L0/ €22 v
951000 £1£00°0 942000 86 TELO'EZ— L0/ L zevTIIz—20/1 €20 11 DA 1Dud
85500°0— 12600°0 £€££00°0 881 TEESLI—L0/1L TEE0v1—L0/ L €20 19
956600 TZ100 654000 611 zETIFIT— L0/ L ZE€0'B1—L0/ 1 €20 1S
1Z10°0 £2100 00Z00°0 08 zeesiel—L0/ 1 zezTT1I—2L0/ 1 €20 1S
16200°0— $9600°0 0Z600°0 66¢ ZEPSiILLI—L0/1 L0'8Z°L0— L0/ L €20 144
0¥Z00°0 98€£00°0 Z1£00°0 1S 9 1:ZT— L0/ L ZEYTIT— L0/ L o)) L DA WdV1
uoyoiAap sjurod 1WO —Aop /ow 1WO—Aop fow adiy uoyDIYHUIPY
sHyoway dou2 upay su . % ” ssa
piopunig 40 'oN awy pjop puz 2wy ojop BujuuiBag pjog #q:0

(Piu0d) 1§ 3|qp)L

155

JPL TECHNICAL MEMORANDUM 33-301




¥£00000°0— ¥0€00°0 ¥CE00°C €€ zo'ET:91—80/1 ZETO'E1—80/1 £22 1S
Z¥S00°0 Z1800°0 $0%00°0 144 z0'9¥:60—60/1 ZE:50:90—60/1 €32 Ty
9¥50000— 0£500°0 £ZS00°0 18 ze9eiz1—eo/1 TE9E:50—80/1 €20 zy
£1Z000— 76000 616000 88 ZEBSISO—60/ ¢ TCEETT— w0/ £22 1
179000 £¥Z00°0 ¥£200°0 Sz zZ0'TT'S0—80/ 1 zELYET— L0/ €20 1t dM WOd¥
$Z1000 822000 161000 ot Z0'€Z:91—80/1 ZEZo'E1—80/1 €D 1S
¥ 120000 12500°0 0ZS00'0 18 ZE9E:T1—80/1 ZE9£:50—80/1 €20 v
L¥1000°0— £1900°0 £1900°0 €8 ZETES0—60/1 TEEETT—80/1 €22 i
$T9000°0— 9€Z00°0 822000 Sz z0'ZT:50—80/ 1 e LY ET—L0/1L €20 i 1M WOdY
8404 9| dwos £0100 £€010°0 1£100°0 81 ze1z:0z—80/1 ZE:9£:81—80/ 1 €20 1S
$-09 949Mm DJOP IsINOOPIW 10Z00°0 68€£00°0 ZEE000 €€ zOET9 1 —860/1 zeTo'e1—80/1 €20 1S
-isod a0 ||y 3404 3jdwos Z0100°0— 909000 £6500°0 18 ZE9ETI—80/1 ZE9€:50—80/ 1 £20 144
$-0| @43m Djop || SSA £E£100°0— 84¥00°0 85¥00°0 Sz z0:S:v0—60/ 1 ez —80/1 €20 1
10 (ZT:10-7 1710) soununw 4ybyy 6970000 — 102000 $6100°0 SZ z0:ZT:s0—80/ 1 e LvET— L0/ €20 1 HM WOdY
¥£600°0 £8600°0 ZE1000 144 zo'zzier—e0/1 ZESE:0Z—80/ 1 €20 19
££€00°0— y££00°0 6£200°0 zz zozzie1—eo/ 1 ZeTO'E1—R0/1L €20 19
T€£000°0 6€£000 9€£00°0 18 ze9eT1—Ro/ 1 TE9€:50—80/ 1 €20 v
09100°0— 95£00°0 81C00°0 69 Z0'1Z'v0—60/ 1 TCEETT—80/ 1 £2D 1
ZE1000— 452000 0ZZ00°0 S/ Z0:TT:50—80/ 1 TELVET— L0/ €20 1 OM WO
££100°0 80Z00°0 951000 ¥o1 zeez:zz—80/1 ZEEE0Z—80/1 €20 19
182000 — 1Zv00°0 €1€00°0 ¥ol ze€z'81—80/1 ZEVE9L—80/1 £22 A
092000 T9€£00°0 15200°0 801 Ze:€z:0z—80/ 1 ZEveig1—80/1 €20 s
¥£8000°0 £4v00°0 $9700°0 174 zZeez:91—80/ 1 ze0.€1—80/1 £20 s
¥€£000°0— ¥££00°0 £9€00°0 60Y ze8EZ1—80/1 ZEWEIS0—80/ 1 €D 144
ZEY0000— ¥ 17000 z1vooc (14} ZES¥:00—60/ 1 ZEEETT—80/1 £22 ¥
16600000 £9£00°0 £9€00°0 19¢ ZEET-S0—80/1 zeSveT—L0/1 €20 1 am Wodry
081000 8¥200°0 041000 yol TLETTT—80/ 1 ZEEE0Z—80/1 €23 19
9E¥00°0— £6¥00°0 8EZ000 ¥olL zeezg L —eo/ 1 Zeve91—80/1 €20 i9
9401 3jdwos LL¥00°0 £9v00°0 €1200°0 VL TEET0T—80/ 1 ZEPE8L—80/1 €20 1S
$-09 919m DJOP I5INOOPIw 0£Z00°0 £2900°0 64500°0 1 74 Cez91—80/ 1 Ze00'ci—80/1 €22 1
-isod 1340 ||y "34ps 3|dwos €€100°0— ¥8€£00°0 09€00°0 60¥ zeBeT 1~ 80/1 zeyeico—eo/1 £2D 44
$-0| @49m DIop || SSA €69000°0— £8€£00°0 £££00°0 6v Ze0e:E2—80/1 ZeLeTe —8o/1 £2D T
40 (ZT:10-¥ 13 10) sunuiw jybig 25500070 L1¥00°0 807000 19€ zeiezico—en/1 resrez—L0/1 ) 1 DM WLy
¥9900°0 £0£00°0 1£200°0 yol zeez ez—eo/: etz —80/1 €25 19
1£600°0— 066000 LEE00'0 ¥ol zoggrei—eo/i zZe v 1—80o/1 €22 19
60900°0 9¥900°0 $1Z00°0 YL Leezioz—endt 2o veig1—80o/1 €20 1S
Z0S000°0 925000 ¥ZS00'0 1 74 LTeTT91I—8o/ 1L ZE00°€1—80/1 €20 s
£9€000°0— 9¥900°0 $¥900°0 60¥% Ze8EZ1—80/1 ZEvES0—80/1 €22 [A4
6€£00°0— $Z£00°0 651000 S zeisrizz—see/tL zeeezz—eo/1 €20 1
88Z000°0— ¥S£000 £5€00°0 19€ ZEET:60—80/1 ze:sveT—2L0/1 €20 1 M WOGP
¥$600°0 896000 91600 1z z£:55°02—80/1 ZEEE:0Z—80/ L €20 19
975000 — 829000 60£00°0 voi ZEETBL—80/ 1 Zeive91—80/1 £20 19
90100 60100 192000 09 zeezioz—80/1 zZeve:e1—80/1 €22 1S
94Z000°0 8650070 £6500°0 124 ZeeT91—80/ 1 ZE:00'€1—80/1 [ 1S
£880000— T6¥00°0 ¥8¥00°0 0¥ zE8ETI—80/ 1 ZEvEIS0—80/ 1 €20 44
1£1000°0 9££00°0 $/££00°0 19€ TEET:S0—80/ L ZeSYET—L0/1 €20 1 VM WOd¥
uoyoiASp squjod 1Wo—Aop /ow 1Wo—Aop /ow ad4y uoBIYHUIPY
il e = piopunis 10 "oN ‘swyy oiop pu3 ‘swy oiop BuuuiBag | oing =0 nq10

