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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 fourth in a series of five to record the technical activities of 
the Tracking and Data System in support of the flights of Szlrueyors I-VII. 
Volume I covers Srrrveyol* Missions I and 11. Volume I1 covers the support of 
Surveyors 111 and IV; and Volumes 111, IV, and V record the tracking and data 
acquisition activities for St~rveyors V, VI, and VII, respectively. 
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Abstract 

This report covers the Tracking and Data System (TDS) activities for 
Szt~ueyor VI, from the time the requiremeilts on the system were established 
by the project objectives and the spacecraft design, through the preparation 
of the network-support plans, the irnplexllentation of the necessary facility con- 
figurations, the performance of the requisite tests to establish operational readi- 
ness, the support of the actual Bights to the end of each n~ission-with a 
comprehensive account of the tracking operations, and an evaluation of that 
support. To better define the requirements on the TDS, the Sztloeyor mission 
objectives are reviewed and descriptions of the Atlas/Centaur launch vehicle 
and of the spacecraft are included, as is the synopsis of the sixth Szmoeyor 
flight. Associated equipment and activities of the three elements of the Deep 
Space Network (i.e., 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 Monitoriilg Facility at Cape Kennedy, and the 
Asce~lsioil Island Spacecraft Commaild and Guidance Station. Techilical 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 

I. Introduction 
This document provides a history of the Tracking and 

Data System (TDS) activities in support of Szirveyor 
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 Sztroeyor 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. 

(3) 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/Centnu~ Launch Vehicle System. 

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 responsible 
for the management of the frequency spectrum 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 Szcrueyor 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 Szirveyor 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. I t  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 

JPL TECHNICAL MEMORANDUM 33-301 



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 model of the Surveyor spacecraft. 
The availability of these facilities 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 Surveyor 
spacecraft, radiating from the moon, provided an excel- 
lent far fieId 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 combination 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 antenna 
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The Surueyor Project was the first flight project wherein 
video information ~vas  received, retransmitted, processed, 
and displayed in real-time for operational decisioli malting. 

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

The Srrroegor 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 WISFN 
station at Carnarvon to DSS 42. It  brought together 
close working relationships between the three support- 
ing networks: the AFETR, the hlISFN, and the DSN. 
This integration was achieved to a degree never before 
attained for the support of a space flight program. 

The Stcrueyor Project was the first to use: (1) real-time 
sinlulation 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 Surueyor 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 hlSFN and the NASA Communica- 
tions Network (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 transmission, 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. 

As a part of the T~acking and Data System, the 
AFETR perfoi mecl tracking and data acquisition func- 
tions for the Srrt oeyor missioils duliiig the countdo\vn 
and laurlcll 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. I t  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, con~munications, and computer support 
placed upon it by the Surveyor Project. 

From the h/lSFN 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 
AiISFN tracking stations committed t o  support the 
Szcrveyor missions. 

All RlISFN 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 Surueyot4. 

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 from 
earth to interplanetary distances. Present facilities per- 
mit simultaneous control of a newly launche'd 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 distinct from other NASA networks, such 
as the Space Tracking and Data Acquisition Network, 
which tracks earth-orbiting scientific and communica- 
tions satellites, and the hISFN, which tracks the manned 
spacecraft of the Gemini and Apollo Projects. 

The network supports (or has supported) the follow- 
ing NASA space exploratioi~ projects: (1) the Rnnger, 
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i\/lnritaer, a ~ l d  Srrrver/or 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. 

51, which served as prime stations for tracking and 
rnonitorlllg of engineering telemetry for Stirueyor I. Deep 
Space Stations 12, 14 (wit11 its 210-ft antenna), 61, and 42 
were configured for monitoring and backup operations 
during the Su~ueyor 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. 

The Deep Space Stations are situated so that three (3) Tuning and locking the ground transmitter to the 
prime stations will always be approximately 120 deg spacecraft receiver frequency. 
apart in longitude so that a spacecraft in or near the 
ecliptic plane is always within the field of view of at (4) Establishing range lock (where applicable). 

least one of the selected ground antennas. The Deep (5)  Synchronizing the telemetry system. 
Space Stations and their respective locations are shown 
in Table 1. (6) In some cases, providing for immediate command 

transmission to the spacecraft. 

The critical flight maneuvers and nearly all of the 
picture-taking operations during each mission were com- Selected Deep Space Stations are equipped with acqui- 
manded and recorded by DSS 11 during its view periods, sition aid antennas mounted on the 85-ft antennas to 
A few picture sequences were obtained by DSSs 42 and assist in the acquisition process. The acquisition aids 

Table 1.  Deep Space Station designations and locations 

Goldstone, Calif. 

Venus Deep Space Statian 

Goldstone, Calif. 

Mars Deep Space Station 

Goldstone, Calif. 

Woomera Deep Space Station 

Island Logoan, Australia 

Tidbinbilla Deep Space Station 

Canberra, Australia 

Johannesburg Deep Space Station 
Johannesb'urg, S. Africa 

Robledo Deep Space Station 

Spacecraft Monitoring Station 

Cape Kennedy, Fla. 

Ascension Island, S. Atlantic 
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have beali1n7iclths of approximat~ly 16 deg a11d are ac- 
curately boresighted with the 85-ft antennas. They have 
angle-erlol outputs that are collriected to a scparatc 
angle-channel receiver. By observing the angle errors 
generated simultaneously by both wide- and narrow- 
beamwidth antennas, a sillooth change froill tracking 
with the acquisition aid to tracking with the 85-ft an- 
tenna can be effected. Tracking, telemetry, and control 
of the spacecraft are thus properly attained. 

C. Surveyor Project 

The Szrrueyor Project comprised seven flights-identi- 
fied prior to launch as hifissions A-G and after launch as 
Szrrveyors 1-VII-that were conducted under the auspices 
of NASA.  Essentially, the objectives were to accoinplish 
successful soft landings on the moon (as demonstrated 
by the operation of the spacecraft subsequeilt to land- 
ing), to provide data on the perfcrmance of the space- 
craft in the transit environment and basic kno\vledge 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 Szrrvegor 1 launch, a launch-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 developn~ental or operational 
conditioils existed that jeopardized or prevented achieve- 
ment of the primary objectives, the launch was delayed 
or rescheduled. Further, nonstandard procedures, if re- 
quired, were executed during flight operations in such 
a manner as to acconlplish the primary objectives at the 
expense of the lesser objectives. 

The primary flight objectives were to: 

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

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

(3) Demonstrate the capability of the Surveyor com- 
munications systein and the DSN to maintain 
communications with the spacecraft during its 
flight and after the soft landing. 

h. Seconcla~.!y Pight objecfioes. Achievement of the 
secoildary objectives was highly desirable; however, 
failure to achic\,e these objectives, although serious, was 
not regarcled as mission failure. The scheduled larlncIl 
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 circun~stances. 

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 
subsysteins used during the midcourse maneuver, 
terminal-descent maneuver, and maill retromaneu- 
ver phase. 

(3) Obtain infligllt engineeriilg data on the performance 
of the closed-loop terminal-descent guidance and 
co~ltrol system, consistii~g of the doppler velocity 
sensor and altitude marking radar, on-board analog 
computer, autopilot, and vernier engines. 

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

c. Tertiary figlit 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 lauilch u?ould proceed as planned without major 
delays. 

The tertiary flight objectives were to: 

(1) Obtain postlailding TV pictures of a spacecraft 
footpad and the in~n~ediately surrouilding 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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( I .  _ A d d ~ i i o ~ ~ n l  ~ ~ i i . t s i o i ~  objectibes, These objectives 
wele to: 

(1) Develop the requisite techl~ology 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/Ce~ztazrr launch vehicles were used 
to boost the spacecraft to the required lunar-transfer 
trajectory. The ascent mode used for Serrveyor 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 Sz~rveyors I, 11, and IV. 
Surveyors 111, V, VI, and VZI 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 
requiren~ents of the transfer trajectory. To vary the true 
anonlaly at injection, the injection flight-path angle 111ust 
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 
payload requirement for a given n~ission. 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: (I) speed, (2) selenographic latitude, 
(3) selenographic longitude, and (4) time of lunar im- 
pact. Other sets of four parameters can be used, but this 

set -\17as the most useful for the Strr,ueyor missions. Cox- 
res~cuding to the four impact parameters are four launch 
parameters by which the trajectory can also be specified. 
They arc: (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 search vari- 
ables; the launch parameters are the control variables. 

An analytic direct-ascent Atlas/Centaur 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 
obtained, the trajectory nlay then be computed. 

The nominal Stirveyor 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 output of the 
design (i.e., the launch windows and periods, impact 
speeds, and landing locations) upon these parameters is 
shown. 

When all of the Szlrveyor 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 15 s of vertical flight. When the 
axial-thrust acceleration reaches 5.8 g (approximately 
142 s after liftoff), the Atlas booster engines are shut 
down and jettisoned. At Atlas propellant depletion, ap- 
proximately 238 s after liftoff, the sustainer engine is 
shut down and the Centaur main engine start sequence 
begins. After the Atlas is jettisoned, the Centaur main 
engine ignites. Injection into the required lunar-transfer 
trajectory occurs at Centazrr main engine cutoff, approxi- 
mately 680 s after liftoff. Shortly after injection, a Centaor 
programmer comnland deploys the spacecraft landing 
gear and omnidirectional antennas, and switches the 
spacecraft transmitter to high power. The spacecraft is 
then separated from the Ce~ztaztr. At this time, Cefztaur 
executes a retromaneuver 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 eccentric elIipse having one focus at the earth's 
center. Typical values for the eccentricity and semi- 
major axis are 0.98 and 384,000 lzm, respectively. The 
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AZIMUTHS RESTRICTED 
BY RANGE SAFETY AND 

VERTICAL IMPACT SITES d 
RANGE OF I M  CENTAUR EXCESS PROPELLANT 

LIMITED BY CENTAUR PERFORMANCE 
AND SPACECRAFT WEIGHT 

LAUNCH PERIODS 

AVAILABLE LAUNCH DAYS AVAILABLE LAUNCH TlME 

RESTRICTED BY LAUNCH RESTRICTED BY LAUNCH 

WINDOWS AND LIGHTING AZIMUTH, CENTAUR 

AT AVAILABLE LANDING SITES PERFORMANCE, EARTH SHADOW, 

AVAILABLE AVAILABLE AVAILABLE AVAILABLE 
LANDING SITES LAUNCH PERIODS IMPACT SPEEDS LAUNCH WINDOWS 

LAUNCH PARAMETERS IMPACT PARAMETERS OTHER PARAMETERS 
crL = LAUNCH AZIMUTH tA = IMPACT TIME BM = LUNAR RIGHT ASCENSION +S = VERTICAL IMPACT 

tL = LAUNCH TIME V = IMPACT SPEED +M = LUNAR DECLINATION 
LATITUDE 

8- = VERTICAL IMPACT 
C3 = INJECTION ENERGY + = IMPACT LATITUDE REM = EARTH-MOON DISTANCE ' LONGITUDE 

l", = FLIGHT PATH ANGLE 8 = IMPACT LONGITUDE Tf = FLIGHT TIME 

Fig. 2. Functional relationships between launch parameters, impact parameters, 
mission design constraints, and Surveyor trajectory design 
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perigee altitude is 90 nmi. Lunar encounter occurs at ap- 
proxiinately one half the distance from perigee to apogee. 

After separation from the Gei~tnttr., the spacecraft cold 
gas jets null the rotational rates imparted during sep- 
aration. Solar panel erection and sun acquisition are 
accomplished 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 trajectory 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 terminal-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 prkset 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. 

and soft landing, and to gather basic engineering data 
relative to the performance of the spacecraft in the 
elivironments 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 additional payload con- 
sisting of various scientific instruments. The primary 
purpose of the A-21A series was the collection and 
transillission 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- 

The retroengine separates from the spacecraft after 
itiated the terminal-descent phase by firing the vernier 

burnout at a nominal lunar altitude of 30,000 ft. Vernier engines and main retromotor. The radar altimeter and 
engines then operate under control of the doppler radar doppler velocity sensor (RADVS) provided signals to 
and the precision radar altimeter to slow the spacecraft control the rate of descent and attitude during the 
velocity to about 5 ft/s at an approximate altitude of 

descent phase. 
13 ft, at which time the vernier engines shut off. The - 
solar panel and planar array are unlocked and properly 

The basic units of the telecommunications subsystem oriented affer landing. Postlanding TV sequences are 
were two transmitters, two transponders, two omnidi- 

then selected in real-time. 
rectional antennas, and one high-gain planar-array an- 
tenna. Additional units provided control and signal 

D. Surveyor Spacecraft 
processing. The basic functions of the telecommunica- 

I. Design series. The Stirueyor spacecraft were de- tions subsystem included command reception, transit 
signed in two basic series. The A-21 series carried an lunar surface telemetry transmission, and two-way doppler 
engineering payload to demonstrate successful transit transponder operation. 
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Fig. 3. Surveyors V, VI, a n d  VII spacecraft eonfiguration 
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In addition to these subsystems, the S n ~ u e y o r  $pace- 
craft carried ail engineering payload. This payload con- 
sisted of an auxiliary battery, the television su"oysstem, 
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 subsystenl 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 Sztrvegor spacecraft had a nominal separated 
weight of approximately 2200 lb 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. 

E.  Atlas/Centaur Launch Vehicle 

The t\vo-stage launch vehicle, shown in Fig. 4, con- 
sisted of an Atlns first stage and a Centarrr 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 lb at liftoff. 

1.  First stage. The first stage of the Atlas/Centaur 
vehicle was a il~odified version of the Atlas D used on 
many previous NASA and Air Force missions, such as 
Rangel; Mariner, and the 0,rbiting Geoplzysical Labora- 
tory (OGO). The Atlas propulsion system consists of 
two booster thrust chambers rated at 165,000 Ib thrust 
each, a single sustainer rated at  57,000 lb thrust, and 
two vernier thrust chambers rated at approximately 
1000-lb 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 Ib. 
The Atlas can be considered a 1%-stage vehicle because 
the booster section, weighing 6000 Ib 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 displacenlent gyros 
for attitude reference, rate gyros for response damping, 
and a programmer to control flight sequencing until 
Atlas/Centavr separation. After booster jettison, the 
Atlas autopilot also \vas fed steering commands from the 
all-inertial guidance set located in the Cetatazn. 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 Atlns staging occurrcd. Only the C-band tracking 
system was rised on the Centaur stage. 

NOSE FAlRlNG 

2. Second stage. The Centaur second stage was the 
first vehicle to utilize liquid hydrogen/liquid oxygen, 
high-specific-impulse propellants. The cryogenic propel- 

FORWARD EQUIPMENT 
COMPARTMENT 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 

LIQUID HYDROGEN 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 for AC-10 to overcome a deploy- 
ment control problem that had been suspected on vehicle 
development flights of AC-6 and AC-8. 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-lb thrust each at vacuum condi- 

LIQUID OXYGEN 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 

ANTISLOSH BAFFLE contained integral bootshap driven by the hydro- 
ASSEMBLY gen prop.ellant, 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 one 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 : l  by weight. 

EQUIPMENT POD (2) 

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. 

VERNIER THRUST The Centazlr guidance signals were fed to the Atlas 
autopilot until Atlas sustainer engine cutoff, and to the 
Centaur autopilot after Centaw main engine ignition. 

BOOSTER THRUST Surveyor I was the first Centaw. 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. 
I t  was also the first flight during which the gyros were 

Fig. 4. Aflcrs/Cenfaur Surveyor space vehicle not torqued to correct for gyro drift characteristics. 

configuration Gyro drifts were compensated for by the guidance sys- 
tem computer, which mas programmed to set the torquing 
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signals to zero clrrring Aight. The C~ntn t r r  a r~ to~ i lo t  syy- 
tern provieled the plirnaly coi~trol functions required for 
vehicle stabilization cluiiilg poweied flight, execution of 
guidance systenl steering commands, aiid attitude ori- 
entation follo~viiig the powered phase of flight. In addi- 
tion, the autopilot system employed an electron~echanical 
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 Cewtaur 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 eilgine for pitch control and 
two 3.5-lb thrust engines for yaw and roll control. In 
addition, four 50-lb 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 
Swveyor flights in that a large aluminum B-nut on the 
thrust chambers was replaced withea 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 comniand 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 Cetztaur main engine cutoff and 
destroying the vehicle and spacecraft retrorocket. The 
systein could be safed by a ground conlmand normally 
transmitted by the range safety officer when the vehicle 
reached injection energy. 

Prior to final eiicapsulation and mating of Surveyor, a 
system was provided for the autonlatic destruction of the 
Ce~ztaur aiid spacecraft in the event of premature space- 
craft separation. 

A C-bancl traclang s!7\tc1rn was contained abvald the 
Cetzfarir that includecl a lightweight transponder, circu- 
latoi, po\vcl clividci, alld [\vo ailtennas located under the 
i~isulation 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 Swueyors V, VI, and VII Missions carried an alpha 
scattering instrument package. Its function was to deter- 
mine the chemical colnposition 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 discussecl in Section IV. 

I I .  Surveyor VI Mission Synopsis 

A. General 

Atlas/Centaw (AC-14) Surueyor VI spacecraft was 
the sixth in the series of operational vehicles designed 
for lunar soft-landing missions. Three previous Sztrueyor 
missions used direct-ascent (one-burn) Atlas/Centau,r 
launch vehicles (AC-10, AC-7, and AC-ll), and two used 
a parking-orbit-ascent (two-bum) launch vehicle (AC-12, 
AC-13). Launch vehicle AC-14 used the parking-orbit- 
ascent launch mode, and was the second to use an 
improved Atlas booster. 

The launch vehicle for Sz~rveyor VI employed a two- 
burn powered ascent from launch to injection of the 
Centaur/Szrrueyor into the required lunar transfer orbit. 
Following the second burn there was a brief coast period 
(for damping engine shutdown transients) before space- 
craft separation. The Centaur was then programmed 
through a retromaneuver to increase the Centaur/ 
Sziroeyor rate of separation. After separation the Sztrveyor 
spacecraft acquired, and maintained, communication and 
control throughout the mission by means of the world 
wide network of the JPL DSN stations and the SFOF 
at Pasadena, Calif. The spacecraft flight sequence con- 
sisted of an attitude-stabilized coast phase, a midcourse 
trajectory correction (some 15 h after launch), a second 
attitude-stabilized coast phase, and a terminal descent 
phase for a soft-landing on the moon. Touchdown on 
the moon occurred after approximately 66 h of flight. The 
~llidcourse correction and terlninal descent were com- 
inanded and controlled from earth by the Deep Space 
Station at Goldstone. Calif. 
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The Surveyor l7I spacecraft contained the same alpl-ia 
scattering experiment as was used on Srrrveyor 17. This 
scientific instrument \i7as designed to perform composi- 
tional (elemental) a~lalysis of lunar surface material by 
boinbarding a small portion of the surface adjacent to the 
spacecraft with 6-MeV alpha particles, using 25-100 mCi 
of C M S a s  an alpha source. Backscattered alpha par- 
ticles, as well as protons generated within the sample by 
the incident alpha particles, are detected by solid-state, 
barrier-type detectors. The instrument was capable of 
detecting backscattered alpha particles from all elements 
except hydrogen and helium; and protons from lithium, 
boron, nitrogen, fluorine, sodium, magnesium, aluminum, 
silicon, phosphorus, and sulfur. Detection threshold of 
individual elements is expected to be about 1 wt %. 
hllajor alpha scattering experiment components consisted 
of the sensor device, an instrument digital electronics 
unit, an instrument auxiliary unit, and a deployment 
mechanism for lowering the sensor to the lunar surface 
after touchdown. 

The Sztrueyor VI spacecraft was successfully launched 
from launch coinplex 36B, Cape Kennedy, Fla., at 
07:39:01.075 GMT, November 7, 1967 (11:39:01.075 PST, 
November 6, 1967), after a 17-min extension of the 
scheduled 10-min hold at T - 5 min to obtain better 
spacecraft coverage by the tracking stations. The Atlas/ 
Cerztaz~r launch vehicle launched and injected the space- 
craft into its lunar orbit with a launch azimuth of 82.995 
deg. 

The transit phase of the mission was satisfactory, all 
subsystems worked as expected, and no spacecraft anom- 
alies were experienced. A minor problem was encountered, 
consisting of loss of lock during star verification. This 
~7as  because of an unexpected null depth in the omni- 
antenna B uplink, rather than an anomalous spacecraft 
condition. Although loss of data was anticipated during 
the star mapping sequence, loss of two-way lock was 
considered only a remote possibility. However, two-way 
lock was lost, and spacecraft roll was intentionally 
stopped prior to Canopus coming into the star sensor 
field of view to reacquire and interrogate the spacecraft, 
reassuring that all subsystems were operating. 

At 01:01:05.480 GMT on November 10, a successful 
soft landing was made at 0.47 deg N and 1.48 deg W in 
the moon's Sinus IlIedii approximately 10.5 km from the 
original target point determined from Lunar Orbiter 
photographs. The spacecraft landed with a velocity of 
approximately 12 ft/s. Scheduled lunar operations were 
successfully conducted, including: television surveys, an- 
tenna and solar panel positioner (A/SPP) movements, 

alpha scattering soil analysis, and telecommu~~icatioi~s 
experiments. Also, a highly successful, historic first, liftoff 
and trailslation experi~nent was perforn~ed. 

The prin~e functions of telemetry recover and com- 
mand generation were accomplished at the Deep Space 
Stations. The Deep Space Stations used in a prime ca- 
pacity were DSS l l ,  DSS 42, DSS 51, and DSS 61; 
DSS 14 was committed as a backup to DSS 11 during 
each transit pass, and as prime during terminal descent 
for the recovery of touchdown strain-gage data. 

B. Mission Summary 

The Szwuetjor VI spacecraft was launched by the 
Atlas/Centaur launch vehicle from launch complex 36B 
at Cape Kennedy after a smooth countdown to T - 5 min, 
at which time the built-in, 10-min hold was extended 
some 17 min to obtain better spacecraft coverage by 
tracking stations. Liftoff occurred at 07:39:01.075 GMT 
on November 7, with a launch azimuth of 82.995 deg. 
The Atla.s/Cerztaur launch vehicle performance was ex- 
cellent throughout the flight period; all marks occurring 
very close to predicted times. 

T h e  t r ans i t  phase  through touchdown of t h e  
Surveyor VI was from November 7, 1967 through No- 
vember 10, 1967, with the spacecraft responding, as 
commanded, to 359 commands prior to touchdown. 
Lunar day 1 operations commenced after touchdown 
and continued through November 26, 1967 at approxi- 
mately 01:34 PST. All Stwzjeyor VI lunar day 1 opera- 
tions were ended at that time, after obtaining 30,064 
good television pictures. 

A time-ordered, detailed, 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 to ground, SFOF processing 
delay, and con~mutation delay. A summary description 
of the important mission events is detailed in Fig. 5. 
Injection of the spacecraft occurred at 08 : 03: 19.099 GMT 
on November 7, 1967 with a trajectory that would have 
provided, with no midcourse correction, a total miss of 
125 km (78 mi) from the targeted landing site within 
Sinus Medii (Central Bay) at 0.42 deg N and 1.33 deg W. 
Normal preprogrammed spacecraft events occurred suc- 
cessfully; i.e., high power, landing legs extended, omni- 
directional antenna extended, electrical disconnect from 
Centaur, automatic solar panel stepping, A/SPP roll 
axis stepping, and autoinatic sun acquisition, and in the 
proper order. 
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SUN 

I 

DSS 42 ACQUISITION ,--INITIATE CANOPUS 7 S O U R  RADIATION ACQUISITION (T + 7 h) 
BEGIN DESCENT 

OPERATIONS (T + 65 h) 

CENTAUR RETROMNEUVER 
TERMINATED (T + 45 mi", 42 ') 

\ 

~ELVERS PLANAVARRAY 
ANTENNA ERECTION THAT WILL NOT 

:VEYOR OPERATIONS 

AMR ENABLED 

VERNIER ENGINE RETROMOTOR SEP- 
IGNITION (120 45 mi) ARATION (26. ft) 

RETROlGNlTlON (-H) mi) 
(AMR JETTISONED) RETROMOTOR BURNOUT 

(40,000 f t) 
BYPASSES 
M O O N  

Fig. 5. Surveyor VI Mission flight profile 





Table 2. Mission profile 

Event 

Extend Landing Gears commonded by Centour 

Extend Omniontennos commonded by Centour 

Transmitter High Voltage On commonded by Centaur 

Spocecroft/Cenfour electrical disconnect 

Solor ponel locked in  transit position 

lnitiol DSlF acquisition completed (two-way lock) 

Sun acquisition cell illuminated (after 264-deg roll) 

DSlF acquisition through star acquisition 

08:19:33 0040 0552 Turn spacecroft high power transmitter off 

08:22:40 0040 0050 Turn accelerometer amplifiers and solar panel deployment logic off 

08:23:20 0040 0454 Rocking solor panel back and forth to seat locking pin 

08:24:28 0040 0455 Rocking rol l  axis bock and forth to seat locking pin 

08:25:24 0040 005 1 Made 1 interrogation 

08:25:32 0040 0052 lnitio1/100-bits/s selection (change from 550-bitsis low mod- 

ulotion index) 

08:30:27 0040 0055 Mode 4 interrogation 

08:33:1 8 0040 0251 Mode 2 interrogation 

08:36:44 0040 1356 Mode 6 interrogation 

08:38:35 0040 1354 Return to mode 5 for coast phase monitoring 

12:14:39 0040 0250 Mode 4 interrogation 

12:20:30 0040 0251 Mode 2 interrogation 

12:25:02 0040 0252 Mode 1 interrogation 

12:28:12 0040 0550 Return to mode 5 for coast phose monitoring 

15:30:00 0046 0250 Start of pre-star verification engineering interrogation 

15:30:01 0046 0250 Mode 4 interrogation 

15:36:07 0046 0251 Mode 2 interrogation 

15:39:24 0046 0252 Mode 1 interrogation 

15:42:36 004 1 0652 Turn transmitter filament on 

15:44:20 004 1 0653 Turn tronsmitler high voltage on 

15:44:58 Selection of 4400 bits/s 

15:45:52 Cruise mode, manual delay mode, and positive angle maneuver 

cornmanded 

Select omniantenna A 
-.- a 
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Table 2 (cantdl 

Event 

I DSlF acquisition through star acquisition (contd) 

1251 Start rol l  

1052 Select omniantenno B 

Sun mode commanded to stop roll maneuver 

Transponder off  

Mode 4 interrogation 

Mode 1 select 

Initiate gyro drift check 1, three-axis I 

0654 Cruise mode, manual delay mode, and positive angle maneuver 

Solar panel switch commanded on 

Optimum charge regulator bypass commanded on 

Terminate gyro drift check 

1251 

0655 

0054 

0550 

1053 

01 5 0  

0552 

Initiate gyro drift check 2, three-axis 

Solar panel switch commanded on 

commanded 

Roll maneuver restarted 

Star acquisition mode commanded to permit automatic star lockon 

to occur 

Cruise mode on 

Mode 5 selected 

Transponder B turned on 

Bit rate reduction from 4400 to 1100 bits/s 

Turn transmitter high power off  

Solar panel switch commanded on 

Terminate gyro drift check 

Initiate gyro dri f t  check 3, three-axis 

Coast phase I 

Solar panel switch commanded on 

Terminate gyro drift check 

Initiate gyro drift check 4, three-axis 

Solar panel switch commanded on 

Terminote gyro drift check 

Mode 4 interrogotion 

Bit rate reduction from 1100 to 137.5 bitsls to obtain alpha 

scattering temperatures 

Bit rote increased from 137.5 to 1 100 bitsls 

Mode 2 interrogation 

Mode 1 interrogation 

Return to mode 5 

Solar panel switch commanded on 
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Table 2 (sontdl 

Event 

1 Coast phase I (contd) 1 
1 6h33"'00S I 10:12:01 1 0042 1 0250 ( Initiate premidcourse interrogation 

16~33~~14" 00:12:15 0042 0250 Mode 4 interrogation 

1 6h35m25s 00:14:26 0042 0251 Mode 2 inlerrogotion 

16"37"'24' 00:16:25 0042 0252 Mode 1 interrogation 

1 6h39"'36" 00:18:37 0042 0550 Return to mode 5 

UAMR = Altitude markinq radar.  

Midcourse correction 

0350 Initiate gyro speed check 

1 0351 I Select next gyro three times 

1 0352 I Gyro speed signal processing off and return to mode 5 

lnitiate midcourse correction interrogation 

Mode 4 interrogation 

Mode 2 interrogation 

Mode 1 interrogation 

Turn transmitter filament on 

Turn transmitter high power on 

Increase bit rate from 550 to 4400 bitsfs 

Command desired roll maneuver magnitude and direction 

(t91.9 deg) 

Start of roll near zero crossing of Canopus error signal 

Command desired yaw maneuver magnitude and direction 

(+ 127.3 deg) 

Start of yaw near zero crossing of primary sun sensor yaw error 

signal 

Propulsion strain gage powered, inertial mode and reset group IV 

outputs commanded 

Turn OFF cyclic loads, AMR", vernier line heaters 

Pressurize vernier system (helium) unlock vernier engine 1 

Thrust phase power on 

Command desired thrust duration (10.25 s) 

Execute midcourse thrust 

Command terminate thrust 

Turn thrust phase power off 

Turn propulsion strain gage power off 

Operations to obtoin coast mode data 

( 0755 1 Cyclic loads turned on vernier line, AMR heaters 

Command reverse yaw maneuver magnitude and direction 

( -  127.3 deg) 

Execute yaw (sun reacquired at 02:31 :44) 

JPL TECHNICAL MEMORANDUM 33-301 19 



Table 2 (cnntdl 

Event 

After iaunrh 

Midcourse correction (confd) 

Commond reverse rol l  maneuver magnitude and direction 

(-91.9 deg) 

Execute rol l  (Conopus reacquired at approximately 02:35:33) 

Cruise mode commanded 

Mode  2 interrogation 

Mode 4 interrogation 

Return to mode 5 

Bit rate reduction 4400 to 1 100 bi ts ls  

0552 Turn tronsmitter high power o f f  

Coast phase II 

Touchdown stroin goge power and data channel commanded on 

for special test 

Touchdown stroin goge power ond data channel commanded o f f  

Mode  4 interrogot ion 

Mode 2 interrogation 

Mode  1 interrogotion 

Return to mode 5 

lni t iote gyro  dr i f t  check 5, three-axis 

Terminate gyro dr i f t  check 

Ini t iate gyro dr i f t  check 6, rol l  on ly  

Mode  4 interrogation 

Mode 2 interrogotion 

Mode 1 interrogat ion 

Return to mode 5 

Terminate gyro dr i f t  check 

lni t iote gyro  dr i f t  check 7, three-axis 

Mode 4 interrogotion 

Mode 2 interrogotion 

Mode 1 interrogotion 

Return to mode 5 

Terminate gyro dr i f t  check 

lni t iote gyro dr i f t  check 8, rol l  only 

Mode 4 interrogotion 

Mode 2 interrogation 

Return to mode 5 

Mode 1 interrogation 

Return l o  mode 5 

Terminate gyro dr i f t  check 

Ini t iate gyro drift check 9, three-axis 
- 
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Table 2 (ceanfd) 

"rime Covnmutd sequence 

After faa-p-z4-- Maim Event 

Coast phase II (contd) 

Mode 4 interrogation 

Mode 2 interrogation 

Mode 1 interrogation 

Return to mode 5 

Terminate gyro drift check 

Initiate gyro drift check 11, three-axis 

Terminate gyro drift check 

Mode 4 interrogation 

Mode 2 interrogation 

Mode 1 interrogation 

Return to mode 5 

lnitiate gyro drift check 12, three-axis 

Terminate gyro drift check 

lnitiate gyro drift check 13, three-oxis 

Terminate gyro drift check 

Mode 4 interrogation 

Mode 2 interrogation 

Mode 1 interrogation 

Return to mode 5 

Initiate gyro drift check 14, roll only 

Compartment A thermal control commanded on 

Mode 4 interrogation 

Mode 2 interrogation 

Mode 1 interrogation 

Return to mode 5 

Vernier fuel tank 2 and oxidizer tanks 2 and 3 thermal control 

commanded on 

Terminate gyro drift check 

Mode 4 interrogation 

Mode 2 interrogation 

Mode 1 interrogation 

Return to mode 5 

Bit rate reduction 1100 to 550 bitsls 

Survey TV electronics thermal control on 

Cornportrnent 6 thermal control on 

Mode 4 interrogation 

Return to mode 5 
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Terminal descent 

1355 Mode 6 interrogation 

0250 Mode 4 interrogation 

0652 Turn transmitter filament on 

0653 Transmitter high power 

0255 Bit rate increase 550 to 11 00 bits/s 

2057 Presumming amplifier off 

Event 

Coast phase II lcontdl 

0251 Mode 2 interrogation 

0550 Return to mode 5 

1755 Propulsion strain gage power turned on 

1756 Touchdown strain gage power and SCOs turned on  

1757 Survey camera vidicon ternperoture control on 

1050 Transponder power turned off and one-way lock achieved 

1154 Cruise mode commanded 

1154 Roll maneuver magnitude and direction commanded (+81.7 deg) 

Mode 4 interrogation 

Mode 2 interrogation 

Mode 1 interrogation 

Return to mode 5 

Alpha scattering heater power on 

Mode 4 interrogation 

Mode 2 interrogation 

Mode 1 interrogation 

Return to mode 5 

Initiate gyro speed check 

Select next gyro three times 

Return to mode 5 

Narrowband voltage-controlled crystal oscillator 

Compartment A heater off 

1251 1 Execute sun and roll at Conopus error signal null I 

0250 

0251 

0252 

0550 

0250 

0251 

0252 

0550 

0350 

0351 

0352 

1050, 
1053 

3054 

1155 1 Yaw magnitude and direction command ($1 11.7 deg) I 

0046 

0046 

0046 

0046 

0046 

0046 

0046 

0046 

0046 

0046 

0046 

0046 

6 1 h56"'3 8' 

62hl 1 m08s 

62h14"'03s 

6zhl 9"'27' 

6 ~ ~ 4 8 ~ 2 6 "  

65h00m24s 

63h03m09s 

63h07"'03S 

63h09n'51 

63h1 Zm22" 

63h13m31s 

63h1 5m39s 

63h1 7"'4ZS 

63h34m1 3% 

1253 I Execute yaw at primary sun sensor yaw error null (retromotor 

thrust direction aligned properly) 

21 :35:39 

21 :50:09 

21 :53:04 

21 :58:28 

22:27:27 

22:39:25 

22:42:10 

22:46:04 

22:48:52 

22:51:23 

22:52:32 

22:54:40 

22:56:43 

23:13:14 

l i i 7  I Roll maneuver magnitude and direction commanded 

(+ 1 20.5 deg) 

1257 I Roll executed 
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Table 2 (contd) 

Event 

- --- 
Terminal descent (contd) 

65h01 m59s 00:41 :00 0044 1751, Vernier thrust level (200 Ib) for retromaneuver phase ond delay 
1656 between AMR mark and vernier ignition (5.875 s) commanded 

65h09m57S 00:48:58 0044 1355 Command on mode 6 data 

65h1 lm29" 00:50:30 1652 Commond reset group IVoufputs repeated twice 

65h1 3'"03' 00:52 :04 0044 1657 Retromaneuver sequence mode on commanded 

65h1 3m26s 00:52:27 0044 1752 Vernier lines and tanks, alpha scattering, TV, and AMR thermal 

control commanded off 

65h~4"1 6' 00:53:17 0044 1753 AMR on 

65h15m16s 00:54:17 0044 1754 Thrust phase power on 

65h1 7"'l 6s 00:56:17 0044 2051 AMR enabled 

65h1 arn55' 00:57:56 0044 205 1 Backup AMR mork commanded 

65h1 8m56s.083 00:57:57,083~ AMR mark 

65h19'"01S.983 00:58:02.983~ Vernier ignition 

65hl 9m03S.083 00:58:04.083~ Retroignition 

Radar altimeter and doppler velocity sensor on 

Reliable-operate doppler velocity sensor 

65h19m58S.892 00:58:59.892~ Reliable-operate radar altimeter 

65h22"04S.480 01 :01 :05.480b Touchdown 

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

Initial DSN acquisition, one-way lock, was accom- 
plished by DSS 51 at approximately 08:lO GMT and two- 
way lock was established at approximately 08:13 GMT. 
Spacecraft operations were initiated at 08:19:32 by 
commanding off the transmitter high power. Star verifi- 
cation and  acquisition sequence was ini t iated a t  
15:50:21 GMT by commanding a sun and roll maneuver. 
After approximately 143 deg of roll, the spacecraft signal 
was lost at DSS 11. This was because of deeper than 
expected null within the predicted null region of the 
spacecraft's omnidirectional antenna B pattern. The 
maneuver was temporarily terminated. After the space- 
craft was assessed, and determined to be satisfactory, the 
star map sequence was resumed at 16:14:22 GMT. After 
some 658 deg of total roll, automatic Canopus lockon 
was obtained and verified at 16:28:20 GMT. During the 
star map sequence, two star intensity signals (Deneb 
and Canopus), in addition to earth, were observed and 
identified. Two closely spaced (3 deg), unidentified 
and nonrepeatable signals were observed during the star 
map sequence. 

Spacecraft preparation for nlidcourse maneuver was 
started at 12:01 GMT on November 8, with an engineer- 
ing interrogation. The spacecraft was configured in high 
power at 01:51: 19 GMT and 4400 bits/s at  01:52:05 GMT. 
A premidcourse correction maneuver consisting of 91.9 deg 
of positive roll was successfully executed at 02:02:59 GMT, 
followed by a successful positive yaw of 127.3 deg. The 
vernier engine was pressurized (offset of 179 psia noted, 
as anticipated), and vernier engine 1 was unlocked at 
02:15:58 GMT on November 8. Thrust phase power was 
commanded on at 02: 17: 16 GMT, and the roll actuator 
null was verified. Midcourse velocity-correction duration 
was loaded and verified at 02: 17:42 GMT. At 02:20:02.1 
GMT, the midcourse velocity correction was initiated 
with a resulting engine burn of 10.25 s, for a change in 
spacecraft velocity of 10.06 m/s. (See Table 3 for tabu- 
lation of midcourse parameters.) Spacecraft telemetry 
and doppler shift indicated that the midcourse velocity 
correction was as commanded. Following midcourse 
thrust, the reverse midcourse maneuvers were com- 
manded. Sun and star acquisitions were obtained at 

J P L  TECHNICAL MEMORANDUM 33-301 23 



02:31:44 and 02:35:33 Gkl'I', respectively. The midcourse bit rate was retrlrned to 1100 bits/s ancl low power 
v a s  designeii to acXjust the spacecraft trajectory to obtain operatiorl. Ceast phase I1 ::,as :{,ithout alinormalities as 
a desired landing site at 0.414 deg N and 1.133 deg \V, all temperatures remained nrithin operational, or transit 
rather than the prelaunch targeted landing site of survival limits. Spacecraft performal~ce was excellent. 
0.42 deg N and 1.33 deg W. At 03:09:00 GMT on November 8, ii~hile in coast pIiase 11, 

a special inflight test was performed with DSS 14 to 
verify theoretical performance of the spacecraft telecom- 

Following the postmidcourse maneuvers, the space- munication system, configured for the simultaneous trans- 
craft was configured for coast phase 11, and the spacecraft mission of engineering and touchdown strain-gage data. 

Table 3. Summary of midcourse maneuver parameters 

Maneuver 
command 

Sun and roll 0111001100 

maneuver 

1001111101 

maneuver 

0001 1001 1 1  

1001111101 

maneuver 

Sun and roll 0111001100 

Table 4. Summary of terminal maneuver parameters 

As commanded 

maneuver 

retromaneuver 
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The data showed good co~relaiinn of tllc tE~eoietical nrlcl 
,letual pel forrnar~ce 

Durrl?g thp  ~ I ~ I - I \ I ~  plictse tllere were 14 gvro d ~ d t  
checks pelfoimed. This; laige number of checks m7ere 
required to validate and refine the large drift rate of the 
yaw gyro (1.4 deg/ll). The final gyro drift rates in terini- 
nal maneuver calculations were: (1) roll, 0.65 deg/h; (2) 
pitch, 0.00; and (3) yaw, f 1.40 deg/h. 

Terminal descent operations were initiated during the 
DSS 11 pass at 05:51 GMT on November 10, by perfolm- 
ing the preterminal maneuver engineering interrogation. 
The spacecraft was commanded, and successfully ex- 
ecuted three terminal maneuvers. The terminal maneuver 
directions and magnitudes initiated were: (1) plus roll of 
81.7 deg, (2) positive yaw of 111.7 deg, and (3) positive 
roll of 120.5 deg. The times of initiation were 25:19, 
29:38, and 34:55 GMT, respectively (Table 4). In order 
to obtain touchdown strain-gage data, the phase-modul- 
lated presumnling amplifiers were con~nzanded on at 
40:02 GMT. The DSS-received carrier-power, at DSS 14, 
was -114.1 dBmW, well within the turnon criteria for a 
minimum-received carrier-power signal ( - 128.0 dBnzW 
at DSS 14). A retroinaneuver sequence-delay quantity of 
5.875 s was loaded, and verified, at 41:41 GMT. Altitude 
marking radar (AMR) power on was commanded, and 
verified at 53:16 GMT, followed by thrust phase power 
on at 54:16 GMT. The AMR was enabled at 56:16 GMT, 
and the emergency AMR signal was coizznlanded at 57:56 
GMT. The AMR mark was obtained at 57:57.083 Gh4T. 
The automatic portion of the terminal descent sequence 
was implemented at that time by the spacecraft. 

Touchdown occurred at 01 : 01 : 05.480 GMT on Novem- 
ber 10, 1967 within Sinus Medii, at 0.437 deg N and 
1.373 deg W, only 7.2 km (4.5 mi) from the inflight aim- 
ing point. This miss is determined by final posttouchdown 
orbit determination. Continuous telemetry and touch- 
down strain gage data were obtained throughout the 
touchdown period, indicating a successful landing and 
satisfactory spacecraft conditions. 

The postlanding power shutdown sequence start was 
indicated at 01:01:37 GMT with the turn off of thrust 
phase power, and completion was indicated at 01:02:04 
GMT with the turn off of flight control power. The 

analysis and coimmnncl gro~rp rcceivect tile first 2OO-Iirie 
tele14sioil picturc at 01:51 GAIT. 

liil, Surveyor V l  TDS aMissiora Requirements 

A. General 

This section delineates the detailed TDS requirements 
and support capabilities for tracking and telemetry cov- 
erage during the Surveyor VI hdission. 

Requirements for tracking and data acquisition are 
categorized in accordance with their iml?ortance to the 
successful accon~plishment of the mission and are grouped 
into the following three classes: 

(1) Class I requirements reflect minimum essential 
needs to ensure accon~plishment of the primary 
flight objectives. These are mandatory require- 
ments that, if not met, may result in the decision 
not to launch. 