(Piu0d) Ly 3|qPL

JPL TECHNICAL MEMORANDUM 33-301

156



609000°0 ¥$Z00°0 £¥Z00°0 601 TEESLI—60/1 Z£'00:°91—60/1 €20 19
£££00°0 T9£00°0 80Z00°0 vol ZEETTT—80/1 Ze€e:0z—80/1 €20 19
68900°0— ¥$£00°0 90£00°0 zol Zeez'e1—80/1 Zeve91—890/1 £20 19
91100 91100 S1100 1€1 TETS'0Z—60/1 TE€0'81—60/1 €20 1S
£TY00°0 64v00°0 812000 18 ze€z0z—80/1 Zeve81—80/ 1 €20 1S
ZE€9000°0— 8E€€£00°0 ZEE00°0 8rl ZeET91—80/1 Z€:00:€1—80/ 1 £22 1S
BES000 80£00°0 09¥00'0 16€ ZE65TI—60/1 ZE:€0:90—60/1 €20 144
88Z00°0— £Z80C0 $££00°0 96¢€ ze:8E:T1—80/1 Zeve's0—80/ i €20 zy
Z9500°0— ¥£800°0 £1900°0 8oy z£'85'50—60/ 1 ZEEETT—80/ 1 €D i
$6100°0 €4£00°0 81€00°0 I1SE ZEET:S0—80/1 TESSET— L0/ L €20 1 IM WOdS
8¥100°0— £¥€00°0 01£00°0 P24 ZEESLLI—6C/ 1 ZEEE'S1—60/1 €20 19
S0¥00°0 6Z¥00°0 1000 vol ZEETTT—80/ 1 TEEE0Z—80/ 1 £20 19
Z85000°0— SE€2000 £ZT000 zol TEET'B1—8O/ L ZErE91—80/1 o) 19
S¥100°0 £€££00°0 00£00°0 911 TE1T0Z—60/1 zeieo'sl—60/ 1 €20 1S
9¥500°0 9Z£00°0 64v00°0 18 ZE LTS 1—60/1 TEECELI—60/1 s} 1S
8290000 SEZ00°0 9ZZ00°0 801 ZEET:0Z—80/ 1 Zeve:g1—80/1 £20 1S
@404 3jdwos £0Z00°0— 00¥00'0 £¥£00°0 8rl zeeT91—80o/1 ZE:00°€1—80/1 €20 1S
$-09 949m DIDP ISINCOIPIW ¥98000°0— ¥£Z00°0 092000 Siy TE6TELI—60/ 1 ZEE0'90—60/ 1 €20 144
-isod J24i0 ||y "3404 S|dwos 6¥Z000°0 S$8E00°0 ¥8€00°0 96¢ TE'8ET1—80/ 1 ZEPEIS0—80/ 1 £ 144
s-01 @s9m Dop || SSA ¥67000°0— ££€00°0 0€£00°0 Sy z£:85°50—80/1 TEELTT—80/ 1 €22 1
30 {ZTT 10~V 17 10) soinuiw jybi3 99900000 — 19€00°0 19£00°0 65¢ ZEET:S0—80/1 ZEISYET— L0/ L €20 1 aA WOdS
£91000— £Z£00°0 80£00°0 v9 ZEE0LL—60/1 TEBES1—60/ L €20 19
891000 £2900°0 009000 7ol ZEETTT—80/ 1 TEEE0Z—80/1 £ 19
£EE£000°0 00£00°0 66900°0 zol zeiezie1—8o/1 Zeve91—80/1 €20 19
T6£00°0 08000 20£00°0 18 zeLTs1—60/ 1 ZeEEEL—80/1 £20 s
o¥100°0 LVL00°0 ¥££00°0 801 ze'€z:0z—80/ 1 zZeve'g1l—8o/1 €20 1S
Z1Z000— 162000 0Z£00°0 8rl ZEET91—80/1 ZE00°'E1—80/1 €D s
1£50000— TTL00°0 0Z£00°0 Sy ze6TEL—60/1 TEE0°:90—60/ L £ 144
¥ 1800000 65£00°0 654000 96€ zeBeT1—80/1 ZEVYESO—80/1 £20 144
¥010000— 889000 889000 Sy zE85'S0—60/1 TeeeTz—80/1 €20 1"
161000°0— 45100 45100 65¢ ZEET:S0—8O/ L zesrez—L0/1 €20 1 VA WOdS
Z11000 809000 86500°0 ¥ol zeeT:zz—80/1 TEEE0Z—80/ 1 €20 19
88100°0— 0v£00°0 91£00°0 zol TEET'81—80/1 Teve:91—80/1 €20 19
0zZ100 Y100 884000 144 ZeLrv1—60/ 1 ZEEEEL—60/1 o)) 1S
$0100'0 6££00°0 1€££00°0 801 ZE:€Z:02—80/ 1 Zeve'81l—80/ 1 €20 1S
6£200°0— ¥9£00°0 T1£000 14 ZEET91—80/ 1 ZE:00°€1—80/1 £22 1S
95200000 — 1§£00°0 1§£00°0 Sy TE6TEL—60/1 ZEE0°'90—60/ 1 €22 144
1£60000°0— ¥¥£00°0 ¥’ £00'0 96¢€ TE'BET1—8RO/ L ZEPEISO—80/ 1L €20 Ty
£89000°0— $Z£00°0 TTL000 Sy ZE85'50—60/1 zeeeTz—80/1 €20 1
0640000 65100 85100 6S€ ZEET:50—80/1 zesrEz—L0/1 o) L NA WOdY
£11000 40£00°0 882000 8rl TEET91—80/1 TE00°€1—80/1 €20 1S
6¥500°0 £9900°0 9££00°0 8L TEST£0—60/1 ZEE0'90—60/ 1 €20 44
¥ZE£000°0— 842000 94200°C 96¢€ ZeB8ET1—80/1 ZEVES0—80/1 €D 144
£01000°0 1Z£00°0 1Z€00°0 (484 Z€'85'60—60/1 ZEEETT—80/ L £2D 1
Z81000°0 6Z£00°0 6Z£00°0 65¢ TEET:6S0—80/ L ZeSvET—L0/ 1 €20 1 dA WOd¥
— J—— i uoyoiaap siutod 1wo —Aop [ow 1wo—Aopjow eday — uoNLIHHuUIPY
piopunig #° ‘N ‘awy ojop puz ‘awy ojop Bujuuibag Bjog

e |

(Piu0d) |t 3|qD)

157

JPL TECHNICAL MEMORANDUM 33-301




9€£00°0— S6£00°0 902000 LT\ TEESL1—60/1 TEEES1—60/1 £22 _ﬂ 19
1Z£00°0 0S€£00°0 6€£1000 vol LEETZT—80/ 1L zeiee0z—80/1 €22 19
19£000'0 6020070 ¥6100°0 zo1 TEETBI—80/ L ZEvE91—80/1 £ 19
£5900°0 61£00°0 £6700°0 (311 ZEESTIZ—60/ 1 ZeE0'81—60/1 €20 1S
$9£00°0 195000 £2Zv00°0 18 TELTS1—60/1 ZEECEL—60/1 €20 1S
0S500°0— £6500°0 1E200°0 801 TEET0Z—80/ 1 Zeve81l—80o/1 €20 1S
896000°0— 05500°0 1¥500°0 8vl ZEET91—80/1 Z£:00°c1—80/1 €20 1S
2404 3|dwos 1SZ00°0— £9€£00°0 492000 Siy ZE6TEL—60/1 ZE:€0°90—60/ 1 €22 Ty
5-09 249m DJOP ISINCIPIM $ZZ000 0Zv00'0 €SE000 96¢ ze8EiT1—80/1 ZEPES0—80/1 €20 147
$-09 @43m DJOP 5INOOPIW SZZ000 0Zv¥00°0 SSE£00°0 96€ zE8EZT1—80/1 ZE'reEis0—80/ 1 €20 144
-isod sayio ||y ‘2404 Jjdwos £51000— 918000 108000 9Ll TE:0Z:00—01/1 TEE0TT—60/1 €20 1
s-0| som Diop | | SSA Z81000°0 8620070 £6Z00°0 Sty ZE:85°S0—60/ 1 TeETTZ—80/1 €20 1
40 (ZZ: 10-¥ 1510) saununu jybig 10100°C— 69£00°0 $S€00°0 65¢€ TEET'S0—8O/ 1 TESVET—LO/ | £20 1 1-aid
18700000 T8200°0 Z8Z00°0 zel TEESIT— 60/ TET61—60/1 €20 1
¥£Z0000°0— 622000 6Z200°0 9Ll ze:02:00—01/1 ZEE0TT—60/1 £20 ] 3A TYNH
£5v0000°0 082000 08Z00°0 6€L ZEESIIZ—60/1 TELT61—60/1 €22 1S
67700000 — £TL0O00 £ZT00°0 L1l ze:0z:00—01/1 ZEE0°TT—60/1 €20 1 4M TVYNH
168000070 82000 Z8Z000 LE0L TEESIT—60/ 1 ZE1TH61—60/1 £22 s
99€£0000°0 — 612000 612000 oLt ZEY1:00—01/1 ZEEOTT—60/ 1 €20 1 QA TVNH
£160000°0 182000 182000 6€1L TEFSIT—60/ L ZEIT61—60/ 1 €22 1S
¥87000°0 6£200°0 SLTLD0 601 ZE:C1:00—60/ 1 ZEE0TT—60/ 1 €22 1 am TVYNH
£9Z0000°0 Z8Z00°0 Z8Z00°0 6€1 TEES IZ—60/ 1 e 1T61—60/1 €20 s
607000'0 $8Z00°0 T8Z00°0 L6 TE65°€T—60/1 ZEE0TT—60/ 1 £22 Iy am 1vYNH
££80000°0 98Z00°0 98200°0 LEL ZEeES 1Z—60/ 1 TCT61—60/1 £ 1S
09200000 ££Z00°0 ££200°0 v6 TESSIET—60/ 1L TEE0'TT—60/1 €20 L DA 1VNH
£570000°0 68Z00°0 68200°0 6€1 TEES1Z—60/1 ZENT61—60/ 1 €22 1S
Z110000°0 85200°0 852070 9L TLE6T:ET—60/ 1 TEE0TT—60/1 €22 1 DM 1VNI4
8£100000°0— $8Z00°0 $8Z00°0 LE1L TEESIT—60/1 ZET61—60/ 1 £20 1S
p—— 6£90000°0 1E£€00°0 LE€00°0 s9 TE9 1'ET—60/ 1 TEEOTT—60/ 1 £20 1 A TYNH
$-09 19m DJOP SSINCIPIW SE£500000°0 842000 8420070 51 TEESIT—60/1 zezT61—60/1 o) 1S
-1s0d 1940 ||y "240s Iydwos 665000070 ¥1€£00°0 ¥1€00°0 SS Ze:65°ZT—60/ 1 TEEOTT—60/ 1 €22 1 VA TVNI4
$-0| ®49m DIOP || SSA 1S£00000°0 64200°0 64200°0 6¢€1 ZeES 1Z—60/1 ZENT61—60/1 £20 1S
10 (ZZ:10-¥ 1:10) sainuw jybiy 0Z1000°0 15200°0 152000 149 ZEYSTT—60/1 ZEE0TT—60/1 €20 1 VM VNI
" P sau uoyoIASp sjurod LW —Aop /ow 1wo—Aop/ow ad4y umo uoyBIyHUIPY
Fp—" piopunig 0 "oN ‘awy ojop pu3z ‘awy ojop BuyuuBag ojog 40

(Puod) Ly 3|qoL

JPL TECHNICAL MEMORANDUM 33-301

158




The one exception is the launch phase, when little
doppler data are available and a quick determination
of the orbit necessitates the use of both doppler and
angle data. During the Surveyor VII Mission, angle data
from DSS 42 were used in the orbit determination pro-
gram during the first pass of this station. In an effort
to improve the quality of the angular data to be used
in the program, they are first corrected {or antenna
optical pointing error. The optical pointing error is
determined by having the DSN stations optically track
several stars at the expected, mission-dependent
spacecraft declinations. A polynomial curve fit is then
made to the differences between 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 VII inflight
orbit computations can be seen in Tables 42 and 43.

Experience gained in past missions has shown that the
optical pointing error correction coefficients do not
remove all systematic pointing errors, This is reasonable
since the RF and optical axes of the antenna are not
necessarily the same. That is, the RF axis is a function
of the position of the quadiipod 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 nou be the same. Furthermore, the optical refrac-
tion and the RF 1efraction are not the same due to the
difference in respective wave lengths. In addition to
these effects, the RF pointing error is also a function of
feed alignment, received signal-to-noise ratio, and re-
ceived polarization angle (since the antenna null pattern
does not have the same slope at all polarization angles).

Since DSS 42 was the initial acquisition station, the
angular data taken by this station were the most im-
portant such data for use in the early orbits. These data,
when fit *hrough the finui postflight orbit, show a bias
of —0.030 deg in hour angle and 0.035 deg declination.
In previous Surveyor missions, the correction coefficients
for DSS 42 have usually been more eftective in hour
angle than in declination. For instance, the hour angle
and declination angle biases for DSS 42 averaged over
the Surceyors 111, V, and VI Missions are —0.010 and
—0.040 deg, respectively. This small discrepancy (be-
tween previous Surveyor missions and Surveyor VII)
is explained by the fact that the corrections are de-
pendent on declination, and for the particular Surveyor
VII first pass declination (approximately 10 deg), the
corrections  produce about the same accuracy in
declination as in hour angle. DSS 42 angular residuals
for the first pass are seen in Fig. 57. DSS 51 first-pass
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angular data indicated a bias of *0.035 deg in hour
angle and —0.025 deg in declination when fit through
the final postflight orbit. These values are qu'te con-
sistent with previous Surveyor/DSS 51 experience; for
instance, the hour angle and declination bieses averaged
over the Surveyors 111, IV, V, and VI Missions are +0.035
and —0.020 deg, respectively. The DSS 51 first-pass
angle residuals can be seen in Figs. 58 and 59. DSS 61
angular data (uncorrected) showed biases of —0.020 deg

Table 42. Antenna correction coefficients for DSS 42*

Coef- Coef-
Correction Correction

ficient ficient
Aoo —2.823094562E —02 Boo 1.529098827E —02
Aor 5.353777033E —05 Bo) 3.410829831E —04
Aoz —3.082597437E —05 Bo2 —4,336071801E —06
03 —6.626461141E —07 Bos 6.109815447E —07
Ao —3.171398689E —04 Bio —1.559484352E — 04
Al 9.542137245E —06 By —2.032267916E —06
A2 —3.367726933E —07 B2 5.7792478B47E —08
Al —8.201321554E --09 Bis —2.831355530€E —10
Azo 1.589100967E —06 B2o —1.186130483E —05
A2y 1.835756063E —07 By, —5.239010283E —08
A2z 3.851291638E —09 Bao —2.152496155E —10
Az; —8.191144217E —11 Baa —4,436567279E —11
Aso 4.599327736E —08 Bso —2.298149026E —08
Azl 3.344301616E —09 Bay 8.193320409E —10
As2 1.386713245E —10 B3z —1.910069905E —11
Az 1.816077278E —12 Baa —7.276751867E —13

*These corrections are useful for elevations greater than 15 deg, and declinations
between N 30 ond S 35 deg.

Table 43. Antenna correction coefficients for DSS 51°

il Correction Cma Correction

ficient ficient
Aoo 1.241637739E —02 Boo 7.580054461E —02
Aol 2.788428530E —04 Bo: 7.158720897E —04
Aoz 1.107933456E —06 Boz 1.265069671E —05
Aos —6.075030236E —09 Boa —4,082247376E —07
Ao —3.906063323E —04 Bio —3.114752889E —05
Ay 5.944488677E —06 By —4.326730631E —06
Az —9.943308762E —08 B —8.348400771E —07
Ay 7.454471863E —10 Bisy 1.769479559E —08
Azo 2.211845590E —06 B.o —7.768849965E —06
Az 1.058964062E —07 By —1.697554984E —07
Az —~7.393294554F —10 Baz —3.111461041E —09
Azy —1.914168005E —10 823 3.246078218E —10
Aso 2.123897135E —08 Bio —3.018066365E —08
Ay 2.436833188E —09 By, 4,904492523E —10
Az 7.920282695E —11 By2 2.056612252E —10
Ass 1.055377395E —12 Bia —3.812621648E —12

"These corrections cre useful for elevations greater than 15 deg and declinations
between N 30 and S 35 deg.
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Fig. 57. First pass angular data received by DSS 42 (time from 07:28:00 GMT on January 7, 1968)
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Fig. 58. First pass angular data received by DSS 51 (time from 11:34:00 GMT on January 7, 1968)
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Fig. 59. First pass angular data received by DSS 51 (time from 17:35:00 GMT on January 7, 1968)
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in hour angle and - 0.015 deg in declination, The DSS
61 first-pass angle residuals can be seen in Figs. 60
and 61.

Doppler tracking. Surceyor VI marked the first use of
doppler resolver data during the inflight portion of a
Surveyor mission, and, considerable operational confi-
dence was gained in its use; for Surceyor VII, all partici-
pating stations were equipped with doppler resolvers and
the data were, of course, used inflight. The tracking and
data handling system counts the number of signal zero
crossings during a given time interval; this differs from
the actual doppler frequency by fractions of a cycle
which are alternately lost from one time interval and
erroncously added to the next. This error, commonly
referred to as truncation error, depends on the data
sample rate (clearly, the longer the sample interval, the
smaller the relative error); for 60-s count data, this
truncation error produces a standard deviation of ap-
proximately 0.008 Hz in two-way doppler data. The
doppler resolver effectively measures the fraction of a
cycle from the start of a time interval to the first zero
crossing. and correctly adds it to or subtracts it from the
basic frequency measurement. The net result of the use
of the doppler resolver for good two-way data is a re-
duction of the standard deviation by approximately a
factor of 4, or, to about 0.002 Hz for 60-s count data.

The first station to view the spacecraft after injection,
DSS 42, began taking good two-way. 10-s count doppler
data at 07:28:02 GMT on January 7, 1968. The sample
rate was changed to 60 s at 05:00:02 GMT and the
spacecraft was transferred to DSS 51 at 12:00:02 GMT.
The early data from DSS 42 were quite acceptable,
showing a standard deviation of 0.005 Hz—a quite
nominal ficure for a combination of 60- and 10-s count
data. DSS 42 two-way doppler residuals are shown in
Fig. 62. The DSS 51, which was in the two-way mode
from 12:00:02 to 14:00:02, and then again from 18:00:02
to 21:20:02 GMT, took somewhat noisy data. showing a
standard deviation of approximately 0.007 Hz for the
combined period. This higher-than-expected  standard
deviation can probably be attributed to a slight degrada-
tion of the data during the first portion of the DSS 51
two-way track. when trouble was encountered with a
frequency shifter unit. Two-way doppler residuals from
DSS 51 are shown in Figs. 63 and 64. First-pass two-way
doppler data from DSS 61 was quite nominal, showing a
standard deviation of 0,005 Hz. Two-way doppler resid-
uals from DSS 61 first pass are shown in Fig, 65, DSS 11
took quite noisy data during the first (premidcourse)
pass, with the two-way doppler residuals indicating a
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standard deviation of 0.025 Hz for a combination of
60- and 10-s count data. This high noise was caused by
the previously mentioned doppler resolver problem en-
countered by DSS 11 during the first pass. Residuals for
this period at DSS 11 are shown in Fig. 66.

b. Midcourse mancuver. Early analysis of the
Surceyor VII trajectory indicated a midcourse maneuver
during the first pass over DSS 11 would be most advan-
tageous, and, therefore, the midcourse mancuver was
exccuted during this pass. Engine ignition was pro-
grammed for January 7 at 23:30:09 GMT with a total
burn time of 11.35 s. Results of the maneuver as seen in
the two-way doppler data over DSS 11 are presented
in Fig. 67. As can be seen in the data, the midcourse
mancuver resulted in a doppler shift over DSS 11 of
approximately +40 Hz.

¢. Postmidcourse phase. All midcourse orbit computa-
tions used only two-way doppler from the prime stations,
DSSs 51, 42, 61, and 11. Very good to excellent two-way
doppler data were returned during this period. The DSS
11 two-way doppler residuals during the first pass
(postmidcourse) show a standard deviation of 0.0035 Hz
—a quite nominal figure for a combination of 60- and
10-s count data. Second-pass two-way doppler residuals
show a somewhat high standard deviation of 0.0065 Hz;
this was caused by three bad doppler resolver points
(see Figs. 78 and 79) which should have been rejected
(in the orbit determination program). Third-pass two-way
doppler residuals from DSS 11 show a characteristic drift
which can probably be attributed to near moon trajectory
model errors. The DSS 11 residuals for the postmidcourse
phase are shown in Figs. 68-71. The DSS 42 took uni-
formly good two-way doppler data during the second
and third passes—these data showing a standard devia-
tion of 0.004 Hz. The two bad (appearing) points at the
end of each pass are due to ground transmitter frequency
changes in preparation for spacecraft transfer which
were not recorded in the orbit determination program,
The DSS 42 two-way doppler residuals for this phase
appear in Figs. 72-75. The DSS 51 second- and third-pass
data are somewhat degraded by drifts in the early parts
of the passes which are probably due to an inadequate
refraction model in the orbit determination program
(Figs. 76-79). Third-pass data from DSS 51 shows a
nominal standard deviation of 0.0045 Hz Two-way
doppler residuals from DSS 51 are shown in Figs. 76-79.
Finally, DSS 61 took uniformly excellent two-way dop-
pler data during the second and third passes, these data
producing a standard deviation of 0.002 Iz Two-way
doppler residuals for DSS 61 are shown in Figs. 80
and 81.
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d. Touchdown phase. Final inflight calculations by the
orbit determination group indicated a retroignition time
of 01:02:16 GMT on January 10, 1968. A soft landing
occurred at 01:05:28 GMT after a flight of 66 h, 35 min,
and 27 s. The results of the retroengine burn as seen in
the one-way doppler data at DSS 11 are presented in
Fig. 82 and the touchdown phase doppler data are
shown in Fig. 83. To approximate the varying transmitter
frequency during retroburn and touchdown phase, when
changing thrust vector precludes the possibility of accu-
rate trajectory predictions, transmitter frequencies re-
duced from tracking data and predicts up to the burn
were extrapolated through touchdown and used to com-
pute range rate. The values of these frequencies and

164

corresponding range rates are presented in Table 44. To
approximate the doppler of a stationary spacecraft on
the lunar surface, a least-squares quadratic curve fit was
made on the data immediately after touchdown. Hope-
fully, this would remove the major eftects of both one-
way frequency drift and lunar surface/DSS 11 relative
velocity, Table 45 shows the actual doppler received
from DSS 11, the hypothetical doppler had the space-
craft been stationary on the lunar surface, the difference
between these two doppler values, and the correspond-
ing range rate in feet per second. Figure 84 shows a plot
of these values which is the line-of-sight velocity from
DSS 11 of the Surveyor VII touchdown, referenced to
the lunar surface.
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Fig. 60. First pass angular data received by DSS 61 (time from 13:34:00 GMT on January 7, 1968)
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Fig. 61. First pass angular data received by DSS 61 (time from 19:34:00 GMT on January 7, 1968)
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Fig. 62. First pass two-way (CC3) doppler residuals received by DSS 42
(time from 07:28:00 GMT on January 7, 1968)
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Fig. 63. First pass two-way (CC3) doppler residuvals received by DSS 51
(time from 12:02:00 GMT on January 7, 1968)
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Fig. 64. First pass two-way (CC3) doppler residuals received by DSS 51
(time from 18:03:00 GMT on January 7, 1968)
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Fig. 65. First pass two-way (CC3) doppler residuals received by DSS 61
(time from 14:03:00 GMT on January 7, 196s)
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Fig. 66. First pass two-way (CC3) doppler residuals received by DSS 11
(time from 21:24:00 GMT on January 7, 1968)

170 JPL TECHNICAL MEMORANDUM 33-301




24,040 1
o
T | )
" 24,020 |
- EXCESSIVELY HIGH NOISE ™Y
= DUE TO MISADJUSTED POT @
8 IN DOPPLER RESOLVER
o COUNTER [ J
z \ .
% °
]
2 24,000 i3 ®
L]
[ ]
23,980
23:29:00 23:30:00 23:31:00 23:32:00