(2) Class I1 requirements define the needs to accom- 
plish all stated flight objectives. 

(3) Class I11 requirements define the ultimate desired 
support. Such support should enable the achieve- 
ment of flight objectives early in the program. 

The near-earth tracking and data acquisition support 
requirements were placed on AFETR, MSFN, and 
DSN elements of the TDS in order to obtain data for 
timely and continuing evaluation of the mission status 
during this phase. The early evaluation was used to aid 
in maximizing the probability of acquisition by the Deep 
Space Stations, and to provide inforillation for the con- 
duct of subsequent space flight operations. 

1. Launch. The requirements placed on the TDS for 
the Srtroeyor VI  h4ission launch phase were as follows: 

(1) The Atlns/Cer~taztr boost vehicle will be used in a 
parking orbit mode of operation. 

(2) Launch shall take place from launch complex 36B 
of tlze Cape Kennedy facilities of AFETR. 

(3) Launch azimuth sectors are restricted to lie be- 
tween 78 and 115 deg east of true north. 

- 
spacecraft, evaluated by performing an engineering inter- (4) The launch couiztdoum shall have two built-in 
rogation and by stepping the A/SPP, was in perfect holds, one of at least 60 min duration, at T - 90 min. 
condition. At 01:30 GMT, tlze spacecraft was configured Tlze duration of the second hold, a t  T - 5 min, is 
for 200-line television operation, and the space science to he established, as required, at la~rnclz. 
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2. Preinjection. The requirements during the preinjec- 
tion phase were as follows: 

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

(2) The nose fairing shall be ejected prior to injection, 
but not unEl the value of the product of the at- 
mospheric density and the cube of the earth-fixed 
velocity pV3 is less than 1.9 X lo4 lb/s3. 

(3) During the period beginning 1 rnin after shroud 
ejection and ending at the time of Centaur second 
main engine start, the instantaneous 3-a value of 
the aerodynamic heating parameter pV3 shall not 
exceed 2050 lb/s3. 

(4) Throughout the period from main engine start 2 
until the end of significant aerodynamic heating 
effects, the 3-0 integrated value of pV3 shall not 
exceed 10,300 lb-min/s3, and the instantaneous 3-a 
value shall not exceed 4250 lb/s3. 

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

3. Postinjection. The postinjection phase requirements 
stated that the Centaur retromaneuver shall be such 
that the Surveyor/Centaur separation distance, at 5 h 
after injection, will be at least 336 krn. 

4. Telecommunications. The specified requirements 
for telecommunications were as follows: 

(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/s2 when station tracking is required. 

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

(3) For the uplink acquisition phase following injec- 
tion, there shall be 20 rnin of visibility. The space- 
craft slant range shall have at least 99% confidence 
in having the antenna gain required for zero min- 
imum margin. 

(4) The spacecraft-centered angle between the sun 
and any Deep Space Station shall not exceed 
175 deg in order to prevent the degradation of 
DSIF receiver sensitivity by solar noise. This con- 
straint guarantees that signal-to-noise ratios will 
not be degraded by more than 1 dB. 

(5) The DSS 14 210-ft antenna is required for telem- 
etry acquisition during the terminal descent phase. 

5. Thermal control. The thermal control requirements 
were as follows: 

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

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

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

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

(5) Initial spacecraft acquisition and the establish- 
ment of a command link must take place no later 
than 1 h after High-Power-On command in order 
to permit switching the transmitter from high to 
low power to satisfy thermal constraints. 

6. Midcourse maneuver. The requirements for the 
midcourse maneuver were as follows: 

(1) The spacecraft shall be capable of performing mid- 
course maneuvers of up to 50 m/s in magnitude. 
The midcourse maneuver time is approximately 
15-20 h after launch. 

(2) The landing accuracy goal shall be less than, or 
equal to, 30 km. 

7. Lunar arrival. The requirements at lunar arrival 
were as follows: 

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

(2) Transit trajectories are to be designed so that lunar 
arrival takes place not earlier than 2 h after DSS 11 
moonrise and not later than 3 h before DSS 11 
m0onset.l Furthermore, DSS 11 postlanding visi- 
bility shall be maximized. 

'These constraints apply only to targeting. The visibility constraints 
that are used at  midcourse are: earliest arrival, 80 rnin after DSS 
11 rise; latest arrival, 3 h before DSS 11 set. 

JPL TECHNICAL MEMORANDUM 33-301 



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

8. Terminal descent. The requirements at terminal 
descent were as follows: 

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

(2) The range of allowable unbraked impact speed is 
from 2623 to 2635 m/s. 

(3) The spacecraft roll orientation constraints are given 
in Fig. 6. The RADVS (see Table 2) and stability 
constraints shown graphically encompass all pos- 
sible launch dates. The actual constraint regions 
for each launch date are presented in the accom- 
panying tables. The stability constraint regions 
apply only if a midcourse maneuver greater than 
zero but less than approximately 10 m/s is executed. 

9. Alpha scattering experiment. An alpha scattering 
device was carried on Surveyor VI. The device, shown in 
Fig. 7, consisted of an instrumented package to be placed 
on the lunar surface. The package contained a source of 
alpha particles aimed at the lunar soil and several alpha 
and proton detectors to measure the energy with which 
these respective particles are reflected. From these energy 
data, scientists hoped to gain some insight into the atomic 
structure of the lunar soil. 

B. Air Force Eastern Test Range 

The AFETR coverage capability was based on the 
use of Cape Kennedy facilities, five additional land sta- 
tions, and three instrumentation ships. The proper posi- 
tioning of the three ships should result in coverage of the 
near-earth class I tracking and telemetry requirements 
over reasonable-size launch windows. A review of the 
available launch windows is presented in the chart of 
Fig. 8. Because of AFETR commitments it is sometimes 
necessary to refine these windows. The AFETR performs 
Surveyor mission supporting functions for TDS during 
countdown, launch, and the near-earth phase of the flight. 

TDS support to this phase be carefully evaluated to 
determine a launch, or a hold condition. 

1. Near-earth tracking and telemetry requirements. 
This subsection provides information useful in real-time 
decision making during the countdown in the event of 
loss of any planned TDS support for the near-earth 
phase; i.e., from launch to DSN initial acquisition. 

Tables 5 and 6 list the class I tracking and telemetry 
coverage requirements, the basis for levying these re- 
quirements, their ratings of relative importance, and the 
required supporting stations. All of the tracking and telem- 
etry stations listed are not necessarily required for each 
launch azimuth on each launch date. The mission director 
will be advised during the countdown as to the stations 
required for the predicted launch azimuth. Three rating 
categories 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 support during the near-earth phase for near-real-time 
mission evaluation, and the receipt and recording of data 
for postflight analysis. It should also be noted that the 
AFETR real-time computer system (RTCS) is critical for 
the near-real-time mission evaluations. Thus, at least one 
of the two RTCS 3600 computers must be operational 
at launch. 

Figure 9 gives a comprehensive picture of the Surveyor 
near-earth class I tracking and data acquisition require- 
ments for the Surveyor VI Mission. Figure 10 shows the 
projected AFETR uprange coverage for the Surveyor VI 
Mission, while Fig. 11 reveals the earth tracks for the 
entire TDS on launch day. 

2. The AFETR coverage capabilities. The AFETR 
coverage capabilities and potential limitations are based 
on the configuration of land, sea and air stations, as well 
as the assumption that three ships will support the mis- 
sion. However, there was a good possibility that a fourth 
ship, the Rose Knot, would support the Surveyor VI 
Mission to provide launch vehicle telemetry coverage. 
Table 7 lists the AFETR stations that were committed to 
support the mission. 

During the near-earth phase of the mission, the major Figure 10 shows the coverage capability of the AFETR 
launch vehicle and spacecraft events that have a strong (and the MSFN Bermuda station) for the phase from 
impact on the success of the remaining phases of the launch to parking orbit insertion. It is clear from Fig. 10 
mission, take place automatically. Because of this, it is that the AFETR should provide adequate coverage of 
important during the countdown that any failure in the this phase to meet requirements. 
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\RADVS CONSTRAINT 
iMAST, MAST SUPPORTS, AND 

OMNIANTENNA OBSCURES SUNSET 
IF SUNRISE OCCURS I N  THIS SECTOR 

POLARIMETRIC 
DESIRABLE TILT PLANE 

ORIENTATION 

Fig. 6. Surveyor VI roll angle constraints, sun azimuth at landing 

SELECTED LANDED ROLL ORIENTATION 
SURVEYOR VII RADVS CONSTRAINT REGIONS FOR TYCHO LANDING SITE 

BOTH OMNIANTENNAS AND LEG PHOTOMETRIC TARGETS I N  SHADGhI 

[ LEG PHOTOMETRIC TARGET I N  SHADOW 

OMNIANTENNA PHOTOMETRIC TARGET I N  SHADOW 

Vi,"kH 
NOV 7 
NOV 8 
N O V 9  
NOV 10 
NOV 11 
NOV 12 

LAUNCH 
DATE 

NOV 7 
NOV 8 
NOV 9 
NOV 10 
NOV 11 
NOV 12 

UNACCEPTABLE SUN AZIMUTH, deg 

-166 to -123 
-166 to -123 
-165to-122 
-163 to -120 
-161 to -118 
-159 to -116 

UNACCEPTABLE SUN 
AZIMUTH, deg 

-101 to -66 
-101 to -66 
-100 to -65 
- 98 to -63 
- 96 to -61 
- 94 to -59 

-1 to 57 
-1 to 57 
Oto58 
2 to 60 
4 to 62 
6 to 64 

31 to 82 
31 to 82 
32 to 83 
34 to 85 
36 to 87 
38 to 89 

99 to 147 
99 to 147 

100to148 
102 to 150 
104 to 152 
106 to 154 



 ALPHA PARTICLES PENETPATE 
SURFACE ABOUT l/lOW 
OF A N  INCH 

Fig. 7. Surveyor alpha scattering experiment 

a. Telemetry data coverage. It  is anticipated that the c. Tracking data coveerage. Figure 10 shows that the 
three ships ~ l a n n e d  for the Surveyor VI Mission will fill AFETR could provide adequate coverage of the parking 
all possible coverage gaps except during the parking orbit requirement. 
orbit, over reasonable size launch azimuth corridors. The The only support that the AFETR could provide, of 
AFETR may partially or completely fill the gaps in the transfer orbit coverage requirement for the first day 
parking orbit telemetry coverage with aircraft. of the launch period, was with the RIS Ttui~z Falls. 

b. Telemetry real-time retransmission. Real-time re- 
transmission capability will be provided by the same land 
and ship stations providing the receive and record sup- 
port. Since aircraft do not have the capability to retrans- 
mit telemetry data in real-time, there may be some gaps 
during the parking orbit coast phase in order to optimize 
the coverage of the second burn and separation phases 
of the flight. 

There was no other ship on the AFETR with C-band 
radar capability. Furthermore, figures indicated that 
there were no AFETR land stations that could provide 
tlie coverage of this requirement. Thus, the positioning 
and resultant coverage capability of the Twin Falls was 
critical in the final launch window design for November 7. 
On subsequent days of the November launch period, the 
combination of the Ttuin Falls and the Ascension radars 
provided the coverage of the transfer orbit tracking. 

Further: approval was given for the priority of the The AFETR station at Pretoria, South Africa, could 
real-time retransmission of selected launch vehicle data provide adequate coverage of the requirement for post- 
over spacecraft data for the interval of Aight from main retronia~leuver tracking data for most of the planned 
engine cutoff I through main engine cutoff 2. This per- launch aziii~uth corriclors. (The MSFN Carilarvon radar 
mitted the real-time evaluatio~i of the launch vehicle would also be able to satisfy this requireinent on all 
perforinance prior to and duriilg the Centaur second brrrr~. days for all azimuths.) 
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LAUNCI-I DAY 

1 N O V  10 N O V  12 l 

MAXIMUM COAST TlME 
CONSTRAINT 

MAXIMUM WINDOWS" 

ESTIMATE OF TDS NEAR-EARTH 
COVEWGE CONSTRAINT 

TlME 

GMT 

EST 

PST 

A Z  

a ONE DAY EARLIER IF PST EXCEEDS GMT TlME 
ROUNDED TO NEAREST MINUTE WITHIN CONSTRAINT 

A Z  : AZIMUTH, deg 

Fig. 8. Surveyor launch window consfrainto For fhe November 9967 lclrsnck period 

N O V  7 
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OPEN 

06:55 

01:55 

22:55 

78 

CLOSE 

10:53 

05:53 

02:53 

115 

N O V  8 N O V  12 

OPEN 

0 6 : s  

01 : s  

2 2 : s  

78 

OPEN 

08:16 

03:16 

00:16 

90 

CLOSE 

11:03 

06:03 

03:03 

115 

N O V  9 

CLOSE 

11:37 

06:37 

03:37 

115 

OPEN 

0 6 : s  

0 1 : s  

22 : s  

78 

CLOSE 

11:12 

06:12 

03:12 

115 

N O V  10 

OPEN 

0 6 : s  

0 1 : s  

22:56 

78 

N O V  l l 

CLOSE 

11:20 

06:20 

03:20 

115 

OPEN 

07:24 

02:24 

23:24 

82 

CLOSE 

11:28 

06:28 

03:28 

115 



Table 5. Near-c-orth elass I t racking coverage requirements  

Source 

Class I 
fracking coverage 

requirements 

Basis for requirements 

Required 
Requirements tracking 

stationsu 

vehicle during parking orbit 

Required by range safety until orbit velocity is acq 

I from I An early evaluation of the powered flight can be made I 
MECO 1 to 

MECO 1 + 136 s 
lnflight acquisition information can be provided to downrange 

TDS stations beginning with the ships and Ascension 

continuous 

tracking from 

MECO2 -k 5 s  

to retroignition 

Any 60 s of 

An early evaluation of the transfer trajectory can be made using 

lunar mapping technique 

lnflight acquisition data can be provided to the DSN 

I Acquisition information can be supplied to the MSFN station at I 

DSN acquisition information can be generated based on the 

actual parking orbit and a theoretical second burn 

(constitutes first set of inflight predicts) 

Input data for calculation of actual transfer orbit so that: 

I continuous tracking possible interference with the spacecaft star sensor I desirable 

subsequent to 1 Pretoria I 

Critical 

Any 60 s of 

I power changeover 

switch 

Twin Falls 

"All of there stations are not necessarily required for eoch lounch azimuth on eoch launch dote. 

Carnarvon, Australia 

Establishes post-retrotrajectory of Centaur to determine any 

Table 6. Near-earfh class I telemetry coverage requirements 

Basis for requirements 

Highly 

Launch 

Carnarvon 

vehicle 

(VHF); 

spacecraft 

(S-band) 

From launch 

to Atlas/ 

Centaur 

separation 

Provides Atlas performance data during its lifetime 

Establishes SECO" event time which is a good indicator of what can be 

expected for Centaur burn duration 

Receipt of spacecraft telemetry via Centaur link and spacecraft S-band link 

I 

link 

From Centaur 

MESe 1 to 

M E C O ~  1 

Critical for 

receive and 

record 

Highly 

desirable 

to retransmit 

in real-time 

Critical for 

receive and 

record 

Highly 

desirable 

to retransmit 

' in real-time 

Provides Centaur performance data during its first burn 

Establishes MES 1 and MECO 1 event times 

Receipt of spacecraft telemetry via Centaur link and spacecraft S-band 

Cape 

Kennedy 

Cape 

Kennedy 

Antigua 

ore required for the predicted lounch azimuth. 
bSustoiner engine cutoff. 
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Class I 

telemetry 

coverage 

requirements 

From MECO 1  

to MECO 1 
-k 7 6 s  

Requirements 

rat ing 

Required 

leiernefry 

stationsn 

B a s i s  for requiremenis 

Antigua 

Bermuda 

Centaur propellants are settled b y  thrusting two o f  the 50-lb vernier Critical for 

engines during this per iod receive and 

Receipt of spacecraft telemetry via Centaur l ink and spocecroft S-band link record 

Highly 

desirable 

to retransmit 

i n  real-time 

From MECO 1 

f 76 s to 

MES 2 - 40 s 

Centaur propellants ore retained at tank outlets dur ing this per iod by  

thrusting two of the 3-lb engines 

Receipt of spacecraft telemetry via Centaur l ink and spacecraft S-band link 

Highly, 

desirable 

to receive, 

record, and 

retransmit i n  

real-time 

Antigua 

Bermuda 

Telemetry 

ships 

Ascension 

From MES 2 

- 40  s to 

MES 2 

The following critical Centour events take place: 

(1 )  Further propellant settling applied by  f i r ing two o f  the 50-lb vernier 

engines 

Critical for 

receive and 

record 

Telemetry 

ships 

Ascension 

(2) Boost pumps are storted 

(3) Chilldown 

Receipt of spacecruft telemetry via Centaur l ink and spocecroft S-bond link 

Highly 

desirable 

to retransmit 

i n  real- t ime 

Telemetry 

ships 

Ascension 

From MES 2 

to MECO 2 
Provides Centaur performance data during its second burn 

Establishes MES 2 and MECO 2 event times 

Receipt of spacecraft telemetry via Centaur l ink and spacecraft S-band link 

Critical for 

receive and 

record 

Highly 

desirable 

to retransmit 

i n  real-time 

From MECO 2 
to Centour/ 

spacecraft 

separation 

Ascension 

Telemetry 

ships 

Pretoria 

The following major spacecraft events occur: 

Release o f  spocecroft landing geor 

Unlock of spocecroft omnidirectional antennas 

Switch spocecraft transponder transmitter to high power 

Critical for 

receive and 

record 

I Highly 

Centour/spacecraft separation desirable 

to retransmit 

spacecraft 

channel i n  

real-time 

From spacecraft 

high power 

on to DSN 

ini t ia l  

acquisition 

Provides spacecraft status information Critical for 

receive and 

record 

Highly 

desirable 

lo retransmit 

i n  real-time 

Ascension 

Carnarvon 

Telemetry 

ships 

"A l l  o f  these stations ore not necessarily required for each launch orimutl i  on each launch dote. The mission director w i l l  be advised during the c o u ~ l d o w n  which stations 
are required for the pred i i led launch oziinulh. 
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HIGH-POWER 
TRANSMITTER O N  

CONTINUOUS 

N Y  CONTiNUOU CONTINUOUS 60 s 

TART CENTAUR 
LATERAL THRUST END CENTAUR 

TANK BLOWDOWN 

CENTAUR/SPACECRAFT 
SEPARATION 

0 LAUNCH VEHICLE TRACKING 

(7 LAUNCH VEHICLE TELEMETRY 

A SPACECRAFT TELEMETRY (VIA SPACECRAFT LINK)  

V SPACECRAFT TELEMETRY (VIA CENTAUR LINK) 

1. SPACECRAFT TELEMETRY VIA EITHER SPACECRAFT 
ORCENTAUR LINK PRIOR TO SPACECRAFT 
ELECTRICAL SEPARATION IS ACCEPTABLE 

2 .  SPACECRAFT TELEMETRY VIA EITHER LINK I S  
REQUIRED TO BE RETRANSMITTED I N  REAL-TIME 
FROM RECEIVING STATIONS 

3. LAUNCH VEHICLE TELEMETRY IS REQUIRED TO 
BE RETRANSMITTED I N  REAL-TIME FROM ALL 
AFETR RECEIVING STATIONS O N  THE SUBCABLE 

4.  SELECTED CHANNELS OF THIS LAUNCH .VEHICLE 
TELEMETRY LINK ARE REQUIRED TO BE 
RETRANSMITTED I N  REAL-TIME DURING 
CENTAUR SECOND BURN 

Fig. 9. Near-earth class I tracking and data acquisition requirements for Surveyor V I  



Fig. 10. Uprange coverage for Surveyor VI 

C. Manned Space Flight Network 

Tracking and teleinetry requireillents placed on the 
MSFN, managed by the GSFC, were as indicated in the 
paragraphs that follow. 

I t  was anticipated that the MSFN stations at Berlnuda, 
Grand Canary, Tananarive, and Carnarvon; GSFC com- 
puters, and portions of NASCOM, would contribute the 
following support: 

(1) C-band radar beacon tracking and recording of the 
Ce~ztaur beacon. 

The  acquisition aids at  Bermuda, Grand Canary, 
Tananarive, and Carnarvon are required to provide RF 
inputs to the telemetry receivers and steering inputs to 
station radar antennas. At Grand Canary, the unified 
S-band system was being used as an additional means 
of acquisition. 

Acquisition aids were to track the Atlas and Cetztazrr 
vehicles. The Bermuda acquisition aid link assignments 
for each antenna are as follows: 

Acquisition Acquisition 
(2) Telemetry receiving and recording of the Centaur Antenna 

aids 1 and 2 aid 3 
beacon 232.4 MHz and the Cetztazo. link 225.7 MHz. 

(3) Flight mark event confirmation in real-time. Primary Link 225.7 MHz Link 229.9 MHz 
Secondary Link 229.9 MHz Link 232.4 MHz 

(4) Real-time computing during launch or orbital 
phases. 

(5) Ground comn~unications: voice, teletype and high- Grand Canary, Tananarive and Carnarvon configured 

speed data circuits. acquisition aids for the 225.7-I\/IHz link only. The acquisi- 
tion aid antennas tracked in the cross-correlation mode 

(6) Backup range safety support. at a 300 kHz bandwidth. 
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Table 7. The AFETR station facilities 

I AFEfR stations I 
Station 

Cape Kennedy area: 

Patrick AFB 

Cape Kennedy 

KSC 

Grand Bahama 

Grand Turk 

Tracking capability 
(rader type1 

Antigua 

Telemetry 

capability 

Ascension 

Pretoria 

VHF, S-band 

KSC 

VHF, S-band 

VHF 

VHF, S-band 

VHF, S-band 

VHF, S-banda 

I AFETR ships I 
Sword Knot (10 knot 

cruising speed) 

Coastal Crusader (1 O- 
knot cruising speed) 

Twin Falls (15-knot 

cruising speed) 

*3-ft antenna only. 

C-band: VHF, S-band 

(FPS- 16) 

- 

1. Tracking C-band. The C-band radars at Bermuda, 
Grand Canary, Tananarive and Carnarvon were required 
to beacon track the Centartr vehicle. In addition, Bermuda 
was to provide range safety backup support for this 
mission. All stations were to provide real-time data, mag- 
netic tape recordings of high-speed data and verbal 
confirmation of the GMT of acquisition of signal (AOS) 
and loss of signal (LOS) to the MSFN network controller. 

VHF, S-band 

a. Bermuda requirements. The Bermuda requirements 
were as follows: 

(5) Verbal confrmation in real-time ok the Gh4T 01. 
AOS and LOS to h lSFN network controller. 

(6) Magnetic tape recordings, strip chart recordings 
and postlaunch instrumentation rncssage (PLlM) 
data sheets. 

b. Grand Canary, Tannnarive, and Car~zaroon require- 
ments. The Grand Canary, Tananarive, and Carnarvon 
requirements were as follows: 

(1) Beacon tracking and magnetic tape recordings of 
the Centaur from AOS to LOS. 

(2) Real-time transmission of low-speed data from 
Grand Canary and Carnarvon to GSFC for refor- 
matting and retransn~ission to RTCS and AFETR. 

(3) Tananarive was to transmit low-speed data in the 
standard 38-character radar data format to RTCS 
and AFETR. 

(4) Voice circuit for radar handover between Grand 
Canary and AFETR, Tananarive and AFETR, and 
Carnarvon and AFETR. 

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

(6) Grand Canary unified S-band system to assist 
MPS-26 radar in acquisition. 

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

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

Coverage of the Centaur 225.7-MHz link for receive, 
decommutate, and record was required from Bermuda, 
Grand Canary, and Tananarive. Carnarvon was to provide 
support on a best-obtainable basis. In addition, Ber- 
muda was to receive and record the Atlas 229.9-MHz 
and 232.4-MHz links. 

(1) Beacon tracking and magnetic tape recordings of Adark event readouts were required from all stations, 
the Ce~ztaur from AOS to LOS. except Carnarvon, in real-time, or in as near-real-time as 

possible, when the vehicle was in view of a station. 
(2) Real-time transmission of high-speed data and 

low-speed data to GSFC and RTCS at AFETR. All stations were to provide verbal confirmation in real- 

(3) Backup range safety support. 
time of the GMT of AOS, 117ark events (except at Car- 
narvon) and LOS to the MSFN controller. Real-time 

(4) Voice circuit for handover between Bermuda and transmission of telemetry data was required from Grand 
AFETR. Canary. 
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cr. Reirnrtdrr reyriiren2eizis. TIie Bermuda requirenients Bermuda-ponrerecl flight data were to be used for 
were as follonis: this mission. 

(1) Receive, clecornrnutate and record the Centnur (3) Receive launeli t~ajectoly data from Beimucla and 
225.7-MHz link from AOS to LOS. AFETR, via the laullcli trajecto~y data systenrr. 

(2) Receive and record the Atlas 229.9-MHz link and (4) Generate radar sin~ulation tapes for Grand Canary, 
the 232.4-MHz link for range safety purposes. Tananarive and Carnarvon. 

(3) Display range safety parameters on the Atlas and (5) Update and refine the orbit of the Centaur based 
Centattr links. on low-speed teletype data received from partici- 

pating C-band radars and to pass these param- 
(4) Provide real-time readout of mark events 4-11. eters to the MSFN network controllers. 
(5) Teletype confirmation of mark events. 

(6) Make magnetic tape recordings, strip chart record- 
ings, and PLIRiI data sheets. 

Z?. Grnizd Canary Islai~d and Tananarive requirements. 
The Grand Canary and Tananarive requirements were as 
follows: 

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

(2) Provide real-time readout of mark events 25 and 26. 

(3) Teletype confirmation of mark events. 

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

(5) Make magnetic tape recordings, strip chart record- 
ings, and PLIM data sheets. 

c. Carnarvon requirements. The Carnarvon require- 
ments were as follows: 

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

(2) Make magnetic tape recordings, strip chart record- 
ings, and PLIM data sheets. 

3. Telemetry S-band. There was a requirement for 
Carnarvon reception of S-band spacecraft telemetry data 
and retransmission to DSS 42. 

(6) Use the refined orbital parameters to drive displays 
at the GSFC operations control center. 

(7) Generate and transmit real-time acquisition mes- 
sages to participating MSFN stations, based on 
postinjection tracking data. 

(8) Reformat Grand Canary and Carnarvon radar data 
to the standard 38-character radar data format for 
transmission to RTCS and AFETR. 

(9) Reformat on magnetic tape the high-speed radar 
data received from AFETR in the tape format 
specified (XYZ and @i) and reforillat 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 
Cetztaur vehicle 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 processing 
requirements group at Patrick Air Force Base. 

5. Events reporting. Bermuda, Grand Canary, Tanan- 
arive and Carnarvon will confirm AOS, LOS, and oc- 
currence of the mark events listed in Table 8. Mark 
events shall be confirmed as follows: 

(1) Verbally confirm each mark event in real-time to 
the MSFN network controller as each event occurs. 

(2) Verbally confirm the GhiIT time of occurrence of 
each event to the network controller as soon as 
possible. 

4. Computer. The requirements levied on GSFC with (3) Confirm each mark event (include GMT time of 
respect to computer support were as follows: occurrence). 

Provide pointing data printouts to be used for Tanallarive will configure for 12, 22, and 
mission planning and for committing MSFN station 23 post-pass, shown on track-1 (Sanborn recorder con- 
coverage. figuration for Tananarive). Time of the mark events will 

(2) Generate and transmit nominal pointing data to be reported as in itenis (2) and (3) in the precedillg 
participating MSFN stations, except Bermuda. paragraph. 
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Table 8.  Mark events 

"Real-time reporting of morks 9-12 may b e  delayed i n  order to expedite readout of mark times for marks 13, 14 and 15. Vehicle may nqt be  i n  view a t  a l l  sites for a l l  mark 

events noted, this is dependent on vehicle f l igh t  azimuth. 

"Booster engine cutoff. 

cSustainer engine cutoff. 

dVernier engine cutoff. 

"Main engine ignition. 

fMoin  engine cutoff. 
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Table 8 (corntdl 

Slat ion 

Grand Conory 

Tonanarive 

Grand Canary 

Tanonorive 

Tonanarive 

Tonanorive 

Tonanorive 

Tononarive 

Tononarive 

Tonanarive 

Tononorive 

Tanonorive 

Tanonorive 

Tononorive 

Carnarvon 

Tononarive 

Carnarvon 

Event 
Time, 

m i n / s  

Centaur MElG 2 Mark 1 2  f 
00:40 

Surveyor landing gear Mark 12 $ 
extend command sent 02:54 

Surveyor omniontenna I Mark 12 f 
extend command sent 03:03 

Surveyor high power on Mark 12 4- 
13:25 

Centaur/spacecraft 

electrical disc 

Centour/spacecraft 

separation 

I Mark 12 4- 
03:31 

I Start Centaur lateral 

I thrusl 

End Centaur lateral 

thrust 

Mark 12 f 
04:21 

1 Mark 12 4- 

Start blowdown Mark 12 f 
07:36 

End blowdown 

Power changeover 

D. Deep Space Network 

The DSN was required to support the S z ~ ~ ~ v e y o r  VI 
Mission with the DSIF, the GCF, and the DSN facil- 
ities in the SFOF. 

The DSN requirements included S-band tracking and 
two- and three-way doppler coverage. The DSN respon- 
sibilities were to obtain continuous spacecraft telemetry 
coverage from the first acquisition by DSS 42 to the end 
of the mission. Three DSIF stations described in subse- 
quent paragraphs were required for this coverage. The 

12, 13, 18, 22 

225.710.41 
continuous 

Description 

Some as mark 7 

C-1 chamber pres- 

sure goes from 0 to 

75 % 

Some as mark 8 

Segment goes from 

Oto 100% forone 

segment; signal is 

integrated 

Command goes to 

approximately 100 % 

Receiver AGC shows 

increased signal 

Measurement goes 

to 98% 

At release of poy- 

load signal goes to 

100% 

Both gradually in- 

crease from 60 to 

8 0 '10 

Segments go slowly 

from 0 to 50% of 

band 

Segments go slowly 

from 50 to 0% of 

band 

Pump inlet pressure 

increase from 0 to 

approximately 20 % 

Pump inlet pressure 

decreased to 0% 

400-Hz frequency 

from 50% to open 

full Goldstone duplicate standard S-band system in con- 
junction with the Sz~rveyor telemetry system was used at  
these stations. 

The quality and type of tracking data required are 
defined by Tables 9 and 10. With the requirements out- 
lined by the foregoing tables it was possible to specify 
the tracking coverage required to meet the orbit deter- 
mination accuracy requirements. Before presenting the 
tracking coverage requirements, however, the ground 
rules upon which the tracking coverage analysis was 
based will be delineated. 
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Table 9. Deep Space Network tracking data a c c u r a c y  requiren~ents 

Correlation width Ti, min 

A, guaranteed 

B, desired, not 

C, ultimate Surveyor 

midcourse maneuver at 1 -sample/min way) and antenna 

rate (from initial DSS acquisition to pointing angles 
T $ 1 h, sample rate is 1 sample/lO s) 

Track spacecraft from first midcourse Doppler (two- and three- 
maneuver to touchdown at 1 

Track spacecraft from touchdown to end Doppler (two- and three- 

of mission at 1-sample/min rate way) and antenna 

during 1 h following 1 0-deg elevation pointing angles 
rise, during 1 h centered around 

maximum elevation, and during 1 h 

prior to 10-deg elevation set for 

DSSs 11, 42, and 61  

Track spacecraft during midcourse Doppler (two- and three- 

maneuver and terminal maneuver way or one-way) 

executions at the 1-sample/s rate, 

and transient data at the 

1 -sample/ 10 s rate 

Table 10. Deep Space Network tracking ments would not have to be satisfied to ensure mission 
data requirements success. Therefore, the greatest effort was directed 

toward 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 
station supplying data would supply data of good quality. 
In order to ensure these good-quality data assignment 
of additional DSN stations was desired to provide re- 
dundancy in the tracking pattern. 

In summary, the DSN was required to provide continu- 
ous telemetry coverage during transit and the postlanding 
phase from touchdown through lunar day 1, continuing 
through the first 6 h of lunar night 1. A summary of 
tracking requirements placed on the DSN is presented 
in Table 10. 

The most basic ground rule, and primary objective 
of this effort, was to maximize the probability of mission 
success. Since the class I orbit determination accuracy 
requirements had to be satisfied, and the primary mission 
objectives met, it was necessary that the class I require- 
ments be honored at all times. Also, some class I1 orbit 
determination accuracy requirements must be met to 
ensure mission success. The class I11 accuracy require- 

The prime DSN coverage was to be  provided by 
DSS 11, DSS 42, DSS 51, and DSS 61. Figure 12 depicts 
the coverage of these stations from launch through the 
first 20 11 after- launch. Additional DSN support was 
provided by DSS 14 and DSS 71. The 210-ft antenna at  
DSS 14 provided backup support for DSS 11 during 
the midcourse maneuver and terminal descent phases. 
Prelaunch clzeclzout and launch phase support of the 
spacecraft mas to be provided by DSS 41; also, DSS 71 
was the key interface in relaying spacecraft telemetry 
data from AFETR to SFOF. 



DSS I I GOLDSTONE 

DSS 42 TlDBlNBlLLA 

DSS 51 JOHANNESBURG 

DSS 61 MADRID 

0 

TIME FROM LAUNCH, h 

Fig. 12. Station elevation angle vs time From launch (0-20 h) 
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The ~nl t ra l  DSN a ~ q - t l ~ i ~ t r o n  \tailon was to be 
BSS 51 01 DSS 42 depending 011 i,triiicii ddv c*~d i L ~ - t i ~ l ~ l i  

a7lrnlrth Flgrri e 13 shov7\ D% 551 and DSS 43 as: havmg 
the o11ly view pe~iod\  that peiinitted commanclinq the 
spaceciaft tlansmiltel to s~vitch from high to Ion7 powel 
before leaching the tl~elmal limit. (This task could be 
accon~plished by DSS 72 only over a small launch 
corlidor on November 7.) This key function is vital to the 
mission, and constraints to the launch wiildow may have 
resulted during the first few days of the periods, if 
DSS 51 was not able to support this phase of the n~ission. 

P .  Beep Sptrce Instrumentation Facility. A bar chart 
of Deep Space Staiioi~s vic\v I~eriocis for tile Noveiliber 
7, 1967 launch opportunity is presented in  Fig. 14. 

a. Initiai acqrrisifion station, The follo\ving ininirnum 
capabilities are required from the initial acquisition 
station: 

(1) Acquisitio~~ and tracking of the Surveyor spacecraft. 

(2) Generation and transmission of tracking data to 
the coinn~unications ternlinal equipment at the site. 

coverage by DSS 51, or DSS 72, was requked to (3) Acquisition, recording, decommutation, display, 

eliminate a gap between the initial DSS 42 set and the and processing of Surveyor spacecraft telemetry 

DSS 61 rise. Figure 13 shows that this gap occurred on data. 

the azimuth used on November 7, 1967. The last day 
(4) Transmission of processed telemetry data, both 

of the period for which there was an overlap on all 
high speed and teletype, to the appropriate com- 

azimuths was November 12, 1967. mullicatiolls terminal equipment at the site. 

The anticipated configuratioil of the DSN did not ( 5 )  Generation and transmissio~~ of Strrveyor space- 
impose any launch constraints. craft con~mands. 

DATE NOV 7 NOV 8 NOV 9 NOV 10 NOV 11 NOV 12 

Fig. 13. Approximate launch azimuths for whish specific DSN stations qualify a s  the initial acquisition site 
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b G o b e ~ n g e  11rj DSS 72 S L I ~ ~ O I ~  by DSS 42 \\rill not 
be uvullnhle Eol the Szrtbe!yot V l  1lissio11 ~ L I C  to the 
Apo!/o commriment oi the station. T l ~ c  three station oibit 
cietelmination iolritlon wlll be plovicled by DSSc 42, 51 
and 61. 

c. Cove~age by DSS 71. Support by DSS 71 was com- 
mitted for the RF conlpatibility tests between spacecraft 
SC-6, located on the launch pad, and DSS 71. These tests 
were successfully completed on September 28 and 29, 
1967, including verification that there is no transmitter 
over-deviation during video operations. At time of launch, 
DSS 71 receives and records telemetry data from T - 5 
min to loss of signal. In addition, DSS 71 will use its 

command c1;it:i collsole (CDC') and telemetry and corx- 
rnnr~ci processor eomprrteu i-o process AF'ETR teleiiietrj: 
data for trna~smission to JPI, via NASC0R.I high-speed 
data lines. 

d. Coverage by DSS 14. The DSN has conlnlitted 
DSS 14, the 210-ft h4ars s t a t io~  antenna, to support the 
midcourse and terminal descent phases of the Sz~rveyo~ VI 
Mission. This will include telemetry reception and re- 
cording, and a backup transmitter if required for com- 
manding. The station was to be available to the end of 
the touchdown pass. Baseband telemetry was to be trans- 
mitted to SFOF in real-time. 

M U N C H  AZIMUTH, cbq 

GMT, h 

Fig. 94. Bar charts of station view periods 
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e. Crite~in for DS7F ncqrrisition. The eiiteiia tor DSIF 
acquisition of a spacecraft are as foiiows: 

(I) Tlie DSIF' will employ the acquisition aid antenna 
and either the parametric amplifier or the second 
maser to the receiver. This configuration will be 
used to determine the tracking margin. 

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

(3) A signal level of - 140 dBmW or higher must be 
available. 

(4) For an 85-ft antenna, the angular rate of the DSIF- 
spacecraft vector must not exceed 0.25 deg/s 
during acquisition. 

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

(6) Auto track on the S-band cassegrain monopulse 
antenna 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 the S-band cassegrain mono- 
pulse antenna. 

(8) Acquisition will be considered complete when: 

(a) The uplink is acquired. 

(b) The two-way downlink is acquired. 

(c) Good angle and doppler data are obtained. 

(d) Good telemetry data are confirmed. 

(e) I t  is confirmed that the spacecraft and the 
station receivers are not locked on sidebands, 
the station antenna is not on a side lobe, 
and the station is ready for commanding. 

Figure 15 shows the acquisition study by DSN stations 
for November 7, 1967. 

f .  Additional requirements. Participating stations are 
required to have the follotving minimum capabilities: 

(1) Acquisition and tracking of the Surveyor spacecraft. 

(2) Generation and transmission of tracking data to the 
communications terminal equipment at the site. 

(3) Acquisition, recording, decommutation, display, 
and processing of Stiroeyor spacecraft telemetry 
data. 

(4) Transmission of processed telemetry data, both 
high-speed and teletype, to the app~~p".i~tte corn- 
munieations termiiial cquipiilerlt at the site. 

( 5 )  Generation and transmission of Slci~eyor spacecraft 
commands. 

In addition to the five requirements listed, DSS 11 is 
required to provide capability for acquisition, recording, 
and processing of Surveyor spacecraft video data. 

At the start of each Deep Space Station respective 
views, the follo\ving minimum communication capabil- 
ities will exist for each committed station: 

(1) One voice line. 

(2) Two duplex teletype lines. 

In addition to the tu7o requirements listed, DSS 11 
must provide con~munication capability consisting of one 
high-speed data line (1100 bits/s or 96 kHz). 

2. Ground contn~unications facilitylNASCOM. The 
DSN GCF is that portion of NASCOM that supported 
the Szrroeyor VI Mission by providing comnlunication 
paths between the various DSN tracking stations through- 
out the world and SFOF. This communication system 
comprised the landlines, undersea cables, and radio cir- 
cuits that carried teletype, voice, and high-speed data in 
real-time support of the Surveyor V l  Mission. Figure 27 
illustrates the configuration of the GCF in support of 
Sza.veyor VI and the type of data carried over these 
circuits. 

Since NASCOM circuits are used to support many 
installations and activities, of which the DSN/GCF is but 
one part, circuit usage must be on a requested and 
scheduled basis from GSFC. Those circuits that do not 
pass through GSFC must also be scheduled to ensure 
their availability. 

The minimum number of DSN/GCF and SFOF intra- 
comn~unicatioi~s system (ICS) circuits, and nziniinunl 
equipment required to be operational are shown in the 
subsequent paragraphs. 

a. Space Fliglit Operations Facility/lCS operational 
circuits. The SFOF/ICS operational circuits consisted of 
the follo\ving: 

(1) Operational voice con~munication system less inter- 
communication capabilities. 
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I 
SPACECRAFT VISIBLE ABOVE 10 deg 

84 ,-- C. EARLIEST ACQUISITION TIME LOCAL ELEVATION 

SPACECRAFT VISIBLE - ELEVATION VlEW 
ANGLE BETWEEN 5 deg A N D  10 deg 

SPACECRAFT VISIBLE - ELEVATION VlEW 
ANGLE BETWEEN 0 deg A N D  5 deg 

TlME AFTER LAUNCH, min 

Line A - Time o f  spacecraft rise over local station mask 

Line B - Time that spacecraft is 5 deg a b v e  local mask. Telemetry is expected by that time 

Line C - Time that spacecraft is 10 deg above local mask. Acquisition sequence is started at  this time 

Line D - Eorliest possible time that the station v~ould be reody for commanding 

Line E - Latest ocquisition time. This time allows 20 min from the 10-deg paint for the station to acquire the spacecraft. 
I f  the spacecraft is not acquired by this time, the acquisition is considered nonstandard 

Line F - Injection or separation plus 30 min. The spacecraft has been on high power for 30 min at  this time 

Line G - Latest command time: the latest time at  which the station vmuld be ready for commanding for a normal acquisition 

Line H - Limit o f  normal S-band acquisition aid. This line indicates the time at  which the nominal spacecroft 
signal level falls below -140 dBmW. Below this level the station cannot autotrackon the 
S-bond acquisition aid. This prevents the normal DSlF procedure from operating 

Line I - Injection or separation plus 60 min. The spocecraft has been on high p w e r  for 60 min at  this time 

Fig. 1 5 .  Acquisition study, Surveyor VI  launch data, November 7, 1967 

JPL TECHNICAL MEMORANDUM 33-30] 



(2) Television comlnunication system display of te le  
type data ant1 line status c a l ~ a h i l i ~ .  

(3) Capability of iransmissio~~ of inconling telemetry 
data, botli high-speed and teletype, to the appro- 
priate processing and display devices. 

b. Deep Space Netttiork/GCF operational circuits. The 
DSN/GCF operational circuits consisted of the following: 

(1) AFETR/SFOF circuits including: 

(a) Two voice lines. 

(b) One high-speed data line from building AO, 
or DSS 71, to SFOF. 

(c) One simplex teletype line from AFETR to the 
SFOF. 

(2) Initial DSIF asquisition station/SFOF circuits in- 
cluding: 

(a) One voice line. 

(b) Two duplex teletype lines. 

(3) All other committed Deep Space Stations circuits 
including: 

(a) One voice line. 

(b) Two duplex teletype lines. 

(c) One high-speed data line, 1100 bits/s or 96 kHz 
(DSS 11 only). 

(d) The commullicatio~~s processor will be used in 
the implementation of the teletype portion of 
these criteria for the Surveyor VI Mission. 
In the event of a communications processor 
failure, the manual teletype switching system 
will be needed to provide adequate backup 
capability in support of the mission. 

The Surveyor Project plan called for all phases of the 
mission to be supported by the commu~lications pro- 
cessor, with the capability of switching to manual tele- 
type lines if required. 

3. Deep Space Network/Space Flight Operatiolzs 
Facility. The SFOF was designed to provide a reliable, 
flexible, centralized, and relatively mission-independent 
capability to conduct and control sinlultaneous lunar or 
planetary missions. The SFOF, in meeting its require- 
ments to the Surveyor Project, dedicated numerous of 
these mission-independent capabilities in support of the 
Surueyor I I I  Mission. These capabilities included such 
operating functions as comn~unications, displays, and 
data processing. 

a. Dlzirr ?~roccs.~ing. Tliere have been no signilicanf 
Irarclxvare changes to the hasic data pl-ocessir~g system 
Srtrveyor canfiguration. The '9044 V and 7040 W com- 
puters have beer1 rernovecl and tile Iinivac LIL9 computers 
are being installed in room 320 as discussed previously. 
It  is planned to use the 7044 computer model 2-B system 
for Szcrveyo,r 171. This system is being used for extended 
lunar operations and premission testing. 

b. Te1emett.y processi~zg sgstem. A slight modification 
was made to stations 1 and 2 of the telemetry processing 
system to provide pulse code modulated (PCM) data to 
the 1219 computer area at Snrveyot. request. No other 
changes were required. 

c. Input/orctput system. No change is required to the 
input/output system to support Surveyor VI. 

d. Adonitor support sgstenz. No change is required to 
the monitor support system for the Surveyor VI. 

e. Poztier system. Generator 3 has remained down due 
to regulator difficulty. However, installation for 1219 
computers requires a 400-Hz po1<7er unit to be installed 
on the third floor, building 230. 

f. The follotuing nzinimzrm capabilities are required in 
the SFOF: 

(1) One operational 7288-7044 computer string in the 
111ode I11 configuratio~l. 

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

(3) Diesel geilerators as the power source for all SFOF 
co~llputers committed to Szn.veyor. 

(4) The operational voice comnlunication system com- 
mitted to Srrroeyor 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 pro- 
cessing and display devices. 

IV. Surveyor VI TBS Flight-Preparation 

The TDS organization had the responsibility to prop- 
erly prepare for the S11rr;eyor VI Mission. Such flight 
preparation n7as accoinplisl-ted by unique TDS config- 
uration and testing which is treated in the follo\ving 
subsections. 
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Fig. 17. View period graph for first hour, November 7, 1967 

The view period graphs for the supporting land station 
during the first 60 min may be seen in Fig. 18 for con- 
venience in examining the total support capabilities of 
the TDS. 

d.  Computed data. In addition to relaying the data to 
JPL, the RTCS was to use the data to compute orbital 
eleiiients and injection conditions (parking orbit, transfer 
orbit and post-retromaneuver) which would be trans- 
mitted to JPL in the following formats: (1) standard JPL 
orbital message, (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-retromaneuver orbital computations, were to be pre- 
pared and forwarded by the RTCS. In addition, AFETR 
was to transmit interrange vector messages directly to 
DSS 72, if this would not conflict with Apollo support. 

Following the single-station solutions, the RTCS was to 
compute and transmit to JPL pre- and post-retromaneuver 
recursive accumulative orbits. An I-matrix and a lunar 
mapping message based on each solution would be 
included. 

Figure 19 shows the planned configuration for the flow 
of metric data into and out of the RTCS. 

e. Real-time retransmission of telemetry data. The 
planned spacecraft telemetry data flow from the sup- 
porting AFETR stations to building A 0  and DSS 71 is 
shown in Figs. 20-22. The AFETR stations: KSC, Grand 
Bahama, Antigua, Ascension, and Pretoria were expected 
to acquire and transniit spacecraft telemetry. The Rixon 
1, 2 and 3 lines in Fig. 21 represent PCM tele~netry data 
transmitted via direct high frequency (HF) radio links 
from RIS and Asce~lsion to Cape Kennedy. Pretoria data 

A "mapping to lunar encounter" message was to be were to be relayed through Ascension and then by radio 
prepared for both the pre- and post-retromaneuver orbits. frequency (RF) link directly to Cape Kennedy. 
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Fig. 18. Range instrumentation ship view periods for first hour after launch, November 7, 1967 

The data were to be routed to KSC as shown in Figs. 20 
and 21. There, after analysis by using the time division 
multiplex, the AFETR telenletry coordinator would 
select the best source for transmission to building A 0  
and DSS 71 via modems (modulator-demodulator). As 
shown in Fig. 22, there are two modem lines between 
KSC and the X-Y building to provide redundancy. 

The lnodenl lines are bridged at the X-Y building to 
provide two modem lines each to building A 0  and 
DSS 71. DSS 71 routes the data through a CDC and 
telemetry and command processor for further transmis- 
sion to the SFOF via a NASCOM high-speed data line. 
This is the prime route to the SFOF. 

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 (-40 s) 
from nlaiil engine start 2, through main engine cutoff 2. 

At building AO, the data were to be routed to the 
CDC for use by the spacecraft test team. The communi- 
cation center in building A 0  would receive the data from 
the CDC for conditioning by the bit synchronizer, after 
which they were to be routed, as a back-up path, to the 
SFOF. 111 addition, an output is available from the bit 
synchronizer for routing data to DSS 71 during the space- 
craft countdo\~7n, and as a back-up to their modem lines 
from X-Y building. 

Real-time translllission of launch vehicle data (VHF) 2. Marztzed Space Flight Nettoork. The MSFN, man- 
was to be accomplisl~ed using the subcable, down through aged by GSFC, was configured to support the Surveyol.\7I 
Antigua, as in prior missions. hllissio~~ by l)roviding tracking, VHF telemetry, and com- 

puter suppolt. Table 13 indicates the GSFC/MSFN 
When more thail one station viewed the high-power- station and equipment configuration used for supporting 

on event, one station was to be configured to retranslnit the Srrrteyor VI hlission. 
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@ TIME, AZIMUTH, ELEVATION, AND RANGE DATA 
(100-words/min OCTAL TELETYPE) 

@ TIME, AZIMUTH, ELEVATION, AND RANGE DATA 
(100-words/rnin DECIMAL TELETYPE) 

@ TIME, AZIMUTH, ELEVATION, AND RANGE 
DATA (HEXADECIMAL) 

@ INTERRANGE VECTOR DATA (100-words/rnin) 

@ INTERRANGE VECTOR DATA (60-words/rnin) 

@ ORBITAL ELEMENTS AND STANDARD ORBITAL 
PARAMETER MESSAGE 

@ DEEP SPACE NETWORK PREDICTION DATA 

@) DISTRIBUTION CONTROL UNIT DATA 

@ MANNED SPACE FLIGHT NETWORK V A  TELETYPE 
DATA 

@ LUNAR MAPPING AND I-MATRIX DATA 

@ GUIDANCE TELEMETRY 

Fig. 19. Metric data flow for Surveyor VI 
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ANTIGUA 

TYPICAL ASCENSION AND 
PRETORIA CONFIGURATION TYPICAL SHIP CONFIGUWTEQN 

HF RADIO INPUTS - 

GRAND BAHAMA 
ISLAND 

I D M  - TIME DIVISION 

MODEMS k 
MULTIPLEXER I CAPE KENNEDY COMMUNICATIONS TERMINAL I I 

Fig. 20. Downrange telemetry data flow 



FROM BUILDING X Y  

TO BUILDING XY 

FROM BUILDING X Y  

TDM - TIME DIVISION 
MULTIPLEXEP. 

Fig. 21. AFETR serial data routing and switching system 
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Fig. 22. Telemetry data distribution building AO-DSS 71 



Table 93. Goddard Space Flight Center/MSFN Surveyor \dl configuration 

Bermuda, Grand Canary, Tananarive and Carnarvon 
were to receive, decommutate and record the Centaur 
telemetry 225.7-MHz link and confirm flight mark events. 
Bermuda was to also receive and record the Atlas 229.9- 
MHz telemetry link and the 232.4-MHz telemetry link for 
range safety purposes. 

a. Tracking (C-band). The MSFN stations shown in 
Table 13 were to provide C-band radar, VHF telemetry 
support, and real-time transmission of telemetry, data, 
for Szcrueyor VI .  

Bermuda. During the powered flight phase of the 
mission, the Bermuda FPQ-6 radar was to beacon track 
the Centaur vehicle in conjunction with the AFETR 
radars. The mode of operations for the FPS-16 radar 
would depend on the flight azimuth. Two phasing slots 
were provided, both radars were to actively beacon track 
the Centaur vehicle. If only one phasing slot was pro- 
vided, the FPS-16 radar was to passively angle track, 
using the auxiliary track mode of operation, as backup 
to the FPQ-6. Specific phasing information was to be 
provided when available. The FPQ-6/FPS-16 high-speed 
(2400 bits/s), real-time data was to be transmitted to 
GSFC and the RTCS at AFETR. The FPQ-6/FPS-16 was 
also to transmit real-time, low-speed radar data to GSFC 
and the RTCS at AFETR. 

Grand Canary. The MPS-26 radar was to beacon track 
the Centaur vehicle from AOS to LOS or as otherwise 
instructed by the radar controller. If mechanical range 
likits are exceeded, an attempt would be made to re- 
acquire track by recycling range. The radar was to 
transmit real-time, low-speed radar data to GSFC for 
reformatting and retransmission to the RTCS at AFETR. 

The unified S-band system was to be called up as an 
additional means of acquisition. 

Tntzatlariue. Tananarive's FPS-16-M radar was to bea- 
con track the Cerxtaur vehicle from AOS to LOS, or as 
otherwise instructed by the radar controller. The radar 
was to transmit real-time, low-speed radar data to the 
RTCS at AFETR. 

Canzaruora. The FPQ-6 radar was to beacon track the 
Cetztatrr vehicle from AOS to LOS, or as otherwise 
instructed by the radar controller. The radar was to trans- 
mit real-time, low-speed data to GSFC for reformatting 
and retransmission to the RTCS at AFETR. 

b. Tekmetry (S-band). The MSFN participated in 
-S-band acquisition, on a noninterference basis, for unified 
S-band site training. 

Carnarvon was to receive 550-bit, bilevel, nonreturn-to- 
zero telemetry data via the S-band and was to transfer 
these data via NASCOM data modem facilities to DSS 42. 

c. Unified S-band instrzti~~erztatio~a suppo14t. The SFOF 
required that it receive real-time Surueyor VI spacecraft 
telemetry continuously from launch until touchdown. 
On past missions some real-time data requirements have 
been met during the near-earth phase of the flight, from 
launch to Deep Space Network acquisition by AFETR. 
Carnarvon was to provide coverage for the Australian 
continent until acquisition by DSS-42, Tidbinbilla. 

Carnarvon was to receive 550-bit, bilevel, nonreturn-to- 
zero telemetry data via the S-band link and will transfer 
this data via NASCOM data modem facilities to DSS 42. 
Applicable engineering instructions were provided by 
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the manned flight engineering divisio~i to alter the unified 
S-band configuratioii to meet this requireii~ei~t. 

All Carnarvon unified S-band data associated with this 
inisson were to be collected and disposed of in accor- 
dance with Szrrveyor real-time telemetry transmission 
from Carnarvon. Figure 23 gives the Sulaveyor unified 
S-band configuration. 

PREAMPLIFIER 

PARAMPLIFIER 

TELEMETRY ADJUST GAIN 

RECEIVER W BANDWIDTH = FOR MODULATOR 
20 kHz INDEX 

I TELEMETRY SUBCARRIER 
OUT 3.9-kHz 
BILEVEL FM 

INTERRANGE 
INSTRUMENT GROUP 
DISCRIMINATOR 

CONDITIONER 
(WIDEBAND) 

MAGNETIC 

RECORNR 

SURVEYER I 
MODEV 
TELEMETRY 

DIRECT 
RECORDER 
7.5 bits/s 

Fig. 23. Surveyor unified S-band simulation 

configuration 

d .  Telentefq ( V H F ) .  Bermucta, Grand Canary, 
Tanariarive, and Garnarvon \i7ere to receive, decommu- 
tate and record the Cenfntrt. 225.7-ArlHz trliernetry link 
and confirm fight ?nark events. Berrnucla n7orrIcl also 
receive and record the Atlas 229.9-hllHz telemetry link 
and the 232.4-MHz link for range safety purposes. 

e. Cnm.pzcted data. During the powered flight phase, 
GSFC computers receive launch trajectory data from 
Bermuda and AFETR via the launch trajectory data 
system. The trajectory is computed and the resulting 
parameters are used to drive displays at the GSFC 
operations control center. Upon termination of the 
Cerztaur. first burn, the data operations branch passed 
orbital injection parameters to the MSFN. 

The GSFC computers receive low-speed data from 
AFETR radars. The real-time acquisition messages gen- 
erated were to be transmitted to the participating MSFN 
stations, based on the actual first burn and anticipated 
second burn data. The Deep Space Station acquisition 
messages, based on postinjection tracking data, were to 
be generated and transmitted-time permitting. 

The low-speed teletype data from Grand Canary and 
Carnarvon were to be reformatted to the standard 38- 
character radar data format by the GSFC computers and 
retransmitted to the RTCS at AFETR. 

f .  Comnzunications. The RllSFN communications were 
to consist of the following: 

(1) Existing NASCOM facilities were to provide the 
required voice, teletype, and data circuits to par- 
ticipating stations. The conlmunications network 
configuration is shown in Fig. 19. 

( 2 )  NASA comn~unications operating procedures were 
to be used as a basis for message preparation, 
transmission, and distribution. 

(3) Voice conferencing was to be accomplished at the 
GSFC switching, conferencing, and monitoring 
arrangement facility under the direction of the 
NASA network controller at the h4SFN operations 
center. 

(4) All mission traffic originating from, or going to, 
MSFN stations was to have GCEN as an informa- 
tion addressee. Any traffic received on-station that 
did not have GCEN as information addressee was 
to be retransmitted by that station to GCEN. In 
addition, each message will include in the first line 
of the text: mission traffic identification, NCG test 
number, and mission identification (example: Radar 
PLIhll, NCG XXX, AC-14). 
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( 5 )  Rrlorrrratting of Grand Canary anc1 Ca.rnarvon 
radar data by GSFC clntrz operatiions branch miill 
he reqnircd. Circr~its rrquirecl for reiornlatting this 
data and forwarciing to RTCS and Cape Keni~edy 
will be provided. 

(6) Comnlencing at T - 180 min, hangar AE will be 
included as information addressee on all nlission 
traffic messages. 

(7) GSFC/AFETR interface personnel will make 
patches necessary to complete Cape Kennedy cir- 
cuits shown in Fig. 24. 

3. Deep Space Network. The major elements of the 
DSN collfigured to support the Sz~roeyor VI Mission were, 
the DSIF, the GCF, and the SFOF. 

a. Deep Space Instrumentatio~z Facilitg. The DSIF con- 
figuration for tracking and data acquisition stations (Deep 
Space Stations) are so located around the earth, so the 
antennas of one of three selected stations situated 120 deg 
apart in longitude, may continuously observe a spacecraft 
during its mission. The followillg stations were commit- 
ted, as indicated, to support the TDS for the two remain- 
ing Surveyor missions: 

CARNARVON 

CAPE KENNEDY GODDARD/AFETR 
AIR FORCE I NTERFACE 
STATION CENTER 

Fig. 24. Ground eommuniealions configuration 

( I )  DSS 11 

(3)  DSS 61. 

(4) DSS 71 (Prelaunch support to ensure compatibility 
of the Surveyor spacecraft and the DSN and record 
the spacecraft telemetry from launch to loss of 
signal at horizon). 

(5) DSS 51 (Cislunar tracking only). 

(6) DSS 14: 

(a) Conlmand backup to DSS 11 during the entire 
mission. 

(b) Prinle telemetry during l~lidcourse and terminal 
descent phases. 

(c) Telemetry backup to DSS 11 during other 
portions of the mission. 

Figure 25 gives the DSIF earth track. The DSIF view 
periods, for the first 20 h, are shown in Fig. 26. 

For the Szrrueyor VI hilission, there were no major 
changes in Szcrvegor Project requirements upon the DSN 
or DSIF. The Szcruegor VI spacecraft carried a survey TV 
camera and an alpha scattering instrument, and opera- 
tions were similar to those conducted for Surueyor V. 
One exception was that the Snrueyov VI TV system did 
not produce over-deviation of the spacecraft transmitter 
as was the case with Szwoegors IV and V. Therefore the 
ground receiver frequency offsets used for these missions 
were not used for Sz~rueyor VI. 

Other changes in total DSIF support provided to the 
Sw.veyor Project include those discussed in the subse- 
quent paragraphs. 

Extended support for Sziroegor V. Extensive tracking 
support was provided during the second lunar day for 
Surveyor V. This activity helped verify that the prime 
Sztroeyor stations are properly configured and operation- 
ally capable of supporting Sz~roeyor. Tracking coverage 
continued into the second lunar night wit11 brief inter- 
rogations to determine spacecraft status. These interro- 
gatioils were scheduled with decreasing frequency until 
approximately 200 11 after sunset, at which time opera- 
tions were terminated for the Iuaar night. Preliminary 
planning then began for conducting third lunar day 
operations of Strroeyor 17, on a basis of noninterference 
with the Strrveyor VI Mission. This required simultaneous 
operation of two spacecraft on the lunar surface. 
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Fig. 25. Earth track 



Redztced prelaz4nch testing. Due to the continuing high 
level of Szrrueyo~ V activity, project requirements for the 
Surveyor VI blission prelaunch testing decreased. There 
was no special alpha scattering testing since alpha 
scattering operations were conducted with all stations 
during the second lunar day of Szwveyor V. The major 
project tests were: one flight training test (conducted in 
two phases), a video certification test (lunar operations 
test), and a single operational readiness test at T - 48 h. 
Furthermore, the DSN conducted no special system 
readiness verification tests for this mission, since data flow 
paths had been verified by extended lunar operations. 

Coverage by DSS 71. The RF compatibility tests be- 
tween spacecraft SC-6, located on the launch pad and 
DSN were supported by DSS 71. These tests were 
successfully completed on September 28 and 29, includ- 
ing verification that there is no transmitter over-deviation 
during video operations. At time of launch, DSS 71 
receives and records telemetr)~ data from T - 5 nlin to 
LOS. In addition, DSS 71 uses its CDC and telemetry 
and command processor computer to process AFETR 
telemetry data for transnlission to JPL via NASCOM 
high-speed data lines. 

However, regular DSIF configuration verification tests 
were performed. Coverage by DSS 14. The DSIF committed DSS 14, 

the 210-ft Mars station antenna, to support the midcourse - - 
and terminal descent phases of the St~rveyor VI Mission. 

Coverage 1?y DSS 72. Coverage by DSS 72 was not This will include telemetry reception and recording, and a 
available for the Surveyor VI Mission because of com- backup transmitter, if required, for comn~anding. DSS 14 
mitment of the station to the Apollo. The three-station will be available to the end of the touchdown pass. 
orbit determination solution was provided by DSSs 42, Baseband telemetry will be transmitted to SFOF in real- 
51, and 61. time upon request by the space flight operations director. 
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DSS 51 WlLL SUPPORT SURVEYOR V I  DURING LAUNCH 
A N D  CISLUNAR PHASES ONLY 

DSS 14 WlLL PARTICIPATE I N  THE MIDCOURSE AND 
TERMINAL PHASES O N L Y  

TELEMETRY 
AND COMMANDS 

Fig. 27. Deep Space Network/GCF configrrrcrtion diagram, Surveyor a / /  

J B L  TECHNICAL MEMORANDUM 33-301 



1;. ?'!:c DSN co??~inu?~icciiio!?x sysieiii, 'Tlri. (:CF circuit 
eoniigur-ation for Stiroe!jor VI is slion71-1 in Fig. 27. Tlie 
c'ha~-Igcsiin the GCF s i ~ ~ c c  the Srrrceyor V Mission 
Lire till minor iil scope as fo l lo~~s :  

(1) One temporary JPL/GSFC voice iilterconllect was 
added October 27-November 13, 1967 to comply 
\vith the Strrueyor support instrumentation require- 
inents clocument that specifies voice data circuits. 

(2) The teletype circuits remain the same as for the 
Strrvepor V hlission (Fig. 28). 

(3) The changes in the high-speed data system since 
the Stcrveyor V bfission consist of rerouting the 
96-kHz line to Goldstone during midcourse and 
touchdo\vn. The 96-kHz line will carry DSS 14 
high-speed telemetry data direct to the SFOF 
telemetry processing station rather than through 
the DSS 11 CDC (Fig. 29). The Carnarvon data, 
via the DSS 42 CDC, and the high-speed data line 
will be available as in IJrevious Surveyor missions 
(Fig. 30). 

(4) The JPL/Goldstone micro\vave systems have not 
been changed since the previous Strrveyor missions. 
However, the ~naintenance coverage scheduled 
during the inidcourse and touchdown/terminal 
phases was increased for the Srwveyor VI Mission. 

(5 )  The communicatioils processor, from a communi- 
cations standpoint, is go and is well capable of 
supporting the Surveyor VI Mission. The docu- 
mentation by the Surveyor Project, DSIF and 
SFOF commul~icatiol~s group has improved since 
the Stcrveyor V Mission. Figure 31 depicts a 
sample of detailed DSN GSF communications pro- 
cessor teletype circuit configurations. 

The SFOF DSN/ICS is also in excelleilt condition to 
support the Surueyor VI Mission; however, the following 
minor modifications were made: 

(1) The public illformation office for the voice of 
Sut,oeyor was relocated, and modifications were 
made to the collfiguration of the operatiollal voice 
communication system, TV, and special circuits. 

(2) A new spacecraft performance analysis and com- 
mand telemetry video digital display system pro- 
vides a visual alpha numeric display derived from 
the digital output of the Univac 1219 computer. 
This visual illformation is available on the Stiroeyo~ 
area monitors (Fig. 32). 

c. Space Flighi 0pelatioit.s Fcicility. The SFOF served 
as the eontroi a:ld pr-occssillg center for the DSN d~rrirrg 
the Srrrve!jor VI h2ission. Specifically, this included 
comtllnnicalions coi~trol, comrnal-icl trai~si~~issions, data 
lxocessing, data analysis, data display, and facility sup- 
port, as required by the DSN commitment documents. 

In addition, assistance was provided in real-time to 
ensure complete support throughout the mission. To pro- 
vide these services in ail organized, efficient, and homoge- 
neous manner, the SFOF is conlposed of three major 
sections, with several systems within each section. A brief 
fullctiollal description of how each section configured 
and supported this missioll follows. Figure 33 provides 
the SFOF functioilal block diagram for the Surveyor VI 
i\/Iission. 

Data processing system. There have been no significant 
hardware changes to the basic Strrueyor data processing 
system configuration. The 7044 V and 7040 W computers 
have been removed and the Univac 1219 computers 
illstalled in room 320. Figure 34 depicts the SFOF/1219 
computer interface. It  was plamled to use the 7044 model 
2-B system for Surveyor VI. This system is used for the 
extended lunar operations and premission testing. 

During the premission period of Szwveyor VI, per- 
formance of data systems operations was more than 
adequate. There were no manning or personnel problems 
encountered by any unit of operation. 

The X and Y string computer systems provided primary 
support for the premission period. Some premission test- 
ing was run on the W string computer system to check 
out backup capabilities. 

The Surveyor VI I\iIission used the 7044 R, conlputer 
model 2 software system for the operational readiness 
test. This system was a vast improvement over the 
previous 7044 R, computer model 2 systems used by the 
Stcrveyor Project. 

Preparation for the missioil in the input/output (I/O) 
and telemetry processing/simuIation data conversion 
center areas began approximately three weeks prior to 
nlission ORT. Preventive maintenance tests were accom- 
plished on all equipmeilt committed to the Surveyor 
Project. Data processii~g maintenance ensured that an 
ample quailtity of operational supplies was available at 
SFOF stores. 
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MICROWAVE VOICE NETS 

STATION 
MANAGER 

DATA 
PROCESSING 
SYSTEM 
AREA 

RECEIVER TELEMETRY 

TRANSMITTER 

TRANSMITTER 
MODULATOR 

SUBCARRIER 
OSCILLATOR 

'DSS 14 PARTICIPATED I N  MIDCOURSE 
AND TERMINAL PHASES ONLY. 

*STATUS NET BRIDGED TO GOLDSTONE 
OVERHEAD SPEAKERS AT ECHO 
COMMUNICATIONS. 

Special circuit uses and  remarksn 

DSS 1 4  net Station voice line. DSlF control traffic 

DSS 11 voice line extended on (L) basis i o  a l low DSS 1 4  

to monitor voice commands to DSS 11  

Widebond microwave channel used for DSS 1 4  com- 

mand confirmation to DSS 11 CDC 

Wideband microwave channel used for  DSS 1 4  receiver. 

Spacecraft telemetry dota to DSS 11 CDC receiver 

Wideband microwave channel used for  DSS 11  com- 

mand modulation to DSS 14 transmitter 

Wideband Wideband microwave channel used for DSS 1 4  CDC 

DSS 11 and receiver telemetry routed i o  Echo Communications, 

then split to DSS 11 CDC and SFOF telemetry pro- 

"Sfondard configuration for midcourse and touchdov,n wil l  be B 5 j  I4 receiver telemetry to SFOF telemetry processing sfofion via 96-kHz line. 

Fig. 25". Space Fright Operations Facili~y/BSS 14 initial circuit configuration diagram 
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I I 3.9 kHz 

ANTENNA 
I 

INCOMl NG 
TELEMETRY 
SIGNAL 

--------- 
Fig. 30. Carnarvon/DSS 42 Surveyor V I  spacecraft telemetry, circuit configuration 



DEEP SPACE 
SURVEYOR MISSION NETWORK MARINER MISSION 

CONTROL SFOD CONTROL SFOD 

DEEP SPACE NETWORK 
PIONEER MISSION 

INSTRUMENTATION 
FACILITY NETWORK 

PRIMARY CENTER 
COMhAUNlCATlONS 

Fig. 31. Deep Space Network/GCF/communications processor/teletype circuit configuration 
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Problenz aiens. The follolrring problem areas mere 
t.iicoiintert.d cfuriilti; the preinission period: 

(I) At 14:OO (GhIT), Nove~liber 4, 1967, a failure oc- 
curred in the multiply-divide function of the 
4094 Y computer central processing unit. This 
problem was discovered during the scheduled 
preventive maintenance period. The defective cir- 
cuit card was replaced to correct the problem, 
returning the computer string to operational use 
at 18:40, November 4. 

(2) At 04:00, November 5,1967, a drum parity error was 
encountered on the IBM 7320 drum of the 7044 Y 
computer. Diagnostic programs were run to deter- 
mine the failure and none was found. The loss 
of the 7044 Y computer made it necessary to switch 
to the W string computer system to continue the 
testing. Support for Surveyor during this period 
was interrupted for 19 min. 

(3) At 06:42, November 5, 1967, the B-122 Burroughs 
card reader in area 6 started misreading cards. 
Maintenance found a dirty read lamp. Cleaning of 
the read lamp corrected this problem and the 
reader was placed back in operation at 06:55, 
November 5. Total loss of time was 13 niin. 

(4) At 20:10, November 5, 1967, a carriage feed roller 
failed on the 7040 Y computer, 1403 printer 1. 
The roller was replaced and the printer was re- 
turned to operational status by 20:40, November 5. 
During this 30-min period, the 7040 Y computer 
output printing capability was reduced, causing 
only minor inconvenience. 

(5) At 03:00, November 6, 1967, the PDP-7 computer 
1 could not gain access to the IBhlI 729 tape 
decks. Maintenance personnel found memory buf- 
fer bits 5 and 6 true at all times. The problenl was 
corrected by placing pulse amplifier B201E and 
flip-flop BC620C. Operations were restored to nor- 
mal at 06:00, November 6. 

(6) At 08: 15, November 6,1967, the data chief assigned 
at the data processing control center could not 
switch the 1/0 tasker console in area 6 from the 
W or Y computer strings. Maintenance personnel 
found that the computer selector switches on the 
1 / 0  console were stuck in the on position. The 
selector switches were repaired and operation was 
restored to normal at 08:38, November 6. 

(7) At 03:35, Nove~ilber 7, 1964, the 1xi1go plotter in 
area 6, encountered a plottc.1 arrii problern. There 
was a loss of the +2O-V reference voltage to the 
plotter arm. The +20-V reference logic can, 41136, 
was restored in the dc amplifier asembly. Nor~xal 
operation was restored at  03:45, November 7. 

Data systems section. Data systems operation per- 
formed real-time operation of computer systems, key- 
punch, expediter/library functions, and nonreal-time 
computer operations for tracking data processing. Data 
processing support in the simulated data conversion 
center, telemetry processing system, and 1/0 user areas. 

Operational control of these areas was provided at  the 
data processing control area. 

Commt~n~ications section. In performing the tasks to 
support the Szwveyor VZ Mission, the communications 
section made use of two separately administered com- 
munications systems: the DSN GCF, and the SFOF ICS. 

The GCF provided full-period, leased, four-wire voice 
circuits; full-period, full-duplex, leased teletype links; 
full-period, leased, high-speed data circuits for the pur- 
pose of transmitting spacecraft telemetry requiring a 
higher bit rate than that of teletype; full-period, leased, 
wideband data circuits between the SFOF and the 
Goldstone Deep Space Stations. 

For teletype switching, the Sz~rueyor VZ Mission used 
the JPL communications processor. The communications 
processor is the switching center for DSSs 11, '12, 13, and 
14 at Goldstone and HAC, and performs switching func- 
tions for data processing and operational functions within 
the SFOF. The communications processor capabilities 
include switching, real-time monitoring, quick-access 
message logging, and allows the use of quick-access mes- 
sage recall. 

The JPL con~munications processor switching center 
is linked to the GSFC. The GSFC communications pro- 
cessor is the principal switching center for the NASCOM 
system, and is the single access point for all DSN over- 
seas and Cape Kennedy traffic. 

The ICS provided a system for receiving, switching, 
and distributing all voice, teletype, and high-speed data 
and closed circuit television to all users in the SFOF. 
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i - - - - - - -1  
i - - - - - - - - - - - - - -  

SFOF COMMUNICAIIONS LtNTkR VSN GROUND LOMMUNICATIONS 

- - 
FULL DUPLEX LlRCUlTS 
BETWEEN SFOF AND 
DSS 11, 42, 51, AND 61. 

3 FULL DUPLEX CIRCUITS BE- 

FROM HIGH-SPEED 
DATA KEYER 
AT DEEP 
SPACE STATIONS DSS 42 1200 blts/s 

DSS 61 1200 bits/~ 

1 VOICE TO 
DSS 42,51,61, 

3 VOICE TO 
DSS 71 AND 
WILDING A 0  

GOLDSTONE ONLY 

---- 

GOLDSTONE 
SURVEYOR XTV-GDHS 

VIDEO PROCESSING AREA 

FROM HIGH SPEED 
DATA TRANSMISSION 
KEYER I N  BUILDING A 0  

- INDICATES AREA ASSIGNED TO SURVEYOR 
ALL EQUIPMENT WITHIN THESE AREAS ARE RIR- 
NISHED BY THE SURVEYOR PROJECT UNLESS 
OTHERWISE INDICATED (SEE LEGEND BELOW) 
OR INDICATES SURVEYOR EQUIPMENT I N  N O N -  
SURVEYOR AREAS 

-- MAJOR EQUIPMENT GROUP OR SUBSYSTEM BOUNDARY 

DSN FURNISHED EQUIPMENT I N  SURVEYOR DESIGNA- 
TED AREAS 

INDICATES A N  ELECTRICAL INTERFACE BETWEEN A 
DSN AREA AND A SURVEYOR AREA LETTER- NUMBER 
DESIGNATION IS THE IDENTIFICATION OF THE INTER- 
FACE I N  THE DSN/SURVEYOR INTERFACE DOCUMENT 

INDICATES A N  ELECTRICAL INTERFACE 
BETWEEN A DSN AREA AND A SURVEYOR AREA I N  
WHICH BOTH SIDES OF THE INTERFACE AREA ARE FUR- 
NISHED BY THE SURVEYOR PROJECT 



i Y  SWIiCHING MATRIX STATUS - -  - 7 -- - - - - - - .- -- - - - -- - -- 

/ , SFOF DATA PROCESSING SYSTEM 1 GI DISPLAY SYSTEM 

- -- -- -. .- - -- - - 

/ DSlF SWITCHING MATRIX 1 

------------- 
TELEMETRY PROCESSING STATION 

I 
I 
I 
1 

I 

I 

I 
I 

I 
- --1 NOTE 

I THERE ARE THREE HIGH SPEED INPUT 
CHANNELS TO EACH 7044. ANY 
TWO AND ONLY TWO OF EITHER 
PDP OR THE MA-C PHONE LINE 
FORMATTERS CAN BE CONNECTED 
TO EACH 7044 

I 

I 
I 
I 
I 

Fig. 33. Space Flight Operations Facility functional block diagram 
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SFOF TELEMETRY PROCESSING STATION I AFETR 

DIAL LINES FROM 
SFOF AND DSS11 

TIME AMPLIFIER 

------ 
SFOF ROOM 320 

201 VOICE SET 

DATAPHONE 

------- 
SPACECMFT 

PERFORMANCE 
ANALYSIS AREA 

TRANSMIT 
C--, 

TO SFOF CCTV 

I 

I INTERCOM 

--I - - - -  

INTERCOM - - C INTERCOM 

- 

DlAL LINES 

----------------------- 
DSS 11 1 

I SYSTEM TESTER 
COMMAND BUFFER HAC 

Fig. 34. Space Flight Operations Facility/l219 computer interface, Surveyor VI 



Space Flight Operations Facility operations and sup- Table 14. Summary of tests conducted prior to 

port. Operations prepared and operated the display the Surveyor VI Mission 
system, DSN monitoring system, and filled the support 
chief position. Support consisted of the following: 

(1) Internal access control. 

(2) Discrepancy reporting system. 

(3) Equipment failure reporting system. 

(4) Maintenance and operation of all electro/ 
mechanical equipment and building facilities. 

(5) Scheduling of DSN resources and logistic services. 
(2) Included standard operational procedures and 

(6) Reproduction services. emphasized nonstandard operational procedures. 

(3) Required handling, processing, and interpretation 
B. Tests of the full range of mission data under conditions 

The Surveyor VZ Mission required testing support to of normal and degraded communications. 
assure mission success. The various classes of tests, and (4) Generally established the operational readiness of 
the actual testing performed, are discussed in the sub- the space flight operations /DSN for the Surveyor 
sequent paragraphs. mission. 

November 

6  13 20 27 

4 

Test 

Class B - communications processor/ 

7044R, model 2 computer 

Flight training 

Operational readiness 

The facility internal tests (class A) were scheduled 
1.  Air Force Eastern Test Range. The first two ORTs, 

and conducted by each station manager and involve only 
the individual station. (There was Deep Space Station conducted October 23 and 27, were not conclusive 

or SFOF participation.) The class A tests used the stan- enough to assure that the telemetry retransmission system 
was ready to support the launch, and it was necessary to dard sequence of events and were employed as a count- 

down exercise. The two test phases were: those that reschedule the telemetry portion of the test for Octo- 

prepare the station for class B tests, and those that were ber 30. Adequate data paths were not ~rovided through- 
out the 8-h test duration. designed to train personnel for class C tests. Both test 

October 

2 9 162330  

4 

4 

phases developed-the ability of the personnel to use 
Telemetry from alternate data paths was not available 

proper procedures and hardware within a time con- 
to the range user. The AFETR reported that alternate straints. The prime stations continually perform signifi- 
data paths had been established and checked out; how- cant sequences in the class A tests for practice, station 
ever, they believed the switch panel at KSC did not countdown, and training of personnel. 
allow data from these circuits to be sent to the range 

The space flight operations/DSN functional compati- 
bility tests (class B) ensured that the ground-based 
facilities are compatible with, and capable of processing, 
spacecraft command, telemetry, and video data. Class B 
tests were not performed in real-time and did not require 
adherence to operational procedures. Table 14 provides 
a summary of tests conducted prior to the Surveyor VZ 
Mission. 

user. An action item was assigned to the range to investi- 
gate the capabilities of the switch panel for providing 
data from alternate paths to the range user. The AFETR 
also reported that data transmission problems would be 
eased if the NASCOM communication satellite circuits 
from Ascension could be released for their use. The 
AFETR participated in all tests, while the MSFN sup- 
ported the tests on October 27 and November 5. The 
DSN participated in the final ORT on November 5. 

The operational tests (class C) ensured that all ele- 
a. Operational readinem tests. Two TDS tests were ments of the space flight operations/DSN, including the 

technical and operational personnel, were capable of scheduled prior to the full project ORT. The ORTs are 
summarized in the subsequent paragraphs. totally supporting the mission in accordance with the 

- ~- 

Surveyor space flight operations plan. The class C tests: Operational readiness test 1. On October 23 ORT 1 
(1) Used the full complement of personnel required was conducted without the support of the Coastal 

for the Surveyor flight operations. Crusader. Subcable support was not available either 
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because of a higher priority test. Tlie follouli~lg stations 
in the test: 

(1) Antigua 

(2) RIS Stcorcl Knot. 

(3) Ascension. 

(4) Pretoria. 

(5) RIS Ttciiz Falls. 

Although the total test time exceeded 6 h, no usable 
telemetry data were received from the real-time trans- 
mission system. The AFETR radars at  Antigua, Ascen- 
sion, Pretoria and the Twiia Falls transmitted simulated 
metric data to the RTCS during this test. All data flow 
was good except for the Ttcirz Falls data. A data tape 
was played from the Tzciiz Falls, which was located at 
Antigua. The data, which contained many hits, were 
barely usable for orbital computations. The RTCS input 
and output of data appeared good. 

Operational readiness test 2. On October 27 all MSFN 
and AFETR stations and ships scheduled to support 
the launch participated in ORT 2. Good telemetry check- 
outs with Grand Bahama, Antigua, Pretoria, Ascension 
and the Coastal Crusader were conducted in the minus 

Goocl data \verc received from the Constnl Crrtsader. 
Ascension data n7e1.e less than 20% usable; Pretoria 
approximately 15%'; and d?;e Sri:ol+d Knot completely 
unusable. In each case, this was attributed to poor RF 
propagation and the stations were subsequently released. 
A repetitive error was noted in the Twin  Falls data. This 
was cleared immediately after notifying the KSC telem- 
etry coordinator. 

Project ORT-Nooe~itber 5. All DSN, MSFN and 
AFETR stations and ships scheduled to support the near- 
earth phase of the Szwueyor VI Mission participated in 
this test. 