TIME (JAN 7, 1968), GMT

Fig. 67. Midcourse maneuver two-way doppler residuals received by DSS 11
(time from 23:29:00 GMT on January 7, 1968)
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Fig. 68. First pass two-way (CC3) doppler residuals received by DSS 11
(time from 23:45:00 GMT on January 7, 1968)
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Fig. 69. Second pass two-way (CC3) doppler residuals received by DSS 11
(time from 22:33:00 GMT on January 8, 1968)
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Fig. 70. Second pass two-way (CC3) doppler residuals received by DSS 11
(time from 04:33:00 GMT on January 9, 1968)
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Fig. 71. Third pass two-way (CC3) doppler residuals received by DSS5 11
(time from 22:03:00 GMT on January 9, 1968)
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Fig. 72. Second pass two-way (CC3) doppler residuals received by DSS 42
(time from 05:34:00 GMT on January 8, 1968)
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Fig. 73. Second pos; two-way (CC3) doppler residuals received by DSS 42
(time from 11:34:00 GMT on January 8, 1968)
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Fig. 74. Third pass two-way (CC3) doppler residuals received by DSS 42
{time from 06:03:00 GMT on January 9, 1968)
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Fig. 75. Third pass two-way (CC3) doppler residuals received by DSS 42
(time from 12:03:00 GMT on January 9, 1968)
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Fig. 76. Second pass two-way (CC3) doppler residuals received by DSS 51
(tiine from 12:49:00 GMT on January 8, 1968)

0.05 T
N
- =
o
4
&
8 o
> ) (Y
x p)
v &‘W
o . ’ ° ‘
g

-0.05

0 60 120 180 240 300 360

TIME, min

Fig. 77. Second pass two-way (CC3) doppler residuals received by DSS 51
(time from 18:52:00 GMT on January 8, 1968)
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Fig. 78. Third pass two-way (CC3) doppler residuals received by DSS 51
(time from 13:33:00 GMT on January 9, 1968)
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Fig. 79. Third pass two-way (CC3) doppler residuals received by DSS 51
(time from 19:33:00 GMT on January 9, 1968)
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Fig. 80. Second pass two-way (CC3) doppler residuals received by DSS 61
(time from 16:34:00 GMT on January 8, 1968)
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Fig. 81. Third pass two-way (CC3) doppler residuals received by DSS 61
(time from 15:33:00 GMT on January 9, 1968)
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Table 44. Transmitter frequency values and range rates

Time, GMT On:':;::nd:;;' ':::" Difference, Hz Au:'i .l:::n:;"'::'" Range rate, km/s

01:00:01.5 1043139.09 8.47 2294991213.02 0.18164503E 01
01:00:02.5 1043147.80 8.71 2294991211.20 0.18173524E 01
01:00:03.5 1043156.16 8.35 2294991209.75 0.18182561E 01
01:00:04.5 1043165.79 9.63 2294991207.06 0.18191614E 01
01:00:05.5 1043175.29 9.50 2294991204.50 0.18200683E 01
01:00:06.5 1043184.02 8.73 2294991202.73 0.18209768E 01
01:00:07.5 1043192.29 8.27 2294991201.44 0.18218869E 01
01:00:08.5 1043201.95 9.66 2294991198.75 0.18227987E 01
01:00:09.5 1043212.22 10.27 2294991195.47 0.18237121E 01
01:00:10.5 1043220.76 8.54 2294991193.94 0.18246271E 01
01:00:11.5 1043230.01 9.25 2294991191.70 0.18255438E 01
01:00:12.5 1043239.09 9.08 2294991189.64 0.18264620E 01
01:00:13.5 1043248.06 8.97 2294991187.72 0.18273820€ 01
01:0C:14 5 1043257.47 9.41 2294991185.37 0.18283035¢ 01
01:00:15.5 1043265.55 8.08 2294991184.36 0.18292268E 01
01:00:16.5 1043274.72 917 2294991182.28 0.18301516E 01
01:00:17.5 1043284.58 9.87 2294991179.50 0.18310782E 01
01:00:18.5 1043293.65 9.06 2294991177.53 0.18320063E 01
01:00:19.5 1043302.31 8.67 2294991175.98 C.18329362E 01
01:00:20.5 1043311.57 9.26 2294991173.87 0.18338677E 01
01:00:21.5 1043321.02 9.45 2294991171.55 0.18348009E 01
01:00:22.5 1043329.65 8.63 2294991170.09 0.18357357E 01
01:00:23.5 1043338.41 8.76 2294991168.50 0.18366723E 01
01:00:24.5 1043347.51 9.11 2294991166.58 0.18376105E 01
01:00:25.5 1043356.69 9.18 2294991164.59 0.18385504E 01
01:00:26.5 1043366.21 9.52 2294991162.28 0.18394919E 01
01:00:27.5 10433:°5.91 9.70 22949911£9.81 0.18404352E 01
01:00:28.5 10433L5.07 917 2294991157.89 0.18413802E 01
v1:00:29.5 1043393.80 8.73 2294991156.39 0.18423268E 01
01:00:30.5 1043402.58 8.78 2294991154.86 0.18432751E 01
01:00:31.5 1043411.82 9.24 2294991152.91 0.18442250E 01
01:00:32.5 1043421.25 9.42 2294991150.77 0.18451766E 01
01:00:33.5 1043431.14 9.89 2294991148.17 0.18461299E 01
01:00:34.5 1043439.67 8.53 2294991146.95 0.18470850E 01
01:00:35.5 1043449.37 .71 2294991144.58 0.184804176 01
01:00:36.5 10,2458.86 9.49 2294991142.42 0.18490002E 01
01:00:37.5 1043468.26 9.40 2294991140.37 0.18499604E 01
01:00:38.5 1043477.15 8.89 2294991138.84 0.18509224E 01
01:00:39.5 1043487.30 10.16 2294991136.06 0.18518861E 01
01:00:40.5 1043495.78 8.48 2294991135.0C 0.18528515E 01
01:00:41.5 1043504.95 9.17 2294991133.22 0.18538187€ 01
01:00:42.5 1043513.85 8.91 2294991131.73 0.18547877E 01
01:00:43.5 1043523.29 9.44 229499112°2.72 0.18557584E 01
01:00:44.5 1043533.28 9.99 2294991127.19 0.18567309E 01
01:00:45.5 1043543.54 10.26 2294991124.39 0.18577C52e 01
01:00:46.5 1043552.67 9.12 2294991122.72 0.18586812E 01
01:00:47.5 1043561.45 8.78 2294991121.42 0.18596590E 01
01:00:48.5 1043571.22 9.77 2294991119.16 0.18606386E 01
01:00:49.5 1043580.51 9.29 2294991117.37 0.18616200E 01
01:00:50.5 1043589.91 9.40 2294991115.52 0.18626031E 01
01:00:51.5 1043599.92 10.01 2294991113.05 0.18635881E 01
01:00:52.5 1043609.77 9.85 2294991110.73 0.18645749E 01
01:00:53.5 1043619.16 9.39 2294991108.91 0.18655635E 01
01:00:54.5 1043628.33 9.18 2294991107.31 0.18665539E 01
01:00:55.5 1043638.28 9.95 2294991104.97 0.18675461E 01
01:00:56.5 1043648.55 10.27 2294991102.31 0.18685401E 01
01:00:57.5 1043657.71 9.16 2294991100.78 0.18695360E 01
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Table 44 (contd)

One-way doppler,

Auxiliary oscillator

Time, GMT frequency, Mz Difference, Hz fraquency, Nz Range rate, km/s

01:00:58.5 1043667.55 9.85 2294991098.58 0.18705337E 01
01:00:59.5 1043678.22 10.67 2294991095.55 0.18715332E 01
01:01:00.5 1043686.97 8.75 2294991094.48 0.18725346E 01
01:01:01.5 1043696.56 9.59 2294991092.56 0.18735377e 01
01:01:02.5 1043706.17 9.61 2294991090.66 0.18745427E 1
01:01:03.5 1043717.52 11.35 2294991087.00 0.18755496E 01
01:01:04.5 1043726.73 9.21 2294991085.52 0.18765583E 01
01:01:05.5 1043735.52 8.79 2294991084.45 0.18775689E 01
01:01:06.5 1043746.21 10.69 2294991081.52 0.18785814E 01
01:01:07.5 1043756.04 9.83 2294991079.45 0.18795957E 01
01:01:08.5 1043766.17 10.13 2294991077.11 0.18806119E 01
01:01:09.5 1043776.08 9.92 2294991074.98 0.18816300E 01
01:01:10.5 1043784.95 8.83 2294991073.97 0.18826500E 01
01:01:11.5 1043795.43 10.51 2294981071.27 0.18836719E 01
01:01:12.5 1043804.84 9.41 2294991069.70 0.18846957E 01
01:01:13.5 1043815.38 10.55 22949%1067.02 0.18857214E 01
01:01:14.5 1043825.21 9.82 2294991065.05 0.18867490E 01
01:01:15.5 1043835.29 10.08 2294991062.86 0.18877785E 01
01:01:16.5 1043844.99 9.70 2294991061.05 0.18888100E 01
01:01:17.5 1043855.00 10.01 2294991058.94 0.18898434E 01
01:01:18.5 1043864.37 9.37 2294991057.50 0.18908787E 01
01:01:19.5 1043874.41 10.03 2294991055.41 0.18919160E 01
01:01:20.5 1043884.74 10.33 2294991053.03 0.18929551E 01
01:01:21.5 1043895.01 10.27 2294991050.72 0.18939963E 01
01:01:22.5 1043904.80 9.79 2294991048.92 0.18950994E 01
01:01:23.5 1043914.33 9.53 2294991047.39 0.18960844E 01
01:01:24.5 1043923.82 9.49 2294991045.92 0.189713158 01
01:01:25.5 1043933.53 7 2294991044.23 0.15981805E 01
01:01:26.5 1043944.34 10.81 2294991041.47 0.18992314E 01
01:01:27.5 1043953.98 9.64 2294991039.89 0.19002844E 01
01:01:28.5 1043963.57 9.60 2294991038.39 0.19013393E O
01:w1:29.5 1043973.79 10.22 2294991036.25 0.19023962E 01
01:01:30.5 1043983.23 9.44 2294991034.92 0.19034551E 01
01:01:31.5 1043993.69 10.46 2294991032.59 0.19045159E 01
01:01:32.5 1044003.95 10.26 2294991030.45 0.19055788E 01
01:01:33.5 1044014 19 10.24 2294991028.36 0.19066436E 01
01:01:34.5 1044024.24 10.05 2294991026.48 0.190:°'7105E 01
01:01:35.5 1044033.76 9.52 2294991025.16 0.19087794E 01
01:01:36.5 1044044.00 10.24 2294991023.11 0.19098503E 01
01:01:37.5 1044054.07 10.07 2794991021.23 0.19109233E 01
01:01:28.5 1044064.25 10.16 2294991019.28 0.19119983E 01
01:01:39.5 1044074.80 10.55 2294991016.98 0.19130753E 01
01:01:40.5 1044084.92 10.11 2294991015.14 0.19141544E 01
01:01:41.5 1044094.52 92.60 2294991013.80 0.19152356€E 01
01:01:42.5 1044104.79 10.27 2294991011.83 0.19163188E 01
01:01:43.5 1044115.55 10.76 225+991009.39 0.19174040 01
01:01:44.5 1044125.78 10.23 2294991007.48 0.19184914E 01
01:01:45.5 1044136.63 10.85 2294991004.95 0.19195808t 01
01:01:46.5 1044147.37 10.75 2294991002.58 0.19206723E 01
01:01:47.5 1044157.3¢ 9.98 2294991000.97 0.19217659E 01
01:01:48.5 1044167.55 10.20 2294990999.16 0.19228616E 01
01:01:49.5 1044178.18 10.63 2294990996.94 0.19239594E 01
01:01:50.5 1044188.48 10.30 27274990995.06 0.19250593E 01
01:01:51.5 1044199.76 11.28 2294990992.20 0.19251613E 01
01:01:52.5 1044210.58 10.82 2294990989.83 0.19272654 01
01:01:53.5 1044220.67 10.09 2294990988.23 0.19283717¢ 01
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Table 44 (contd)

Time, GMT One-way depples, Difference, Hz Aviiliney sudlinier Range rate, km/s
frequency, Hz frequency, Hz
01:01:54.5 1044231.21 10.54 2294990986.17 0.19294801E 01
01:01:55.5 1044241.21 10.00 2294990984.67 0.19305906E 01
01:01:56.5 1044250.56 9.36 2294990983.83 0.19317032e 01
01:01:57.5 1044261.21 10.64 2294990981.72 0.19328180E 01
01:01:58.5 1044272.33 11.13 2294990979.14 0.19339349E 01
01:01:59.5 1044283.09 10.7¢é 2294990976.94 0.19350540E 01
01:02:00.5 1044293.25 10.16 2294990975.37 0.19361753E 01
01:02:01.5 1044303.62 10.37 2294990973.61 0.19372987E 01
01:02:02.5 1044314.58 10.96 2294990971.25 0.19384243E 01
01:02:03.5 1044325.17 10.59 2294990969.30 0.19395521E 01
01:02:04.5 1044335.77 10.60 2294990967.36 0.19406821E 01
01:02:05.5 1044346.31 10.54 2294990965.48 0.19418142E 01
01:02:06.5 1044356.17 9.86 2294990964.31 0.19429486E 01
01:02:07.5 1044367.32 11.16 22949909¢) .00 0.19440851E 01
01:02:08.5 1044377.75 10.43 2294990960.16 0.19452239E 01
01:02:09.5 1044388.92 1.7 2294990957.70 0.19463648E 01
01:02:10.5 1044399.36 10.44 2294990956.03 0.19475G80E 01
01:02:11.5 1044409.64 10.29 2294990954.52 C.19.06534E 01
01:02:12.5 1044420.66 11.01 2294990952.30 0.19498010E 01
01:02:13.5 1044431.72 11.07 2294997950.02 0.19509509E 01
01:02:14.5 1044442.91 11.19 2294990947.66 0.19521030E 01
01:02:14.5 104444291 11.19 2294990950.31" 0.19524484E 01
01:02:15.5 1044449.52 6.61 2294990948.37 0.19530614E 01
01:02:16.5 1044338.22 —111.30 2294990946.45 4.19382701E 01
01:02:17.5 1044131.90 —206.32 2294990944.53 0.19110674E 01
01:02:18.5 1043918.71 —213.19 2294990942.61 0.18829682E 01
01:02:19.5 1043695.41 —223.30 2294990940.67 0.18535428E 01
01:02:20.5 1043458.73 —236.68 2294990938.75 0.18223767E 01
01:02:21.5 1043209.46 —249.27 2294990936.83 0.17895637E 01
01:02:22.5 1042950.62 —258.83 2294990934.89 0.17554987E 01
01:02:23.5 1042686.36 —264.26 2294990932.97 0.17207291E 01
01:02:24.5 1042418.04 —268.32 2294990931.05 0.16854252E 01
01:02:25.5 1042145.38 —272.67 2294990929.12 0.16495584E 01
01:02:26.5 1041870.14 —275.24 2294990927.19 0.16133492E 01
01:02:27.5 1041592.87 —277.26 2294990925.27 0.15768804E 01
01:02:28.5 1041312.03 —280.84 2294990923.36 0.15399470E 01
01:02:29.5 1041027.50 —284.53 2294990921.42 0.15025229E 01
01:02:30.5 1040738.57 —288.93 2294990919.50 0.14645294E 01
01:02:31.5 104044212 —296.45 2294990917.58 0.14255543E 01
01:02:32.5 1040137.35 —304.77 2294990915.67 0.13854930E 01
01:02:33.5 1039824.78 —312.57 2294990913.73 0.13444108E 01
01:02:34.C 1039505.19 —319.59 2294990911.81 0.13024103E 01
01:02:35.5 1039173.23 —326.96 2294990909.91 0.12594500E 01
01:02:36.5 1038842.26 —335.97 2294990907.97 0.12153097F 01
01:02:37.5 1038498.34 —343.92 2294990906.06 0.11701354t 01
01:02:38.5 1038144.24 —354.10 2294990904.14 0.11236284E 01
01:02:39.5 1037781.10 —363.13 2294990902.23 0.10759435E 01
01:02:40.5 1037409.65 —371.46 2294990900.30 0.10271679E 01
01:02:41.5 1037028.91 —380.74 2294990898.39 0.97718397E 00
01:02:42.5 1036639.61 —389.30 2294990896.47 0.92607882E 00
01:02:43.5 1036241.77 —397.84 2294990894.56 0.87386122E 00
01:02:44.5 1035834.70 —407.07 2294990892.62 0.82043083E 00
01:02:45.5 1035418.82 —415.88 22949908%90.72 0.76585744E 00
01:02:46.5 1034993.39 —425.43 2294990888.81 0.71003419E 00
01:02:47.5 1034556.97 —436.42 2294990886.87 0.65277347k 00
01:02:48.5 1034109.58 —447.39 2294990884.97 0.59407966E 00
*Values from this point on are extrapolated.
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Table 44 (contd)

Time, GMT One-way doppler, Difference, Hz Auxiliary oscillator Range rate, km/s
frequency, Hz frequency, Hz

01:02:49.5 1033651.02 —458.56 2294990883.06 0.53393093E 00
01:02:50.5 1033181.01 —470.01 2294990881.16 0.47228367E 00
01:02:51.5 1032698.53 —482.48 2294990879.22 0.40900480E 00
01:02:52.5 1032201.88 —496.65 2294990877.31 0.34388058E 00
01:02:53.5 1031690.91 —510.97 2294990875 41 0.27688264E 00
01:02:54.5 1031168.35 —522.56 2294990873.48 0.20837090E 00
01:02:55.5 1030650.71 —517.64 2294990871.58 0.14050263E 00
01:02:56.5 1030137.70 —513.01 2294990869.67 0.73238574E—01
01:02:57.5 1029654.35 —483.35 2294990867.77 0.98506493E 02
01:02:58.5 1029314.10 —340.25 2294990865.84 —0.34845908E — 01
01:02:59.5 1029132.71 —181.39 2294990863.92 —0.58791973E—01
01:03:00.5 1029030.92 —101.79 2294990862.02 —0.72339888E — 01
01:03:01.5 1028968.56 —62.36 2294990860.11 —0.80733444E—01
01:03:02.5 1628930.73 —37.82 2294990858.20 —0.85924884E — 01
01:03:03.5 1028909.59 —21.14 2294990856.30 —0.88935047E — 01
01:03:04.5 1028898.64 —10.95 2294990854.39 —0.90614631E—01
01:03:05.5 1028891.27 —7.37 2294990852.47 —0.91827421E—01
01:03:06.5 1028885.90 —5.37 2294990850.56 —0.92778458E— 01
01:03:07.5 1028882.08 —3.81 2294990848.66 —0.93524455E—01
01:03:08.5 1028878.43 —3.65 2294990846.75 —0.94253002E—01
01:03:09.5 1028871.49 —6.95 2294990844.84 —0.95406898E — 01
01:03:10.5 1028862.54 —8.95 2294990842.94 —0.96826909E — 01
01:03:11.5 1028853.87 —8.67 2294990841.03 —0.98207658E — 01
01:03:12.5 1028843.15 —=10.71 2294990839.12 —0.99856704E — 01
01:03:13.5 1028833.63 —9.52 2294990837.22 —0.10134870E 00
01:03:14.5 1028834.12 .49 2294990835.31 —0.10153411E 00
01:03:15.5 1028836.17 2.05 2294990833.42 —0.10i151229e 00
01:03:16.5 1028837.46 1.29 2294990831.50 —0.10159518E 00
01:03:17.5 1028838.15 .68 2294990829.59 —0.10175442E 00
01:03:18.5 1028840 05 1.91 2294990827.70 —0.10175223E 00
01:03:19.5 1028841.95 1.90 2294990825.78 —0.10175660E 00
01:03:20.5 1028843.71 1.76 2294990823.89 —0.10177405E 00
01:03:21.5 1028844.61 .90 2294990821.98 —0.10190710E 00
01:03:22.5 1028845.60 99 2294990820.09 —0.10202271€E 00
01:03:23.5 1028847.84 2.24 2294990818.19 —0.10197909E 00
01:03:24.5 1028850.57 2.72 2294990816.28 —0.10187220E 00
01:03:25.5 1028851.72 1.15 2294990814.39 —0.10196818E 00
01:03:26.5 1028852.91 1.19 2294990812.48 —0.10206198E 00
01:03:27.5 1028855.21 2.30 2294990810.58 —0.10200962E 00
01:03:28.5 102£856.20 .99 2294990808.69 —0.10212959E 00
01:03:29.5 1028857.87 1.67 2294990806.80 —0.10215795E 00
01:03:30.5 1028859.73 1.87 2294990804.87 --0.10216450E 00
01:03:31.5 1028861.45 1.72 2294990802.98 —0.10218849E 00
01:03:32.5 1028862.85 1.39 22949%0801.09 —0.10225175E 00
01:03:33.5 1028864.21 1.36 22949%0799.20 —0.10231937E 00
01:03:34.5 1028865.09 .89 2294990797.30 —0.10245461E 00
01:03:35.5 1028866.83 1.73 2294990795.41 —0.10247642E 00
01:03:36.5 1028868.81 1.99 2294990793.52 —0.10246115E 00
01:03:37.5 1028870.80 1.99 2294990791.41 --0.10245024E 00
01:03:38.5 1028872.01 1.21 2294990789.70 -0.10254186E 00
01:03:39.5 1028873.72 1.71 2294990787.81 —0.10256585E 00
01:03:40.5 1028876.65 2.93 2294990785.92 —0.10243061E 00
01:03:41.5 1028877.89 1.24 2294990784.03 —0.10251568E 00
01:03:42.5 1028880.63 2.74 2294990782.14 —0.10240444E 00
01:03:43.5 1028882.17 1.54 2294990780.25 —0.10245024E 00
01:03:44.5 1028883.05 .88 2294990778.34 —0.10258330E 00
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Table 44 (contd)

Time, GMT One-way deppler, Difference, Hz Auxiliary osciliator Range rate, km/s
frequency, Mz frequency, Hz