Good telemetry data were received from the Tzubz Falls 
throughout the minus and plus counts. Satisfactory 
checks with Ascension, Pretoria, and the Szuord Knot had 
not been acconlplished by T - 90 min. Checkout of the 
Stcord Knot was completed by T - 47 min; however, no 
usable data were provided by Pretoria. Although pre- 
viously planned, the NASCOM H F  circuit from Ascension 
to Cape Kennedy was not used during this test. With 
vehicle data from the Coastal Crusader being relayed 
through Ascension, adequate data paths for spacecraft 
data were not available. 

count, The Coastal Crusader was reconfigured for ve- 
hicle data transmission. A hold of 30 min was called in 

Metric support from Antigua and Ascension was not 

an unsuccessful attempt to conduct a good telenletry scheduled because of the flight azimuth. All metric track- 

checkout with the Twin  Falls and the S t ~ o r d  Knot. ing and computed data were delivered satisfactorily, 
with the exception of the DSS 51 predicts which were 

~~~i~~~ the plus count, only cral1d Bahama and again garbled. This was cleared prior to launch. 

Antigua provided usable data. The Ttcin Falls was held 
over after the test in an attempt to establish a good data 2. Deep Space Network. The DSN supported the 
circuit. This was unsuccessful, and the ship was fillally Surveyor Project test plan including various operational 
released at approximately 20:OO GblT (total time in test compatibility and integration tests. The tests conducted 
8 11). The S1c;ord Knot was released because of the confi- in preparation for the Suroeyor l 7 I  flight are discussed 
dence built up from their demonstrated past performance. in subsequellt paragraphs. 

The AFETR, MSFN and DSN metric data from ORT a. Spacecraft SC-G/DSS 71 compatibility test. The 
2 were processed at the RTCS, although the acqui- 

primary objective of this test was to demonstrate the 
sition messages for Grand Canary and Tananarive were 

ability of a typical DSIF station, represented by DSS 71, 
sent late-the MSFN simulated tapes, and the data flow 

to acquire command configuration with the spacecraft. 
from the MSFN sites, proved satisfactory. The quality 

This involved measuring those spacecraft and ground 
of the data played from the Twin  Falls simulation tape R F  systems parameters that related to the command link. 
was much improved. The RTCS performance was good 

Such parameters include transmitter and receiver fre- 
with the exception of garbled DSS 51 predicts. 

quencies, receiver thresholds, and receiver acquisition 

Reschedttle of telemetry ORT-October 30. The intent and tracl<il% ranges. 

of this test was to obtain a good checkout with each of 
the downrange stations and ships and then releasc them. A secondary ohjrctive of this test was to obtain 
Antigua and Grand Ballanla were not scheduled to ~lleasurements of spacecraft SC-6 nlodulation parameters 
participate. to verify that they are nlithin the specified limits. 
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For this test, the spacecraft was encapsrilatecl in the 
shroricl, rnonnted 011 the larrnch vehicle on launch eom- 
picx 36, and thci cntire assen~blage mias enclosed by tllc 
service to\ver. The clirectio~xil R F  link between the service 
tower and DSS 71 m7as used. Figure 35 shows the DSS 71 
test configuration. 

The variable attenuators between the antenna and the 
transmitter and receiver were for performing threshold 
tests of the spacecraft and ground receivers. The printer 
was used to print out an apparent biased doppler fre- 
quency during the narrowband, voltage co~ltrolled aux- 
iliary oscillator frequency drift test. The spectrum 
analyzer provided a means of observing the spectral 
content of the wideband, voltage-controlled auxiliary 
oscillator during the wideband frequency modulation 
test. The wave analyzer and rnls voltmeter (part of the 
wave analyzer) were used during the search for spurious 
signals and the carrier suppression and subcarrier side- 
band power tests. The magnetic recorder recorded all 

test seqitencei TI ansmrtte~ flequency ~ l e ~ v l ~ ~ g  n7ai ac- 
complished by  use of thc data input srrlxyiter~~ tvitlr 
paitrcul'ir lsrogiarn tccht~~cjues This p~oglarninii~g al- 
Ionled the hequency to he slex-c7ecl at a plescribcd rate 
and causes the conlputer to stop the slewing ramp when 
downlink, loss-of-lock occurs. During the automatic 
frequency control portion of the test, the computer was 
stopped mallually when the system test equipment as- 
sembly telemetry engineer reported the occurrence of 
the desired spacecraft response. 

The CDC at DSS 71 was used to command the space- 
craft during all test periods, except power turn on. 
Conlmand n~odulation was applied for all uplink tests 
except automatic phase control and automatic frequency 
control acquisition frequencies test. 

C. Test Results 

The data presented in this subsection describes the 
spacecraft SC-6 compatibility test conducted by DSS 71 

TIME 

VOICE 

Fig. 35. Test configuration for DSS 7 %  
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or: Septelnhe~ 28-29> 1967 The \ ~ :acc~mf t  tallb~ation 
data, cor r esponcl~ng to telemcte~ eci data nrrrnbels, \vas 
ol>t,trrleci 1lon1 the telemetly calrhrairon hanclbook i'ol 
sl;acecmnirt SC-6 If aIlowaucp is made for rneasuiernent 
accuracy, the spaceciaft and giot~nd systems pelformed 
within specified limits in the cases where specifications 
are clearly defined. 

I .  Spuriozcs signals. The downlink spectrum was 
searched for spurious signals under the following con- 
ditions : 

(1) Two-way phase lock, high-power mode. 

(2) One-way phase, lock, high-~ower mode, transponder 
on. 

T h e  only sigilals noted in the spectrum were ca.rrier 
or teiemetrp componei-its. Variatiolls in the observed 
frequencies \\i\iere eat~secl by c2urier frequency drift \vhilt 
in the l~igl~-l?o\ver mode ancl not in t n~o-n~ iy  lock. 

During initial testing of spacecraft transmitter A, the 
3.9-kHz telemetry components did not appear to be 
present at normal power levels. At the conclusion of the 
compatibility test, the spacecraft was reconfigured to 
the conditions required for the spurious signal test 
and the test rerun. At this time, telemetry components 
appeared to be at the expected levels. No explanation 
to the original anomaly is known. 

(3) One-way phase lock, high-power mode, transponder 2. Carrier suppression and sideband power. The speci- 

off. fied values of carrier suppression and P,/Pt (total first- 
order sideband power relative to the unmodulated carrier) 

~ 1 1  tests were performed for both transmitters A and B. were arrived at and the results indicated that the space- 
ollly signals within 30 d~ of the carrier were reported, craft modulation parameters were within the specified 
Test results are listed in Table 15 for transmitter A and limits if the measurement uncertainty was taken into 
TabIe 16 for transmitter B. account. The results are tabulated in Table 17. 

Table 15. Results of spurious signal test for transmitter A 

Table 16. Results of spurious signal tesf for transmitter B 

4 Frequency, kHz 

0 Carrier 

- 26 Telemetry 

- 26 Telemetry 

0 Carrier 
- 25 Telemetry 

-28 Telemetry 
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Table 17. Carrier suppression and subcarrier sideband power test results 

3. Receiver titreshold. The DSS 71 receiver threshold due to telemetry modes was noted. The theoretical 
was measured utilizing various telemetry modes for both threshold equals: 
spacecraft transmitters. These results are tabulated in 
Table 18. The measured threshold values were approxi- 
mately 1-4 dB below theoretical values. No degradation PC = - 198.6 f 10 log 13269 + log 12 
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nlhere 

13269 = system i~oise telnperature, O K  

12 = receiver loop banci\viclth, Hz 

P, = - 146.6 dBinW 

5. ATnrrowbcr~zd uoltnge-controlled cluxilinry oscillator 
d..!l ~ q t .  Freqric~~cy clxinge and transmitter temperature 
\\ere measured for a 40-niin period foIlowilrg high power 
turnon. The test results illdieate a. maximum rate of 
change in trailsmitter A of 2.7 Hz/s. The temper.atrrr.e 
change on transmitter A was 60°F. The maximum rate 
of change in transmitter B was 4.4 Hz/s. The tempera- 

4. Subcarrier oscillator frequencies and telemetry ture change of transmitter B was 35°F as illdicated in 
error rates. Pulse code modulator bit error rates were Figs. 37 and 38. 
measured in two modes for each transmitter. All bit error 
rates appeared llorlnal for the signal-to-noise ratios 
measured as indicated by Table 19. 

Voltage levels corresponding to the points illustrated 
in Fig. 36 were measured. These are tabulated in Table 20. 
From these data, it was determined that all measure- 
ments were within subcarrier oscillator (SCO) center 
frequency tolerances, with the exception of the 3.9-kHz 
SCO on spacecraft transmitter B which indicates ap- 
proximately 44 Hz of static offset. 

6.  Wideband frequency modulator telemetry. The  
spacecraft was commanded to the wideband voltage- 
controlled auxiliary oscillator mode and spacecraft trans- 
mitter frequency measured. For  transmitter A, the  
frequency was 2294.934656 MHz. For transmitter B, the 
frequency was 2295.019328 MHz. No spurious signals 
were observed for either transmitter. Twenty minutes of 
high power operation caused frequency shifts of 3.1 
kHz for transmitter A and 4.8 kHz for transmitter B. 

Table 18. Deep Space Instrumenfation Facility receiver threshold test results 

strain gages low power 

Table 19. Parify error rate measurements 
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Table 20. Discriminaf.or output voltages for PCM data 

A = DISCRIMINATOR OUTPUT VOLTAGE CORRESPONDING TO BINARY 0 
WHEN TWO OR MORE 0s IN A ROW ARE TRANSMITTED 

B = DISCRIMINATOR OUTPUT VOLTAGE CORRESPONDING TO BINARY 1 
WHEN TWO OR MORE 1s IN A ROW ARE TRANSMITTED 

C = DISCRIMINATOR OUTPUT VOLTAGE CORRESPONDING TO BINARY 0 
WHEN ALTERNATE 1s AND 0s ARE TRANSMITTED 

D = DISCRIMINATOR OUTPUT VOLTAGE CORRESPONDING TO BINARY 1 
WHEN ALTERNATE 1s AND Or ARE TRANSMITTED 

Fig. 36. Pulse code modulator waveform test points 

The spacecraft was then commanded through the fol- 
!.owing modes and the PCM discriminators and decom- 
mutators were locked in each mode: 

(1) 33-kHz SCO at 4400 bits/s. 

(2) 7.35-kHz SCO at 1100 bits/s. 

(3) 3.9-kHz SCO at 550 bits/s. 

When testing spacecraft transmitter B, the 3.9-kHz 
SCO was commanded ON before the 7.35-kHz SCO was 
commanded OFF. At this time, the 3.9-kHz discriminator 
signal-to-noise ratio was observed to be very low. The 
CDC decommutator \vould not stay in lock due to exces- 
sive errors. The 7.35-kHz SCO was commanded OFF 
and the condition did not change. When the demodulator 

inpnt switch on the CDC demodulator lvas switched 
from wideband Fhll to narrowband F M  position, the 
3.9--kHz discriminator irlclicated a strong sigllal and 
the decomrnutator locked up with no problem. At the 
conclusion of the compatibility test, the spacecraft was 
returned to the configuration required and the 3.9-kHz 
SCO was checked. All indications were normal and the 
previous problem could not be duplicated. No explana- 
tion of this is known. 

7. S h  hundred-line TV frequencies. Spacecraft fre- 
quencies corresponding to TV sync, porch, PCM one and 
PCM zero were measured. Before the measurement, the 
DSIF receiver was adjusted so that the 10-MHz output 
to the CDC was exactly 10 MHz. This was done with the 
spacecraft transmitter on wideband voltage-controlled 
auxiliary oscillator, high power RF mode and survey TV 
camera power off. Both transmitter outputs were identical 
and the measured frequencies referenced to the 10-MHz 
output are shown below. 

Parameter 
- pp 

Frequency, MHz 

Sync tip 
Porch 
PCM one 
PCM zero 

The transfer curve of the CDC FM demodulator used 
to obtain the TV frequencies is shown in Fig. 39. 

8. Spacecraft receiuer phase-lock threshold. The re- 
sults of this test and the tests for automatic frequency 
control threshold are tabulated in Table 21. Both re- 
ceivers met or exceeded the threshold specification at 
best-lock frequencies. No specification is known for 
threshold at t 7 0  kHz. Receiver A degraded 13.7 dB at 
70 kHz and receiver B degraded 9 dB at 70 kHz. This 
amount of degradation has been observed on prior space- 
craft. The test was conducted with command modulation 
applied. 

9. Spacecraft receiver nutonzatic frequency control 
threshold. The threshold of both receivers at -+50 kHz 
was comparable to thresholds measured on previous 
spacecraft. No specification for this is known. 

10. Spacecraft receiver phase-lock tracking range. The 
results of the automatic phase control and automatic 
frequency control thresholds, acquisition frequencies, 
and tracking range tects are listed in Table 22 and shown 
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TIME FROM HIGH VOLTAGE ON. min 

Fig. 37. Transmitter A, narrowband voltage-controlled oscillator drift rate 

on Figs. 40 and 41. Receiver A tracking range exceeded 
+19 kHz at 3 dB above threshold. Receiver B tracking 
range exceeded t 2 7  kHz at 3 dB above threshold. At 
strong signal, both receivers exceeded 1-70 kHz. 

11. Spacecraft receiver phase-lock acquisition frequen- 
cies. The results of these tests are give11 in Table 23 and 
shown on Fig. 40 and 41. Results of this test indicate 
the following best-lock frequencies: 

12. Automatic frequency control tracking mnge. The 
tracking range at both strong and weak signal levels was 
greater than 2 5 0  kHz for both receivers. 

13. Automatic frequency control acquisition freqtcen- 
cies. The results of this test are tabulated in Table 24 
and shown in Figs. 40 and 41. The acquisition frequencies 
indicate the following automatic frequency control center 
frequencies. 

Receiver Frequency, h4Hz Temperature, O F  Receiver Frequencj~, MHz Temperature, O F  

A 2113.311264 84.92 A 2113.315440 83.15 
B 2113.320240 82.24 B 2113.317648 81.38 

--- 
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TIME FROM HIGH VOLTAGE ON, rnin 

Fig. 38. Transmitter B, narrowband voltage-controlled oscillator drift rate 

D. Conclusions cases for the spacecraft performance analysis and com- 

1.  Spacecraft SC-6/DSS 71 compatibility test. The mand computer programs. Command confirmation net- 

spacecraft and DSS 71 systems met, or exceeded, test work data were generated at DSS 61 and routed through 
the system. An u~lsuccessful attempt was made to prepare requirements except the 3.9-kHz SCO on the spacecraft 
a command tape message for transnlission to DSS 61. transmitter B indicates a static offset of approxinlately 

44 Hz. The antenna at the service tower was boresighted 
on DSS 71 during this test. This provided a more stable 

During the test, the AGCM, CPPM, PLAS, and SCPS 
progratns were run with no problems; however, the 

R F  li~lk than has been observed on previous tests and 
CVTS program failed to operate in the "prepare to 

resulted in a shorter test time. 
transmit" mode. This made it impossible to transmit the 

2. Class B test for 7044R computer program, nzodel 2.  message generated by SCPS to- DSS 61. The failure 
The 7044 computer real-time program was updated to would not repeat at a later date, and the cause has not 
the model 2 version between St~rveyors V and VI Mis- been determined. 
sions. This necessitated a test, which was conducted on 
October 13, to qualify the new version. "Canned telem- Numerous minor errors occurred in the telemetry dis- 
etry and tracking data were used along with selected test plays, but most were corrected prior to launch. As a 
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Table 21. Spacecraft I-eceiver threshold test results 

I 1 1 1 Strong signal I Threshold 1 I 

result of this test, the 7044R computer program, model 2, 
was certified for the Szaveyor VI Mission. I 1 @SYNC T I P  = -1 .24  MHz I 

3. Class C series, flight training tests. The objective 
of this 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 nlission that occur during the 
transit phase. The test was conducted in two segments 
covering the following parts of the transit sequence of 
events: 

(1) Midcourse: first run, Ad - 2 h, 45 min, to A4 + 20 min, 
second run, A4 - 50 min, to A4 + 20 min. 

(2) Terminal: R (retromaneuver) - 2 h 45 min, to 
TD (touchdown) + 36 min. 

Both midcourse and terminal segments of the test were 
accomplished on the same daj7 (November 5). In each 
segment, spacecraft and/or space flight operations sys- 
tem anomalies were simulated by the test conductor and 
simulation team. 

FREQUENCY, Hz 

Fig. 39. Demodulator frequency response 

The midcourse segment of the test was divided into they were not able to achieve decommutator lock. Sub- 
two phases. In the first phase when the telemetry was sequent investigation by station personnel determined 
switched from mode 5 to nlode 4, DSS 11 reported that that the Barker word was missing from the sync pattern 
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Table 22. Spacecraf t  receiver phase-lock tracking range" 

Conditions 

DSS 71 transmitter 

attenuator, dB 

Spacecraft receiver 

input power, dBmW 

Lower frequency limit, MHz 21 13.296960 2 1 13.294560 21 13.238496 

BEST-LOCK FREQUENCY 21 13.31 1840 APC CENTER FREQUENCY 21 13.313184 

-60 

-80 

Fig. 40. Spacecraft SC-6 receiver A automatic frequency control a n d  automatic phase control 

acquisition and tracking frequencies 

AFC = AUTOMATIC FREQUENCY CONTROL 

APC =AUTOMATIC PHASE CONTROL 
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111 data $1 ,mi s f r  orm the erigmecling eo~nmrrtator s IVrth 
t l x s  lano\.irledge n\~arlable, ~t T V ~ S  pocclble to plogr am the 
c~eccirnmrrt,~tor to lecogni/r the Balker eonl~~lemeut'c aild 
ti) maintain lock No iutther anomalies n7el e encounteled 
until the fllght control progiamrner was loaded with the 
quantity for the first preinidcourse maneuver. At this 
time, the maneuver started without being commanded. 
Various other anomalies occurred and were cornpoul~ded 
by frequent data outages. As a result, the spacecraft per- 
formance analysis and command group could not con- 

C O ~ I I T Y \ I ~ ~ ~ C ~ ~ I O I ? ~  ~ I O C ~ S \ O I  BICR TCII mmute5 aftel the test 
st,ilted illc T/O coniole it1 the spacecraft perl-o~mance 
an'lljsrs CULCI i d i l ~ d  c i ~ l ~ f  i l ~ e  ~ ~ ~ ~ I ~ G C L I I I ~  C O I I I J ~ U ~ ~ ~  p10 
g1,1111 opeiat~on giorrp \ \a \  foicecl to move to the Wrght- 
path-analys~s area. After scvelal relat~vely rn~nor fl~ght 
cont~ol anomalies, the midcouise thiusting was accom- 
plished 1 mill late. It  was apparent from this test that 
data handling operatioils are severely handicapped if 
the engineering computer program operations group can- 
not operate in the spacecraft performance analysis area. 

figure the spacecraft for a midcourse burn within the In terlnillal segment of the test, the Right control 
time co~rstraints imposed by the flight-path-analysis area. programmer register would not accept the maneuver 
An alternate midcourse maneuver was recommended. quantity for the first maneuver and the maneuver was 
Upon investigation, it was determined that the simulation accomplished using the manual delay mode. The other 
did not fully support the planned flight maneuvers were perforlued normally ill the automatic 
and was misleading to the spacecraft performallce a n a l ~ -  ape r ti^^^ proceeded normally until just prior to 
sis and coinmand group. AMR Power On when the spacecraft signal level dropped - - - - 

The second midcourse phase was delayed for approxi- approximately 20 dB. The spacecraft performance anal- 
mately 20 min because of an equipment failure in the ysis and command group reconlnlended the use of the 

A K  = AUTOMATIC FREQUENCY CONTROL 

APC =AUTOMATIC PHASE CONTROL 

ION FREQUENCY I 

AFC THRESHOLD APC TRACKING RANGE 

APC THRESHOLDJ 

BEST-LOCK FREQUENCY 2113. 317936 AK CENTER FREQUENCY 21 13. 318944 

Fig. 41. Spacecraft SC-6 receiver B autsrnca!ie frequency controi and  alstamertic p h a s e  control 
acquisi9iran and t racking f requenc ies  
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Table 23. Spacecraft receiver phase-lock aeqwisi!isn frequencies tes ta  

DSS 7 1  transmitter 

Spacecraft receiver automatic 

gain control, dBmW 

Spacecraft receiver static phase 

Acquisition relative to best 

Upper acquisition 2113.310112 21 13.314528 2 1 13.320384 

frequency, MHz 

Spacecraft receiver automatic 
gain control, dBmW 

Spacecraft receiver static phase 

Acquisition relative to best 

data link recovery tape to switch to the other transmitter. 
This course of action was disapproved by mission con- 
trol, and the landing was made by commanding blind. I t  
was noted in the test critique that the loss in signal 
strength was intended to sinlulate the failure of a 
traveling-wave tube. However, if such a failure had 
occurred, the loss in signal strength would have been 
approxin~ately 50 dB, rather than the 20 dB simulated. 

In  general, test objectives were achieved and useful 
experience gained. 

4.  Operational readiness test. The objectives of this 
test were to exercise the total space flight operations 
system in the Srrroeyor VI Mission activities preparatory 
to launching, and in the conduct of significant phases of 
the mission. Emphasis was on integrating all elements 
of the space flight operations system and exercising as 
many interfaces as possible among interacting elements. 

This was a final rehearsal for the mission intended to 
verify the flight readiness of the systems. The test was 
conducted in one continuous session consisting of the 
following three seglnents : 

(1) Prelaunch through initial spacecraft operations: 
T - 14 h, to T + 2 h. 

(2) Midcourse: Ad - 3 h, to A4 + 30 min. 

(3) Terminal: R (retromaneuver) - 3 h, to TD (touch- 
down) + 30 min. 

No anomalies were inserted in the system by the test 
conductor. All three segments were relatively uneventful 
except for numerous data outages and computer break- 
do~vns. As in the flight training test, the Univac 1219 
computer proved to be a very valuable backup to the 
SFOF data s).sten-r. I11 general, test objectives mere met. 
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Table 24. Automatic f requency  conDroi made acquisition frequency tesf" 

temperature, O F  

DSS 71 transmitter 

attenuotar, dB 

Automatic frequency control 

at acquisition, kHz 

Upper acquisition frequency, 21 13.328160 21 13.332096 21 13.326432 21 13.324800 

Automatic frequency control 

5. Test coordination and simulation. In order to con- 
trol and execute the class A, B, and C test series in 
accordance with the objectives and directives stated in 
the test plans, a test coordination team was formed in 
July 1964. The basic responsibility of the test coordina- 
tor was to create the total test environ~2nt. The most 
important function of the test coordinator was to gather 
and specify in detail the data sinlulation requirement 
for each test and to plan for a timely and realistic display 
presentation to the operations personnel. To carry out 
these functions, the test team was divided into telem- 
etry, tracking, science, and TV simulation groups. 

on time and mailed to AFETR and the Deep Space Sta- 
tions in time for the scheduled tests. 

The spacecraft/DSIF compatibility test was performed 
at DSS 71 on September 28 and 29, 1967. The tests 
proved that the spacecraft is compatible with the DSIF 
except that the 3.9-kHz nlodulation index SCO has a 
static off set of approxinlately 1 % . 

The static offset of the 3.9-kHz nlodulation index SCO 
is outside the normal expected value. The stations will be 
informed and it is not expected to seriously affect the 
ability of the DSIF to process telemetry. 

The prime responsibilities of the test coordinator and 
his staff are: (1) to plan the telemetry and tracking data 
packages, including problems, starting about 2 mo prior 
to the scheduled test; (2) to prepare and mail data pack- 
age 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) to control, during the test, the play- 
back of the telemetry and tracking data, including 
problems, to produce a realistic mission sirnulation. 

The data paclzages produced in support of Szi14z;eyor VI 
Mission were for the class A series tests and the oper- 
ational readiness test. All these packages were delivered 

Graphic presentations of spacecraft SC-6 calibration 
data are given in Figs. 42, 43, and 44. The Survegor 
Project/DSIF interface con~nlunications during test se- 
quences are shown in Fig. 45. 

V. Tracking and Data System Flight Supporf 

A. General 

The TDA support, provided by the AFETR, AISFN, 
and the DSN, for the Szcrueyor V I  Mission are sum- 
nlarized here. A brief Aight review and actual flight 
coverage is presented, from countdown through the end 
of the mission, placing emphasis on the significant events. 
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Fig. 42. Automatic gain control vs data number at 75OF 

DATA NUMBER 

Fig. 43. Static p h a s e  error vs data number at ambient  temperature 

B.  Countdown nlin. Liftoff was scheduled for 07:22 GMT, on Novenlber 
The planned countdo\vn for Novenlber 6-7, 1967 in-. 7, with a Bight azimutll of 81 deg. The launch n7iirdoni 

cluded two built-in holds; one of 60-mi11 duration at cturation was 55 min. The actual countdo\vi~ time sum- 
T -- 90 min, and a second of 10 mi11 duration at T - 5 mary is shown in Table 25. 
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Table 25. Surveyor VI countdown t ime summary 

Event 
Time before 

launch, min Time, GMT 

test 

End system readiness test I - 23:48" 

Start vehicle countdown 335 00:37 

Start 60-min built-in hold 1 9 0  
1 0 1 4 2  1 

Start spacecraft countdown 90  05:12 
(during hold) 

End built-in hold; resumed 90 05:42 

count 

Start 1 0-min bui l t- in hold 5 07:07 

Hold extended; better I 5 I 07:17 

TDS coverage I 
Resume count 5 1 07:34 1 
Liftoff I 0 1 07:35' I 

I %November 6, 1967: subsequent times ore November 7. I 

456 550 650 

DATA NUMBER 

Fig. 44. Automatic frequency control 
vs data number at 7 5 O F  

The JPL/AFETR mission operations center was 
manned and operational by 18:OO on November 6. The 
spacecraft system readiness test (SRT) was started on 
schedule at 18:50. The first spacecraft frequency report 

DSN = DEEP SPACE NETWORK 

CDC = COMMAND DATA CONSOLE 

DSIF = DEEP SPACE INSTRUMENTATION FACILITY 

STATION 
CONFIGURATION I FREEZE 1 

OPERATIONAL 
READINESS 
TEST 

Fig. 45. Surveyor Projecf/DSIF inferface 
communications 

was transmitted verbally to the SFOF at 20:05, followed 
later by teletype confirmation. A total of six frequency 
reports were sent during the SRT and countdown. The 
SRT progressed normally and was satisfactorily com- 
pleted at 23:48. 

At 23:35, the supervisor of range operations reported 
that telemetry and beacon checks and downrange telem- 
etry data flow checks would be delayed until completion 
of a higher priority launch. 

The vehicle countdown was started on schedule at 
T - 335 min, at 00:34 on Novenlber 7'. Some resequenc- 
ing of activities \vas performed to minimize the delay. 
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The first RF propagation forecast was received from The teletype circuit to DSS 51 \ria. Ascension was 
AFETR at 02: 17. Six of these forecasts, each activated for make-good purposes. 
tlie propagation coliditions for T - 0, m7c.ere provided. 
Tahle 26 lists the forecast conditions. During tlie coruntclo\t,n, a major system failure \vas 

experienced at 03:50 GhtIT. This caused an outage be- 

The telemetry checkouts were started late due to the tween Cocoa Beach and Polk City, Fla., affecting all of 

turilaround time required from the previous launch. the voice, high-speed data, and teletype circuits to 
DSS 71, and one voice and all of the teletype circuits 
to building AO. The failure was attributed to a shorted 

In checking out the modem circuits to building A 0  and capacitor at Cocoa Beach, causing the fuses on the Polk 
DSS 71, a patching problem at  the CDC in building A 0  City circuits to b l o ~ ~ .  All circuits were restored at 04:54. 
and a bad line between building X-Y and modem 2 at 
DSS 71 were discovered and corrected. Intermittent outages, due to poor H F  propagation, 

were experienced on all of the DSS 51 circuits between 

The H F  circuits with RISs Su~ord Knot  and Twin Falls, 05:08 and 06:50. 

and the Ascension and Pretoria stations were estab- Dropouts on the DsS 51 high-speed data circuit were 
lished early; however, the only usable path prior to reported at 06:55. Attempts to reconfigure 
approximately T - 90 min was the direct H F  path from circuitry alld ineffective it was 
the Tzvin Falls. discovered that a Stelina coilverter at Riverhead, N.Y., 

was set on channel 8 instead of channel 2. The circuit was 
The H F  communications with the Szuol-d Knot, restored at 07:55, which was after liftoff but before 

Ascension, and Pretoria improved by T - 50 mill and DSS 51 acquisition. All other circuits were GO at liftoff. 
good communications were anticipated for launch. 

At T - 189 min, the AFETR reported that there would 
be a configuration change bet~veen the RTCS and build- 

The H F  communications with the TwinFalls degraded ing A 0  for the translllirsion of DSN predicts, ~h~ DSS 
from excellent to unusable after T - 90 min. At T - 30 51 and 42 predicts would be sent serially on the same 
min their H F  circuit and line, rather than silllu~taneous~y on two lines as pre- 
until T - 3 min, when the data monitor was removed. viously planned. This miould have delayed the DSS 42 , 

predicts by approximately 12 min. This was subsequently 
Special coverage was established by NASCO~JI com- changed and t ~ 7 o  lines were made available as originally 

mencing at approximately T - 6 h, and special propaga- planned. This situation occurred because NORAD, re- 
tion forecasts were provided for all H F  radio circuits quiring higher priority support, did not release a re- 
effective at approximately T - 9 h. quired teletype transnlitter until late in the countdown. 

Table 26. Surveyor V I  HF propagation forecasts 
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The ?vISt"N' rcported their states as 60, with the 
exception of the Tananarive radar, ~Llich was considered 
N O - 6 0  because of a tunnel-diode amplifier problem. 
It was stated that the Tanallarive radar s.~ould support 
on a limited basis, with some degradation expected in 
range capability. 

At T - 142 min, a Tananarive C-band transmitter 
ranging problem was reported; however, this was 
cleared in approximately 10 niin. 

The first built-in hold began at 04:42, at T - 90 min, 
with the count being resumed on schedule at 05:42. 

A failure occurred in the elevation encoder system of 
the Grand Canary radar during the built-in hold at 
T - 90 min. The radar was returned to service 10 min 
later. 

Countdown operations progressed normally until 
T - 38 min, when another problem was encountered 
with the Tananarive radar, It  was reported that arcing 
was occurring within the transmitter. At T - 11 min, 
the MSFN reported that they would operate the trans- 
mitter at reduced power, which prevented the arcing. 
No further difficulties were encountered. The built-in 
hold at  T - 5 nlin began at 07:07 and the count was 
resumed as planned at 07:34. 

C. Liftoff to DSlF Acquisition 

The Sumezjor VZ spacecraft was successfully launched 
from launch complex 36B at Cape Kennedy, Fla., at 
07:39:01.075 GMT on day 311 (November 7, 1967), after 
a 17-min extension of the scheduled 10-min hold at T - 5 
nlin to obtain better spacecraft coverage by the tracking 
stations. The Atlas/Centazir launch vehicle accurately 
launched and injected the spacecraft into its lunar orbit 
with a launch azimuth of 82.995 deg. 

The entire transit phase of the mission was nominal 
with all subsystems working as expected and no space- 
craft anomalies. A minor problem consisting of loss of 
lock during star verification was encountered. This was 
determined to be due to an unexpected null depth in the 
omniantenna B uplink signal, rather than an anomalous 
spacecraft condition. Although loss of data was antici- 
pated during the star mapping sequence, loss of two-way 
lock was considered only a remote possibility. Two-way 
lock was lost, however, and spacecraft roll was intention- 
ally stopped prior to Canopus coming into the star sensor 
field of view in order to reacquire and interrogate the 
spacecraft to provide reassurance that all subsystems 

\z7ere indeecl operating aortlinally. Provided with such 
reassurance, it was then cliscussed within spacecrait 
performance anaIysis alld comn~~mcl group whether to 
proceed immediately with Canopus acquisition (since the 
spacecraft roll orientation had already been established) 
or to play it safe and go around once nlore to provide a 
more detailed map. The latter plan was agreed upon 
and Canopus, as expected, caille into the field of view 
shortly after resuniption of the roll. 

At 01:01:05.480 GMT on Noveniber 10, a successful 
soft-landing was made at 0.47 deg N and 148 deg W in 
Sinus Riledii approximately 10.5 km from the original 
target point as determined from Lunar Orbiter photo- 
graphs. The spacecraft landed after a nominal terminal 
descent with a velocity of approximately 12 ft/s. Sched- 
uled lunar operations, including television surveys, A/SPP 
positioning, alpha scattering soil analysis, and telecom- 
liiunications experiments, were successfuI1y conducted. 
In addition, a highly successful liftoff and translation 
experiment, an historic first, was performed. 

Two seconds after liftoff, the launch vehicle began a 
13-s programmed roll that oriented the vehicle from 
a pad-aligned azimuth of 45 deg to a launch azimuth of 
82.995 deg. At 15 s, a programmed pitch maneuver was 
initiated. The nominal and actual mark times for the 
Atlas/Centatir boost-phase events are summarized in 
Table 27. Times for mark events 22 and 23 were never 
made available during the mission. All mark times were 
nominal with the exceptioli of events 10 and 13; there 
was some question of the validity of these mnrk times. 
Postflight data showed that the times received for events 
10 and 13 were in error and the events were in fact 
nominal. The launch phase ascent trajectory profile is 
illustrated in Fig. 46. Deep Space Station 71 was in 
one-way phase lock with the spacecraft at  liftoff and 
tracked until LOS at 07:43:44. 

Separation of Survezjol. from Centaur occurred at 
08:04:29.995 GMT on November 7, 1967 at an approxi- 
mate geocentric latitude and longitude of 6 and 4 deg, 
respectively. The spacecraft was in the shadow of the 
earth during the first 14.4 min of the ascent phase and 
parking orbit but left the earth shadow prior to separa- 
tion and remained out of the shadow during the transit 
trajectory. Approximately 1 min after separation, the 
automatic sun acquisition was begun. The trajectory 
group had predicted a sun acquisition maneuver of 4-27 
deg yaw. The actual maneuver \\?as -264 deg roll and 
+22 deg yaw. No prediction was made for the roll 
maneuver since the Centarrr was not roll stabilized. 
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Table 27. Mark events 

Event 

Liftoff (2-in. motion) 

Atlas BECOn 

Atlas booster engine jettison 

Cenfaur insulation panel jettison 

Cenfaur nose fairing jettison 

Atlas SECO~ and VECOc 

Aflas/Centaur separation 

Cenfaur MESd 1 

Centaur MECOe 1 

100-lb thrust on 

100-lb thrust off 

6-lb thrust on 

100-lb thrust on 

Centaur MES 2 engine C 2 

Centaur MES 2 engine C 1 

Cenfaur MECO 2 

Extend landing gear 

Unlock omnidirectional antenna 

Surveyor high power transmitter on 

Cenfaur/Surveyor electrical discount 

Spacecraft separate (injection) 

Begin Centaur turn around maneuver 

Start Centaur loteral thrust 

End Centaur lateral thrust 

Start Cenfaur tank blowdown 

End Centaur tonk blowdown 

Power changeover switch 

Nominal 

lime from 
separation, s 

aBECO = booster engine cutoff. 
bSECO = sustainer engine cutoff. 
WECO = vernier engine cutoff. 

dMES = main engine start. 
'MECO = main engine cutoff. 

Canopus was acquired at  T t 8 h, 49 min with a roll 
maneuver of t 2 9 8  deg. The roll maneuver predicted by 
the trajectory group was 273 deg. 

D. Acquisition to Midcourse Maneuver 

After spacecraft injection at 08:31:19.099, DSS 51 
acquired one-way at 08:08:51, with two-way lock verified 
at 08:13:24. The initial spacecraft acquisition was flaw- 
less. The spacecraft transmitter high power was corn- 
manded off at 08:19:32 during the initial spacecraft 
operations. 

The elevation angles were higher and view periods 
were longer from DSS 51 than from DSS 61, and there- 
fore it was used as a prime two-way station during the 
cislunar phase. However, DSS 61 telemetry and average 
alarm data were preferred at  the SFOF due to greater 
ground communications reliability. 

The Carizarvon, Australia station tracked the space- 
craft prior to DSS 42 rise, and provided spacecraft 
telemetry data. to DSS 42 via the dataphone link. 
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Fig. 46. Surveyor V//AC-14 launch phase, trajectory profile 

The spacecraft transfer from DSS 51 to DSS 42 was 
made at 10:lO on November 7; DSS 42 had a normal 
acquisition and an uneventful pass. Subsequent first 
pass transfers were made to DSS 51 at 12:10, then to 
DSS 61 at 14:45, initiating the star verification and 
acquisition sequence at 15: 20: 21. During the sun and roll 
maneuver, the spacecraft signal was lost due to a greater 
null within the predicted null region of the spacecraft 
omniantenna B pattern. The maneuver was temporarily 
terminated, while a spacecraft assessment was made and 
found to be nominal. The star acquisition sequence was 
reinitiated at 16:14:22, and after the roll, automatic 
Canopus lockon followed with verification at 16:28:20. 
The spacecraft was transferred back to DSS 51 at 17:30. 

The personnel at DSS 61 developed a special computer 
program that reconstituted the available average alalm 
data into engineering units. The program was also used 
by DSSs 11 and 42, and monitored at the SFOF. 

Frequent spacecraft transfers between the Deep Space 
Stations were employed to facilitate the determination of 
doppler biases at  the stations and to update orbit 
determinations. 

At approximately 22:00, just before a scheduled trans- 
fer to DSS 11 at 22:10 on November 13, DSS 51 experi- 
enced a complete loss of communications. A porcey-steal 

transfer was accomplished smoothly at the scheduled 
time. 

Prime telemetry and transmitter backup to DSS 11 was 
provided by DSS 14 during the cislunar passes and the 
spacecraft translation on pass 10. 

The predicted view periods for the four committed 
tracking stations and the first pass over DSS 72 are shown 
in Table 28. This summary is a compilation of pre- and 
postmidcourse maneuver trajectories. The rise and set 
criteria are included under the event column. 

Since the midcourse maneuver was performed on 
November 8, at 02:26, Goldstone had a premidcourse 
view of Sz;~veyo~. VI for about 4.5 h and a postmidcourse 
view of about 4.5 h. For the predicted touchdown time 
of November 10, 1967 at 01:01:05.5, the pre- and post- 
landing Goldstone visibility was approximately 3 and 6.9 h, 
respectively. 

Figures 47-51 show a stereographic projection of the 
trajectory paths as seen from DSSs 72, 51, 11, 42, and 61. 
Pre- and postmidcourse maneuver injection and terminal 
conditions were tabulated. I t  should be noted that the 
postmidcourse maneuver terminal conditions did not 
match the orbit determination conditions very closely. 
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Table 28. Predicted view period summary  

This was due to use of the gas jets feature in the orbit 
determination program which gave a better fit of the 
data. The trajectory program could not simulate these jets. 

The proximity of the uncorrected and the original 
aiming point is shown in Fig. 52. The uncorrected, 
unbraked impact point based upon the current best 
estimate is located in the central area of Sinus Medii at 
selenographic coordinates of -3.21 deg in latitude and 
0.66 deg in longitude. The target aiming point was +0.42 
deg in latitude and 358.67 deg in longitude. The two 
points are approximately 125 km (78 mi) apart on the 
surface of the moon. 

Figure 53 is an enlarged section of the premidcourse 
maneuver target area discussed above. A few selected 
premidcourse maneuver orbit computations are shown. 
The last premidcourse maneuver orbit was used to deter- 
mine the required midcourse correction. Also shown are 
the results of the AFETR orbit determination from the 
Cape Kennedy computer at launch plus 100 and 130 min. 

Figure 54 gives the earth track traced by Surveyor VI.  
Specific events such as sun and Canopus acquisition, mid- 
course maneuvers, touchdown, and rise and set times for 
the Deep Space Stations are also shown. 
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S 
Fig. 47. Stereographic projection for DSS 72 

E. Midcourse Maneuver to Terminal Descent While tracking in three-wa~?, postmidcourse, DSS 14 
At 02:20:02.1 November 8, 1967, DSS 11, during pass 1, accomplished a special inflight test to verify the theoreti- 

commanded the midcourse thrust with a burn of 10.28 s, cal capability of the spacecraft telecommunications 
Telemetry and doppler shift data indicated that the system wheii configured for simultaneous transmission of 
velocity correction \%>as as expected. Reverse maneuvers engineering and touchdowii strain gage data. Test results 
were completed at 02:36 and a successful nominal n~ id -  showed a good correlation of the theoretical, and, later, 
course maneuver was accomplished. the actual data. 
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Fig. 48. Stereographic projection for DSS 51 

The spacecraft was transferred to DSS 42, on pass I ,  at A standard spacecraft transfer to DSS 11 followed at 
03:40, which again had a normal tracking pass, and to 22:15. Operations were satisfactorily accomplished with 
DSS 51 at 13:30. The voice comn~unications at DSS 11 the next transfer to DSS 42 during pass 3, at 05:40 on 
went out at 19:50 and the teletype conference circuit \vent November 9, 1967. 
out at 20:43. During this period, a severe electrical storm 
was occurring over the station. A no~lsta~lclard power- At 06:35, the station trai~slnitter tripped due to thc 
steal was again used \vitli a transfer to DSS 61 ivhicli collector flow being IOU. The flow \\.as readjusted and 
was completed at 20:43:30. the transnlitter was again operatio~lal at 06:40. 
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Fig. 49. Stereographic projection for DSS 1 1  

The spacecraft transfer to DSS 51 occurred at 13:30. The transfer fronl DSS 51 to DSS 11 ~ 7 a s  made at 
Pass 3 was tracked by DSS 61 in the three-way mode. 22:15. At 23~48, the trailsrnitter voltage controlled oscil- 

lator (VCO) offset frequency of 460 binary-coded data 
was set in for a ground trails~nitter VCO frequency 

Receipt of 11ois17 dop1~ler data n7as rectified n711en the setting of 22.013899 XIHz, 1r711ich provicled the capability 
ruhidium standard was replaced. Approximately 1% h of for rapid acquisitioll of the uplii~l< signal, should it be 