01:03:45.5 1028884.96 1.91 2294990776.45 —0.10258112E 00
01:03:46.5 1028886.32 1.36 2294990774.56 —0.10265092E 00
01:03:47.5 1028887.52 1.20 2294990772.67 —0.10274035E 00
01:03:48.5 1028890.05 2.54 2294990770.77 —0.10265965E 00
01:03:49.5 1028891.80 1.75 2294990768.89 —0.10267491E 00
01:03:50.5 1028893.90 2.09 2294990767.00 —0.10264874E 00
01:03:51.5 1028895.27 1.37 2294990765.09 —0.10271854E 00
01:03:52.5 1028896.82 1.55 2294990763.22 —0.10276217E 00
01:03:53.5 1028898.62 1.80 2294990761.33 —0.10277307E 00
01:03:54.5 1028899.61 .99 2294990759.44 —0.10289086E 00
01:03:55.5 1028900.79 1.18 2294990757.55 —0.10298466E 00
01:03:56.5 1028902.24 1.45 2294990755.66 —0.10304137E 00
01:03:57.5 1028904.57 2.33 2294990753.78 —0.10298247E 00
01:03:58.5 1028905.96 1.39 2294990751.89 —0.10304791E 00
01:03:59.5 1028908.15 2.20 2294990750.00 - 0.10300865E 00
01:04:00.5 1028909.22 1.06 2294990748.11 —0.10311553E 00
01:04:01.5 1028911.81 2.59 2294990746.23 —0.10301956E 00
01:04:02.5 1028914.29 2.48 2294990744.33 —0.10294757E 00
01:04:03.5 1028914.67 .38 2294990742.45 —0.10314389E 00
01:04:04.5 1028905.48 —9.19 2294990740.56 —0.10459008E 00
01:04:05.5 1028897.72 —7.76 2294990738.69 —0.10584649E 00
01:04:06.5 1028889.92 —7.80 2294990736.80 —0.10717600E 00
01:04:07.5 1028882.34 —7.58 2294990734.91 —0.10835278E 00
01:04:08.5 1028871.07 —=11.27 2294990733.03 —0.11006726E 00
01:04:09.5 1028866.25 —4.83 2294990731.14 —0.11094632E 00
01:04:10.5 1028857.07 —9.17 2294990729.27 —0.11238814E 00
01:04:11.5 1028848.77 —8.30 2294990727.37 —0.11372090E 00
01:04:12.5 1028841.91 —6.87 2294990725.50 —0.11486171E 00
01:04:13.5 1028833.66 —8.25 2294990723.61 —0.11618575E 00
01:04:14.5 1028825.91 —7.75 2294990721.73 —0.11744216E OC
01:04:15.5 1028818.47 —7.44 2294990719.86 —0.11866150E 00
01:04:16.5 1028811.79 —6.67 2294990717.97 —0.11978049E 00
01:04:17.5 1028804.30 —7.50 2294990716.09 —0.12100201E 00
01:04:18.5 1028797.47 —6.83 2294990714.22 —0.12213845E 00
01:04:19.5 1028789.02 —8.45 2294990712.34 —0.12348866E 00
01:04:20.5 1028780.04 —8.98 2294990710.45 —0.12490868E 00
01:04:21.5 1028766.77 —13.27 2294990708.58 —0.12688709E 00
01:04:22.5 1028754.91 —11.87 2294990706.70 —0.12868010E 00
01:04:23.5 1028742.02 —12.89 2294990704.83 —0.13061054E 00
01:04:24.5 1028728.86 —13.16 2294990702.94 —0.13257805E 00
01:04:25.5 1028716.46 —12.39 2294990701.06 —0.13444086E 00
01:04:26.5 1028704.21 —12.26 22949%0699.19 —0.13628622E 00
01:04:27.5 1028691.50 —1270 2294990697.30 —0.13819266E 00
01:04:28.5 1028679.08 —12.42 2294990695.44 —0.14005765E 00
01:04:29.5 1028666.35 —12,73 2294990693.56 —0.14196627E 00
0::04:30.5 1028653.06 --13.29 2294990691.69 —0.14394905E 00
01:04:31.5 1028640.89 —-12.17 2294990689.80 —0.14578568E 00
01:04:32.5 1028628.48 —12.40 2294990687.94 —0.14764849E 00
01:04:33.5 1028615.75 —12.73 2294990686.06 —0.14955493E 00
01:04:34.5 1028603.37 —12.38 2294990684.19 —0.15141774E 00
01:04:35.5 1028590.69 —12.68 2294990682.31 —0.15331982E 00
01:04:36.5 1028578.15 —12.54 2294990680.44 —0.15520226E 00
01:04.37.5 1028565.02 —13.13 2294990678.58 —0.15716105E 00
01:04:38.5 1028551.54 —13.48 2294990676.69 —0.15916782E 00
01:04:39.5 1028539.78 =11.76 2294990674.83 -=0.16094556E 00
01.04.40.5 1028528.44 —11.34 2294990672.95 —0.16267313E 00
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Table 44 (contd)

Time, GMT

One-way doppler,

Difference, Hz

I Auxiliary oscillator

Range rate, km/s

frequency, Hz frequency, Hz
01:04:41.5 1028518.29 —10.16 229499067'.08 —0.16424365E 00
01:04:42.5 1028510.44 —7.84 2294990669.20 —0.16551534E 00
01:04:43.5 1028501.79 —8.65 2294990667.34 —0.16688736E 00
01:04:44.5 1028493.93 —7.86 2294990665.48 —0.16815687E 00
01:04:45.5 1028486.33 —7.60 2294990663.59 —0.16939583E 00
01:04:46.5 1028477.42 —8.91 2294990661.73 —0.17080494E 00
01:04:47.5 1028469.92 -7.80 2294990659.87 —0.17202645€ 00
01:04:48.5 1028461.64 —8.28 2294990657.98 —0.17335703E 00
01:04:49.5 1028455.77 —5.87 2294.90656.12 ~0.17436478E 00
01:04:50.5 1028448.55 —7.22 2294990654.27 —0.17554922e 00
01:04:51.5 1028443.09 —5.45 2294990652.41 —0.17650680E 00
01:04:52.5 1028436.11 —6.98 2294990650.52 —0.17766505E 00
01:04:53.5 1028430.27 —5.85 2294990648.66 —0.17867062E 00
01:04:54.5 1028423.61 - 6.66 2294990646.80 —0.17978526E 00
01:04:55.5 1028418.3% -=§.22 2294990644.94 —0.18070794E 00
01:04:56.5 1028413.42 —4.97 2294990642.06 —0.18160226E 00
01:04:57.5 1028407.24 —6.19 2294990641.20 —0.18265364E 00
01:04:58.5 1028402.59 —4.65 2294990639.34 —0.18350433E 00
01:04:59.5 1028298.08 —4.51 2294990637.47 —0.18433758E 00
01:05:00.5 1028392.38 —5.70 2294990635.61 —0.18532570E 00
01:05:01.5 1028386.85 -5.33 2294990633.75 —0.18628983E 00
01:05:02.5 1028381.60 =525 2294990£31.89 —0.18721905E 00
01:05:03.5 1028377.99 —3.61 2294990630.02 —0.18793451E 00
01:05:04.5 1028374.55 —3.44 2294990628.16 —0.18863034E 00
01:05:05.5 1028368.74 —5.80 2294990626.30 —0.18962936E 00
01:05:06.5 1028367.88 —2.87 2294990624.44 —0.19024666E 00
01:05:07.5 1028361.33 —4.55 2294990622.58 —0.19108209E 00
01:05:08.5 1028358.67 —2.66 2294990620./72 —0.19167540E 00
01:05:09.5 1028355.42 —3.25 2294990618.86 —0.19234287E 00
01:05:10.5 1028350.42 —5.00 2294990617.00 —0.19323719E 00
01:05:11.5 1028348.07 —2.35 2294990615.14 —0.19378688E 00
01:05:12.5 1028344.89 —3.18 2294990613.28 —0.19444344E 00
01:05:13.5 1028342.58 —2.32 2294990611.42 —0.19498876E 00
01:05:14.5 1028339.65 =293 2294990609.56 —0.19561697E 00
01:05:15.5 1028329.56 —10.10 2294990607.70 —0.19717658E 00
01:05:16.5 1028318.50 —11.06 2294990605.86 —0.19886271E 00
01:05:17.5 1028308.24 —10.26 2294990603.98 —0.20044632E 00
01:05:18.5 1028299.91 —8.33 2294990602.14 —0.20177690E 00
01:05:19.5 1028291.48 —8.42 2294990600.28 —0.20312056E 00
01:05:20.5 1028284.13 —7.36 2294990598.44 —0.20432027E 00
01:05:21.5 1028277.81 —6.31 2294990596.56 —0.20539345E 00
01:05:22.5 1028268.83 —8.99 2294990594.72 —0.20680692E 00
01:05:23.5 1028257.23 —11.60 2294990592.8¢6 —0.20856503E 00
01:05:24.5 1028245.70 =11 52 2294990591.00 —0.21031442E 00
01:05:25.5 1028233.02 —12.68 2294990589.16 —0.21220995E 00
01:05:26.5 1028222.26 —=10.76 2294990587.30 —0.21385899E 00
01:05:27.5 1028212.00 —=10.26 2294990585.45 —0.21543824E 00
01:05:28.5 1028208.49 -3.51 2294990583.59 —0.21614061E 00
01:05:29.5 1028205.73 =278 2294990581.75 —0.21674264E 00
01:05:30.5 1028202.47 —3.26 2294990579.89 —0.21741011E 00
01:05:31.5 1028200.32 ~2.18 2294990578.03 —0.21793580E 00
01:05:32.5 1028201.51 1.19 2294990576.19 —0.21802087E 00
01:05:33.5 1028204.19 2.68 2294990574.34 —0.21791181E 00
01:05:34.5 1028206.24 2.05 2294990572.50 —0.21788345E 00
01:05:35.5 1028207.62 1.38 2294990570.64 —0.21794671E 00
01:05:36.5 1028211.14 3.52 2294990568.80 —0.21772640E 00
01:05:37.5 1028214.81 3.67 2294990566.95 —0.21748864E 00
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Table 44 (contd)
Time, GMT One-way deppler, Difference, Hz Auxiliary eeciinte Range rats, km/s
frequency, Hz frequency, Hz
01:05:38.5 1028202.80 —12.01 2294990565.08 —0.21930346E 00
01:05:39.5 1028208.13 533 2294990563.23 —0.21884757E 00
01:05:40.5 1028209.23 1.09 2294990561.41 —0.21894355E 00
01:05:41.5 1028211.08 1.86 2294990559.56 —0.21894137E 00
01:05:42.5 1028212.93 1.85 2294990557.70 —0.21894355E 00
01:05:43.5 1028214.24 1.31 2294990555.86 —0.21901335E 00
01:05:44.5 1028216.55 2.31 2294990554.02 —0.21895228E 00
01:05:45.5 1028217.96 1.41 2294990552.17 —0.219C0899E 00
01:05:46.5 1028220.14 219 2294990550.31 —0.2189¢536E 00
01:05:47.5 1028221.48 1.34 2294990548.47 —0.21903298E 00
01:05:48.5 1028223.20 1.71 2294990546.64 —0.21904825E 00
01:05:49.5 1028225.11 1.92 2294990544.78 —0.21903953E 00
01:05:50.5 1028226.74 1.03 2294990542.94 - 0.21906788E 00
01:05:51.5 1028228.68 1.94 2294990541.09 —0.21905480E 00
01:05:52.5 1028230.81 213 2294990539.27 --0.21901553E 00
H 01:05:53.5 1028232.58 1.76 2294990537.41 —0.21902644E 00
01:05:54.5 1028234.28 1.70 2294990535.58 —0.21904607E 00
01:05:55.5 1028236.85 2.57 229499N533.73 —0.2189500%E 00
01:05:56.5 1028238.07 1.23 2294990531.87 —0.21902298E 00
01:05:57.5 1028239.46 1.39 2294990530.05 —0.21908979E 00
01:05:58.5 1028241.25 1.78 2294990528.20 —0.21909842E 00
01:05:59.5 1028243.86 2.61 2294990526.37 —0.21899590E 00
01:06:00.5 1028245.89 2.03 229499C524.52 —0.21897409E 00
01.06:01.5 1028248.39 2.51 2294990522.49 —0.21888466E 00
01:06:02.5 1028250.63 2.23 2294990520.84 —0.21883230E 00
01:06:03.5 1028252.16 1.54 2294990519.00 —0.21887375E 00
01:06:04.5 1028253.94 1.77 2294990517.17 —0.21888029E 00
01:06:05.5 1028255.43 1.50 2294990515.33 —0.21892828E 00
1:06:06.5 1028257.30 1.86 2294990513.50 —0.21892174 00
01:06:07.5 1028259.51 2.21 2294990511.66 —0.21887375E 00
! 01:06:08.5 1028260.38 0.87 2294990509.81 —0.21900026E 00
01:06:09.5 1028261.99 1.61 2294990507.98 —0.21902862E 00
01:06:10.5 1028265.38 339 2294990506.16 —0.21882576E 00
91:06:11.5 1028267.12 1.74 2294990504.31 —0.21883885¢ 00
01:06:12.5 1028269.06 1.94 2294990502.48 —0.21882576€ 00
01:06:13.5 1028270.71 1.65 2294990500.66 —0.21884757E 00
01:06:14.5 1028272.93 2.22 2794990498.80 —0.21880177E 00
Table 45. DSS 11 actual doppler, hypothetical doppler, and range rates
Deppler fraquency, Hypotheticol doppler velocity
Time, GMT Hz frequency at Difference, Hz referenced to
lunar surface, Hz lunar surface, ft/s
01:02:00.5 1044293.25 1027739.88 16553.37 7094.28
01:02:01.5 1044303.62 1027742.11 16561.51 7097.77
01:02:02.5 1044314.58 102774433 16570.25 7101.51
01:02:03.5 1044325.17 1027746.56 16578.62 7105.10
01:02:04.5 1044335.77 1027748.78 16586.99 7108.6%9
01:02:05.5 1044346.3) 1027751.00 16595.31 711225
01:02:06.5 1044356.17 1027753.22 16602.95 7115.52
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Table 45 (contd)