data were lost. lost cltlri~lg the retroi~~ai~euver.  



S 
Fig. 50. Stereographic projection for DSS 61 

All midcourse operations were satisfactory. With the error signal was passing through a null). The second 
spacecraft being controlled by DSS 11, the maneuver nlaneuver (yaw 1127.3 deg) was also delayed until 
sequence for applying the desired midcourse thrust in the yaw axis limit cycle was at a null, being commanded 
the proper direction was initiated, with the first maneu- at T + 18 h, 30 min, 4 s. With the vehicle thrust vector 
ver (roll i-91.9 deg) being conlmanded at T -t 18 11, no\v positio~~ed properly, the vernier engine system was 
23 min, 59 s. Initiation of this maneuver was delayed until pressurized at T + 18 11, 36 min, 58 s. The midcourse 
the roll axis limit cycle was at a null (i.e., the Canopus velocity correction was applied by commanding the 
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Fig. 51 .  Stereographic projection for DSS 42 

ignition of the vernier engilles at T i 18 h, 41 min, 1 s Following the midcourse thrusting, the sun and 
so that the necessary controlled thrust was applied to Canopus were reacquired by performing the reverse 
achieve a constant acceleration of 0.1 g for 10.25 s (a maneuvers. 
correction of 10.05 111/~). 

Thus. co~lfirmatioll was obtained that the gyros had 
Analog recorder, 7044 bulk and teleprinter, and CDS retained their inertial reference during the vernier 

1319 teleilrinter data confirmed the proper execution eilgiile shutdo\vi~, and the need for perfomdng a post- 
times and direction for the attitude maneuvers, as well ~tlidcourse star verificatio~l to ensure lockon to the proper 
as the duration of the thrusting period. star was eliminated. 
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Fig. 52 .  S I I P V ~ ~ O P .  V I  target and uncorrected impact points 
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LONGITUDE, deg 

Fig. 53. Surveyor V i  pwmidcsasrse unbraked impact locations 
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Fig. 54. Surveyor VI earth track 



F. Terminal Descent to Touchdown initiatcd a t  T - +  64 h, 54 mill, 57 s and eorngleted 4 min, 
I s later. 

Terminal cleseellt opevatiolis were iiiitiated by DSS II 
at  00:05:51 on Noven~her 10, 1967 lvith a preterrninal The three maneuvers, as well as other pre-retroignition 
nlaneuver engineering interrogation. Figure 55 sho\\ls the spacecraft operations [e.g,, Joadillg the proper altitude 
attitude and operations of the terminal descent to the mnl.k-to-vernier ignition delay quantity (-5.875 s), estab- 
lunar surface. lishing the retromaneuver sequence mode to ensure that 

the automatic flight control sequences would occur in 

In preparation for ter~ninal descent, a combination of 
roll, yaw, and pitch maneuvers .was executed about 
35 min before retroignition, to properly align the retro- 
motor nozzle in the direction of the velocity vector. After 
the attitude orientation maneuver and other preparations 
commanded from earth, the actual terillinal descent se- 
quence was performed automatically by the spacecraft. 

The first terminal roll was executed at 00:20:02, with a 
second roll starting at 02:25:18. A roll of $81.7 deg was 
accomplished. A yaw of 4-111.7 deg was started at 
00:29:36, followed by a roll of + 120.5 deg which started 
at  00:34:54. The terminal maneuver was conlpleted at 
00:39:08. 

At 00:41:41, the receiver VCO frequency was offset by 
+0.44 V for a ground transmitter VCO frequency setting 
of 23,385166 MHz to compensate for doppler frequency 
shift. The AMR power was on at  00:53:16, and retro- 
maneuver thrust phase power was turned on at 00:54:16. 
The AMR was enabled at 00:56:16, and the emergency 
AMR signal was commanded on at 00:57:56. 

The terminal descent was initiated at T f 64 h, 13 min, 
10 s with the performance of the last engineering inter- 
rogation. The terminal-descent attitude maneuvers were 
initiated 32 min, 42 s prior to the predicted time of retro- 
ignition (or at  T + 64 h, 46 min, 19 s). In accordance with 
the prior agreement, the first maneuver (a roll of $81.7 
deg) was initiated as the Canopus error passed through 
its null position. Similarly, the initiation of the second 
maneuver (a yaw of 4-111.7 deg) was delayed until 
T + 64 h, 50 rnin, 37 s 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 + 64 h, 54 min, 21 s. A 
third maneuver (a roll of + 120.5 deg), which established 
the preferred spacecraft orientation at retroignition and 
at touchdown to reduce the probability of the RADVS 
breaking loclc and to provide the desired postlanding 
visibility of engine 3 by the television camera, was 

- 
response to the altitude radar mark, establishing the 
proper vernier engine thrust level for the retromaneuver 
phase, turning on flight control thrust phase power, etc.], 
were executed 011 schedule without any difficuIty. In 
addition, the ARiIR was turned on at T + 65 h, 14 min, 
16 s and was enabled 3 nlin later. 

The spacecraft velocity change from retroignition to 
touchdown caused the effective spacecraft received fre- 
quency value to increase. I t  was important to maintain 
command capability with the spacecraft; therefore, the 
Deep Space Station transmitter frequency was adjusted 
prior to retroignition to a value such that the spacecraft 
received frequency both before ignition and after igni- 
tion had a minimum deviation from the automatic fre- 
quency control center frequency of the receiver that had 
been selected to be optimized. To conlplicate the deter- 
mination of the frequency offset value, the time when 
the frequency adjustment was made was at a time when 
the spacecraft was operating in the transponder mode. 
It  was necessary then to determine what static phase 
error frequency corresponded to the desired automatic 
frequency control frequency. This was determined for 
receiver B at 22:56:43 on November 9 when trans- 
ponder B was turned off to perform the narrowband 
voltage-controlled auxiliary oscillator check. The touch- 
down frequency offset summary is shown in Table 29. At 
23:45:00, the DSS 11 transmitter frequency was set such 
that the static phase error B read 7.3 kHz. Prior to initi- 
ation of the retronla~leuver sequence, it was discovered 
that, because of an output format change in the displayed 
automatic frequency control, the reading of +10 kHz 
obtained during the narrowband voltage-controlled aux- 
iliary oscillator check was interpreted to be 1.0 kHz. A 
real-time evaluation showed that the automatic fre- 
quency control B would change from 0.5 to 18.5 kHz dur- 
ing the retromaneuver sequence (R = 0 at  beginning of 
retromaneuver). Even though this condition did not 
satisfy the minimum deviation from the automatic fre- 
quency control center frequency criterion, it was still 
well within the required operating range. Therefore, no 
recommendatio~l was made to retune the Deep Space 
Station transmitting frequency. 
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PRETERMINAL MANEUVER \ 
s=? 

AMR MARK 
VERNIER IGNITION 
MAIN RETRO ROCKET ENGINE IGNITION 
AMR EJECTION 
(APPROX 60 mi  ABOVE LUNAR SURFACE, 9000 ft/s) 

\ 

RETROENGINE EJECTION 
(APPROX 25,5OQ-ft ALTITUDE, 350 ft/ 

FINAL DESCENT CONTROLLED 
BY VERNIER ENGINES 

Fig. 55.  Spacecraft terminal descent 
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Table 29. Touchdown frequency offset summary  

Parameter 

S-bond frequency chonge 

Retroignition minus 1 h to retro- 

ignition 

Retroignition to touchdown 

Desired automatic frequency control 

B at touchdown 

Value, kHz 

Required automatic frequency con- 

trol B a t  retroignition I 
Necessary automotic frequency 

control 8 a t  retroignition minus 1 h 

Static phase error (before trans- 

ponder OFF) 

Automatic frequency control (after I transponder OFF) 

0.0-kHz automatic frequency con- 

trol corresponds to 

Frequency offset corresponds to 

+6.3 
static phase error 

Item (4) automatic frequency con- 

trol corresponds to 

Static phose error B +7.3 
kHz = 460 binary-coded 

decimal 

+7.3 
stotic phase error 

At 00:40:03 on November 10, the touchdown strain 
gages were turned on by commanding on the phase- 
modulated presumming amplifier. The DSS 11 received 
carrier power was - 122.0 dBmW prior to retroignition, 
which was in agreement with the predicted nominal 
value used for the strain-gage feasibility analysis. 

Retromotor burn was initiated at  approximately 
00:58:04. The signal level at DSS 11 remained steady 
with approximately a 0.7-dB variation during the burn 
period. Touchdown was reported at 01 : 01 :05.5 with 
DSS 11 and DSS 14 maintaining phase lock throughout 
the descent and touchdown phases. Good 1100-bit/s data 
and strain-gage data were obtained through touchdown. 
The minimum downlink signal level during descent was 
-127.5 dBmW, which agreed with nominal predictions. 

The doppler change from transmitter tuning to the 
time when transponder B was turned off at 00:16:59 
caused the static phase error B to read 6.6 kHz and the 
corresponding automatic frequency control B after turn- 
off read 9.6 kHz. At touchdown, the automatic frequency 
control read 18.0 kHz, which was within 0.5 kHz of the 

value resulting from the reevalt~at ion of 
the touchdon7n frequeviey offset analysis. 

Following the terminal maneuver evaluation, the 
touchdown strain-gage feasibility analysis was performed 
and a turnon criterion established. Best estimates of 
spacecraft worst-case performance during descent and 
at  touchdown indicated that,  with strain gage on, 
1100-bit/s data could be obtained at a 3 X bit error 
rate at either DSS 11 or DSS 14 with the spacecraft 
transmitting on omniantenna B. I t  was recommended 
that the strain gages be turned on if the received carrier 
power at DSS 14 was greater than - 128.0 dBmW at  the 
end of the terminal maneuver with the spacecraft trans- 
mitting data at 1100 bits/s only. 

The spacecraft was commanded to high power at 
00:07:32 and 1100-bit/s data selected at 00:08:20. The 
resulting -124.0 dBmW signal level indicated an in- 
crease of 16.4 dB over low power operation. Trans- 
ponder B was turned off at 00:16:59, establishing the 
spacecraft configuration for the terminal sequence. 
Maneuver initiation times were 00:25:20 for the first roll, 
00:29:38 for the yaw, and 00:34:56 for the second roll. 

The automatic descent sequence was initiated by the 
AMR mark, the generation of which was confirmed on 
the ground at  57:57:08.3. Vernier engine ignition, retro- 
engine ignition, RADVS initial turnon and application 
of high power after 18 s, retromotor burnout, and retro- 
niotor separation occurred normally. 

The moment disturbance produced by the retroengine 
firing was small (on the same order as previous space- 
craft) and indicated that there certainly was no large 
center of gravity offset. The doppler velocity sensor 
acquisition and lockon (both velocity and range) were 
accomplished prior to retromotor burnout, and the radar 
altimeter achieved lockon at segment acquisition. 

When the enable doppler control signal was gener- 
ated (2 s after retromotor separation was initiated), the 
doppler control phase was initiated. Realignillent of the 
spacecraft Z-axis to the existing velocity vector was 
acconlplished in 3-4 s, with the gyro error signals con- 
firming 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-% contour, and 
the 1000-ft, 10-ft/s, 2nd 14-ft marks were generated as 
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Significani i i~s t s  oii the IIIOOII i~~cluded: 

(I) Deta~led view of mare lidge. 

(3) Controlled movement of a spacecraft across the 
lunar surface. 

(4) Discovery of post-sunset horizon, an illumination 
phenomenon. 

(5) Observation of solar corona out to 30 solar radii. 

Toward lunar sunset, the landing legs were success- 
fully locked at 16:08 on November 22. Thermal and 
power management were acconlplished through the lunar 
day and by a night operations plan similar to the one 
used for Surveyor V. Lunar sunset (sunlight off the solar 
panel) occurred at 13:53 November 24, 1967. 

The lunar nigllt operations plan stabilized compart- 
ment A and B temperatures near their lower operating 
limits and were to extend operations as far as possible 
into the lunar night. 

At O6:41 on November 26, 1967, the spacecraft was 
comnlanded ofl by DSS 61. At 07:40, the spacecraft did 
not respond to the engineering interrogations by DSS 61, 
which indicated that the temperatures were below effec- 
tive operating levels, 

Compartment thermal switch failures limited the post- 
sunset operations to 40 h, 48 min, instead of an expected 
minimum of 130 h. 

1 .  Second lunar day. Unsuccessful attempts to revive 
Surveyor VI on its second lunar day were made on 
December 13 by DSS 11, which initiated search at 01:00, 
and by DSS 61. On December 14, DSSs 11 and 42 were 
not able to contact the spacecraft. 

After a shutdown period of 18 days, 10 h, DSS 61 
successfully revived Stwveyor VI at 16:41 on Decem- 
ber 14, 1967. The signal was unsteady and difficult to 
maintain lock. The spacecraft signal was lost at  19:14. 
Usable data received indicated a battery problem. 

Earlier, at 05:45 on December 14, DSS 11 successfully 
revived Strroeyor V on its fourth lunar day. Further 
revivals were accomplished on that day by DSSs 42 and 
61. On December 16, the DSS I1 tracking period was 
cancelled due to heavy snow and icing conditions at 
Goldstone; however, at 21:30, DSS 61 was able to revive 
Stirueyor V. The downlink signal was lost by DSS 11 

ciuling pass 3-4, when the cpacecraft was switched frorn 
low to Iiigh ~ ~ o v , ~ e r  (01:59:48 on December 1'7). 

Siimeyor 5' operations providecl 64 (200-Iiiie) TV pic- 
tures, but there was no usable telemetry i r t  rrrodes 1-6. 

Efforts to revive either Stri.veyor V or VI were con- 
tinued unsuccessfully through December 21, 1967 when 
revival attempts for that lunar day were terminated 
at 21:28:22. 

2. Third lunar day. Srtrveyor VlI soft-landed on the 
moon at  01:05:37.6 January 10, 1968. On January 16, 
1968, with Sztrueyor VII placed in a standby transponder 
mode, DSS 61 unsuccessfully attempted to reacquire 
St~rueyor V on its fifth lunar day, and Sztrveyor VI on its 
third lunar day. Also, on the same day, DSS 11 was 
u~~successful in attempting to revive Stwueyor I on its 
twentieth lunar day, Szlrueyor 111 on its ninth lunar day 
as well as Sttroeyors V and VI. 

3. Fourth lutzar day. This lunar day marked the sixth 
lunar day for Szwveyor V, the fourth for Su~veyor VI and 
the second for Surveyor VII. 

An attempt was made by DSS 61, on February 12, 
1968, to simultaneously reacquire Sztrveyors V, VI, or VII. 
With transmitter power ON, command modulation was 
on at 19:OO. The first revival command was sent and a 
spacecraft responded; DSS 61 receiver going in Iock at 
19: 00 : 56, with Sztrueyor VII responding. Attempts were 
made unsuccessfully to monitor the Sztrveyors V or VI 
carriers from 19:03 to 19:15, on receiver 2. On Febru- 
ary 15, 1968, DSS 11 unsuccessfully attempted to revive 
Surveyor T7I prior to tracking Surveyor VII on pass 2 4 .  

H. Summary of Deep Space Station Operations 

The following pages comprise a summary of Deep 
Space Station operations for the Sztrveyor VI Mission. 
Table 30 defines the ground modes and is illcluded in 
the description of the tabular columns of Table 31 which 
follows. 

Table 30. Ground modes 

One-way (receiver only) 

Two-way coherent 

Three-way coherent 

Two-way noncaherent 
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I ,  DSS No. This numher rcfers to the ciesignafio~t of 
the Deep Space Station palticipatir~g in this ~niisinn. 
The stations participating we1 e .  

DSS ll (Pioneer), Goldstone, Callf. 

DSS 12 (Echo), Goldstone, Calif. 

DSS 14 (Mars), Goldstone, Calif. 

DSS 42, Tidbinbilla, Australia. 

DSS 51, Johannesburg, South Africa. 

DSS 61, Robledo, Spain. 

DSS 71, Cape Kennedy, Fla. 

2. Tinze from acquisition to end of track, GMT, day 
of gear, time. Each station entry in these colun~ns con- 
sists of two sets of nunlbers. The first set is the day and 
time, in hours, minutes, and seconds, GMT of spacecraft 
acquisition. The second set of nullhers indicates the day 
and time that tracking terminated. 

3. Tracking, ground nzode, and total time. These 
columns list the duration (in hours, minutes, and seconds) 
of each tracking ground mode. The ground mode indi- 
cations, nunlerals 0-5, are defined in Table 30. At the 
end of each station entry is the total tracking time in 
all modes. 

4. Ground-received signal level, -dBmW (nzax, min). 
The ground-received signal level column contains two 
values for each station entry. These values represent 
the maximum and minimum signal levels received at the 
indicated station. The values are given in negative 
decibels relative to 1 mW (-dBmW). 

5. Total conzmands sent. The figures in this colum~l 
indicate the number of conlnlands sent by each station. 

6. Television pictures received, comnzanded, nonconz- 
manded. Unless otherwise indicated, these figures repre- 
sent 600-line televisio~~ pictures received by a station 
while the spacecraft was under its command. Noncom- - 

manded pictures, are pictures received by a station while 
the spacecraft was comma~lded by another station. 

9. Sigrzificntzf events, equipment failures, and anom- 
alies. As indicated, this colunln notes important events, 
equipnlent failures, and problems. All times given in this 
column are GMT in hours and rninutes (four-digit num- 
bers) or hours, mir~utcs, and seconcls (six-digit r-iumbers). 
When the day is given with the time, the day and time 
are separated by a diago~lal. 

I .  Statio1.r Tracking Summary 

Figure 57 is a profile of the mission activity of the 
Deep Space Stations from launch until the end of DSN 
coii~i~litteil coverage Nove~nber 24, 1967. This figure 
co~?taiils 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 command by 
each station during each pass, and the number of hours 
of alpha scattering data received by each station during 
each pass. Table 32 presents the total number of com- 
mands sent by each station during the mission. The total 
number of commanded and uncommanded TV pictures 
received by each station is presented in Table 33. The 
three prime statioils committed to support alpha scattering 
operations received a total of 71 h, 1 min of data. The 
total nunlber of hours alpha scattering data was received 
by each station during each pass is presented in Table 34. 

The Deep Space Stations supported the Survetjor Vl 
Mission \vith a high level of performance. Continuous 
tracking and telemetry coverage was provided from 
T + 29 s, November 7, 1967 until two earth days after 
lunar sunset which occurred November 24, 1967. 

High quality angular tracking and two-way doppler 
data were received throughout the Surveyor VI Mission 
with the exception of minor outages, which neither ad- 
versely affected the flight or resulted in any mission 
objectives not being met. All requirements for tracking, 
telemetry, command, and data processing were met. 

A number of minor equipment anomalies and pro- 
cedural problems occurred, but were readily corrected 
by station personnel rvithout affecting the mission. 

Surveyor VI was launched with all essential elements 
of the DSN functioning nominally. 

One-way spacecraft signals were received by DSS 71 
for 4 min and 49 s after liftoff. DSS 71 also processed 
real-time AFETR telemetry with its CDC and telemetry 
and co~nmand processor. 

Initial two-way acquisition was achieved by DSS 51 
4 inin, 11 s after spacecraft lise over the station's horizon. 
Less than 5 min, 39 s elapsed from the time of receipt 
of the first spacecraft signals until DSS 51 was prepared 
to colnmand the spacecraft. Tllc spacecraft was tracked 
about 14 h during the first pass, and 12 h duiing the 
second pass. 
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DATE, GMT 1967 

FIRST TELEVISION PHOTOGRAPHS RECEIVED SPACECRAFT TRANSLATI0 N 
FIRING COMMAND 

ALPHA SCATTER1 N G  OPERATIONS INITIATED 

ACQUISITION OF SIGNAL, h:min FROM LIFTOFF 

COMMANDS SENT 
TV PICTURES RECEIVED BY COMMAND FROM THIS STATION STATION TOTALS 

ALPHA SCATTERING INSTRUMENT DATA RECEIVED, min (INCLUDING 

31,680 

4/17? 

1 TIME FROM LAUNCH, h 

Fig. 57. Station tracking period, launch through first lunar day 
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o Table 31. Summary of Deep Space Station operations for Surveyor VI 
0' 

I I I I I I I 

Significant events, equipment 

failures and anomalies 

Launch azimuth: 082.995 deg 

I Pass l-launch pass 

Sonborn recorder drive belt 

Sonborn recorder had bod pens on RCV 2, DPE and T X R  

FWD PWR-problem was corrected 

Trocking data handling punch 2 malfunctioning at 10 s 

somple rate; awoiting spare ports 

Problem with command confirmation believed Po be hard-  

ware problem in buffer of telemetry and command 

Midcourse maneuver completed at 02:36 

I 



Table 31 (contd) 

Significant events, equipmen# 

failures and anomalies 

Post-midcourse, station accomplished speciol eng~neering 

ond strain gage data transmission test 

supply failed at 21  :30 

Spacecraft transfer to DSS 51 at  13:30 

Failure in  Sorensen ac regulator-low output. Swiiched 60 

S-band acquisition aid poramp-rack UWV 1. Switched to 

unregulated supply while repairs being cor~ted cut 

With a l l  communications out, station reduced lransmrfter 

functioned at  02:45:45 and 04:04:50 due ro appa ren t  

I 



Table 31 (contd) 

Significant events, equipment 

failures and anomalies 

tioned. Reloaded ot 14:28 

At 14:45, telemetry and command processor B went out 

again, switched to alpha telemetry and command 

processor at 1 4 5 8  

Transmitter trip, collector flow low 

Surveyor on-site computer program malfunctioned on 

telemetry and command processor B 

Spacecraft transfer to DSS 51 at 13:30 

standard. Lost approximately 1 '/2 h of data 

o spocecroft transfer 

Teletype L gorbling 

Teletype R line feed operating intermittently 

Mission support recorder FR-1400 A inoperative 

Touchdown at 01 :01:04.18 at 0.470 deg N, 1.480 deg \i\r 

(Lunar Orbiter photo evaluation) 



Table 31 Icontdl 

Pass 4 

Total 12:31:31 

1 00:24:25 103.0 

2 06:32:28 140.0 
3 01 :13:12 
4 00:30:00 

Total 08:40:05 

314 22:22:51 1 00:59:34 103.6 
315 09:03:00 2 03:49:52 140.0 

3 00:25:26 
4 05 :04 :30 

I I I I Total , 10:19:22 

Time from acquisition 

to end of track, GMT E 

4,746 1 782 1 21 1 1 Alpha telemetry and command processor high-speed data 

failure 

Day of 

year 

Unsuccessfully searched for Surveyor V on receiver, from 

14:26 to 15:07:02 

Time 

Tracking 

I I I Spacecraft transfer to DSS 61 at 15:07 

Ground 

received signal 

level, -dBmW 

(max, minl 
Ground 

mode 

437 I 52 I 313 I OSAS program would not search for any record number 

after having been removed to generate a command ?cape 

TV pictures 
I 
I 

Total commands Significant events, equipment 

sent failures and anomalies 

I 
Total time 

I I Unsuccessful contact on receiver 2 with Surveyor V, from 

18:50 to 19:06, pass 3-1 

Spacecraft transfer to DSS 11 at 22:35 
- 

I I I 
5,337 1 1198 1 0 I Station down converter noisy. I T 0  unknown 

I I I Missed first 16 frames of 600-line TV 

Spacecraft transfer to DSS 42 at 08:50 

1 Pass 5 

95 I o I 1 4 ~ 1  

OSAS telemetry and command processor alpha program 

hang up when addressing magnetic tape transport 

315 

N o  high-speed data processed at SFOF from DSS I I set a" 

09:OO to 10:49 due to telemetry and command processor 

high-speed dato switches incorrectly sef to 24-bat ward 

Reset to 22-bit word and telemetry processing stat~crn 

locked OK 

Receiver operator had difficulty tuning execute VCO 

smoothly during transfer due to what appears lo be o 

faulty executelacquire pot 

04:03:37 
16:00:20 

I / 1 I ASI deployed at 12:08 

Unsuccessful contact on receiver 2 with Surveyor Y, from 

13:48:14 to 13:56, poss 3-2 

1 

2 

3 

Total 

I I / I Spacecraft transfer to DSS 61 at 15:30. 

00:12:24 
06:27:38 
01 :06:41 

07:46:43 



Table 31 (contd) 

Time from acquisition 
Ground 

TV pictures 
Tracking 

$0 end of track, GMT received sianal Total commands 
received 

DSS 
Ground 

level, -dBmW 
Day of 

Time 
mode 

Total time lmax, m i d  
year 

Significant events, equipment 

failures and anomalies 

Pass 5 (contd) 

629 1 0 1 466 1 Receiver out of lock about 2 min probobly due to a large 

stotic phase error built up in spacecraft receiver when 

offsetting Surveyor V I  to track Surveyor V 

I I I I Solved by going back to TSF 

Unsuccessful contact on receiver 2 with Surveyor V, i r o n  

20:04:01 to 20:08:00, pass 3-2 

I I I I Spacecraft transfer to DSS 11 at 23:05 

11 2.4 6,709 1618 0 FR-900 servo wil l  not lock in  reproduce mode 

121.4 Spacecraft transfer to DSS 42  ot 09:30 

Pass 6 

2 

3 

Totol 

1 

2 

3 

Totol 

Telemetry and command processor OSAS program started 

going into a loop, permanently addressing ?ape unit 3 
agoin, (carryover from pass 5). Telemetry and command 

processor B mognetic tape unit connected la telemetry 

and command A unit and vice versa to correct problem 

for this pass 

Stotion experiencing problem with tuning exciter VCO 
smoothly. Station given permission to delay ocqiiisition 

scheduled for 0 4 3 5 ,  to work on problem 

Spacecraft transfer to DSS 61 at 16:OO 

Commond 0410 transmitted in  error-should h a v e  been 

command 0401 (23:20:42), transmitted 36  times 

Unable to lock up DECOM after AIS. Removed patch- 

panel DECOM locked up but when i t  went to alpha 

scattering mode, 70-kHz discriminator would n o t  lock 

up. When i t  went to video, CDC could not get any video 

in CDC. Cause: CDC demod switch (operate-test signal) 

was apparently off operote position. Lost six pictwres 

on 35-mm film but not on FR-800 video recorder 

SC 6 shutdown from 20:OO to 22:OO for Surveyor V reviva" 

attempt. Negative contact on Surveyor V,  pars 3-3 



Table 31 [contd) 

Time from acquisition TV pictures 
Tracking Ground 

to end of track, GMT received signal Total commands 
received 

Significant events, equipmenl 
DSS level, -dBmW sent Com- Noncom- failures and anomalies 

Day of Ground 
Time 

mode 
Total time (max, minl 

year manded manded 

actuate. Tightened set screw. Operation normal ot 

FR-900 playback noisy 

Spacecraft transfer to DSS 42 at 10:40 

FR-800 recorder servo problem causing dropouts 

Spacecraft transfer to DSS 61 at 16:20 

Command confirmation repeats overline. Program problem 

believed to be the cause 

TDH not printing full line of data. Problem corrected by 

replacing overheated card at 07:49 

From 06:14 to 06:23, FR-800 recorder having problem 

with takeup reel. Missed opproxirnately seven TV 

frames. Problem caused by loose reel; replaced 

Spacecraft transfer to DSS 42 at 10:20 
I 



Table 31 (contd) 

i 
I Pass 8 (contdl 

Time from acquisition 
Ground 

received signal 
DSS level, -dBmW 

(max, min) 

signal is recorded on track 6. Cleaned head 

From 21:06 to 21:32:38 and from 21:38:08 to 23:21 ,  
made unsuccessful Surveyor V revival attempt, pcss 3-5 

Spacecraft transfer to DSS 42  at 12:OO 

At 15:23, incorrect line feeds and carrioge returns oil 

average olorm/english language for telemetry and 

commond processor B 

One video frame lost during 3-way track 

TV-1 1 film recorder inoperative (02:OO-02:IO) 

03 :03 :00). Replaced 

Total commands 

sent 

Significant events, equipment 

failures and anomalies I 
I 

TV pictures 

received 

Com- 

manded 

Noncom- 

manded 



Table 31 [confd) 

Time from acquisition 

Significant events, equipment 

failures and anomalies 

Maser 1 cooled down. Requires stability run lo be cpera- 

tional 

Telemetry and command processor B unserviceable. Cleared 

at 10:30. Faulty CCT card CK 53 

OSAS on telemetry and command processor B tens and 

unit hours erroneous on time output. Also data appears 

to be multiplied by factor 64 OSAS to telemetry and 

command processor A and SOCP to telemetry and com-  

mand processor B at 15:16. Corrected 

Digital instrumentation system B-Interplanetary Monitor- 

ing Probe program malfunctions at 11 :I9 and 16:70 

Spacecraft transfer to DSS 61 at 17:50 

Total 

Spacecraft transfer to DSS 11 ot 01 :40 

Total 

0 

1 

2 

3 

4 

Total 

3 

Translation engine firing at 10:32 

TV-11 on-site film recorder vertical sweep i s  interrni:tenll!i 

jittery 

Spacecraft transfer to DSS 42  at 13:10 

O I Monitored translation firing at 10:32 

Total 



Table 31 (contd) 

Time from acquisition 
Ground 

TV pictures 

to  end of track, GMT 
Tracking 

received signal Total commands Significant events, equipment 

Day of Ground 
level, -dBmW sent failures and anomalies 

Time (max, min) 

I Pass 11 (contd) 

98.4 6,080 1322 751 Spacecraft transfer to DSS 1 1 at 02:30 1 
Total 

101.1 6,951 1398 500 Four video frames lost due to loose FR-800 takeup reel 

120.3 Spacecraft tronsfer to DSS 42 at 11 :50 

Total 

I Pass 12 

Spacecraft transfer to DSS 61 at 1 8 6 0  

1 01 :21 :03 1 13.5 

2 09:08:17 1 19.4 
3 01 :04:15 

Total 11 :33:35 

Spacecraft transfer to DSS 11 at 08:OO 

0 
1 
2 

3 
4 

Totol 

Bit synchronizer clock varying in sync with spacecraft PCM 
rate causing poor film display of PCM ID 

Spacecraft transfer to DSS 42 at 12:30 

I Pass 13 I 
0 
1 

2 
4 

Total 

108 I 0 I 0 I Unsuccessful SC 5 revival. from 1 5 ~ 1 2  90 15:18, pais 1-10 / 
Command confirmation TTY printout repetition of corn- 

mands from (15:47:22.8-16:03:21.8) 

I Spacecraft transfer to DSS 61 at 19:4O 



Table 31 (contd) 

Time from acquisition 
Ground TV pictures 

to end of  track, GMT 
Tracking 

received signal Total commands 
received 

DSS 
Significant events, equipment 

Day of Ground level, -dBmW sent 
Com- Noncom- failures and anomalies 

year 
Time 

mode 
Total time (max, min) 

manded manded 

Pass 13 (contdl 

Bit synchronizer lock varying i n  sync with spacecraft PCM 

rate causing poor film display of PCM ID 

Horizontal sync jitter out of tolerance at  3 dB signal-to- 

noise ratio and below 

Considerable distortion of limiter output on 4-MHz record1 

line to MSR 

Time code translator not updating correctly when "60 SEC." 

changes to "00 MIN." "01" must occur to update min- 

utes; intermittent problem 

Had demodulated video overshoot on leading edge of 

sync. Believed to be spacecraft problem 

Spacecraft transfer to DSS 61 at 08:20 and to DSS 42  at  

-- 
Pass 14 



Table 31 (contd) 

Ground 
TV pictures 

received signal Total commands Significant events, equipment 
level, -dBmW sent failures and anomalies 

(max, min) 

Pass 14 (contd) 

Spacecraft transfers to DSS 61 at 09:40, to DSS 42  at 

14:OO and at 16:35 

Pass 15 

Receiver out of lock from 19:23:00 to 19:23:15 and 
19:23:44 to 19:23:47. N o  reason found foe this at 

station 

Spacecroft transfers to DSS 1 1  at 15:20 and to DSS 61 o t  

21:lO 

Spacecraft transfer to  DSS 1 1  at 06:15 

- - 

Maser 2 inoperative. Bad cross head 

Excess nitrogen leak in waveguide 

TV-11 fi lm recorder inoperative 

FR-800 head 1 spring shorting to ground on head 2. 
Spring repositioned at 1 1  :20. Problem corrected 

Spacecraft transfer to DSS 12 at 13:20 

DSS 1 1  remained prime telemetry receiver during DSS 8 2 

backup transmitter operation, from 13:20 to 14:45 

DSS 12  provided standby with transmitter arltenna anti 
associated equipment to support command activity i n  

event of DSS 11 transmitter failure 

Backup transmitter operation to DSS 1 1  from 83:20 to 

14:45 

Spacecraft transfer to DSS 42 at  14:45 



Table 31 Icontd) 

Significant events, equipment 

failures and anomalies 

OSAS record 5 hod incorrect engineering heading due tci 

operator error 

Spacecraft transfer to DSS 42 at 15:30 

sistor dislodged. Retaining clip found $0 be faulty 

CDC command printer failure 

Receiver dropped lock at 19:12:46. N o  known reosan 

Command 05:OO not transmitted to command confirmaticin 

af 22:55:53. Telemetry ond command processor B 
Surveyor on-site computer 6 loaded 

Lunar sunset at 1333  

Spacecraft transfer to DSS 42 at 18:45 



Table 31 (contd) 

Significant events, equipment 

failures and anomalies 

t Pass 18 

Pass 19 

Before end of track, spacecraff shut down for 4 h 

Spacecraft revival first lunar night 

Spacecraft transfer to DSS 1 1  at 1 1 :05 

At 11:04, tracking and data handling punches 1 and 2 

(1-min sample rates), intermittently lost data by garbling 

or incomplete lines 

Spacecraft transfer to DSS 42 at 16:30 

-- 
329 16:05:58 0 01 :03:38 145.3 3 7 0 0 Permission given to phase lock CDC transponder when 

3 00:24:02 I Total I 09:39:22 I 
I l l  going 2 way to help with investigations into receiver 

drop lock on passes 15 and 17 

Receiver 1 ocq. pot faulty. Telemetry and command procer.- 

sor B instruction diagnostic not working 

329 02:12:44 0 05:06:01 115.0 424 0 0 

330 09:36:09 2 00:18:21 150.5 
4 02:16:47 

Totol 07:41:09 

Best lock frequency test. At 06:41 spacecroft s h u t  down'. 

At 07:40, spacecraft could not be revived 

I Pass 2-1-second lunar day I 
i 

Totol 

At 01 :49:45, Interplanetary Monitoring Probe malfunc- 

tioning. Unable to access I / O  typewriter I 1 1  

02:23:00 

0 

I 

Surveyor VI  revival attempt unsuccessful I 

0 152 347 01 :OO:OO 

03:23:00 

0 02:23:00 



Table 31 (contd) 

Significant events, equipment 

failures and anomalies 

Spacecraft revival attempt unsuccessful 

Successful Surveyor V revival. Tracked Surveyor V from 

Tracked revived Surveyor V, from 09 :05  to 14:00,  pass 4-1 

Pass 2-3 

Pass 2-4 

Pass 2-5 

Unsuccessful Surveyor VI revival 

Tracked revived Surveyor V, from 01 :59:48, until the switch 

from Surveyor V low to high power at 03:40, pass 4-4, 

when the downlink was lost 

Surveyor V revival unsuccessful from 13:lO to 16:07, pass 



Table 31 (contd) 

Significant events, equipment 

level, -dBmW failures and anomalies 

Pass 2-5 (contd) ! 

Pass 2-6 

N o  contoct with Surveyor VI 

Negative contoct with Surveyor V from 22:06:15 ia 

00:14:22, poss 4-4 

Declination does not cover this number during this  pass 

No contact with Surveyor VI  

Pass 2-8 

Pass 3-1-third lunar day 

108 0 0 During Surveyor VII, pass 9 tracking period, unsvccessfut 

attempt to revive Surveyors VI or V, poss 5-1 



C 
-m Table 31 (contd) 
P - I I I I 
7 

BR Time From acquisition I 
8 3  
I Significant events, equipment 

5 
b0 failures and anomalies 

e 
5 

Pass 3-1 (confdj 

Receiver in lock ot 19:00:56 on Surveyor V I I  

Searched from 19:03 to 19:15 on receiver 2 for gny 

other carrier 

Revival attempt unsuccessful prior to Surveyor '811 tracking 

Lunar day Commands sent Proton $eta, h ,  min 

-- 

blncluder 24 (200- l ine )  TV pictures. - 



Table 32. Commands transmitted by 
Beep Space Sfations 

Table 34. Alpha scattering data received by 
Deep Space Stations 

I Grand total 163,960 I 

Table 33. Television pictures received 

From the time of initial two-way acquisition by DSS 51 
until approximately 40 min before spacecraft main retro- 
ignition, Deep Space Stations tracked Surveyor VI in the 
two-way mode and, with minor exceptions, received high 
quality doppler data. 

The midcourse maneuver was successfully commanded 
by DSS 11 during its first pass. This phase was also 
supported by DSS 14 using its 210-ft antenna. 

During the spacecraft's third pass over DSS 11, termi- 
nal maneuvers and descent were successfully commanded. 

Surueyor VI marked the first widespread use of doppler 
resolver data, at all stations except DSS 51, during the 
inflight portion of a Suroeyor mission. Unfortunately 
these data, which were to allow a significant decrease in 
corresponding target uncertainties, did not produce this 
increased accuracy as doppler data weighting was not 
changed. 
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'The onlv malodosses of good two-wav doppler data 
occrilrect during the yecon6 pass over BSSs 51 and 61. 
IEt?ilen DSS 51 loqi comrnrin~cat~on n'rth the spacecraft 
an unscheduled t~ai~si-el \\?as macle to DSS 61, which 
tracked m t\vo-u7ay until the \pacecraft n7'1s traitsfe~led 
to DSS 11 duling ~ t s  second pass. The two-way data 
received at DSS 61 duling this period (approximately 
1% h) were unusable due to excessively high noise traced 
to a malfunctioning DSS 61 rubidium standard. Replace- 
ment of the rubidium during the third pass resulted in 
an immediate improvelllent in three-way data levels at 
DSS 61. 

The only other appreciable loss of two-way data 
occurred during Canopus acquisition over DSS 61, when 
an unexpected loss of lock was experienced. Reacquisi- 
tion of two-way was not attempted until completion of 
Canopus acquisition approximately 50 min later. 

During the premidcourse pass, an erroneous indication 
of a low hydrostatic antenna bearing clearance at DSS 14 
caused a loss of 8 mill of data when tracking was inter- 
rupted to investigate the cause. 

The spacecraft touchdown on the lunar surface was 
so gentle that none of the four receivers at the Goldstone 
complex (two each at DSSs 11 and 14) lost two-way lock 
with the spacecraft. 

Subsequent to the lunar landing, the DSIF provided 
24-h/day tracking coverage, with DSSs 11, 42, and 61 
providing mission support until final spacecraft operations 
41 h after lunar sunset. 

On November 17, during the tenth pass over DSS 11, 
with DSS 14 as a backup, DSS 11 commanded the space- 
craft to perform a 6-s hopping maneuver using the flight 
coi~trols to rise vertically approximately 10 ft and move 
laterally 8 ft. In doing so, the alpha scattering detector 
head ended upside down and under the spacecraft. All 
spacecraft systems continued to function properly after 
the hop-with the sole exception being the alpha scatter- 
ing detector. While no longer able to perform its original 
function, the proton detectors of the alpha scattering 
instrunlent remained functional and contillued to trans- 
mit cosmic radiation data. 

Deep Space Stations 11, 42, and 61 provided postland- 
ing spacecraft operations support by receiving and/or 
transmitting TV pictures, and engineering, scientific and 
alpha scattering experiment data. 

a loris The signal levels receivcii a t  the Deep Space St t' -,-.. sl~c\vn in Fig. 58 2nd corresl>csnd very closely to the L I I  L 

Ixedictecl levels. The pueciictecl Levels for the pre-star 
acquisitioi~ trnclz are not gil~en as the spacecraft was not 
roll-stabi2izeci cluring this period. Therefore, the r.ecc?ived 
signal level could vary over a wide range owing to varia- 
tions ill spacecraft antenna patterns. During star acqui- 
sition, midcourse correction, and retron~aneuver, the 
spacecraft was in high pourer mode and the received 
data is 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 test were 
conducted are shown at the top of the figure. The random 
gyro drift and subsequent antenna pattern variations pro- 
duced a spread in the received signal levels of -+3 dB. 

1 .  Deep Space Station 71. Support for Surueyor VI 
consisted of a DSS 41-spacecraft compatibility test, an 
ORT, a spacecraft prelaunch countdown phase, and a 
postlaunch phase lasting through approximately the first 
40 min of the mission. 

The purpose of the DSS 71-spacecraft compatibility 
test, performed during joint flight acceptance composite 
test on September 28, 1967, was to verify the ability of 
the DSN to support the mission. Command telemetry 
and television interfaces were exercised via the RF link. 

The ORT, performed on November 5, 1967, consisted 
of processing simulated spacecraft data received prior 
to T - 5 mill f ro~n JPL, routed via building AO, and 
from T - 5 through T + 40 min from KSC. The received 
data in both cases were 550-bit/s PCM which were fed 
directly into the CDC decommutator. The data were 
then output in the normal manner back to the SFOF via 
teletype and high-speed data line. 

During the prelaunch countdown, performed on 
November 7, 1967, spacecraft data were received from 
building AO, system test equipment assen~bly area. At 
T - 5 min, the data source was switched to 550-bit/s 
PChlI data from KSC. The KSC data consisted of various 
AFETR tracking stations, including Centaur telemetry 
link prior to liftoff. Data were received from KSC until 
approximately T f 40 min. 

During the spacecraft readiness test, countdown, and 
launch, the DSS 71 antenna was optically aligned with 
the spacecraft and the receiver locked on the spacecraft 
during these tests until spacecraft visibility was lost. 
This served as a backup to the KSC data source. 
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Gape Ke~rnedy way in one-way phase lock with the 
spacecraft during liftoff at a leeeived signal level of 
-71 dBxnIV. Liftofi occurled at 07.39.01.045 at a Tarrnch 
azimuth of 82.995 deg. The one-way frequency at the 
time of liftoff was 2294.989346 MHz, and was tracked 
until 07:43:44. The last recorded signal level before loss 
of lock was -156 dBmW. Downrange telemetry was 
processed by DSS 71 from T - 5 rnin until 08:30:30 
when the station was released from its commitment. 

2. Deep Space Station 11. During the first three passes 
of Surveyor VI, the Pioneer site at Goldstone tracked 
Su~.veyor VI for 23 h, 44 rnin through a perfect Bight. 
Major activities were midcourse correction and terminal 
operations. For the period covered by this report (first 
three passes), 5203 commands were transmitted. All ac- 
tivity was completely normal, and no problems were 
encountered. A summary of the DSS 11 view periods is 
shown in Table 35. 

Table 35. Summary of DSS 11 view periods 

a. Pass 1. The spacecraft was acquired at 21:53 by 
DSS 11; signal level stabilized to -133 dBmW with a 
bit rate of 1100 bits/s. Control of the spacecraft was 
transferred from DSS 51 to DSS 11 approximately 18 rnin 
later. With the exception of a momentary look a t  
137%-bit/s data through the 7.35-kHz SCO, events were 
standard through the midcourse correction which oc- 
curred at 02:20. The only significant postmidcourse 
activity was a bit error check at 1100 bits/s with touch- 
down strain gage data channels on. Control was trans- 
ferred to DSS 42 at 03:39, and tracked three-way until 
07:OO. During this pass, 91 commands were transmitted. 
Total track time was 9 h, 7 min; however, only 5 h, 29 rnin 
of this period was in two-way lock. There were no per- 
sonnel or equipment problems during the pass. 

b. Pass 2. Pass 2 consisted of three gyro drift checks 
and one engineering interrogation. Acquisition of the 
spacecraft was at 22:OO with transfer at 22:17 and a signal 

level of -137 dBmW. T~ansfe r  to DSS 4% was at  05:40, 
and track ended at 08:36. Total track time was 8 h, 30 min, 
with 7 b, 23 mi11 in two-way lock Twelve conrrnandr 
were transmitted. Again, thele were no problems en- 
countered during this pass, 

c. Pass 3. Pass 3 began with spacecraft acquisition at 
22:OO with a signal level - 142 dBmW. After transfer of 
control from DSS 51 at 22: 15, events proceeded normally 
through a perfect touchdown at 01:Ol. Operations through 
transfer to DSS 42 at 07:20 included posttouchdown 
engineering assessment, 200-line TV, planar array/solar 
panel positioning, 600-line TV, and alpha scattering 
operations in the instrument-stowed position. A total of 
290 TV frames were received, 266 of which were com- 
manded by DSS 11. Of those frames commanded by 