Doppler frequency, Hypothetical doppler Velocity

Time, GMT Hz frequency at Difference, Hz referenced to

lunar surface, Mz lvnar surface, ft/s

01:02:07.5 1044367.32 1027755.44 16611.88 7119.35
01:02:08.5 1044377.75 1027757.66 16620.09 7122.87
01.02:09.5 1044388.92 1027759.88 16629.04 7126.71
01:02:10.5 104439%.36 1027762.09 16637.26 7130.23
01:02:11.5 1044409.64 1027764.31 16645.34 7133.69
01:02:12.5 1044420.66 1027766.52 16654.13 7137.46
01:02:13.5 1044431./72 1027768.74 16662.98 7141.25
01:02:14.5 1044442.71 1027770.95 16671.96 7145.10
01:02:15.5 1044449.52 1027773.16 16676.36 7146.99
01:02:16.5 1044338.22 1027775.37 16562.85 7098.34
01:02:17.5 1044131.90 1027777.58 16354.31 7008.97
01:02:18.5 1043918.71 1027779.79 16138.92 6916.66
01:02:19.5 1043695.41 1027782.00 15913.40 46820.01
01:02:20.5 1043458.73 1027784.21 15674.52 6717.63
01:02:21.5 1043209.46 1027786.42 15423.04 6609.85
01:02:22.5 1042950.62 1027788.62 1£162.00 6497.98
01:02:23.5 1042686.36 1027790.83 14895.54 6383.78
01:02:24.5 1042418.04 1027793.03 14625.01 6267.84
01:02:25 5 1042145.38 1027795.23 14350.14 6150.04
01:02:26.5 1041870.14 1027797.44 14072.70 6031.14
01:02:27.5 1041592.87 1027799.64 13793.24 5911.37
| 01:02:28.5 1041312.03 1027801.84 13510.20 5790.06
01:02:29.5 1041027.50 1027804.04 13223.46 5667.18
01:02:30.5 1040738.57 1027806.23 12932.34 5542.41
01:02:21.5 1040442.1; 1027808.43 12633.69 5414.42
01:02:32.5 1040137.35 1027810.63 12326.73 5282.87
01:02:33.5 1039824.78 1027812.82 12011.96 5147.97
01:02:34.5 1039505.19 1027815.02 11690.17 5010.06
01:02:35.5 1039178.23 1027817.21 11361.02 4868.99
01:02:36.5 1038842.26 1027819.40 11022.86 4724.07
01:02:37.5 1038498.34 1027821.59 10676.75 4575.73
01:02:38.5 1038144.24 1027823.79 10320.45 4423.04
01:02:39.5 1037781.10 1027825.98 9955.13 4266.47
01:02:40.5 1037409.65 1027828.16 9581.48 4106.34
01:02:41 5 1037028.91 102783C.35 9198.55 3942.22
01:02:42.5 1036639.61 1027832.54 8807.07 3774.45
01:02:43.5 1036241.77 1027834.73 8407.05 3603.01
01:02:44.5 1035834.70 1027836.91 7997.79 3427.61
01:02:45.5 1035418.82 1027839.09 757%.73 3248.44
0':02:46.5 1034993.39 1027841 28 715211 3065.18
01:02:47.5 1034556.97 1027843.46 6713.51 2877.21
01:02:48.5 1034109.58 1027845.64 6263.93 2684.53
01:02:49.5 1033651.02 1027847.82 5803.20 2487.08
01:02:50.5 1033181.01 1027850.00 5331.01 2284.71
01:02:51.5 1032698.53 1027852.18 4846.35 2077.00
01:02:52.5 1032201.88 1027854.36 4347.52 1863.32
01:02:53.5 1031690.91 1027856.54 3834.37 1643.30
01:02:54.5 1031168.35 1027858.71 3309.64 1418.41
01:02:55.5 1030650.71 1027860.89 2789.82 1195.64
01.02:56.5 1030137.70 1027863.06 2274.64 974.84
01:02:57.5 1029654.35 1027865.23 1789.12 766.76
01:02:58.5 1029314.10 1027867.41 1446.70 620.01
01:02:59.5 1029132.71 1027869.58 1263.13 541.34
01:03:00.5 1029030.92 1027871.75 1159.17 496.79
01:03:01.5 1028968.56 1027873.92 1094.564 469.13
01:03:02.5 1028930.73 1027876.09 1054.65 451.99
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Table 45 (contd)

Hz Hypothetical doppler Velocity

Time, GMT Doppler frequency, frequency at Difference, Ht refeienced to
iunar surface, Hz lunar surface, ft/s

01:03:03.5 1028909.59 1027878.25 1031.34 442.00
01:03:04.5 1028898.64 1027880.42 1018.22 436.38
01:03:05.5 1028891.27 1027882.59 1008.68 432.29
01:03:06.5 1028885.90 1027884.75 1001.14 429.06
01:03:07.5 1023882.08 1027886.91 995.17 426.50
01:03:08.5 1028878.43 1027889.08 989.35 424.01
01:03:09.5 1028871.49 1027891.24 980.25 420.10
01:03:10.5 1028862.54 1027893.40 969.13 415.34
01:03:11.5 1028853.87 1027895.56 958.31 410.70
01:03:12.5 102884315 1027897.72 945.43 405.18
01:03:13.5 1028833.63 1027899.88 933.75 400.18
01:03:14.5 1028834.12 1027902.04 932.09 399.47
01:03:15.5 1028836.17 1027904.19 931.98 399.42
01:03:16.5 1028837.46 1027906.35 93112 399.05
01:03:17.5 1028838.15 1027908.50 929.64 398.42
01:03:18.5 1028840.05 1027910.66 929.40 398.31
01:03:19.5 1028841.95 1027912.81 929.14 398.20
01:03:20.5 1028843.71 1027914.96 928.75 398.03
01:03:21.5 1028844.61 1027917.11 927.50 397.50
01:03:22.5 1028845.60 1027919.26 926.34 397.00
01:03:23.5 1028847.84 1027921.41 926.43 397.04
01:03:24.5 1028850.57 1027923.56 927.01 397.29
01:03:25.5 1029851.72 1027925.70 926.02 396.86
01:03:26.5 1028852.91 1027927.85 925.06 396.45
01:03:27.5 1028855 21 1027930.00 925.21 396.52
01:03:28.5 1028856.20 1027932.14 924.05 396.02
01:03:29.5 1028857.87 1027934.28 923.58 395.82
01:03:30.5 1028859.73 1027936.43 923.31 395.70
01:03:31.5 1028861.45 1027938.57 922.88 395.52
01:03:32.5 1028862.85 1027940.71 922.14 395.20
01:03:33.5 1028864.21 1027942.85 921.36 394.87
01:03:34.5 1028865.09 1027944.99 920.10 394.33
01:03:35.5 1028866.83 102794713 919.70 394.16
01:03:36.5 1028868.81 1027949.26 919.55 394.09
01:03:37.5 1028870.80 1027951.40 919.41 394.03
01:03:38.5 1028872.01 1027953.53 918.48 393.63
01:03:39.5 1028873.72 1027955.67 91..05 393.45
01:03:40.5 1028876.65 1027957.80 918.85 393.79
01:03:41.5 1028877.89 1027959.93 917.95 393.41
01:03:42.5 1028880.63 1027962.06 918.56 393.67
01:03:43.5 1028882.17 1027964.20 917.97 393.42
01:03:44.5 1028883.05 1027966.32 916.73 392.88
01:03:45.5 1028884.96 1027968.45 916.51 392.79
01:03:46.5 1028886.32 1027970.58 915.74 392.46
01:03:47.5 1028887.52 1027972.71 914.81 392.06
01:03:48.5 1028890.05 1027974.83 915.22 392.23
01:03:49.5 1028891.80 1027976.96 914.84 392.07
01:03:50.5 1028893.90 1027979.08 914.81 392.06
01:03:51.5 1028895.27 1027981.21 $14.06 391.74
01:03:52.5 1028896.82 1027983.33 913.50 391.50
01:03:53.5 1028898.62 1027985.45 913.17 391.36
01:03:54.5 1028899.61 1027987.57 912.04 390.87
01:03:55.5 1028900.79 1027989.69 911.10 390.47
01:03:56.5 1028902.24 1027991.81 910.43 390.18
01:03:57.5 1028904.57 1027993.92 910.64 390.27
01:03:58.5 1028905.96 1027996.04 909.92 389.96
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Table 45 (contd)

Doppler f aquency,

Hvpothetical doppler

Velocity

lime, GMT frequency at Difference, Mz raferenced to
Hz
lunar surface, Hz lunar surface, ft/s
01:03:59.5 1028908.15 1027998.16 910.00 390.00
01:04:00.5 1028909.22 1028002 27 908.95 389.55
01:04:01.5 1028911.81 1028002.58 909.43 389.75
01:04:02.5 1028914.2y 1028004.50 909.79 389.91
01:04:03.5 1028914.67 1028006.461 908.06 389.17
01:04:04.5 10289035.48 1028008.72 8946.76 384.32
01:04:05.5 1028897.72 1028010.83 886.89 380.09
01:04:06.5 1028889.92 '028012.94 876.98 375.85
01:04:07.5 1028882.34 1028015.05 867.29 371.70
01:04:08.5 1028871.07 1028017.15 653.92 365.96
01.04.99.5 1028866.25 1028019.26 846.99 362.99
01:04:10.5 1028857.07 1028021.47 835.71 358.16
01:04:11.5 1028848.77 1028023.47 825.30 353.70
01:04:12.5 1028841.91 1028025.57 816.33 349.86
01:04:13.5 10288327 66 1028027.68 805.98 345.42
01:04:14.5 1028825 ~ 1028029.78 796.13 341.20
01:04:15.5 1028818.47 1028031.88 785.59 337.11
01:04:16.5 1028811.79 1028033.98 777.81 333.35
01:04:17.5 1028804.30 1028036.08 768.22 329.24
01:04:18.5 1028757.47 1028038.18 759.30 325.41
01:04:19.5 1028789.02 1028040.27 7475 320.89
01:04:20.5 10z0/80 04 1028042.37 737.67 316.14
01:04:21.5 1028766.7'7 1028044.46 722.n 309.56
01:04:22.5 1028754.91 1028046.56 708.35 303.58
01:04:19.5 1028789.02 1028048.65 693.27 297.16
01:04:24.5 1028728.86 1028050.74 678.11 290.62
01:04:25.5 1028716.46 1028052.84 663.63 284.41
01:04:26.5 1028704.21 1028054.93 649.28 278.26
01:04:27.5 1028691.20 1028057.02 634.49 271.92
01:04:28.5 1028679.08 1028052.10 619.98 265.70
01:04:29.5 1028666.35 1028061.19 605.16 259.35
01:04:30.5 1028653.06 1028063.28 589.78 252.76
01:04:31.5 1028640.89 1028065.37 575.52 246.65
01:04:32.5 1028628.4C 1028067.45 561.03 240.44
01:04:33.5 1028615.75 1028069.53 546.22 234.09
01:04:34.5 1028603.37 1028071.62 531.75 227.89
01:04:35.5 1028590.69 1028073.70 516.99 221.57
01:04:36.5 1028578.15 1028075.78 502 37 215.30
01:04:37.5 1028565.02 1028077.86 487.16 208.78
01:04:38.5 1028551.54 1028079.94 471.60 202.11
01:04:39.5 1028539.78 1028082.02 457.76 196.18
01:04:40.5 1028528.44 1028084.10 44435 190.43
01:04:41.5 1028518.29 1028086.17 432.11 185.19
01:04:42.5 1028510.44 1028088.25 422.20 180.94
01:04:43.5 1028501.79 1028090.32 411.47 176.34
01:04:44.5 1028493.93 1028092.40 401.53 172.08
01:04:45.5 1028486.33 1028094.47 391.86 167.94
01:04:46.5 1026477.42 1028096.54 380.88 163.23
01:04:47.5 1028469.92 1028098.61 371.30 159.13
01:04:48.5 1028461.64 1028100.68 360.96 154,69
01:04:49.5 1028455.77 1028102.75 353.02 151.29
01:04:50.5 1028448.55 1028104.82 343.73 147.31
01:04:51.5 1028443.09 1028106.89 336.20 144.09
01:04:52.5 1028436.11 1028108.96 32716 140.21
01:04:53.5 1028430.27 1028111.02 319.22 136.82
01:04:54.5 1028423.61 1028113.09 310.52 133.08
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Table 45 (contd)

Deppler frequency, Hypothetical doppler Velocity

fime, GMT Wz frequency at Difference, Hz referenced to

lunar surface, Hz luner surface, ft/s

B 01:04:55.5 1026416.39 1028115.15 303.24 129.96
01:04:56.5 1028413.42 1028117.21 295.21 126.95
01:04:57.5 1028407.24 1028119.27 287.96 123.41
01:04:58.5 1028402.59 1728121.33 281.25 120.54
01:04:59.5 1028398.08 1028123.39 274.69 117.72
01:05:00.5 1028292.38 1028125.45 266.93 114,40
01:05:01.5 1028386.85 1028127.51 259.33 111.14
01:05:02.5 1028381.60 1028129.57 252.03 108.01
01:05:03.5 1028377.99 1028131.62 246.37 105.58
01:05:04.5 1028374.55 1028133.68 240.87 103.23
01:05:05.5 1028368.74 1025135.73 233.01 99.86
01:05:06.5 1023365.88 1028137.79 228.09 97.75
01:05:07.5 1028361.33 1028139.84 221 .49 94.92
01:05:08.5 1028358.67 1028141.89 216.78 92.91
01:05:09.5 1028355.42 1028143.94 211.48 90.63
01:05:10.5 1028350.42 1028145.99 204.43 87.61
01:05:11.5 1028348.07 1028148.04 200.03 85.73
01:05:12.5 1028344.89 1028150.09 194.81 83.49
01:05:13.5 1028342.58 1028152.14 190.44 81.62
01:05:14.5 1028339.65 102815418 185.47 79.49
01:05:15.5 1028329.56 1028156.23 173.33 74.28
01:05:16.5 *J28318.50 1028158.27 160.23 68.67
01:05:17.5 1028308.24 1028160.31 147.92 63.40
01:05:18.5 1028299.91 1028162.36 137.55 58.95
01:05:19.5 1028291.456 1028164.40 127.09 54.46
01:05:20.5 1028284.13 1028166.44 117.69 50.44
01:05:21.5 1028277.81 1028168.48 109.33 46.86
01:05:22.5 1028268.83 1028170.52 98.31 4213
01:05:23.5 1028257.23 1028172.55 84.67 36.29
01:05:24.5 1028245.70 1028174.59 71.11 30.48
01:05:25.5 1028233.02 1028176.63 56.39 2417
91:05:26.5 1028222.26 1028178.66 43.60 18.68
0iN5:27.5 1028212.00 1028180.70 31.30 13.42
01:05:28.5 1028208.49 1028182.73 25.76 11.04
01:05:29.5 1028205.73 1028184.76 20.97 8.99
01:05:30.5 1028202.47 1028186.79 15.68 6.72
01:05:31.5 1028200.32 1028188.82 11.50 4.93
01:05:32.5 1028201.51 1028190.85 10.66 4.57
01:05:33.5 1028204.19 1028192.88 1.9 4.85
01:05:34.5 1028206.24 1028194.91 11.33 4,86
01:05:35.5 1028207.62 1028196.93 10.69 4,58
01:05:36.5 1028211.14 1028198.96 12.18 522
01.05:37.5 1028214.81 1028200.98 13.83 593
01:05:38.5 1028202.80 1028203.01 0.20 0.09
01:05:39.5 1028208.13 1028205.03 3.10 1.33
01:05:40.5 1028209.23 1028207.05 217 0.99
01:05:41.5 1028211.08 1028209.07 2.01 0.86
01:05:42.5 1028212.93 1028211.09 1.83 0.79
01:05:43.5 1028214.24 1028213.11 1.12 0.48
01:05:44.5 1028216.55 102821513 1.42 0.61
01:05:45.5 1028217.96 1028217.15 0.81 0.35
01:05:46.5 1028220.14 1028219.16 0.98 0.42
01:05:47.5 1028221.48 102822118 0.30 0.13
01:05:48.5 1028223.20 1028223.19 0.00 0.00
01:05:49.5 1028225.11 1028225.21 —0.09 ~0.04
01:05:50.5 1028226.74 1028227.22 —0.48 —-0.21
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AFETR
AFC
AGC
AMR
APC
AOS

ASEC
ASI
ASSH
A/SPP
BECO
CDC
CKAFS
DPES
DSIF
DSN
DSS
FPAC
M
GCF
GSFC
HAC
HPPS
ICS
1/0
KSC
108
MECO
MEIG
MES
MSFN
MTGS
NASCOM
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Glossary

Air Force Eastern Test Range
automatic frequency cont:ol
automatic gain control

altitude marking radar

automatic pl . se control
acquisition of signal

alpha scattering electronics compartment
alpha scattering instrument

alpha scattering sensor head
antenna and solar panel positioner
booster engine cutoff

command data console

Cape Kennedy Air Force Station
direct-ascent powered flight simulator
Deep Space Instrumentation Facility
Deep Space Network

Deep Space Station

flight-path analysis and comman
frequency modulation

ground communications facility
Goddard Space Flight Center
Hughes Aircraft Co.

Hughes post processor
intracommunications system
input/output

Kennedy Space Center

loss of signal

main engine cutoff

main engine ignition

main engine stuart (Cenfaur)
Manned Space Flight Network
midcourse and terminal guidance

NASA Communications System

ODGX
ODPX
ORT
OSAS
PCM
PLIM
PM
PRDX
RADVS
RIS
RTCS
SCAMA

SCO
SECO
SFOF

SM/SS
SOCP
SPAC

SRT
TDA
TDil
TDM
TDPX
TDS
TRJX
-

VCO
VCXO
VECO
WBVCXO

orbit data generator program

orbit determination program
operational readiness test

on-site alpha scattering (program)
pulse cede modulation

postlaunch instrumentation message
phase modulation

JPL predicts program

radar altimeter and doppler velocity sensor
range instrumentation ship
real-time computer system

signaling, conferencing, and monitoring ar-
rangement

subcarrier oscillator

sustainer engine cutoff

Space Flight Operations Facility
soil mechanics/surface sampler
Surveyor on-site computer program

spacecraft perfor.nance analysis and com-
mand (group)

system readiness test

tracking and data acquisition
tracking data handling

time division multiplex

tracking data processor program
Tracking and Data System

JPL trajectory program

teletype

voltage-controlled oscillator
voltage-controlled crystal oscillator
vernier engine cutoff

wideband voltage-cortrolled crystal scil-
lator
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