DSS 11, 24 were 200-line. The track ended at 08:OO. 
Total track time was 9 h, 45 min; total two-way track 
time was 9 h, 5 min. A total of 5100 commands were 
transmitted during pass 3. No problems were encountered 
during the pass. 

3. Deep Space Station 42. During the transit phase of 
Surueyor VI, DSS 42 had three tracking periods prior 
to touchdown. The station was in two-way lock with the 
spacecraft for 2 h during the first pass (launch), 9 h, 50 rnin 
for the second pass, and 7 h, 50 rnin during the third 
pass. A total of 11.5 h of three-way data were also 
accumulated. A total of 39 commands were transmitted 
to the spacecraft during the transit phase. 

During all three passes, the average alarm data were 
reconstituted into engineering units, utilizing the special 
computer program provided by DSS 61 personnel. This 
proved to be extremely useful. 

The first 21 rnin of CDC data during pass 1 were 
obtained using the Carnarvon, West Australian MSFN 
station via a dataphone link; the quality was excellent. 
There were no operational or equipment problems in the 
CDC area during the Surveyor VI transit phase. 

The ground command decoder monitored the com- 
mand SCO output at all times to provide reliable 
command enable and detected command information. 
Command enable pulses were monitored by a Sodeco 
counter to provide a reliable record of total commands 
transmitted for each pass. In this manner, the command 
geiierator program sequence counter could be freely 
reset to count repetitive commands without jeopardizing 
the record of total commands. 
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Additio~r?ally, circuitry and another Sodeca-type 
coiiiiier ivere pi-ovidecl io iiioiiitor the TTv' Lrraiiies coiii- 
manded. The circuitry associated with this counter used 
the 1103, 1104, arid 1100 commands (as decoded by tlie 
ground command decoder) to turn itself on, off, and 
count start frame commands, respectively. The tester 
recorded camera pulses to indicate total pictures received. 

A separate unit and two electronic counters were pro- 
vided to assist monitoring the decommutator parity error 
rate. Parity error and bit rate signals were routed to this 
unit from both decommutators. The decommutator parity 
error signals were inonitored by counters, and start and 
stop of count was coiltrolled by the additional unit. 
Counting intervals were switched between 10, 50, 100, 
and 500 thousand bits as desired. 

Use was made of the backup decommutator to peri- 
odically check the computer communications buffer and 
high-speed modem output bit streams, These data were 
permanently cabled to the CDC from the communica- 
tions center, and frequent use of this capability was 
accomplished to verify acceptability of the two data 
streams. A summary of the DSS 42 view periods is shown 
in Table 36. 

Table 36. Summary of DSS 42 view periods 

a. Pass I .  The spacecraft was acquired at 08:21, 
42 min after launch, with the decommutator in lock onto 
data supplied from Carnarvon. Spacecraft switch to 
1100 bits/s was monitored on the Carnarvon data. Ap- 
proximately 2 min of data were lost during the bit-rate 
change due to disorientation at  Carnarvon caused by the 
spacecraft SCO change. At 08:40, DSS 42 was in solid 
lock. The PCM data looked solid and the switch was 
made from Carnarvon to DSS 42 data for the decommu- 
tator input. Two-way tracking was accomplished during 
the 2 h from 10:lO to 12: 10. Station transfers were from 
and to DSS 51. 

At 10 45, the iepoit was macle that possrble recelvel 
CI~JCUCJ~I  s r l e ~ t u r  \~zr~icll~rlg couiir iiavr i>eeri caused by 
5n71tcl11t1g the co~nmand gelier atol between marn and aux- 
rllar comma~~d  eii~odei 5 Tl~is srvitchrng oecuir ed dui- 
111g ~ I S C U S S I O D  of piopei posltloliiiig for the cornllland 
e n t ~ y  mode switch at standby periods. Decommutator 
out of lock occurred at 14:15. No commands were 
transmitted du~ ing  this pass. Total tracking time was 
5 h, 54 min. 

b. Pass 2. The deconlmutator was in lock at 02:31 with 
the second postmidcourse maneuver in progress. The bit 
rate was 4400 bits/s, ~vitll the spacecraft transmitting in 
high power. Station transfer from DSS 11 to DSS 42 
occurred at 03:40. Two engineering interrogations, a 
three-axis gyro drift, and a one-axis gyro drift check 
were performed in approximately 10 h of two-way track- 
ing. Seventeen comnlands were transmitted to the space- 
craft. The total tracking period was 12 h, 56 min. 

c. Pass 3. The decommutator was in lock at 02:59. A 
spacecraft bit rate of 1100 bits/s was maintained through- 
out the pass because of the good spacecraft signal. Parity 
error rates of less than 2 X were observed during 
the entire track period. Two engineering interrogations, 
two three-axis and one single-axis gyro drift checks were 
commanded. At retroignition minus 13 h, the compart- 
ment A heater was commanded on. The station was in 
two-way lock with the spacecraft for 7 h, 50 min. The 
total number of commands transmitted to the spacecraft 
was 22. The total tracking period was 12 h, 56 min. 

4. Deep Space Station 51. This station was committed 
to Sz~rveyor VZ operations during the three passes of the 
transit phase. Initial acquisition was accomplished at 
T + 30 mi11 in an exceptioilally smooth manner and two- 
way lock was obtained at T + 35 min. Initial spacecraft 
operations were conducted nominally with the exception 
of one operator error documented in Subsection H-4-a. 
The station ~ 7 a s  in two-way lock with the spacecraft for 
25 h, 10 mill during the transit phase and 108 commands 
were transn~itted. 

Voice con~munications were quite poor during the 
latter portion of each of the three transit passes. During 
pass 1, a gyro drift check was terminated and the solar 
panel switch turned on during a complete communica- 
tions outage. During pass 2, when all communications 
were out, the station reduced transmitter power to 1 kW, 
turned con~mand modulation OFF, and a successful 
po~ver-steal transfer to DSS 61 was accomplished. 

Spacecraft performance appeared to be completely 
nominal. A successful star verification and acquisition 
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\\;as by DSS 61 ancl rnonitorccl by RSS 51. 
Thcre were no CDG equipment prohlems which could 
have comprornisecl mission success. A sumlna.ry of the 
DSS 51 view periods is presented in Table 37. 

Table 37. Summary of DSS 51 view periods 

a. Pass 1. Initial spacecraft acquisition was performed 
by DSS 51 at 08:08 (T + 30 min). Automatic track on 
the S-band acquisition aid was achieved at 08:10:10, and 
automatic track on the S-band cassegrain monopulse at 
08: 10:41. The signal level of the S-band cassegrain mono- 
pulse maser was -83 dBmW. Decommutator lock was 
obtained at 08:09:00. The station obtained two-way lock 
at 08:13:25 (T + 35 min). Command modulation was 
turned on at 08:14:30. Telemetry at acquisition indicated 
that the spacecraft was attitude stabilized. Sun lockon 
had not yet been achieved, and the acquisition sun sensor 
was not illuminated. All other telemetry indications were 
as expected. The roll axis was still stepping. Roll axis 
stepping was completed at 18:14:00; the acquisition sun 
sensor indicated illumination at  18: 14:30; and sun lockon 
was indicated at 18: 15: 15. 

All CDC operations were successfully executed with 
the exception that during initial spacecraft operations, 
550- to 1100-bit/s data were transmitted prematurely due 
to an operator error. During this pass, the following 
station transfers occurred: 

From I 
DSS 

During this pass, 64 commands were transmitted from 
DSS 51. These consisted of: (1) s~vitci~ing to i o ~ v  power, 
(2) stepping the solar panel ancl roll axes in plus and 
minus cfirectiotls to assrrre proper seating of the locking 
pins, (3) performance of two engineering interrogation 
cycles, and (4) performance of three, three-axis gyro 
drift checks. 

Time (Nov 7,1967) 

During the first engineering interrogation, begun at 
08:25, modes 1, 4, 2, and 6 were cycled through, prior to 
returning to mode 5 at 08:39. Following spacecraft con- 
trol transfer from DSS 42, the second engineering inter- 
rogation uras perfolmed at 12:15, and consisted of cycling 
through modes 4, 2, and 1, returning to mode 5 at  12:28. 
Average alarm printouts were monitored throughout these 
mode changes as well as throughout the normal mode 5 
monitoring sessions which occur during the noncommand 
activity periods. All spacecraft systems appeared to be 
operating normally. 

During this pass, star mapping and verification and 
Canopus acquisition occurred as performed by DSS 61 
while being monitored by DSS 51. This sequence was 
begun with the spacecraft and DSS 61 in two-way lock. 
During the roll maneuver, the uplink signal was lost as 
the omniantenna passed through a null; the DSS 51 
receivers went out of lock at 15:55:10. The downlink was 
reacquired by DSS 51 at 16:05:13 after DSS 61 com- 
manded the spacecraft transponder OFF. Star mapping/ 
Canopus acquisition was then completed successfully 
with the spacecraft in one-way lock. During the above 
interval, when the DSS 51 receivers were out of lock, it 
is believed that the spacecraft receiver was locked on 
to a sideband of the DSS 61 uplink signal. A spacecraft 
signal could be heard in the receiver operator's headset, 
but the receiver could not lock on to it. 

At the end of the pass, when all communications were 
out, the gyro drift check was terminated with command 
0704 and the solar panel turned on with command 0306. 
This was in accordance with previous direction from 
AFETR. Transfer to DSS 11 was accomplished by reduc- 
ing transmitter power to 1 kW and monitoring the 
spacecraft automatic gain control and static phase error 
to determine when DSS 11 acquired the uplink; this 
procedure worked well. 

Z?. Pass 2. This pass from DSS 51 lasted from acqui- 
sition at lO:56 until LO§ at 22:54. Decommutator lock 
occurred at 10:S7. The station assumed spacecraft con- 
trol from DSS 42 at 13:30, with command modulation 
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heing trrrned on at 13:33. A eommrrnic.;itioi~ orrtage oe- 
curred at 10:45, with command modulation being turner1 
O H  at 1"3:50. Trrillsinittcr pon~er. \tias reciucecl to 9 kSV 
at 19:54 in preparation for a no~~s t a~~c l a rd  transfer. Power 
was returned to the 10-kW level at 20:12 when com- 
munications were restored. Command modulation was 
turned on at 20:14 and off again at 20:35. This second 
communication outage necessitated another reduction 
in transmitter power to 1 kW at 20:38 preparatory for a 
power-steal transfer to DSS 61, which occurred at 20:43. 
This successful transfer of control of the spacecraft was 
necessitated by a severe local electrical storm. During 
this period, the following station transfers occurred: 

Time (Nov 8,1967) 

During this pass, twelve commands were transmitted 
to the spacecraft. Between 16:18 and 17:53, a three-axis 
gyro drift check was performed. An engineering inter- 
rogation, involving cycling through modes 4, 2, 1, and 
back to 5, was performed from 17:14 to 17:32. Finally a 
single-axis gyro drift check was performed between 18:59 
and 21:42; this was started by DSS 51 and finished 
by DSS 61. Other spacecraft occurrences monitored by 
DSS 51 during this period included a mode 1 engineer- 
ing interrogation at 21:16 and a three-axis gyro drift 
check at 22:45. Spacecraft operation continued nominal. 

c. Pass 3. Pass 3 for DSS 51 lasted from acquisition at 
11:07 until LOS at  23:04. Decommutator lock occurred 
at 11:07, with two-way lock being attained at 13:30. 
Command modulation was turned on at 13:31 and off 
again at 22:09. The voice circuit went down at 18:18, the 
station reverting to the use of the teletype conference 
mode; end of track occurred at 23:04. 

During this period the follo\ving station transfers 
occurred: 

Time (Nov 9,1967) 

Du~rlig tflrs pass, 32 cornrna~~clsl were tlansmiitecl to the 
spaceelaft horn DSS 51 Thew involv~t l  the followirig 
(I) errgrneel tnb mnieir ogc2irons a(  13.53, 17.59, 20.43, 
,tncl 21 46, (2) rc-cluct~on of b ~ t  late flom 1100 to 
500 b ~ t s / s  at 18:09, (3) turnon oi- survey camera elec- 
tronics tempe~atule control at 19:56, (4) turnon of vernier 
oxidizer tanks 2 and 3 tempeiature controls, and vernier 
fuel tank 2 temperature control at 14:53, (5) termina- 
tion of a gyro drift check at 15:27, and (6) turnon of com- 
paitnlent C temperatuie control at 20:25. At the time 
the bit rate was lowered to 550 bits/s, the parity error 
rate was 1.29 X 

Com~nunications were degraded during the latter por- 
tions of this pass with DSS 51 voice loss occurring at 
1S:l8. The teletype conference mode was then utilized 
for communicating with the SFOF. All spacecraft sys- 
tems operated nominally during this pass. 

5. Deep Space Station 61. During the transit phase of 
Sr~rveyor VI, DSS 61 tracked the spacecraft for three 
passes from T + 7 h to 1 h, 20 min before touchdown. 
Although no tracking was scheduled for a few hours 
after launch, a full operations crew was employed for 
launch activities. 

Three-way tracking was accomplished by DSSs 61 
and 51 for most of the transit 'phase. Two exceptions 
were for star acquisition performed by DSS 61 and a 
spacecraft power-steal during pass 2 when DSS 51 
had loss of communications. The spacecraft steal was 
considered successful, even though phase lock was lost, 
because two-way lock was reestablished promptly. A 
total of 48 commands were transmitted from DSS 61 
during the transit phase. There were no CDC equipment 
or operational problems. Table 38 summarizes DSS 61 
view periods. 

Table 38. Summary of DSS 61 view periods 

a. Pass 1. Actual tracking from DSS 61 for pass L of 
Stcrueyor VI l-iegari on November 7 a t  approximateIy 
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T + 7 h. Drcornmutaf.ion ivas ill locli at 14:24, and sta- 
tion transfer from DSS 51 occurred at 14:45. A11 cngi-- 
neering interrogation was performed, follo\ved l,y tibe 
star acquisition sequence. 

Star map and acquisition were attempted in the trans- 
ponder mode; however, approximately 5 min into the 
roll maneuver, the receivers lost lock. After no data were 
received for 3 min, sun mode was commanded on to 
stop the spacecraft roll. With still no data for 6 min, 
transponders were con~~na~lded off, providing a good 
signal. Con~mutator mode 4 was interrogated and mode 1 
selected. Star acquisition was reinitiated with repeat of 
sequence 0654, and then sun and roll modes were re- 
peated. Everything proceeded normally for an automatic 
Canopus acquisition. The spacecraft was reconfigured 
to cruise mode, mode 5 data, transponder B on, 1100 bits/s, 
and low power. A gyro drift check wao begun at 16:43. 
Station transfer to DSS 51 was executed at 17:30. Track- 
ing continued in three-way lock until the end of view, 
during which time DSS 11 executed an engineering 
interrogation and a bit rate change of 137.5 bits/s on the 
7.35-ltHz SCO and back to 1100 bits/s. End of track 
occurred at 22:40. 

Z?. Pass 2. Three-way tracking was expected for the 
entire second pass, with DSS 51 in control. However, at 
19:55, DSS 51 reduced uplink power to 1 kW. Track 
was advised but no spacecraft steal was attempted. 
Shortly afterwards teletype contact was established with 
DSS 51 and uplink power was increased to 10 kW. 
Approxi~nately 45 mi11 later, DSS 51 again dropped trans- 
mitter power to 1 kW, and this time it was decided to 
transfer to DSS 61 by stealing the spacecraft. I11 the 
process of stealing, two-way phase lock was lost and 
shortly regained, DSS 61 was in control by 20:43. 

An engineering interrogation and gyro drift checks, 
commanded by DSS 51, were monitored. After transfer 
to DSS 61, an additioi~al i~lterrogation of modes 4, 2, and 
5 was accomplisl~ed. A few minutes later mode 1 was 
interrogated, the spacecraft was then returned to mode 5. 
The termination of a roll drift check was executed prior 
to transfer to DSS 11 at 22:15. Three-way tracking con- 
tinued until the decoinmutator was out of lock at 23:27. 

c. Pass 3. Pass 3 began with receivers in lock at 14:40 
at a signal level of - 159 dBmW. The signal quickly im- 
proved to -139.5 clBmW but good decommutator lock 
could not be maintained. At l iS : lO ,  decornmutator lock 
was held by allowing three errors in the sync word. Parity 
errors at 15:45 \\7ere 5.2 >: with a signal level of 

- 138.5 tlBrn\lV. All n l l o - c r ~ t d  errors lracl becii rernoved. 
At 18:08, tllr bit rate n7as recluced to 550 hits/§, thereby 
i m l > ~ ) v i n g  data qrrality. 

Tracking for pass 3 was entirely three--way. Engineering 
interrogations and gyro drift checks commanded by 
DSS 51, as well as preliminary spacecraft checks prior to 
terminal maneuvers, commanded by DSS 11, were mon- 
itored. Deconln1utator out of lock occurred at 23:35. The 
relnainder of the transit phase was monitored by the back- 
feed of DSS 11 command line and by the Stwveyor signal. 

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 NASCOAd to support 
the launch through DSIF acquisition. Thereafter the DSN 
is solely respoi~sible for spacecraft tracking and data 
acquisition functions. 

1. Air Force Eastern Test Range. The AFETR was to 
provide coverage for tracking (metric data),  Atlas/ 
Centaur tele~netry (VHF), and Sz~rueyor spacecraft 
telemetry (VHF and S-band), using land stations, range 
instrumentation ships, and aircraft, as needed, to meet 
the con~n~itments. 

The TDS support for the Surveyor VI Mission was 
considered fair. Because of nominal launch vehicle and 
spacecraft performance, the problems experienced by 
elements of the TDS did not significantly impact the 
overall support. Class I metric data required for near- 
real-time computation of the actual transfer orbit, and 
the generation of acquisition information based on that 
orbit for DSS 51, was not provided. All other require- 
ments were met and in most cases exceeded. 

The AFETR configuration for the S.tn.zjeyor VI Mission 
is presented in Table 39. The configuration is similar to 
the Stlroeyor V configuration. 

a. Tracking (metric). The AFETR tracks the C-band 
beacon of the Cetl.tarrr stage to provide metric data. 
These data are required during intervals of time before 
ancl after separation of the spacecraft for use in calculat- 
ing the Ge~~tc~r t i .  orbit, which can be used as a close 
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Table 39. Air Force Eastern Test Range configurat ion 

/ C-band 
Station I radar 

KSC (Merritt Island) 

Cape Kennedy 

Patrick AFB 

Grand Bahama 

Grand Turk 

Antigua 

Coosfol Crusader 

Twin Falls 

Ascension 

Pretoria 

Sword Knot 

approximation of the postseparation spacecraft orbit. 
The Centazn. orbit calculations are used to provide DSN 
acquisition information (inflight predicts). 

Estimated and actual radar coverages are shown in 
Fig. 59. Although the RIS Twin Falls acquired good 
data during the required interval, class I requirements 
were not met because the data were not returned to 
the RTCS in time for transfer orbit computations and the 
generation of DSS 51 predicts. The mainland stations, 
Grand Bahama and Grand Turk, provided continuous 
coverage to T + 614 s. The Grand Turk radar experi- 
enced a 40-s dropout at T + 488 s; however, the Patrick 
AFB radar provided redundant coverage during this 
period. The RIS Ttoin Falls covered the interval from 
T + 1360 to T + 1840 s, and Pretoria, although experi- 
encing intermittent track, provided continuous coverage 
from T + 1877 to T + 5296 s. The Antigua and Ascension 
radars did not have view on this flight azimuth. 

b. Telemetry (VHF). To meet the class I telemetry 
requirements, the AFETR must continuously receive and 
record Atlas telemetry (229.9-MHz link) from before 
liftoff until shortly after Atlas/Centaur separation, plus 
Centaur telemetry (225.7-MHz link) until shortly after 
spacecraft separation. Thereafter, Centaur telemetry is 
to be recorded as station coverage permits, until com- 
pletion of the Centaur retromaneuver. 

Estimated and actual VHF telemetry coverage are 
sho\vn in Fig. 60. All requirements were met. Continuous 
and substantially redundant VHF telemetry data were 
received begii~ning with the countdown and through 

Alitigua LO§, a t  T t '755 s, and  f r o m  T + 1184 to  
T t 31 11 s. Coverage was greater tl1a.n predicted. The 
RIS Coustal Cruscidei retransmitted launch vehicle ielern- 
etry data in real-time. Noisy data were obtained from 
the initial retransmissioil; however, a playback provided 
good quality data. Adark event times that were received 
and read out by AFETR stations are shown in Table 40. 

c. Telemetry (S-band). The AFETR is required to 
receive, record and retransmit Surveyor S-band (2295- 
MHz) telemetry in real-time from spacecraft transmitter 
High Power ON until DSN continuous view plus 2 min. 

The S-band telemetry resources assigned to meet this 
requirement are shown in Table 39. All primary S-band 
systems were used on a limited commitment basis be- 
cause the Centaur vehicle is not roll-attitude stabilized, 
and the aspect angle cannot be predicted. 

Estimated and actual S-band coverage and receiver 
lock times are shown in Fig. 61. Coverage was provided 
by KSC and Grand Bahama from liftoff to T + 377 s. No 
explanation was available for the early LOS from these 
two stations. Unfavorable aspect angle was considered a 
possible cause. 

Antigua's coverage was obtained with a maximum 
elevation of 1.8 deg. With the exception of a short drop- 
out in the RIS S t~ord  Knot data, continuous coverage 
was provided from T + 1220 to T + 6100 s. As indicated 
in Fig. 61, however, several periods of receiver unlock 
occurred during this interval. 

d. Suroeyor recrl-time telemetry data. The AFETR 
retransmits Surveyor data (VHF or S-band) to DSS 71 
and building AO, Cape Kennedy, for display and for 
retrallsmission to the SFOF. In addition, downrange 
stations monitor specific channels and report events via 
voice communication. 

For the Srrrueyor VI Mission, existing hardware and 
software facilities were utilized to meet the real-time 
data requirements. 

All requirements were met. The VHF telemetry data, 
including spacecraft data, were transmitted in real-time 
to the SFOF from liftoff to spacecraft High Power ON. 
At High Power ON, AFETR switched as planned, to 
real-time transmission of spacecraft S-band telemetry 
data. Real-time data flow, although hampered by poor 
R F  ~rol~agation,  was considered satisfactory. In addition, 
all mark events, except 22 and 23, were read out and 
reported. 
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Fig. 59. Air Fsrce Eastern Test Range radar coverage 
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Fig. 60. Air Force Eastern Test Range VWF telemetry coverage 
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Table 40. Time of Surveyor VI mark events 

Liftoff i 07:39:01.075 Cape Kennedy 

Cape Kennedy 

Cape Kennedy 

Cape Kennedy 

4 07:42:49.640 Cape Kennedy 

Cape Kennedy 

Bermuda 

Cape Kennedy 

Bermuda 

Cape Kennedy 

Bermuda 

Antigua 

Bermuda 

Bermuda 

Bermuda 

Bermuda 

12 1 08:00:57.000 I Canary 

13 08:01:45.400 Twin Falls 

Not reported 

Not reported 

Source 

Coastal Crusader 
Twin Falls 

Coastal Crusader 

Twin Falls 

Coasfal Crusader 

Twin Falls 

Coastal Crusader 

Twin Falls 

Twin Falls 

Twin Falls 

Twin Falls 

Twin Falls 

Twin Falls 

Sword Knot 

Tananarive 

Pretoria 

Tananarive 

Sword Knot 

e. Real-time computer system. For the launch and 
near-earth phase of the mission, the RTCS provides 
trajectory computations based on tracking data and 
telemetered vehicle guidance data. The RTCS output 
includes: 

(1) The interrange vector, the standard orbital param- 
eter message, and orbital elements. 

(2) Predicts, look angles, and frequencies for acqui- 
sition use by downrange stations. 

Carllarvon data and two spacecraft orbits from DSS 51 
data. Because of the lack of metric data from the RIS 
Twill Falls, it was not possible to compute an actual 
pre-retromaneuver transfer orbit, and the only DSN pre- 
dicts available were those based on the theoretical 
transfer orbit and the post-retromaneuver orbit. 

2. Manned Space Flight Network. The MSFN, man- 
aged by GSFC, supported the Surveyor VI Mission by 
performing the following functions: 

(3) I-matrix and moon map for mapping injection (1) Tracking the Centam beacon (C-band). 
conditions and estimating trajectory accuracy. Pro- 
vides for early orbit evaluation prior to orbital (2) Receiving and recording Centaut*-link telemetry. 

data generated by flight path analysis and com- 
mand. 

(3) Receiving, recording, and retransmitting S-band 
telemetry to DSS 42 in real-time. 

A total of six orbits were computed by the RTCS, (4) Providing real-time confirmation of certain marl< 
including a parking orbit from Bermuda data, a second events. 
parking orbit from Ceiztau~ guidance telemetry data, a 
theoretical transfer orbit using Bermuda data plus nom- (5 )  Providing computing support through the use of 
inal second-burn data, a post-retromaneuver orbit using the GSFC data operations branch. 
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Fig. 69. Air Farce Eastern Tesf Range S-band telemetry coverage 
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(8) Providing N-ASCOM stlpport to all NASA elenients 
for sirntrlatiot~s and Iaunc1-1, and extending this 
coi~~munications support i s  necessary to interface 
\vith the eombineci v~orldn7ide net\votk. 

The GSFC tracking and telemetry facilities and equip- 
ment used in support of Sz~rveyor VI are listed in 
Table 41. The GSFC also supported the ORT prior to 
launch. 

a. Acqrlisition aids. The MSFN stations are equipped 
with acquisition aids to track the vehicle and provide RF 
inputs to the telemetry receivers from AOS to LOS. 
Performance recorders are used to record automatic gain 
control and angle errors for postmission analysis. The 
acquisition aid systems performed their required func- 
tions during the Surveyor VI Mission. 

b. Telemetry data. The  MSFN stations are also 
equipped to decommutate, receive, and record telem- 
etry. The telemetry requirements placed on the MSFN 
were : 

(6) A l l  stations were to provide magnetic tape record- 
ings, strip chart reccil-clings, aiid PLl"h;i data sbect:;. 

Tile telemetry systems performed all required fune- 
tions. Bermuda received and recorded range safety 
parameters and mark events 5-11, Grand Canary re- 
ported mark event 12, attitude rates, and propellant 
ullages. Although no VHF coverage was predicted for 
Carnarvon, the station obtained 9% min of VHF data. 
The predicted vs actual coverage is shown in Fig. 62. 

c. Metric tr.ackin.g (C-band). Bermuda provided radar 
beacon tracking, magnetic tape recording (at a minimum 
of 10 points/s), and real-time data transn~ission to GSFC 
and AFETR. The radar requirements placed on the 
MSFN were: 

(1) Bermuda was to provide beacon tracking of the 
Centaur from AOS to LOS and range safety sup- 
port to AFETR. Bermuda was prime for range 
safety from 78 to 90 deg, and backup from 91 
to 115 deg. 

(1) Bermuda, Grand Canary, and Tananarive were to (2) Bermuda was to provide real-time transmission of 
receive and record the Cerztatir 225.7-MHz link high-speed and low-speed radar data to GSFC 
from AOS to LOS. and RTCS. 

(2) Bermuda was to receive and record the Atlas (3) Bermuda was to provide magnetic tape recordings, 
229.9-MHz link from AOS to LO§. strip chart recordings, and PLIM data sheets. 

(3) Ceiztaz~r mark event readouts were required from (4) Grand Canary, Tananarive, and Carnarvon were 
Bermuda, Grand Canary, and Tananarive in real- to provide metric data in a backup support role. 
time or as close to real-time as possible, after the 
vehicle was in view of the station. The Bermuda FPQ-6 radar achieved 486 s of valid - 

(4) Bermuda was to display range safety parameters 
auto-track data. The FPS-16 radar obtained 482 s of 
data; however, 24 s of data were lost at T + 524 due to 

on the Atlas and Centaur links. 
obstruction by the FPO-6 antenna. The FPS-16 track 

(5)  Carnarvon was to receive, record, and retransmit was inhibited; due to p<asing, from AOS until T + 369. 
S-band telemetry to DSS 42 in real-time. The Grand Canary radar provided 216 s of valid data. 

Table 41. Manned Space Flight Network configuration 
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Fig. 62. Manned Space Flight Network telemetry coverage 

Tananarive, which was still on an engineering test (2) To generate radar siniulation tapes for Grand 
basis, did not acquire track. The reason is unknown. Canary, Tananarive, and Carnarvon to be used 

during the ORTs. 
Carnarvon, although experiencing several dropouts, 

provided data over an interval of approximately 1400 s. (3) To generate and transmit nominal pointing data 

The reason for the dropouts is not known; however, to participating MSFN stations, except Bermuda. 

aspect angle is suspected. The  predicted vs actual Bermuda powered flight data were to be supplied 

coverage is shown in Fig. 63. to GSFC by AFETR. 

d. Comprtter support, data handling and ground cotn- 
munications. The GSFC data operations branch was to 
provide computing support for the MSFN stations dur- 
ing the prelaunch, launch, and orbital phases of the 
mission. Coinputer requirements were: 

(1) To provide pointing data printouts for supporting 
MSFN station view periods for mission planning 
purposes. 

(4) To receive launch trajectory data from Bermuda 
and AFETR via the launch trajectory data system. 

(5) To update and refine -the orbit of the Ce~ztaz~r, 
based on low-speed teletype data received from 
participating C-band radars and to pass these 
paramctcrs to the MSFN controller. 

(6) To use the refined orbital parameters to drive dis- 
plays at the GSFC operations control center. 
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Fig. 63. Manned Space Flight Network radar coverage 

(7) To generate and transmit real-time acquisition 
messages to participating MSFN stations, based 
on inflight tracking data. 

(8) To reformat the Grand Canary and Carnarvon 
metric data prior to transmission to the RTCS. 

(9) To reformat on magnetic tape the high-speed 
radar data received from AFETR in the tape for- 
mat specified (XYZ and $i) and to reformat on 
magnetic tape the Iow-speed teletype radar data 
received from AFETR and MSFN in the standard 
time, azimuth, elevation, and range format for 
shipment to the Centaur vehicle office at LeRC. 

(10) To reformat on magnetic tape the Bermuda high- 
speed. raw radar data, including a list of the con- 
tents and formats, for shipment to the RCA data 
processing requiremellts group at Patrick AFB, Fla. 

During flight, tlle Grand Canary rise minus 5-min 
acquisition message arrived on site after AOS, and the 
first Tananarive and Carilarvon acquisitioll messages 
were invalid. Updated messages were transmitted, but 

arrived too late for Tananarive. The data operations 
branch provided all other required support. 

e. NASCOAC support. The NASCOM network pro- 
vided 23 teletype, 17 voice, and 8 high-speed data cir- 
cuits in support of the mission. These circuits were 
assigned as indicated below: 

Site 
High-speed 

Teletype Voice 
data 

Building A 0  3 3 1 
DSS 71 3 1 1 

DSS 42 
DSS 51 
DSS 61 
Bermuda 
Grand Canary 
Tananarive 
Carnarvon 
Carnarvon-DSS 42 
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Special coverage ~vas  established cornrnetlci~lg at ap- 
Broxiil-,u:e!y y' 6 Jl, aiici pi.opagaiiaii [or.ecasis 
were providec3 for all HF radio circuits eN'ective ap- 
proximately 1' - 9 h. 

All high-speed trallsillissions for London and Can- 
berra were paralleled with low-speed illput, Minimize 
was placed in effect from approxilllately T - 135 to 
T + 2 h. The teletype circuit to DSS 51 via Ascension 
was activated for make-good purposes. 

During the countdowi~, at 03:50, a major systems 
failure was experienced. This caused an outage between 
Cocoa Beach and Polk City, Fla., which affected all of 
the voice, high-speed data, and teletype circuits to 
DSS 71, and one voice and all of the teletype circuits to 
building AO. The failure was attributed to a shorted 
capacitor at Cocoa Beach, which caused the fuses on the 
Polk City circuits to blow. All circuits were restored 
at 04 : 54. 

Intermittent outages, due to poor HF propagation, 
were experienced on all of the DSS 51 circuits between 
05:08 and 06:50. 

Dropouts 011 the DSS 51 high-speed data circuit were 
reported at approximately 06:55. Attempts to reconfigure 
circuitry and equipment were ineffective until it was 
discovered that a Stelma converter at Riverhead, N.Y. 
was set on channel 8 instead of channel 2. The circuit 
m7as restored at 07:55, which was after liftoff, but before 
DSS 51 acquisition. All circuits were GO at liftoff, 

B. Deep Space Network Phase 

As with Slcrueyor V Mission, the DSN provided a 
constant high level support for Surveyo~ VI, with the 
exception of that mentioiled below. 

From the time of two-way acquisition by DSS 51 until 
approxin~ately retroignitioil -40 min, the DSN tracked 
the Surveyor VI spacecraft in the two-way mode, and 
with minor exceptions, returned extremely high quality 
two-way doppler data. Suroeyol- VI marked the first 
wide-scale use of doppler resolver data (all stations ex- 
cept DSS 51) during the ii~flight portion of a Surveyor 
mission. The result of the doppler resolver use ~ 7 a s  a 
reductioil in the standard deviation of the doppler data 
(60 s) from a pre-resolver level of approximately 0.008 Hz 
to about 0.002 Hz, or a reduction by a factor of four. 
Unfortunately, this did not p r o d ~ ~ c e  a decrease in the 
corresponding target uncertainties because the orbit 

deierlilination group hail rtot cllangecl the clol~pler tlata 
iveigiiting to rcflcct thc i~?crcased accurac),; it is hopecl 
that a modcrate irnprovc.nrc~lt in  t-nrgrxt statistics c:rn he 
;iccomplishecl for Surr;c!yo~ 1/11, 

The oilly major losses of good two-way doppler data 
occurred during the second pass over DSS 51 and 
DSS 61. Johainlesburg (DSS 51) lost comn~unications at 
19:38:02 on November 8; and at 20:45:02 an uilscheduled 
transfer was made to DSS 61, ~vhich stayed in two-way 
until the spacecraft ~ 7 a s  transferred to DSS 11 at 22:19:02. 
The two-way doppler data taken at DSS 61 during this 
time (approxin~ately 1% h) was unusable due to exces- 
sively high noise; the ~?roblem tvas traced to the rubidium 
standard. When a rubidium change was made during 
the third pass, an imn~ediate imlxoven~ent to reasoilable 
levels u7as observed in the three-way data at  DSS 61. The 
only other appreciable loss of two-way data occurred 
during Canopus acquisition over DSS 61 \vl~en an unex- 
pected loss of lock occurred, and reacquisition of two- 
rvaj7 data was 11ot attempted uiltil coillpletioil of Canopus 
acquisition approximately 50 nlin later. 

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, pri- 
marily, by GCF problems which occurred during the 
operatioilal periods. 

The DSN monitor area was able to provide backup 
data for most periods in the form of IBhlI punched cards, 
reperforator tapes, and page print copies by requesting 
retransn~issioll of data froin the Deep Space Station or 
comn~unications processor \vhen necessary. No major 
problems were experienced in perforining scheduled 
DSN monitor activities. 

1.  Deep  Space Instrumetztation Facility. Prilne station 
support was provided by DSSs 11, 42, and 61. Johannes- 
burg, DSS 51, performed initial two-way acquisition and 
con~inandillg of the spacecraft and tracked during all 
three of its transit phase view periods. Since this station 
had higher elevation angles and longer view periods 
than DSS 61, DSS 51 m7as used as the prime two-way 
station during the transit phase of the mission. However, 
DSS 72 n7as not used to support Srtroeyor VI. 

The prelaunch spacecraft-DSIF R F  compatibility tests 
n7ere supl>orted by DSS 71 ~vhich ~vas  also the priine 
source of real-time AFETR telemetry as processed by 
the CDC and on-site telrmetry and comnlaild processor 
compiiter ancl transmitted to SFOF. This data path 
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\-i7ol.liec1 \veil drrring Srirceyo~. VTj : ~ I I C ~  goocl data \.irere 
r.ccei\retl at the SFOF' a t  all t intes tliat gooci range teleim- 
ctry t1at:r \r7c1re recci~ccl a l  Gape Keni~ciiy. 

Transit phase support was provided by DSS 14 usii~g 
the 210-ft antenna. Project-furnished equipmellt tvas 
installed to permit predetectio~l recordillg at DSS 14. At 
midcourse and touchdown the baseband tele~iletry out- 
put of the DSS 14 prime receiver was transmitted to 
SFOF using a wideband nlicrowave line. Problems ob- 
served in Strrveyor V regarding DSS 14 baseband data 
were resolved in premissioll testing, and good data were 
received from DSS 14 duri~lg all Suroeyor Vl tracking 
periods. 

Special support for the liftoff and trallslation experi- 
ment was provided by DSS 14 using the touchdown con- 
figuration. Excellent strain gage data were provided to 
SFOF in real-time during this experiment. 

Subsequent to landing, the DSIF provided 24-h/day 
tracking coverage. This extended until final spacecraft 
operations at sunset plus 41 11. 

At project request, the average alarm conversion pro- 
gram developed at DSS 61 was implemellted at all prime 
stations for use in the backup telemetry and comma~~d  
processor computers on a noninterference basis. The 
program is run at the option of the stations, by agreement 
between the station manager and Surveyor operations 
chief. 

Finally, DSIF stations were conlmended for improve- 
ments in the quality and rapid handli~lg of their data 
l>ackages. Shipment times of two to three days are 
becoming coninlon from DSS 42 and DSS 61, and the 
number of errors has been greatly reduced. 

a. Participating stations. The followi~ig DSIF stations 
were assigned to support Surveyor VI. 

(1) Prime: 

DSS 11 

DSS 42 

DSS 51-Tracking support only during cislunar. 

DSS 61 

DSS 71---Prelaunch support and track to loss of 
signal. 

( 2 )  Recoudii~g ant1 transmitto. backup station: 

DSS 14-Prime telemetry nild transmitter haelcup 
to DSS i l d u r i ~ ~ g  rniclcorlrse, tcrnlinal, aticl trans- 
1iiiloi-i maneuvers. 

I?. Alission profile. Lau~lch occurred at  07:39:01 011 

November 6, 1964, on a launch azimuth of 82.995 deg. All 
tracking stations co~llnlitted to support Szrrveyor VI 
cou~lted do~rln and were GO at time of launch. 

c. Launch support. Solid, one-way spacecraft sigllaIs 
were reported by DSS 71 for a total of 4 mi11 and 49 s 
after liftoff. Signal levels varied from -68 dBnlW on 
the pad at liftoff to a -154 dBn1W at loss of lock. 

d. In itial acq tr isit ion. Initial two-way acquisition was 
perfornled by DSS 51. This station was in one-way re- 
ceiver lock with the spacecraft at 08:08:50 and in con- 
firmed two-way lock on the S-band cassegrain monopulse 
antenila in auto track at 08:13:27. At 08:14:30 DSS 51 
had conillland modulatio~l on and was GO for com- 
manding. 

e, Miclcourse maneuver. The niidcourse adjustment 
was perforn~ed by DSS 11 011 November 8, at 02:20:00. 
This was the first pass by DSS 11 after launch. A suc- 
cessful adjust~ne~lt was reported. 

f .  Retron~al~etruer and toucl~doz(;~z. The retrothrust 
maneuver, performed by DSS 11 on its third pass, started 
at 00:50:15 on November 10. Touchdown in the targeted 
area occurred at 01:01:04.18. A snlooth spacecraft touch- 
down was achieved with no loss of tracking station 
decommutator lock during touchdown. 

g. Spacecraft lto~ar translation manezcuer. On Novem- 
ber 17, at 10:32, the spacecraft successfully accomplished 
a hopping maneuver using the flight controls to rise 
vertically approximately 10 ft and move laterally ap- 
proximately 8 ft. The lateral nlovement was in a westerly 
direction. In so doing, the alpha scattering detector head 
ended upside down and under the spacecraft. All systems 
functio~led properly after the hop, with the sole excep- 
tion of the alpha scattering detector. 

h.  Deep Space Station tracking period. Table 42 lists 
the tinles each DSS tracked the spacecraft during the 
period covered by this report. Also shown are the num- 
ber of commands sent by each DSS during each pass. A 
complete suinmary of DSS activity from launch to the 
eilcl of lunar clay 1 is shown 
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Table 4%. Tracking times and ec~mmrrrtals sent  

Significant events 

l i f toff:  day 31  1 at 07:39:01.075 

Launch or:  082 .995  deg 

Flawless initial spacecraft acquisition 

Midcourse accomplished on day 3 1 2  at 

Backup telemetry recording for DSS 11; 

passes 1, 2 and 3 

Touchdown on day 3 1 4  at 01:01:04.18 

at 0 .415 deg latitude, 358 .652  deg 

Monitored Surveyor V revival on receiver 

2, while DSS 51  commanded. N o  
Surveyor V contact 
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Table 42 (contd) 

Pass Station 

Totals: 

f racking 

period, 

GMt  

11 :58:00 
19:43:00 

20:22:38 
09:20:07 

04 :08 :00 
14:lO:OO 

12:55:00 
20:16:45 

19:58:25 
10:14:14 

04:56:42 
16:40:00 

13 :4 1 :oo 
21:14:00 

20:46:00 
11 :80:00 

05:49:35 
18:Ol :30 

14:29:00 
22:31 :00 

21 :52:30 
1 1 :08 :00 

06:35:40 
18:30:00 

15:07:00 
00:12:00 

23:33:03 
12:24:45 

07:34:00 
19:43:00 

15:47:21 
21 :48:00 

01 :32:56 
11 :10:00 

10:50:29 
16:56:30 

16:05:58 
01 :19:00 

02:l 2:44 

09:36:09 

09:35:00 

Significant even t s  

Attempted Surveyor Y revival from 15:12 1 

Lost 4 or 5 frames o f  v ideo from DSS 42 
due to loss o f  backfeed net 

Lunar sunset at spacecraft on  day 328 a t  

1 3 5 3  

Accomplished best lock frequency test a t  

06:37. At 06:41, spacecraft com- 

manded o f f .  A t  07:40, could not  revive 

spacecraft for an  interrogat ion 

Stations released from Surveyor VI track. 

End of lunar day  1 operations 
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I TeTcl~lsiotr , t~ii i trrr cJr;ta 'T:ible 43 tabrrlatci; tltc nrim 
her or' TV p i c iu~ r i  rcxce~ted as cornrnandecl by thc statroll 
ancl/or the ~ltignhci ~rcelvecl a i  cornmantied bv another 
Deep Space Station hnvlng rntii-rraii view of the space- 
craft. Table 44 provides a comparison of colnmands 
transmitted and TV pictures received by all Snrveyor 
spacecraft that achieved lunar landing. 

j. Lunar operations meeting. A lunar operations meet- 
ing was convened by the lunar space flight operations 
director each day, 3 11 prior to D S S  11 rise. At this meet- 
ing the operations plan for D S S s  11, 42, and 61 was 
finalized. A track chief attended each of these meetings 
and prepared a teletype message for transmission to the 
tracking stations permitting them to better prepare for 
each pass. 

Tables 45 and 46 give a listing of mark and other major 
events readouts. Table 47 indicates the tracking and data 
recovery performed by the various agencies and stations. 
A summary, by station and pass, of the alpha scattering 
data monitored in the DSN monitor area is presented 

Table 43. Television pictures received 

Carnarvon, 

Australia 

4 2 

6 1 

11 

14 

Totals 

Grondo ta~command and external commond: 45,519 I 

Table 44. Surveyor mission command and 
TV comparisons 

Surveyor Commands 

mission transmifted 

/ ill 63,036 6,326 1 10,031 3,705 1 

irt Table 48. Table 49 provides a summary of the per- 
centage of ioi:tl usaldr iraclting data  OX^ ? Deep Space 
St;iiloil i,ass-b)l-pass basis. 

Table 45. Mark events 

I / (day 31 11, 
GMP 

Event 

Aflos booster engine cutoff 

Atlas boaster engine jettison 

Centaur instrument panel jettison 

Spacecraft nose fairing jettison 

Atlas sustainer engine cutoff and 

booster engine cutoff 

AtloslCentour separation 

Centaur main engine start 1 

Cenfaur main engine cutoff 1 

Centaur 100-lb thrust on 

Cenfaur 100-lb thrust off 

Cenfaur 6-lb thrust on 

Centaur 100-lb thrust on 

Cenfaur main engine start 2 engine C2 

Cenfaur main engine start 2 engine C i  

Centaur main engine cutoff 2 injection 

Surveyor landing gear extend signal 

Surveyor omniantenna extend command sent 

Surveyor high-power transmitter on 

CentaurlSurveyor electrical disconnect 

CentaurlSurveyor separation 

Begin Centour turnaround maneuver 

Start Centaur lateral thrust 

End Cenfaur lateral thrust 

Start Centaur blowdown 

End Centaur blowdown 

Centaur electrical power off 

Table 46. Major evenis 

l i f to f f  

Midcourse 

Retroignition 

Touchdown 

End lunar day  1 operation 
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Table 47. Tracking data recovery, DSN monitor area 

Table 48. Alpha scattering data monitor summary Table 49. Percentage of total data usable 
(station vs pass) 



Figures 64 and 65 providc graphic presentations of during the Strrr;eljor VI h/lissioi~, with the only significant 
AFETR and DSN tracking data coverage by station anct outages being associated with basement flooding and 
pass, indicating the doppler config~tration of the station reduced power capability during a series of electrical 
throughout each pass. Periods indicated as having one- storms. It is believed that the intensive maintenance 
way doppler include the normal configuration as well as performed prior to launch contributed greatly to the high 
those periods in which the doppler was incoherent be- reliability of communications processor operation during 
cause of spacecraft configuration. Surveyor VI. 

Figure 66 provides the usable tracking data, by per- 
cent, on a pass-by-pass basis. The seemingly low per- 
centage of usable data after touchdown is due to 
unacceptable condition codes generated by normal oper- 
ating procedures used during lunar operations. These 
operating procedures dictate that the receiver will be 
operated in a manual gain control configuration. This 
does not indicate abnormal performance by the space- 
craft or the Deep Space Station. 

2. Deep Space Network/Ground Communication 
Facility. The GCF continued to provide excellent sup- 
port throughout the mission. The con~munications pro- 
cessor operations proved very reliable during critical 
mission phases. During lunar operations the Goddard 
and overseas conlmunications processors did experience 
periodic outages but no serious loss of data was reported. 
The JPL communications processor was very reliable 

Problems with the Goldstone microwave links were 
caused by fire damage to relay antennas just prior to 
Szwveyor VI launch. Voice and high speed circuits were 
shifted to landline backup circuits when required. The 
6-MHz circuit remained reliable and was used to back up 
the 96-kHz line for baseband telemetry transmission to 
SFOF. 

3. Deep Space Network/Space Flight Operations 
Facility. The 7044 redesign model 2B system was used 
for Surveyor VI support. The data processing system 
operations were reliable throughout the flight and lunar 
operations. Considerable 7044 sharing with A4ariner V 
was done during lunar operations. No current 7044 sys- 
tem was available for sharing between Surveyor VZ and 
A4arine1. IV, which caused some confusion in scheduling 
shared computer usage, but enough resources were avail- 
able to meet requirements from all projects. 

TWO-WAY DOPPLER 

THREE-WAY DOPPLER 

1 2 

TIME AFTER LAUNCH, h 

Fig. 64. Launch irereking data coverage 
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It shoirld be enlpi~tlsizeci that a. sep~arate 7044 mission- 
clei~enclci~t system is required for each pair of spacecraft 
lvillich recluire sharing a 70.19. 'fllis requires a high de- 
gree of coorcliilation between projects, and the DSN 
operations control center scheduling office rnust maintain 
current  infornlation on 7044 share capabilities and 
requirements. 

One operational problem occurred when sharing a 
7044 with Sz~roeyor. The 7044 model 2 3  system will out- 
put a NASCOM header every 5400 characters or 52 min, 
for data processing system data being printed on 100- 
words/min teletype machines. The Surveyor machines 
print continuously and reach the 5400 character limit in 
around 9 min. However, certain Mariner machines print 
only occasionally and therefore print a header only one 
every 52 min, which is operatioilally undesirable from a 
comnlunications processor standpoint. This was corrected 
for Sz~rveyor VII by reducing the 52-min limit to 15 min. 
This is a procedural problem only and did not cause any 
actual loss of data. 

During lunar operations, the SFOF ran on generator 
power for extended periods of time during local electrical 
storms. Only one power outage occurred that rendered 
computers inoperative and resulted in a data loss for a 
brief period. The power outage occurred while the gen- 
erators were first being put into operation. 

No major area reconfigurations were made for 
Surveyor VI. Three positions were provided for project 
documentation personnel at the west round console. Re- 
quests for working space for project science personnel 
were complied with. The installation of the 1219 corn- 
puter on the third floor was supported by SFOF per- 
sonnel and minor changes to the 1219 telemetry processing 
station interface were accomplished. 

During the mission period of Surveyor VI, performance 
of data systems operation was again more than adequate. 
No manning or personnel problems were encountered 
by any unit of operation during the mission period. 

Suroeyor VI used the 2B version of the 7044R com- 
puter software system and the X and Y string computer 
systems for primary support. The W string computer was 
used as bacltul! during the critical phases (launch, mid- 
course, terminal maneuver) arid released to users during 
noncritical portions of the mission. 

The data systems operation supported Srtrveyor VJ 
Mission activities and lnaintained an average I/O pro- 
cessing time of 15 min. The production type backlog 

~ 7 a s  contained and did not exceed 5 A. The yroblenls that 
were encountered by I/O anc? telemetry processing sta- 
tion equipment caused only minor loss of data. The 
majority of the problems were repaired in real-time; 
however, in some cases the equipment was replaced with 
a like item. 

Szlrvetjor support areas were manned by I/O main- 
tenance personnel during the launch and touchdown 
phase of the mission to ensure expeditious maintenance 
in the event of 1 / 0  equipment problems. This reduced 
equipment downtime during the most critical phases of 
the mission. 

Prior to the Szlroeyor mission, PDP-7 computer 2 en- 
countered memory problems. At that time, PDP-7 com- 
puter 3 was configured to general purpose station 2. 
During high activity portions of the mission, PDP-7 
computers, 1 and 3, were used to support. No problems 
were encountered with the computers in this configura- 
tion. The PDP-7 computer 2 was restored to normal 
operation on November 18, 1967. 

Problem areas were as follo\vs: 

(1) At 14:05, November 7, 1967, the SC-3070 bulk 
printer in area 7 lost dc voltage to the charge grids. 
The printer was repaired and normal operation 
was restored at 15: 10. 

(2) The November 7, 1967 total loss of printer time 
was 20 min. At 02:28, November 8, 1967, mission 1 
and 2 clocks did not switch to plus time. Main- 
tenance personnel found that both plus sign lamps 
were burned out. Lamps were replaced and the 
clock restored to normal at 03:40, November 8, 
1967. 

(3) At 02:50, November 8, 1967, a D8 (residual) tape 
was snapped on an IBM 729 tape drive. This 
caused the 7044X to be interrupted on a "read 
tape select" while the operator was mounting an- 
other tape, and resulted in a 10-min delay of out- 
put to the project. 

(4) At 07:45, November 8, 1967, the B-12 Burroughs 
card reader located in area 6 started misreading 
cards. Maintenance personnel replaced the card 
reader at 08:00, November 8, 1964. Total loss of 
card reader time was 15 min. 

( 5 )  At 23:00, November 8, 1967, the brush recorder 
in area 6 event marker pen (channel 6) would not 
ink paper. Maintenance personnel replaced the 
pen at 04:00, November 9, 196'3. 
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(6) A"iO:59, November 9, 1967, a procedural problem 
caused a card read select 011 7094X. This inter- 
rupted E/O processing. The problem occurred 
when data control bumped telemetry data pro- 
cessing and users in area 5 entered cards for 
TDPX. An internal restart was initiated to correct 
the problem. An interruption of 7 min of support 
resulted. 

(7) At 02:02, November 9, 1967, external communica- 
tions to the 7044W were interrupted due to an 
1/0 loop in the system. Support was interrupted 
for 12 min. The problem was caused by redundan- 
cies on the D2 recovery tape. The system was 
restarted from the initial program loading to cor- 
rect the problem. 

(8) A floating trap problem occurred on 7094X at 
07:40, November 9, 1967. This problem had no 
effect on Surveyor, other than switching from the 
W to the Y string computers could not be accom- 
plished as scheduled at 18:OO. 

(9) A 6-min interruption of mode I1 support occurred 
on A channel 7094X at 18:00, November 9, 1967. 
The problem was caused by an illegal IBM 711 
card reader select. Customer engineers from IBM 
reset the card reader select and no further prob- 
lems were encountered. 

(10) At 19:50, November 9,1967, the Sorobam keyboard 
on the I/O tasker console in area 7 had three 
broken keys, causing the keyboard to jam. Main- 
tenance personnel replaced the broken keys and 
operation was restored to normal at 20:05, No- 
vember 9, 1967. Total downtime was 15 min. 

(11) At 06:20, November 10, 1967, telemetry processing 
general purpose station 2 could not synchronize 
on Surveyor data from DSS 11. Maintenance 
personnel found bad logic card 15530 DS-2 in 
PCM astrodata decommutator system. The logic 
card was replaced, which restored system to 
normal operation at 06:34, November 10, 1967. 
Total loss was 15 min. 

(12) At 07:25, November 10, 1967 general purpose 
station 1 could not synchronize on St~rueyor data. 
A bad logic card (15530 DS-2) was found in PCM 
astrodata decommutator system. The logic card 
was replaced, and the system was restored to nor- 
mal operation at 07:37, November 10, 1967. Total 
loss was 12 min. 

(13) At 18:40, Noven~ber LO, 1967, card inputs fro111 user 
area 6 were not recognized by 7044): and 4094X. 
The cause of the probIen1 was undeternzined, 
A cold start of the 7044X was directed and the 
card reader was replaced in the user area. The 
problem caused intermittent interruptions during 
the alpha scattering program sequence. 

(14) At 01:05, November 11, 1967, the B-122 Burroughs 
card reader in area 6 would not read cards cor- 
rectly. Maintenance personnel replaced the card 
reader and operation was restored to normal at 
01:18, November 11, 1967. Inconvenience to the 
user totaled 13 min. 

(15) At 08:20, November 11, 1967, an 1/0 select loop 
occurred on 7094X, channel A. This interrupted 
mode I1 operations for 11 min. The cause of the 
problem was undetermined and the 7094 was re- 
stored to solve the problem. 

(16) An intermittent 7320 drum storage failure occurred 
at  14:30, November 11, 1967. Surveyor switched 
operations to the 7044W. No loss of data was ex- 
perienced. 

(17) At 07:20, November 12, 1967, the 200 Vdc power 
supply failed in the SC-4020 plotter. Backup capa- 
bilities were provided by the building 125 facility. 
This allowed the customer engineer to come in the 
next day (16:00, Monday) instead of Sunday night. 
Normal SFOF plot processing capability was re- 
stored at 17:45, November 13, 1967. 

(18) The 7044X user area communications were inter- 
rupted on November 15, 1967 at  11:14, due to 
faulty format on the IBM 7320. A 4-min loss of 
data was experienced while the drum was re- 
formatted. 

(19) Intermittent problems occurred on November 15, 
1967, at 15:30, when the 7044X computer went into 
a tight loop. Similar problems occurred between 
09:29 and 09:34, November 16, 1967, causing 
1- to 2-min interruptions. Reasons for these failures 
were undetermined. The system was downed for 
a period of 15 h while attempts were made to iso- 
late the problems. The problems did not reoccur 
during this period. However, additional time will 
be scheduled in an effort to remedy the problems. 

(20) At 17:34, November 16, 1967, the SC-3070 bulk 
printer located in area 4 would not step paper 
properly. Maintenance personnel found the stepper 
motor bearing frozen. The bulk printer was re- 
placed and operations were restored at  18:00, 
November 16, 1967. 
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(21) Edison power failure occurred at 08:39, Novent- 
ber 19, 1967, affecting the X and U computers, 
Sr~roeyor was using die 4094Y cotnputer string at 
the time of the power failure. Power was restored 
to the Y string; however, Szcrveyor used mode III 
because there was a logic card failure in the 7094Y 
computer. Power was restored to the X string at 
09:34. There was a failure of formats on module 21 
of the 7044-7094 disk. The disks were reformatted 
and then Sz~rueyor was placed on the X string at 
10:39. The power failure resulted in the project 
losing 2 h of mode 11 operation. 

Figure 67 shows the SFOF computer usage of the 
7044/7094 computer during the Surveyor VI Mission. 

personnel conducted a complete clieckorrt of IGS equip- 
ment in the SFOF prior to the ORT and all equipment 
was adjusted per specifications. The ICS equipment per- 
formed very well during the pren~issiori period. 

Some major problen~s occurred in the DSN/GCF dur- 
ing this period which involved the Western Union micro- 
wave system between JPL and Goldstone, the JPL 
communications processor, and radio propagation condi- 
tions. Communications to the stations were 92% reliable, 
a good to fair rating. Those stations contributing to the 
downgrade of reliability were DSS 51, due to propa- 
gation, DSSs 70 and 71, due to patching problems and 
malfunctioning equipment. 

a, ~ o m m u ~ z i c a t ~ o , , s ~ ~ ~ ~ ~  The SFOF communications Premission ~roblern areas. The JPL communications 

support activities are summarized in the paragraphs that P'OceSSO' System had an extremely high 

follow. faults during a 36-h period from 17:34, November 5, 
1967, to 04:50, November 7, 1967. At times, the system 

Premission summary. The DSN/GCF and the ICS pro- was operational, but these were of such short duration 
vided support for Surveyor VI Mission. Communications that for all practical purposes it could be considered 

/)- PRLMIISION MISSION 

DATE (1967) 

Fig. 67. Surveyor \ / I  Mission 9044/7094 computer usage 
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nonoperational clrrring this entire period. TI-re Univac 
personnel nrorkeci contii~uot~siy and had both A and B 
systems operational 13y 1' --- 7. 11; I~r t? ;  in a 11011sl~anc1a~l 
mock of crossecl drums. The R processor, A drurri, and 
A servos lvere on line and running. The A processor, 
B drum, and B servos mere running bacltup. The most 
significant of the faults experienced by the communica- 
tions processor are described as follows: 

(1) Drum packet errors that occurred at various times 
in the B system were traced to a bad componellt 
card in the druln control and sequence unit. The 
unit was replaced and released for operation at 
08: 13, Novelnber 6, 1967. 

(2) At 06349, November 6, 1967, the A system experi- 
enced input sync faults. Ilnpedance matching cards 
in the adapter were detected as being faulty and 
were replaced. T11e system was back in operation 
at 08:43, November 6, 1967. 

(3) At 04:14, November 7, 1967, a loose wire was 
detected inside the A system central processor 
unit. The wire was repaired and, after checkout, 
the system was back in operation at 04:50, Novem- 
ber 7, 1967. 

Other problem areas encountered during the premis- 
sion period are described as follows: 

(1) A fire occurred at Sierra Peak microwave station 
on October 30, 1967, and the system was closely 
watched. Low-gain gain antennas were being used. 
Plans were made to use the 96-kHz line in place of 
the 6-h4Hz line in event of failure, but no failures 
occurred during the premission period. The 96-kHz 
line was down from 05:48, November 7, 1967, due 
to maladjusted amplifiers at JPL. This did not 
affect project data since the 6-RllHz line was in use. 

(2) Poor radio conditions with DSS 51 occurred at 
various times during the premission period but 
were cleared by approximately ?h h before liftoff. 
The DSS 70 lost teletype time amounted to 87 mi11 
for three teletype circuits between 03:53 and 05:20, 
November 7, 1967. This was due to poor patching 
at Cape Kennedy. The DSS 71 lost teletype time 
amounted to 61 min for three teletype circuits be- 
tween 03:53 and 04:54, November 7, 1964, due to 
malfunctioning equipment at DSS 71. These out- 
ages at DSSs 51. 70, and 71 had little significance 
since the JPL comniunications processor was in- 
operative during this time. 

AIlsstor~ szrrnmrrjrj Grnelally, the entile DSN/GCF' 
and ZC7b pel ior med satlsiactoliiy, ivrth the exeeptlon of 
 OM CI p~ol~ ie rn i  nricl 7' a t c ~  l ~ a l ~ a g c  pudblerns late r i l  the  
rnli5ion per loci Wllrlc t 1 1 ~  PL cornmrrrlleationt processor 
expc~~enced a mrl~imurn of failures th~oughout the mis- 
sion period, the majolity of con~munications processor 
problems were attributed to London, Canberra, and 
Goddard communications processor systems. An analysir 
of DSIV/GCF premissio~l reliability is shown in Table 50. 
A~lalysis of DSN/GCF suppolt during the mission is 
sho~vn in Table 51. 

A4issiotz pl.oblem areas. The mission problem areas 
were as follows: 

(1) Due to a heavy rainfall, a plugged drain, and a 
non~vatertight door, two separate problems oc- 
curred on November 19, 1967. First, the rainfall 
caused loss of SFOF power minutes before the 
SFOF was to have s~vitched to generator power. 
The power loss caused the JPL communications 
processor A and B systelns to fault, however, com- 
munications were restored by patching around the 
com~nu~licatio~ls processor. After switching to gen- 
erator power, the communications processor A 
system was restored, but as a result of the initial 
power failure, the backup B system was not re- 
activated. Within a few hours the A system faulted 
again, probably as a result of an instruction being 
lost at the instant of the initial power failure. A 
water leak into the sub-floor area of the communi- 
cations processor resulted from excess rain water 
draining into the basenlent flooring. The cause of 
this drainage was deter~nined to be a plugged drain 
and a large opening between the floor and an 
outside basement door. Commullications were re- 
stored by switching around the conlmunications 
processor, while the water source was stopped and 
the accumulated water was drained from the under 
floor. During this period, communicatiolls opera- 
tions made the decision to power down both 
communications processor systems. 

(2) During the mission period, the 418 communications 
processor system at Goddard experienced over a 
dozen short-duration failures, necessitating man- 
ual and automatic recoveries as well as complete 
system swaps. 

(3) The 418 colnmunicatioiis processor systenis at Lon- 
don and Canberra also experienced a number of 
problems which resulted in recoveries and s w a p .  
There were four communicatioiis processor failures 
in each of tliese switcl~ing centers. 
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Table 50.  Deep Space Network/GCF premissisn phase resiability analysis 

I Tufa! eufago N u m b e r  of 
Station and u~tode time, min outages 

- - 

1 1  Teletype (4) 

11 Voice (2) 

11 High-speed data (1) 

11 Wideband (1) 

11 Automatic gain con- 

trol (1) 

11  Video (1) 

4 2  Teletype (4) 

4 2  Voice (1) 

4 2  High-speed data (1) 

5 1  Telefype (4) 

5 1  Voice (1) 

5 1  High-speed data (1) 

61  Teletype (4) 

61  Voice (1) 

61  High-speed data (1) 

A 0  Teletype (3) 

A 0  Voice (3) 

A 0  High-speed data (1) 

71  Teletype (3) 

71  Voice (1) 

(4) The JPL communications processor B system had 
a fault at 20:17, November 8, 1967, due to memory 
lockout problems and drum packet errors. After 
an unsuccessful 3/52 recovery, communications 
were swapped to low-speed teletype at 20:22, with 
only a small outage. At 20:42, low-speed teletype 
was terminated and the A system was placed on 
line. 

(5) During the period of time in which DSS 51 was 
activated for Surueyor VI, the teletype and voice 
circuits had many outages due to propagation 
between London and Pretoria. Most of the teletype 
outages were of 30- to 40-min duration, and the 
voice outages averaged over 60-min duration. Since 
DSS 51 was not a prime support station after lift- 
off, these problems were considered minor failures. 

(6) At 03:36, November 18, 1967, a communications 
processor system swap was performed because 
communications were lost with the data processing 
system U string. Con~munications were restored at 

Owage cause by percer~l 

Software. i 00 

Hardware, 1 0 0  

Software, 1 0 0  

Inactive, 90.9; hardware, 1 

Inactive, 1 0 0  

Inactive, 100  

Software, 45.7; hardware, 54 .3  

Hardware, 1 0 0  

Hardware, 1 0 0  

Hardware, 66.5; inactive, 33.5 

Hardware, 1 0 0  

Hardware, 1 0 0  

03:41, but the problem still remained. Subsequent 
investigation revealed a hung message in 704453 
computer. 

(7) The communications processor indicated drum 
hardware errors at 15:23, November 20, 1967. The 
system did not fault, but a 3/2 recovery was at- 
tempted. The recovery did not take, and at 15:24 
a system swap was completed. The reason for the 
drum errors was unknown and the system is again 
working satisfactorily. 

27. Operatio~ls a,nd st~ppo~*t/SFOF. A summary of the 
SFOF operations alld support is presented in the para- 
graphs that follow. 

Prenzissiolz summay. The SFOF maintenance and 
operational support of the Szlrveyor VI Mission incurred 
no major problems. Several minor problems invoiving 
outages were quickly resolved and had no effect on thc 
mission. 
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Table 59. Deep Space Netwerk/GCF mission phase reliability analysis 

Hardware, 2 1.6; software, 75.7; 

Hardware, 100 

11 High-speed data (1) 

11 Wideband (1) Hardware, 100 

11 Automatic gain con- Hardware, 100 

Hardware, 100 

Hardware, 24.4; software, 75.6 

Procedure, 100 

42 High-speed data (1) Hardware, 33.3; inactive, 66.7 

Hardware, 8.4; software, 14.5; 

Procedure, 7.7; inactive, 92.3 

51 High-speed data (1) Hardware, 3.2; procedure; 8.8; 

inactive, 88.0 

Hardware, 20.8; software, 70; 

61 High-speed data (1) Hardware, 100 

A 0  Teletype (3) 

A 0  High-speed data (1) 

71 High-speed data (1) 

During the premission period, reproduction services 
received a total of 46 programs and produced a total of 
8100 copies. 

The activity in the DSN scheduling office during the 
premission period was normal with no unusual activity 
experienced. 

Premission problem areas. The problems occurring 
during the premission period, while minor in nature, 
involved the following major equipment outages for 
short periods of time. 

(1) At 02:08, November 5, 1967, generator 1 lost its 
automatic frequency control and was controlled 
manually while the load was transferred to gen- 
erator 2. Investigation revealed vibration had 

loosened a brush cap on the governor motor, 
rendering it inoperative. The brush and cap were 
restored and the cap sealed. Generator 1 resumed 
its load after an outage of approximately 68 min. 
Generator 2 was involved in two malfunctions, one 
of which required a shutdown. A fuel line cracked 
at 11:10, November 5, 1967 from vibration fatigue. 
The load was transferred to generator 1 while the 
line was replaced, and 2 was back on line in less 
than 1 h. The second problem developed at 16:20, 
November 5, 1967, when the fuel pressure in 2 
dropped approximately 10 lb. The generator was 
maintained in operation until ORT completion, at 
which time a valve in the fuel pump was repaired. 
No further generator problems developed. 
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( 2 )  The elevator v7as out of vrvice t h e e  times on 
Novembe~ 5 and 6, 196'9, clue to an excessive oil 
leali. A total cloivn t ~ m e  of approx~mately LO h was 
experienced. New packing was received and in- 
stalled on November 6, 1967, and no further 
problems were encountered. 

(3) The blueline machine was inoperative on Novem- 
ber 5, 1967, due to a burned out lamp. The lamp 
was replaced on November 6, 1967. Shortly there- 
after (on November 6, 1967), the Xerox 2400 
Model IV broke a main drive seal which was re- 
placed on November 7, 1967. No further problen~s 
developed. 

A4ission sunzmary. The SFOF maintenance and opera- 
tional support of the mission period of Sznueyor VI was 
plagued with a multitude of maintenance problems. 
These problems were primarily a direct result of the 
adverse weather which began on November 18, 1967. 
However, the prompt corrective action provided by 
support functions held the effect on the mission to a 
minimun. 

During the mission period, reproduction services re- 
ceived a total of 383 programs plus special work and 
produced a total of 125,000 copies. 

Activity in the DSN scheduling office was heavier than 
normal. A slight delay was encountered in producing 
the 7 - y  schedule on November 9, 1967, due to backlog 
of Szaveyor data being processed on the 7040 computer. 
No associated problems resulted from this delay. 

Alission problem areas. The majority of problems oc- 
curred in the basement and on the third floor as a result 
of bad weather. The following specific incidents are 
listed due to the magnitude of their effect on the mission 
and on support personnel. 

(1) Due to the heavy rain and a plugged drain in the 
west stairwell, the communications processor area 
was plagued with water problems. The plugged 
d r a i ~  caused flooding of the area on November 19, 
1967. Pumping was initiated and the communica- 
tions processors were shut down until enough water 
was removed for safe operation. 

(2) The third floor was plagued with roof leaks. Wher- 
ever possible, equipment was covered with plastic, 
dried out, and returned to service. A roof leak in 

the lepioclluet~onc area, whtch mas not immediately 
repanable, ~esulteed in shutting down the blueline 
i ~ i ~ ~ c h i ~ l e  ioi ~edsons ol safety due lo the high 
voltages involved. The Xelox 2400 34odel IV was 
inopelalive on November 9, 15, and 17, 1967, for 
a total of approximately 19 h. Backup from the 
Copy-Flo was available and utilized as required, 
resulting in no loss of reproduction time. 

(3) Edison power was unusuaIIy unstable during the 
storm period, ranging in power dips from 30 V to 
complete blackout. At 08:40, November 19, 1967, 
Edison power failed due to lightning. The gen- 
erators were being brought up at  the time and 
recovered power at 08:42, for a total power outage 
of 2 min. At 11:06, November 19, 1967, all four 
generators were on line. 

(4) Generator 2 failed at 11:45, November 19, 1967, 
due to a burned out governor control motor. The 
electrical load was lightened and generator 1 
assumed the load. Generator 3 was secured and 
the governor removed and installed on generator 2. 
At 19:35, November 19, 1967, generator 2 was back 
on line. 

(5) The elevator was out of service on November 12 
and 19, 1967, for a total of approximately 5% h, 
due to minor mechanical and electrical problems. 

(6) Chiller 2A developed a bad valve on November 11, 
1967. I t  was replaced without requiring a shutdown. 

(7) An expansion joint on hot water pump 2 cracked 
due to fatigue on November 10, 1967. A backup 
pump was installed during repair with no notice- 
able loss of service. 

(8) The Xerox 2400 Model IV was inoperative on 
November 9, 15, and 17, 1967, for a total of ap- 
proximately 9 h, due to various minor problems. 
Immediate backup was available at all times from 
the Copy-Flo. 

Figure 68 shows the SFOF power sources and their 
usage for the Surveyor VI Mission. 

c. Pe~.for~l~aizce/SFOF. The SFOF performance is 
summarized in the ~aragraphs that follow. 

Premission summary. As indicated in Table 52 a num- 
ber of anomalies occurred during Szlrvegor VI premission 
period within the SFOF. The majority of these problems 
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fall into distinct areas 1i~hicl-i are discusseci in the follow- 
ing pa~.agraphs. 

P,oceclrlte There was orlly on(. sigi t l / ;cd~?i l~roceclellal 
pmoblem that occurled duiing the piei~lissioll peirod 
Personnel using the teletype machine were unawale of 
how to use the teletype status board. This problem was 
corrected by instructing personnel in the use of the 
status board. 

Hardr~ave.  As always, there are more deficiency re- 
ports written in the hardware category than in any other, 
but this is to be expected. I t  should be noted, that as 
in the last Surveyor mission, the majority of these de- 
ficiency reports were related to the data processing 
system area. About 40% of these reports were associated 
with the 3070 bulk printers. During the premission pe- 
riod, two 3070 printers had to be completely replaced. 

There 1vas only one iieficicncv report written against the 
srrplmrt group during tile prelnissioi~ period of this maim 
tcnnnee ai-rci operation report. 

There were two significant probleins \tlith the com- 
~llunications processor. On November 5, 1967 (on the B 
system), selective bits were being added and deleted, 
causing erroneous data operations. This problem re- 
sulted in the replacenlent of five printed circuit cards, 
and an adjustnlent of niemory. On Novenlber 6, 1967, 
again with the B system, there was a loss of tinling pulse 
in the drum sequence and control unit. 

This problem resulted in replacenlent of printed 
circuit board 29 C. 111 addition to the communicatio~~s 
processor problems, there were other deficiency reports 
generated against the ICS; however, these were not 
significant. 

I I DATE (NOV 1967) 

EDISON POWER 

GENERATOR 
POWER 

Fig. 68. Space Flight Operations Facility power mode, Surveyor VI 
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Facility support 

Facility support 

Data processing 

system 

Data processing 

system 

Facility support 

Data processing 

system 

Facility support 

SFOF communi- 

cations 

SFOF communi- 

cations 

Data processing 

system 

Facility support 

Generator 1 

down 

Blueline machine 

down 

IBM 7320 drum 

storage parity 

errors on IBM 

7044Y computer 

system 

Area 5 card reader 

misreading cards 

Generator 2 

down 

Delay in  output tape 

switching on 7094Y 

computer 

Generator 2 down 

Communications 

processor in a 

continuous drum 

update condition 

Communication 

processor slopped 

outputting 

Cause 

Governor lost brush 

cap due to 

vibration 

Burned out lamp 

Undetermined 

Dirty lamps and 

rollers 

Broken fuel line 

Systems tape switch- 

ing control cards 

used were in  im- 

proper order 

Low fuel pressure due 

to stuck pump 

valve 

Excessive message 

lengths from DPS 

Unknown 

Surveyor status dis- Surveyor software 

plays were not 

updating in area 6 

Elevator down / 18:30, 5 / Loss of oil 

Replace and seal 

Replaced lamp 

Problem investigated 

by IBM customer 

engineering (7320 

drum surface analy- 

sis was performed 

by IBM and no 

failure was located) 

Lamps and rollers 

cleaned 

Replaced line 

Operators corrected 

control card order 

and restarted the 

7094Y system 

Repaired sfuck check 

valve in fuel pump 

Data processing system 

performed a stop-all 

and problem cleared 

Performed several 

312 recoveries and 

one 3 / 1  recovery, 

but with no suceess. 

System swap 

restored operations 

Project corrected 

software 

Replaced oi l  

Effect on 

mission 

None. (Generator 

2 absorbed 

load) 

Nane. (Reproduction 

requirements not 

scheduled far this 

period) 

A 19-min interruption 

in  support was 

experienced by 

Surveyor. (During 

this period, 

Surveyor moved 

support to the 

W string computer 

system) 

Loss of user area card 

reader in user area 

far 1 l min 

Nane. (Generator 

1 absorbed 

load) 

Caused a delay in the 
removal of output 

tapes (Eight output 

tapes were re- 

moved from the 

7094Y during this 

time; approxi- 

mately 2 min 

delay per tape) 

None. (Generator 

1 absorbed 

load) 

Data delay of 4 min 

to Surveyor 

N o  data loss; BRT 

completed prior to 

outage 

Inconvenience fo user 

l ~ s t  elevator for 2 h ,  
15 min 
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SFOF communi- 
cations 

SFOF communi- 
cations 

Dato processing 

system 

SFOF communi- 
cations 

Facility support 

Data processing 

system 

I SFOF communi- 
cations 

Data processing 

system 

SFOF communi- 
cations 

Problem 

Communications 

processor faulted 

Communications 

processor faulted 

IBM 1403 Printer 

1 on IBM 

7040Y computer 
failed 

Both communications 
processor strings 
were experiencing 

numerous prob- 
lems. (Decision 

made at 20:45 to 
take both strings 

down and turn over 
to Univac 

and programmers 
for repair) 

Elevotor down 

Could not access tape 

decks in  PDP-7 
computer 1 

Communications 
processor faulted 

When the 4151 Area 
6 devices were 

switched to Y or W 
string (by data 

processing control 

center), both string 
indicotions came on. 
Area 6 devices 

could be switched 

properly at the 
M box 

Elevator ram needs 

packing 

Xerox 2400 Model IV 

down 

Communications 
processor faulted 

eanditian, 

time, GMT, 
dete, 

Nov 1967 

Unknown 

Unknown 

Damaged carriage 

feed roller 

Many problems in 

both strings of 
communications 

processor: drum 
errors, memory 

errors, and output 
problems 

loss of oil 

Bad logic card in 

parity circuit 

Unknown-recov- 

eries would not 
restore system 

Switching device on 

the area 6 110 
console was stuck 

on W a n d  Y string 

Worn packing 

Main drive seal 

broken 

Drum update 

problems 

Performed a 312 

recovery 

Performed a 3 1  1 
recovery 

1BM customer engi- 

neering replaced 
defective roller 

(1) Projects placed on 
low speed hardwire 

circuits to continue 
traffic. (2) B string 

up with 4 cards 
replaced to correct 

memory. One card 
replaced to correct 
output ocknowledg- 
ment. Adjusted 

memory voltage 

Tightened gland. 

Replaced oi l  

Replaced logic cards 

Communications 
processor A string 

now operational 
and placed on-line 

switching adminis- 
trative traffic only 

at 04:30 

Removed computer 
selector switch on 

If0 console and 
reassembled 

Repacked 

Drive seal replaced 

Performed a 312 

recovery 

G 0 
condition, 

time, GMP, 
dete, 

Nov 1967 

19:48,5 

19:55, 5 

20:40,5 

01 6 3 ,  6 

02:00, 6 

06:0Q, 6 

05:40, 6 
(Traffic 

only) 

08:38, 6 

23.:30, 6 

01 :oo, 7 

23:18, 6 

Effect on mission 

2-min data loss 

5-min data loss 

Reduced Surveyor 

7040Y computer 
output processing 

support capabilities 

N o  data loss, but 

tremendous incon- 
venience to the 
Surveyor Project. 

No communica- 
tions processor 

support for 4 h 

and 4 7  min 

Lost elevator for 3 h 

and 20 min 

Found and repaired 
before Surveyor 

used 

N o  data loss; incon- 
venience due to 

data delay 

Found and repaired 

during data pro- 
cessing system 

checkout, reducing 
the probability of 
equipment failure 

during the mission 

Lost elevator for 4 h 

and 3 0  min 

None. (No assign- 

ments this period) 

8-min data delay 
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Table 52 (cent$) 

Function 

SFOF communi- 

cations 

SFOF communi- 
cations 

SFOF communi- 
cations 

Data processing 
system 

SFOF communi- 
cations 

SFOF communi- 
cations 

Data processing 

system 

SFOF communi- 
cations 

SFOF communi- 
cations 

Communications 
processor faulted 

Communications 

processor system 
still appears to be ' very unstable 

Communications 

processor very 
unstable 

Area 6 card reader 
not reading cards 

Communications 

processor (B) 
inoperative 

Temperature alorm on 
communications 

processor A system 

Plotter arm oscillating 

on Milgo plotter, 

area 6 

Teletype, voice, and 

high-speed data 
circuits down 

96-kHz line to Gold- 

stone down 

1 23:21, 6 1 Drum hardware ] System was master 
cleared and up, but 
no data permitted 
to be put into the 

system 

I System swapped to 

1 I processor expe- I eries but still read- 

I I riencing drum l ing drum packet 

hardware errors, errors 

I ( memory lock outs, I 
1 I and drum packet 1 

errors I OO:O5,7 I Unknown I / O  maintenance 

checked; card reader 
could not duplicate 

problem 

Dru'm packet errors Direct current bias 
buildup on A track 

removed 

System operation was 
not completely 
affected by  

I I I temperature 

1 03:35, 7 1 N o  +20-V reference I Replaced 4-20-V 
reference i n  
amplifier assembly 

03:53, 7 Carrier failure Carrier restored 
between Polk City 

and Cocoa Beach, 
Fla. 

05:48, 7 Maladjusted ampli- Adjusted level of 
fier a t  JPL amplifier a t  JPL 

and Goldstone 

Software. There were no deficiency reports generated A4ission summary. As indicated in Table 53, a number 
specifically against software failures. However, on of anonlalies occurred during Surveyor V I  Mission period 
November 5, 1967, the card reader in area 5 was not within the DSN/SFOF. The majority of these anomalies 
reading cards correctly. fall into distinct problem areas which are discussed in 

the following paragraphs. 
The card reader was replaced twice but still did not 

relieve the problem. This Ieads to the beIief that the Procedtlre. There was only one significant procedural 
problenl might be software and not hardware. problem that occurred during the mission period. 
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Table 53. Summary  of SFOF anomalies (mission period) 

SFOF 

communications 

Facility support 

Doto processing 

system 

SFOF 

communications 

SFOF 

communications 

Facility support 

Doto processing 

system 

Data processing 

system 

Data processing 

system 

Data processing 

system 

Facility support 

Data processing 

system 

Problem 

processor foulted 

Remedy 

Unknown GSFC did a 

minor recovery 

Edison power dip revealed 1 11 :18, 7 1 Edison station I Edison effected 

on U bus recorder 

I 

S-C 3070 bulk printer 14:50, 7 N o  dc voltage to Swapped bulk 

i n  areo 7 inoperative 

Loss of contact on the 

microwave system; 

predicts garbling to 

stations 11 and 14 

Communications processor 

interruption between 

JPLIGSFC 

Xerox 720 inoperative 

The second counter of 

mission 1 clock and 

both counters of 

mission 2 clock would 

not switch to plus time 

7044 X computer I / O  

processor interrupted 

on read select mode 

of 729 tape drive D8 

Data channel A on 7094X 

executed erroneous 

IBM 71 1 on-line card 

reader select 

110 tosker console 

located in areo 7 hod 

jommed Sorobon 

keyboard 

Xerox 2400 inoperative. 

Telemetry processing 

station 2 would no+ 

synchronize on Surveyor 

data from station 1 1  

charge grids printers with 

areo 11 

21 :25, 7 System failure Restored system 

Mt. Aukum-Sierra 

Peok 

Communications 

processor A and B 

lines set out to 

release the B system 

Paper jam and smoll 

fire 

Burned out lamps 

Broken mognetic tape 

on 729 D8 

Illegal user progrom 

select of on-line 

device 

Broken typing keys 

Developer spilled 

Bad logic card in the 

astro-data 

decommulator 

Completed 

set-out 

Jam cleared and 

machine 

cleaned 

Reploced lomps 

Operator 

reploced tope 

Card reader 

select reset 

by IBM 

customer 

engineers 

Replaced three 

keys 

Machine cleoned 

up and 

developer 

replaced 

Replaced logic 

card 15530 

DS-2 

Effect on mission 

I -min loss of data 

from DSSs 5 1, 

None.(No mission 

critical equipment 

on this bus) 

20-min loss of 

bulk printer 

Delay in getting 

predicts to DSSs 

11 and I 4  

(1 min) 

5-min delay in 

data from DSSs 

5 1  and 61 

None. (Backup 

support provided 

by  reproduction 

services) 

10-min delay of 

output to 

Surveyor 

Interrupted mode 

I1 support for 

Campufer support 

unovoiloble from 

area 7 for 15 min 

Real-lime loss of 

data for 15 min 
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Table 53 (eontdl 

Function 

Data processing 

system 

SFOF 

communications 

Facility support 

SFOF 

communications 

Facility support 

Data processing 

system 

Data processing 

system 

SFOF 

communications 

Data processing 

I system 

Data processing 

I system 

I 
Data processing 

system 

Problem 

Telemetry processing 

station 1 could not 

synchronize on 

Surveyor data 

JPL/GSFC communications 

processor interruption 

Broken expansion joint 

on air conditioning hot 

water supply pump 

JPL/GSFC communications 

processor interruption 

Xerox 720 producing 

poor copies 

Card inputs from area 6 

not accessing the 

7094): from 7044X 

for APPS program 

Burroughs 6-1 22 card 

reader i n  area 6 

misreading cards 

B system faulted 

Al l  Surveyor teletype 

data stopped 

Brush Instruments 

recorder pen problem 

in area 6 

Program TDPX, while 

running on 7094X, 

went into a card read 

select mode which 

interrupted system 

l/O processing 

Cause 

Bad logic card in the 

astro-data decom- 

mutator assembly 

Unknown 

Material fatigue 

Unknown 

17:30, 10 Preventive 

maintenance 

due 

Unknown 

Read lamps out of 

alignment 

Memory lock out fault 

and drum packet 

errors 

Communications 

processor swapped 

systems 

Event marker pen 

not inking 

TDPX was bumped 

per data controller; 

MlED was running 

and on attempt to 

enter TDPX cards 

from area 5 caused 

the problem 

Replaced logic 

card 15530 

DS-2 

312 recovery 

performed by 

GSFC 

Coupling 

replaced 

GSFC swapped 

systems 

Preventive 

maintenance 

performed 

7044X was cold- 

started; the 

card reader i n  

area 6 was 

changed 

Replaced card 

reader 

Communications 

went to low- 

speed backup 

at 20:22 and 

swapped to 

A system at 

20:42 

7044Y recovery 

performed 

Replaced pen 

Data chief 

iniiiated o 

7044X inter- 

nal resiart 

Effect an mission 

telemetry proces- 

1 -min data loss 

from DSSs 51  

None. (Backup 

pump installed) 

21 -min data loss 

from DSSs 42, 

5 l , a n d 6 1  

None. (Backup 

provided by  

reproduction 

services) 

Intermittent 

support to 

project; could 

not continue 

with predict 

transmission to 

JPL Space 

Flight Opera- 

tions (due to 

cold start) 

Loss of card 

ra lder  for 15 min 

5-min loss of data 

from DSSs 1 1, 

51, and 61 

Delay in  teletype 

data of 38 min 

Loss of monitors 

capability on 

channel 6 

Interrupted com- 

puter string X 

support far 

7 min 

- 
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Sable 53 (csntd) 

Function 

Dato processing 

system 

Doto processing 

system 

SFOF 

communications 

Facility support 

SFOF 

communications 

Facility support 

Dota processing 

system 

Dota processing 

system 

Dota processing 

system 

Dota processing 

system 

SFOF 

communications 

Problem 

A l l  external communi- 

cation with 7044W 

system interrupted due 

to system I10 loop 

Floating trap processor 

failure 7094Y 

Communications processor 

interruption between 

JPLIGSFC 

Ediphor 2 

inoperative 

GSFC/London communi- 

cations processor 

interruption 

Ediphor 1 

inoperative 

GSFCIJPL communi- 

cations processor 

interruption 

Area 6 Burroughs B-122 

card reader mis- 

reoding and jamming 

cords 

Dota channel A I10 went 

into select loop on 

7094): while executing 

MlED program 

Telemetry processing 

stations would not 

lock up on mode IV 

high-speed data from 

DSS 42 

GSFCIJPL communi- 

cations processor 

interruption 

Cause 

Redundancy 

encountered by  

system on the 0 2  

recovery tape while 

trying to initiate 

internal automatic 

recovery 

Foulty circuit card; 

problem and cause 

discovered by IBM 

during preventive 

maintenance 

Unknown 

Excessive oi l  

temperoture 

London communi- 

cations processor 

lost output 

Bod cothode 

Communications 
processor swap 

requested by  GSFC 

Read lamp out of 

alignment 

Undetermined 

Unknown (DSS 42 

problem) 

Power chonge at GSFC 

Remedy 

Restart system 

from init iol  

program 

loading 

IBM customer 

engineering 

reploced bad 

circuit card 

with one 

removed from 

7094V com- 

puter 

312 recovery 

performed by 

GSFC 

Cossette to be 

replaced 

312 recovery 

performed 

Replaced 

cothode 

Swap completed 

Changed area 6 

card reader 

with area 5 

7094X system 

terminated 

and restarted 

Unknown (DSS 

4 2  problem) 

Swap completed 

G 0 
condition, 

time, GMT, 

date, 

Nov 1967 

02:14, 9 

23:15, 9 

16:28, 9 

Ports 

ordered 

but not 

immedi- 

ately 

dvail- 

able 

19:l  1, 10 

20:34, 1 0  

00:33, 11 

01:18, 11 

08:31, 11 

10:50, 1 1 

12:50, 11 

Effect an mission 

Interrupted W 

string support 

for 12 min 

No  effect; project 

continued 1 
operations on I 

from DSSs 5 1 

and  61  I 
None. (No 2 is I 

standby) 

10-min delay of data 

from stotion 61 

Inconvenience; 

disploy not 

critical 

38-min dota loss 

from station 61 

13-min loss of cord 

reader use in 

ore0 6 

Interrupted mode I 
II operations for 

11 min 

No  real-time data 

for 15 min 

1 10-min dota loss 

1 f romDSS42 

-- 
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Table 53 (contdl 

dare, 

Nov 1967 

12:50, 1 1 Bad regenerative 

repeater at GSFC 

Remedy 1 Problem Effect on mission 1 
I 

Function 

DSS 42 teletype data 

stopped regenerative 

repeater 

10-min data loss 

from DSS 42  
SFOF 

communications 

Switched 7044X 

operations to 

7044W; no loss 

of data 

I Intermittent IBM 7320 I Drum reformatted Dota processing 

system 

Bad 7320 drum 

storage formats drum storage failure 

7044X 

GSFC performed 

system swap 
GSFC/JPL communi- 

cations processor 

interruption 

Unknown 10-min delay in  

data 
SFOF 

communications 

None. (Generator 

was not on line) 
Starter replaced Burned out starter 

motor 
Facility supporl Generator 2 

inoperative 

N o  immediate 

effective 

remedy 

7-h loss of blue- 

line machine 

Lost air condi- 

tioning for 

10 min 

Woter leak in roof Facility support Blueline machine 

inoperative 

Air conditioning down 

(building) 

Restored system 

on line 
Facility support Edison power dip 

Water leaking into 

communications 

processor through 

west door 

Communications 

processor 

, inoperative 

Plugged droin in  

stairwell I Installed pump 

to control 
Facility support 

water 

Edison power 
I 

None. (Loss of air 
1 conditioning for 

10 min; too 

short for effect) 

Facility support Air conditioning down 

in building 

Momentary power dip 

from Edison due to 

lightning 

restoration 

Covered machine 

and mopped 

up water 

None. (Temporary 

isolation from 

water effective; 

no loss of 

equipment) 

Roof leak Facility support Leaking water on 

X string cornputers 

Woter leaks causing 

power problems 

Removed water 

from around 

communica- 

tions processor 

areas 

33-min loss from 

DSS I 1. 48-min 

loss from 

DSS 42 

SFOF 

communications 

On-line communications 

processor faulted 

None. (Woter 

control measures 

effective) 

Water leak (Room 378) Doors leaking Controlled by 

mopping 
Facility support 

E bus consumption 

reduced and 

load assumed 

by generator 1 

Reploced with 

motor from 

generator 3 

Facility support Last governor control of 

generotor 2 

Grounded governor 

control motor 

Removed generator 3 
from line 

Facility support To remove governor 

motor for installation 

on generator 2 

Governor motor 

on order 

Loss of generator 

3; no effect 

on mission; 

Edison 

sufficient 
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Elevator stuck on third 

Inconvenience; 

stairs util ized 

Loss of teletype communi- 

communications cations wi th  DSS 61  DSS 6 1 data 

Lost teletype communi- 

communications cations wi th  DSS 42  cations processor from DSS 42  

GSFC communications Cleared some 

communications processor faul ted TV monitors and inconvenience to 

teletype buses hung 

Lost teletype communi- 

communications cations with DSS 42  

received o n  7044Y communications 

from commun;cations 

Communications processor 

communicofions not outputt ing to data 

processing system system Y string 

N o  restart blocks to 

communications 

7 0 4 4  W ond  X 

Lost teletype communi- 

communications cations wi th  DSS 42  cations processor 

Loss o f  communications 

communications processor systems 

loss to DSS 6 1 

Edison power failure an  

associated 7094Y Edison power failure 

computer problem 2 h on  mode II 

o n 7 0 9 4 Y a n d  

was moved to 

Edison power failure 

strings X, Y, W, 

printer, a n d  a i r  
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Table 53 (contd) 

--- 

Problem 

communicotions 

processor swap ot 

JPL and GSFC 

I 

Remedy 

S 0 

condition 

time, QMT, 

date, 

Nov 1967 

Effect on mission Function 

Sync problems with 

dota processing 

system Y string 

Shifted JPL and 

GSFC com- 

munications 

processors 

SFOF 

communicotions 

18-min doto deloy 

to DSS 11 ; 

18-min deloy 

to DSS 61 

Replaced circuit 

contacts 
Generator 2 

inoperative 

Checking timing circuit 

for starter cycle 

None. (Generator 

not on line) 
Facility support 

I Turned dump Two short inter- 

ruptions of X 

string support 

Data processing 

system 

X computer string went 

into recovery when 

more than two 

tracking dota predict 

buffers were queued; 

at 09:29 and 09:34 

I tape over to 

project 

3 1  2 recovery per- 

formed by 

GSFC 

5-min data loss 

from DSS 42 
SFOF 

communications 

Lost teletype communi- . 13:10, 16 

cation with DSS 42  

GSFC communicotions 

processor foulted 

Recovery per- 

formed 

Replaced bulk 

printer 

Rodded 

condensers 

Lost teletype communi- 

cation with DSS 42 

and 61 

GSFC communicotions 

processor faulted 

2-min data loss 

from DSSs 42 

and 61 

SFOF 

communications 

Area 4 S-C 3070 bulk 

printer paper would 

not step properly 

Stepper motor 

bearings frozen 

26-min loss of 

bulk printer 

output 

Dato processing 

system 

High head pressure 

york chillers 

Fouled condensers None. (One York 

down at a time 

plus carrier 

backup) 

Focility support 

Recovery per- 

formed 

Cleaned out 

Xerox machine 

Lost teletype communi 

cation with DSS 61 

GSFC communications 

processor faulted 

1 -min data loss 

from station 61 
SFOF 

1 communications 

Xerox 720 inoperotive 00:45, 17  

Xerox 2400 Model IV 09:47, 17  

down 

Lost teletype communi- 11:06, 17 

cation with DSS 42 

None. (Backup 

provided by 

reproduction 

services) 

/ Focility support Machine smoking 

from paper fire 

I 
Focility support Replaced 

microswitch 

Recovery per- 

formed 

Repaired by  

customer 

engineer 

Electrical short None. (Backup 

provided by  

Copy-Flo) 

2-min data loss 

from DSS 42 
SFOF 

communicotions 

Conberro communi- 

cations processor 

foulted 

Plot processing 

done on backup 

S-C 4020 system 

in building 125 

Dato processing 

system 

Stromberg-Corlson 4020 07:20, 12 

plotter dc power 

failure 

Elevator inoperative 09:00,  1 2  

I 

Faulty +200 Vdc 

power supply 

Repaired door 

lock and 

parking switch 

Replaced power 

~ ~ F P I Y  

Facility supper! Park svrifch inoperative Minor incon- 

venience; stair- 

ways utilized 

Fucilily support Mission display 2 02 :30 ,  13 
inoperative 

Burnt out power 

supply 

None. {Switched to 

display 1 )  
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NO GO 

condition, 

time, EMI, 

date, 

Nov 1967 

Remedy Effect on mission Function Problem Cause 

1 1 -min data delay 1 SFOF 

communications 

DSS 42 teletype data 

stopped 

Unknown System swap 

completed at 

Canberra 

None, except no 

backup for W 

string; string 

brought down 

to protect 

equipment 

None; no data loss 

Facility support Possible Edison power 

level variation 

Edison switching 

main lines 

E bus put on 

generator 

power 

SFOF 

communications 

DSS 11 microwave 

system out 

Bad multiplex 

equipment- 

Shadow Mountain 

London communi- 

cations processor 

faulted 

Swapped to 

ground back- 

up line 

London made 

communica- 

tions processor 

recovery 

SFOF 

communications 

Teletype communication 

loss with DSS 61 

6-min data loss 

from DSS 6 1 

SFOF 

communications 

GSFC communications 

processor faulted 

Unknown Recovery per- 

formed 

2-min data loss 

13-min data loss 

from DSS 61  

SFOF 

communications 

Loss of teletype commu- 00:45, 15 

nication wifh DSS 61 
London communi- 

cations processor 

faulted 

Recovery per- 

formed 

I Repaired broken Facility support Xerox 2400 model IV 

down 

Bad collator None. (Backup 

provided by  

Copy-Flo) 

lead 

Drum Data processing 

system 

User area communication 

interrupted to 7044X 

7044X goes into tight 

loops intermittently, 

possible drum errors 

Bad 7320 drum format 4-min of data loss 

Data processing 

system 

Unknown 15-h special test 

and complete 

diagnostics 

run wifh no 

indication of 

problem 

One 2-min inter- 

ruption in  

camputer support; 

tests performed 

Nov 19  when 

computer not 

involved in 

support 

None. (Woter 

contained) 

Facility support Water leak overhead- 

third floor 

Roof leak Controlled b y  

mopping 

SFOF 

communications 

SFOF 

communications 

SFOF 

communications 

Data processing 

system 

Loss of teletype communi. 

cation with DSS 61 
Unknown 

DSS 61  data 

3-min delay of 

DSS 61  data 

Swop completed 

at  GSFC 

loss of teletype communi- 

cation with DSS 61 

loss of teletype communi- 

cation with DSS 42 

N o  output from 7044X 

and Y to communi- 

cations processor 

GSFC communications 

processor faulted 

GSFC communications 

processor faulted 

Communications 

processor drum 

problems 

Recovery per- 

formed 

Recovery per- 

formed 

CP system 

swapped 



Table 53 (csntd) 

Problem 

- - 

1 SFOF I Receiving drum hardware 

I communications I errors 

Facility support Blueline inoperative 

NO GO 
condition, 

time, GMT, 

date, 

Nov 1967 

Cause 

15:23, 20 Unknown Swapped systems 

22:00, 20 Water from leak in  N o  immediate 

roof of third floor effective 

remedy 

GO 
condition 

time, GMY, 

date, 

Nov 1967 

15:29, 20 

Effect on mission 

6-min data lass 

from DSS 42 

8-h loss of  blue- 

l ine machine 

The problem occurred at  DSS 61 on November 12, 
1967. Six pictures were lost on 35mn1 film, however, they 
were not lost on the FR-800 recorder. The problem was 
due to the CDC denlodulator (OPERATOR/TEST SIG) 
switch being in the TEST SIG vs the OPERATE posi- 
tion. The problem was corrected by returning the switch 
to the OPERATE position. 

Hardtome. On November 19, 1967, there were two 
major problems in the SFOF: a power failure,' and 
flooding. The following sequence of failures will serve 
to illustrate the significance of these problems. 

(1) 08:40 Power failure, lightning hit Edison system. 

(2) 08:42 Generators 1 and 2 up. 

(3) 08:43 Power outage-Edison. 

(4) 09: 10 Power outage-Edison. 

(5) 09:13 Reproductions had to shut down blueline 
due to water flooding from ceiling. 

(6) 09:15 Total Edison power outage. 

(7) 09:24 Flooding under basement east door. 

(8) 09:30 Total Edison power outage. 

(9) 09:31 Flooding over X string. 

(10) 10:42 West end of basement flooding-flooding 
communications processor area. 

(11) 11:06 Generators 3 and 4 up. 

(12) 11:45 Generator 2 governor motor control not 
functioning-all load transferred to gener- 
ator 1 with Edison as backup at 12:OO (no 
affect on operation). 

(13) 12:08 Flooding V string area 

(14) 13:30 Flooding third floor by entrance. 

(15) 13: 57 Univac states communications processor 
can't be started because of too much water. 

(16) 14:07 Water flooding third floor V string and 
entrance again. 

The total effect of these failures and problems was 
that the blueline machine was inoperative and the com- 
nlunications processor could not be brought back up. 

Softzoare. There were the usual software failures dur- 
ing the mission period; however, none were significant 
because they had no effect on the mission. 

C. Tracking Data Analysis 

The Szirveyor VI spacecraft was launched with the 
Aflns/Centaw lauilch vehicle from launch complex 36 of 
the Cape Kennedy facilities of AFETR on November 7, 
1967. Liftoff occurred at 07:39:01.075 at a launch azi- 
muth of 82.995 deg. Injection of the Szcrueyor VI space- 
craft into the initial parking orbit occurred at 07:48:42.1, 
and injection into lunar transfer orbit occurred at  
08:03:29.75. The spacecraft high power transmitter was 
turned on at 08:04:20.0. Centaur spacecraft separation 
was effected at 08:04:30.0, and Centaur retroignition was 
initiated at 08:08:30.0. The Szrrveyor VI spacecraft was 
tracked by prime Sln.oeyor Deep Space Stations 51, 42, 
61, 11, and by DSS 14 as the backup station, from shortly 
after transfer orbit injection until lunar touchdown at 
01:01:06.3 on November 10, 1967. The DSIF then con- 
tinued to track the spacecraft on the lunar surface until 
06:41:00 on November 26, 1967, or approximately 41 h 
into the lunar night. Actual station tracking periods dur- 
ing the inflight portion of the mission, together with 
nominal view periods, may be seen in Table 54. 

J P b  TECHNlCAL MEMORANDUM 33-301 169 



Table 54. Nominala view p e k i ~ d ~  vs a c t u a l  trackiwg at Deep Space Stations 

->--- - -, L.h- 

i 
.-- 

Nominal  Nominal  Acquisition 

set, GMB view b y  sfcslinn, 

1 period GMT 

*Based on horizon mask for a l l  stations except DSS 72, which is bared on.0-deg elevotion. 

Acllsal 

view 

period 

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 
22.013670 MHz (at station VCO level) for the trans- 
ponder center frequency. These frequencies are measured 
months before the mission for use in the preflight pre- 
diction document, and again measured several times 
within the last ten hours of the countdown for use in 
real-time predictions. The frequencies which were used 
in the preflight prediction document were: 

Transmitter B, 110 

Transponder A, 90 

These frequencies were abstracted from prefiight data 
supplied by Hughes Aircraft Company. During the 
countdown, frequency measurements were made and 
sent to the SFOF at T - 669 min, T -- 565 min, T - 326 

min, T - 50 min, T - 30 min, and T - 5 min, approxi- 
mately as called for in the sequence of events. These 
measurenlents were plotted against the preflight fre- 
quency vs temperature curves and can be seen in Figs. 
69 through 72. In previous Surveyor missions, the pre- 
flight data were biased by the countdown frequency 
measurements for use during the actual flight. However, 
because of shortcon~ings in this method, Hughes Aircraft 
Company agreed to study the problem and suggested a 
new way of predicting the inflight frequencies. Their 
suggestion, which was adhered to, was to add a 60-Hz 
bias to the preflight transponder curves and to use the 
preflight transmitter curves unchanged. Subsequent in- 
flight measurenlents (see Fig. 72) tend to undermine con- 
fidence in the accuracy of this approach. The frequencies 
actually used in the predictions during the inflight and 
post-touchdown portions of the Surveyor VZ Mission are 
listed in Table 55. Transmitter B, one-way frequencies 
reduced from one-way data are listed in Tables 56 
through 59; they can be compared to the data presented 
in Figs. 69 and 70. 

2. Spacecraft predictions, Spacecraft predictions, 
which are composed of time-tagged observables such as 
antenna pointing angles, one-, two-, and three-way dop- 
pler, best-lock ground transmitter frequency, etc., are 
routinely provided to the DSN tracking stations to ensure 
the success of spacecraft a.cquisition, and aided track and 
station handovers of the spacecraft. However, during 
the Iarlnch phase the provision of accurate predictions 
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to DSS 51 ant3 1lSS 42l1,ecoi~cs 11 cl.itic'a1 rnattcv Isccausc> 
of tllc crucial need for ciariy acquisition and comi~~;ii-idi~lg 
of tile spacecraft, For first t\\70-\va.y iicrluisitio~~s at DSS 51 
and DSS 4" there are tllree distinct sets of predictions 
available: 

(1) Preflight prediction document. 

(2) T - 5 mill predictions based on actual launch azi- 
muth. 

(3) AFETR predictions based on actual postinjection 
tracking data. 

Although both the preflight predictioiis and the T - 5 
niin predictions are generated before launch, the T - 5 
min predictions have two important advantages over 
the preflight predictions in that they are based on up- 
dated frequency information and are generated for the 
exact actual launch azimuth. For these reasons, the T - 5 
mill predictions were generated and sent to DSS 51 and 
DSS 42 with the instruction that they be used instead 
of the preflight prediction document. Both DSS 51 and 

IISS 42 ~el,oited reec~pt of ~I-re 7' - 5 n3lr-J p l e t l l ~ t i o n ~  by 
T 5 1111r3, or a t  least 83 nlin hei or e I rse, , i r d  23% bl ,rib- 
,c( j~i t int l j  t c ( [ i ~ i ~  C? t l ic \ p < ~ c ~ ~ t i ? f t  \sit!r tltele p ~ ~ d l ~ t ~ o n )  
111 the two-way mode wrth no cl~Bcultles . % ~ r r \ , a l  time o+ 
AFETR predlcflons, a t  ,ipp~ox~mateJy 7' t 20 mrl i  (pcilE\- 
ing orbit plus ilo~ninal second buin) arid at  T i 55 rnln 
(actual transfer orbit), was late enough to destroy ~iiuch 
of the usefuliiess ol- these predictions had they been 
needed. During the remainder of the mission, predic- 
tions were routinely supplied to all paiticipating Deep 
Space Stations with one ininor exception. Predictions 
for the first post-touchdown pass at DSS 14 were not 
generated due to a PRDX input elror, however, DSS 14 
was supplied with DSS 11 predictions which were used 
with no  proble~~is. 

After touchdown, a minor, although significant, PRDX 
program/system interface problenl was discovered that 
resulted in a very occasioilal deletion of a predict line 
in very long predict sets. The problem is currently under 
investigation by the PRDS cognizant progranlliier and 
rectification of the problem is anticipated. 

TEMPEMTURE, " F 

Fig. 69. Transmitter A frequency vs t empera ture  
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TEMPERATURE, F 

Fig. 38. Transmitter €5 frequency vs temperature 
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TEMPERATURE , O F  

Fig. 71. Transponder A frequency vs temperature 
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TEMPERATURE, " F  

Fig. 72. Transponder B frequency vs temperature 

3. Initial two-way acquistion at DSS 51. Predictions 
indicated a Suroeyor VI rise at DSS 51 at 08:10:04 on 
Novenlber 7, 1967, or T + 31:03 min. Deep Space Sta- 
tion 51 received good, one-way data at 08:08:55 (rise 
-01:09), reported auto-track on the S-band acquisition 
aid at 08:10:16 (rise + 00:12), auto-track on the S-band 
cassegrain nlonopulse at 08:10:41 (rise + 00:37), and 
good two-way data at 08:14:15 (rise + 04:l l ) .  This 
initial acquisition mas entirely nonlinal and quite rapid; 
previous Szrrveyor initial acquisitio~~s have averaged over 
6 min. Part of this decrease in initial acquisition tiinc 

can be attributed to a slight modification of the acqui- 
sition procedure, wherein the station does not imlnedi- 
ately tune to track SYNFRQ, but waits until certain early 
comnlanding of the spacecraft has been accomplished. 

4 .  Trackifzg perfornzance. The DSN provided con- 
tinuous angular and doppler traclzing of the inflight 
portion of the Suroeyor VI spacecraft from initial one- 
way acquisition at DSS 51 at 08:14:15 on November 7, 
1967 through lunar touchdom~~ at 01:01:06.3, Novenl- 
ber 10. I11 general, the ovcrall quaIity of the tracking 
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-. 
BabBe 55. Surveyor VB f r e q u e n c y  predictions 

I ~ l e ~ ~ t i f i ~ a t i ~ l i  Code 

T ~ m e  after iaurrcin 
Temperafure,  "F Frequency, MH7 I or retraignitiari 

/ 7-13 doys 1 80 
I 2294.999700 I 1 13-19 doys 1 50  
1 2295.008400 I 

PI edict orbit PROR 

Injection condition evaluation orhit ICEV 

Preliminary premidcourse orbit PREL 

Data consistency orbit DACO 

Nominal midcourse orbit 

Last premidcourse orbit 

NOMA 

LAPM 

Premidcourse cleanup orbit PRCL 

Postflight analysis orbit POST 

Nt" postmidcourse orbit NPOM 

Final inflight orbit FINAL 

Computer string X X 

Computer string Y Y 

Computer string W w 

I n  general,  D S I F  station operations dur ing  the  
Szcrueyor VI Mission were effectively implemented. This 
is best judged by the fact that the DSN was able to 
provide very high quality data to the orbit determination 
group so that they were able to meet all orbital accu- 
racy requirements for such events as the midcourse 
maneuvers, retromotor ignition backup, etc. From the 
time of first two-way acquisition of the spacecraft over 
DSS 51 until shortly before retroignition, the spacecraft 
was almost continuously in two-way Iock, and station 
transfers were rapid and effectively executed. The only 
major losses of good two-way doppler data occurred 
during the second passes over DSS 51 and DSS 61. 

data taken during the Surveyor VI Mission can be de- 
scribed as excellent. Data types used in the orbit deter- 
mination program were angular data taken during the 
first pass of DSS 51 and DSS 42, two-way doppler data 
taken during the first pass over DSS 61, and all passes 
of DSSs 51,42, and 11. A summary of these data, together 
with statistics, is given in Table 60. 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 monlents 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 deter- 
mined by the orbit determinatioli group. Orbit identifica- 
tions are as follo~vs: 

The DSS 51 lost ground communications at 19:38:02 
November 8. At 20:45:02 an unscheduled transfer of the 
spacecraft was made to DSS 61 that stayed in two-way 
until the spacecraft was transferred to DSS 11 at 22:19:02. 
The two-way doppler data taken at  DSS 61 during this 
time (approximately 1% h )  were unusable due to exces- 
sively high noise; the problem was traced to the rubidium 
and when a rubidium change was made during the third 
pass, an immediate improvement to reasonable levels was 
observed in the three-way data at DSS 61. The only 
other appreciable loss of two-way data occurred during 
Canopus acquisition over DSS 61 when an unexpected 
loss of two-way lock occurred and reacquisition of two- 
way was not attempted until completion of Canopus 
acquisition approximately 50 min later. The resultant 
effect from these data losses on the mission was negligible. 



Table 56. One-way doppler da ta  from DSS 51;  initiai acquisition on November 7, 1967 

frequency, Hz Range rate, km/s 

08 :08 :57.5 101 6433.00 2294987972.70 -0.38930682E 01 

08:09:02.5 101 7600.60 2294988050.27 -0.37304153E 01 

08:09:07.2 101 8788.20 ,22949881 24.70 -0.35655567E 01 

08:09:12.5 101 9996.80 22949881 93.95 -0.33986322E 01 

08:09:17.5 1021 224.60 2294988258.73 -0.3229781 2E 01 

08:09:22.5 1022471.60 229498831 8.03 -0.30591434E 01 

08 :09:27.5 1023737.40 2294988371.1 1 -0.28868584E 01 

08:09:32.5 102501 9.80 2294988419.1 2 -0.27130658E 01 

1026318.20 2294988461.64 -0.25379051E 01 

1027631.80 2294988498.34 -0.23615160E 01 

1028959.80 2294988528.97 -0.21840380E 01 

1030302.20 2294988552.48 -0.20056108E 01 

103 1656.60 2294988570.1 9 -0.1 8263739E 01 

1033021.80 2294988582.22 -0.1 6464670E 01 

1034395.20 2294988590.1 2 -0.1 4660296E 01 

1035775.00 2294988594.59 -0.1 2852013E 01 

08:10:17.5 1037162.40 2294988593.41 -0.1 1041217E 01 

08:10:22.5 1038555.80 2294988587.08 -0.92293049E 00  

1039952.20 2294988577.55 -0.741 7671 7E 00 

08:10:32.5 1041 349.40 2294988565.91 -0.560771 34E 00  

1042747.40 2294988551.1 2 -0.38008262E 00 

1044 145.00 2294988533.31 -0.1 9984060E 00 

08:10:47.5 1045537.80 2294988515.83 -0.20184864E 01 

08:10:52.5 1046926.60 2294988496.78 0.15874498E 00 

1 048309.00 2294988477.50 0.33680935E 00  

1049683.20 2294988458.75 0.51 386865E 00 

1051049.46 2294988439.02 0.68978327E 00 

08: l  1:12.5 1052405.20 2294988420.25 0.86441363E 00 

1 053747.20 2294988404.1 9 0.10376201E 01 

08: l  1 :22.5 1055066.60 2294988398.77 0.1 2092632E 01 

1045427.40 2295001 263.59" 0.1 6306146E 01 
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Table 57. One-way doppler data from DSS 59; November 7, 4967 

One-way doppler 
Time, GMT 

frequency, Hz 

aReiected point. 

Table 58. One-way doppler data from DSS 61; November 7, 1967 
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Table 59. One-way doppler data from DSO 42; November 9, 1967 

Table 60. Summary of prernaneuver Beep Space Station tracking data used in Surveyor VI orbit computations 

identification 

RPass identification; e.s., 01 311 denotes first pass, day 311. Ail orbits with pass idenlification numbers used tvro-way doppier 

Root 

m e a n  
square 

(rms) 

0.0498 

1C3) only.  

M e a n  error 
Sample  
rate,  s 
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Beginning data End data time 

time (month/ (monlhfdute- 

date-GMT) GMT) 

T?i-pz 
No. of Standa1.d mean Sample 

Mean error 
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Orbit 

identification 

DACO YD 

LAPM XA 

LAPM YA 

LAPM XC 

LAPM YC 

PRCL XA 

--,, -- 

Data 

type, pass 
identi- 

fication 

Beginning data End dera time 

time (month/ (month/date- 

dake---GMT) GMT) 

No.  of 

points deviation square 

(rms) 

0.00244 0.00247 

0.0398 0.0398 

0.00527 0.00636 

0.00746 0.00753 

0.0081 0 0.00830 

0.00252 0.00366 

0.00446 0.0257 

0.00441 0.00576 

0.0404 0.0405 

0.00782 0.00889 

0.00730 0.0073 1 

0.008 17 0.00900 

0.000725 0.00363 

0.00372 0.00375 

0.001 54 0.001 54 

0.0402 0.0402 

0.00784 0.00790 

0.00741 0.00741 

0.00727 0.00727 

0.00452 0.00452 

0.00459 0.00459 

0.001 64 0.001 71 

0.0403 0.0404 

0.00477 0.00506 

0.00736 0.00736 

0.0071 1 0.0071 3 

0.00296 0.00296 

0.00356 0.00366 

0.00138 0.00162 

0.0401 0.0401 

0.00553 0.00553 

Sample 
Mean error 

rate, s 
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Table 60 (contd) 

Orbit 
idenfitieofion 

PRCL XA 
(contd) 

PRCL XB 

PRCL XC 

1POM XA 

lPOM XD 

lPOM XG 

2POM XB 

End data time 

tmonth/date- 

date---GMT) 
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Orbit 

identificatior~ 

3POM XF 

(contd) 

3POM W D  

4POM XA 

4POM XD 

4POM WG 

5POM XA 

5POM XD 

5POM W D  

Data 

type, pass 
identi- 

fication 

01 313 

03 312 

01 312 

02 312 

03 312 

01 312 

05 312 

02 312 

01 313 

03 312 

01 312 

05 312 

02 312 

01 313 

03 312 

02 313 

01 312 

05 312 

02 312 

01 313 

03 312 

02 313 

01 312 

05 312 

02 312 

01 313 

03 312 

02 313 

01 312 

05 312 

02 312 

01 313 

03 312 

02 313 

01 312 

05 312 

02 312 

01 313 

03 312 

02 313 

Beginrling data 

t ime (month/  

date-GMf I 

11 109-05:42:32 

11/08-13:33:32 

1 1108-02:46:32 

11/08-03:42:32 

11 108-1 3:33:32 

1 1/08-02:45:32 

11 108-23:12:32 

1 1108-03:42:32 

1 1109-05:42:32 

1 1108-13:33:32 

11/08-02:24:32 

11/08-23:12:32 

11 108-03:42:32 

11 109-05:42:32 

11 108-13:33:32 

11 109-13:33:32 

11 108-02:45:32 

End dafa time 

(month/dafe-  

GMPI 

11 109-08:18:32 

11108-20:38:32 

11 108-03:33:32 

11/08-13:23:32 

11 108-20:38:32 

1 1/08-03:33:32 

11 109-05:33:32 

11 108-13:23:32 

1 1109-10:29:32 

11 108-20:38:32 

11 108-23:11:32 

1 1109-05:33:32 

11 108-13:23:32 

11 109-13:23:32 

11/08-20:38:32 

11 109-14:52:32 

11/08-23:11:32 

N o .  OF 
points 

P 

142 

388 

44 

558 

388 

46 

369 

558 

268 

388 

4 6 

369 

558 

435 

388 

77 

46 

36 1 

558 

437 

388 

268 

4 6 

369 

558 

435 

388 

294 

46 

369 

558 

435 

388 

367 

46 

36 1 

558 

437 

388 

370 

Root 

rneun 

sqacre 

(rms) 

0.00482 

0.00936 

0.00149 

0.001 73 

0.0071 2 

0.00793 

0.00405 

0.0041 6 

0.00423 

0.0095 1 

0.00915 

0.00373 

0.00459 

0.00371 

0.00935 

0.008 10 

0.001 72 

0.00259 

0,001 84 

0.001 76 

0.0071 1 

0.00708 

0.01 10 

0.00387 

0.00471 

0.00348 

0.00936 

0.00738 

0.01 35 

0.00404 

0.00469 

0.0032 1 

0.00936 

0.00878 

0.001 78 

0.00267 

0.001 84 

0.001 74 

0.0071 1 

0.00735 

Sample 

rafe, s 
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Table 60 (contd) 

a. Angular tracking premidcourse phase. In  general, 
doppler data yields far greater accuracy in the deter- 
mination of a spacecraft orbit than does angular data and 
is therefore used almost exclusively in the orbit deter- 
mination process during most of the mission. The one 
exception is the launch phase, when little doppler data 
are available and a quick determination of the orbit neces- 
sitates the use of both doppler and angular data. During 
the Surveyor VI Mission, angular data from DSS 51 and 
DSS 42 were used in the orbit determination program 
during the first passes of these two stations. In order to 
improve the quality of the angular data to be used in the 
orbit determination program, it is first corrected for 
antenna optical pointing error. This error is determined 
by having the Deep Space Stations optically track several 
stars at the expected, mission-dependent, spacecraft de- 
clinations. A polynon~ial 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 correcti~n coeffi- 
cients used in the Surueyor V l  inflight orbit conlputations 
can be seen in Tables 61 and 62. 

Experience gained in past missions has shown that the 
optical pointing error correction coefficients do not re- 
move all systematic pointing errors. This is reasonable 
since the RF and optical axis of the antenna are not 
necessarily the same. That is, the RF axis is a function 
of the position of the quadripod feed, whereas the optical 
axis is not. Thus, if there is a quadripod reflection (due 
to thermal effect and/or gravitational loading) at some 
given instant of time, the optical error and the RF error 
would not be the same. Furthermore, the optical refrac- 
tion and the RF refraction are not the same due to the 
difference in respective wavelengths. In addition to these 
effects, the RF pointing error is also a function of feed 
alignment, received signal-to-noise ratio, and received 
polarization angle (since the antenna null pattern does 
not have the same slope at all polarization angles). 

Since DSS 51 was the initial acquisition station, the 
angular data taken by it were the most important angular 
data for use in the early orbits. These data, when fit 
through the final postflight orbit, show a bias of 
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Tahle 6%. Antenna ~ o r r e c t i o n  coefficients far DSS 51." 

Coeffi- Coef f i -  
cient Correction cien'r Correction 

nThese corrections are useful for elevations greater than 15 deg, and declinations 

between N 30 and S 35 deg. 

Table 62. Antenna correction coefficients for DSS 42" 

Coeffi- 

cient 

Coeffi- 
Correction I r i m +  I Correction 

Boo 7.580054461E-02 

Bol 7.158720897E-04 

Bo2 1.265069671 E-05 

803 -4.082247376E-07 

Blo -3.1 14752889E-05 

Bn -4.326730631E-06 

"These corrections are useful for elevations greater lhon 15 deg, and declinations 
between N 30 and S 35 deg. 

r 0 040 deg rri hous angle mcl 0 025 deg 111 tlecliira 
L C ~ U H  l F ~  LIiese v,~iue\ ale \ilghriy hgber than DSS 51 hlst 
~ I S S  angle I~rasei  avelaged over plevrorla S I I I U P ~ I O I   IS 

sloris (t 0 030 cleg ln iioul dligle and -0 020 deg rn 
declmat~oi~j but can st111 be regaicicld as t ~ e ~ n g  leason- 
ably consistent with past Sul vetjoj-DSS 51 experience. 
Johannesburg (DSS 51) residuals can be seen in Figs. 
73-76. The first pass angular data of DSS 42 were also 
used in vaiious inflight orbit iteiations. These data, when 
passed through the final postflight orbit, show biases of 
-0.020 deg in hour angle and -0.035 deg in declina- 
tion. These biases agree reasonably with past Surveyor- 
DSS 42 experience; this experience indicating that the 
angle collection coefficients for DSS 42 are more effec- 
tive in hour angle than in declination. For instance, the 
averaged DSS 42 biases for Szbrveyors III and V are 
-0.005 deg in hour angle and -0.045 deg in declina- 
tion. The DSS 42 angle residuals are seen in Fig. 77. 

b. Doppler trac1ci)zg premidcourse phase. Surveyof4 VI 
is noteworthy in regards to doppler data in that it marks 
the first wide-scale use of the doppler resolver at the 
Deep Space Stations and the corresponding use of 
the data produced in the orbit determination process 
during an actual flight. In measuring doppler frequen- 
cies, the tracking data handling system counts the num- 
ber 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 erroneously 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 approximately 0.008 Iiz 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 
reduction of the standard deviation by approximately 
a factor of four, or, to about 0.002 Hz for 60-s count 
data. During Surveyor VI, DSSs 11, 42, and 61 had dop- 
pler resolvers whereas DSS 51 did not. An immediate 
idea of the difference can be had by comparing the first 
pass DSS 51 two-way doppler (nonresolver) in Figs. 78-80 
to the first pass DSS 42 two-.way doppler (resolver) in 
Fig. 81. 

Johannesburg (DSS 511, the first station to view the 
spacecraft after injection, began taking good two-way, 
10-s count doppler data at 08:14:15 on November 7, 1967. 
The sample rate was changed to 60 s at 08:46:02, and the 
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L ~ ' I I C C " C ~ ~ I ~ ~  \ l c i 4  ~ I ~ i ~ ~ q B e b l ~ d  to I355 42 ;jt I0 05 02 The 
ea1P4 d ~ l , i  horn US(; 57 \ryere ,itcel>t,il>lc, \llon?rng a 
stai~cl~~icl cie\~r,~i-io~j oi O 040 I11 foi  10 s  LOLL^^ d;ll ;~ i~~ - t c i  
0 001 H L  fo l  60-5 ( ourli- cY'~t~~--Tootlr bclng ~lornllnal figur ec, 
for noniesolvel data The DSS 51 lesrduals ale shot1711 
in Figs. 78-80. Excellent data weie obtained by DSS 42 
(which was in the two-way mode from 10:05:02 to 
12:10:02) with a standard deviation of 0,0015 Hz. These 
data are presented in Fig. 81. The spacecraft was trans- 
ferred to DSS 61 at 12:10:02; DSS 61 stayed in two-way 
until 14:45:02 when a transfer back to DSS 51 was made. 
The data from DSS 61 n7e1e noisy, showing a standard 
deviation of 0.011 Hz, this value is 6-7 times higher than 
nominal. The DSS 61 data, in subsequent passes, con- 
tinued to deteriolate until the rubidium unit was changed, 
and it is probable that these excessively noisy first pass 
data can also be attributed to that ploblem. The DSS 61 
two-way doppler residuals are showll in Fig. 82. The - - 
spacecraft was acquired by DSS 11 in the two-way mode 
a t  22:10:02 and thus continued until the ti~ile of the 
n~idcourse maneuver at 02:20:00 on November 8, 1967. 
The doppler data from DSS 11 during this period is only 
fair, showing a standard deviation of 0.005 Hz; not 
quite as good as would be expected for resolver, data. 
These two-way data from DSS 11 can be seen in Fig. 83. 

c. Alidcourse manetcoer. Early analysis of the  
Sz4rveyor VI trajectory i~~dicated t11,at a midcourse ma- 
neuver during the first pass over DSS ll would be most 
advantageous, and therefore, the illidcourse maneuver 
was executed during this pass. Engine ignition uras pro- 
grammed for 02:20:00, November 8 with a total burn 
time of 10.28 s. Results of the maneuver as seen in the 
two-way doppler data over DSS 11 are presented in 
Fig. 84. As can be seen in the data, the nlidcourse 
maneuver resulted in a doppler shift over DSS 11 of 
approximately - 113.5 Hz. 

d. Postn~idcou,rse phnse. All midcourse orbit compu- 
tations 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 
with one sigilificant exception. As has already been 
mentioned, DSS 61 took noisy two-way doppler data 
during the first pass; during the second pass, they tracked 
the spacecraft in the two-way 111ode for approximately 
1% I1 and the noise 012 the data was even higher (0.013 Hz) 
--these data are shown in Fig.  $5. It  was thought that 
perhaps the high noise u7a.s dtle to a marginal rubidium 
unit, and when this tmit was cilaliged cX11ring the third 
pass of DSS 61, an immediate recluction of the noise in 
the three-way doppler residuals was noted. These data 

can hc wen r n  Flg 86 'Ihe DSS 42 took exeellent d a t a  
durrilg rile ptr\ilriidco~ct >b P?;,IIC. \w!h the f.1~0 \\ d ~ /  t40p- 
I'lcl r t , \~drlnl \  \hoiz7ii1g ,I iianclarcl clev~atron of 0 0014 IFz, 
11114 wds b y  far llie least noisy ctata Liken 1,)~ a n j  \tation 
d n ~ ~ n g  Sri ,  bey01 Vi.  Tlrc 13% $2 two way c1oppif.r 
res~duals duilng t h ~ s  peliod can be seen in Figs 87-90. 
The DSS 11 took veiy good two-way doppler data during 
the postillidcourse phase, although it fell slightly short of 
optin~um-DSS 11 two-way doppler residuals iildicated 
a standard deviation during this peliod of 0.003 Hz, or 
about twice what might have been expected. The DSS 11 
residlials for the postmidcourse phase are shown in 
Figs. 91-94. Finally, DSS 51 took unifornlly good data 
during the postnlidcourse phase. Two-way doppler re- 
siduals from DSS 51 produced a standard deviation of 
0.0075 Hz-or just about as good as is possible with a 
nonresolver station. These residuals are displayed in 
Figs. 95-98. 

e .  Touchdot~tl phase. Final inflight calculatio~ls by the 
orbit determination group indicated a retroignitiol~ time 
of 00:58:01.5, Noveinber 10, 1967. A soft landing occurred 
at 01:01:06.3, after a flight of 65 h, 22 min, and 5 s. The 
results of the retroengine burn as seen in the one-way 
doppler data at DSS 11 are prese~lted in Fig. 99, and the 
touchdown phase doppler is sliown in Fig. 100. TO - - 
approximate the varying transmitter frequency during 
retroburn and touchdown phase when changing thrust 
vector precludes the possibility of accurate trajectory 
predictions, transmitter frequencies (reduced from track- 
ing data and predicts up to the burn) were extrapolated 
through touchdown and used to compute range data. 
The values of these frequencies and corresponding range 
rates are presented in Table 63. To approximate the 
doppler of a stationary spacecraft on the lunar surface, a 
least squares quadratic curve fit was made on the data 
ilnrnediately after touchdown. Hopefully, this would 
remove the major effects of both one-way frequency drift 
and lunar surface/DSS 11 reIative velocity. Table 64 
shows the actual doppler received from DSS 11, the 
hypothetical doppler (had the spacecraft been stationary 
on the lunar surface), the difference between these two 
doppler values, and the corresponding range rate in 
kilometers per second. Figure 101 is a plot of these values 
-the line-of-sight velocity from DSS 11 of the Swvegor 
VI touchdown referenced to the lunar surface. 

f .  Lunar ti~ai~slni-ion phnse. A translation of the 
Su~bc!yor VZ spaceelaft on the moon was effected on 
November 17, 1967, at 10.32.02. One-\vay doppler from 
t h i ~  rnanerlver as wen by DSS 11 is piesented in Fig. 102. 
The hne-of-sight velocity from DSS 11 of the translation 
maneuver ir sho\vn in Fig. 103 
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TIME, rnin 

Fig. 73. Angular data, DSS 51 first pass 
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-0.2.  
0 60 120 180 240 300 3.50 

TIME, min 

Fig. 75. First pass angular data received by DSS 51 
(time from 94:18:80 GMT on November 7, 1967) 
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TIME, min 

Fig. 77. First pass angular data received by DSS 42 
(time from 08:38:00 GMT on November 7, 1967) 
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TIME, min 

Fig. 78.  First pass two-way (CC3) doppler data received by DSS 51 
(time from 08:14:00 GMT on November 7,  1967) 
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TIME, rnin 

Fig. 79. First puss two-way (CC3) doppler data received by DSS 51 
(time from 14:14:00 GMT on November 7, 1967) 

TIME, rnin 

Fig. 80. First pass two-way tCC3) doppler data received by DSS 5'1 
(time from 2Q:l4:QQ GMT on November 7, 196%) 
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TIME, min 

Fig. 82. First pass two-way (CC3) doppler data received by DSS 61 
(time from 14:47:00 GMT on November 7, 1967) 
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TIME, min 

Fig. 83. First pass two-way (CC3) doppler received by DSS 1 1  
(time from 22:13:00 GMT on November 7,  1967) 
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TIME. min 

Fig. 87. Second pass two-way (CC3) doppler data received by DSS 42  
(time from 03:42:00 GMT on November 8, 1967) 

TIME, rnin 

Fig. 88. Second pass two-way (CC3) doppler data received by DSS 42  
(time from 09:42:00 GMT on November 8, 1967) 

JPL  TECHNICAL M E M O R A N D U M  33-307 







TIME, win 

Fig. 93.  Second pass two-way (CC3) doppler data received by DSS 1 1  
(time from 04:18:00 GMT on November 9,  1967) 

TIME, min 

Fig. 94. Third pass two-way (CC3) doppler elaia received by BSS 11  
(time from 221 8:QQ GMT on November 9, 1967) 
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TIME, min 

Fig. 95. Postmidcourse maneuver doppler data received by DSS 51 
(time from 13:33:00 GMT on November 8, 1967) 

TIME, min 

Fig. 96. Second pass two-way (CC3) dsppler data reeeived by DSS 59 
(time from '1 9:33:00 GMT on November 8, 1967) 
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TIME, min 

Fig. 97.  Third pass two-way (CC3) doppler data received by DSS 51 
(time from 13:33:00 GMT on November 9, 1967) 

Fig. 98. Third pass two-way ICC31 doppler data received by DSS 51 
(time from 1 $:33:08 GMT on November 9, 1967) 
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TIME (NOVEMBER 10, 1967), GMT 

Fig. 99. Retrophase doppler data received by DSS 1 1  
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TlME (NOVEMBER 11, 1967), GMT 

Fig. 101. Vernier phase velocity 

TlME (NOVEMBER 17, 1963, GMT 

Fig. 1102. Translation maneuver dsppler data received by DSS 1 1  
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TIME (NOVEMBER 17, 1967), GMT 

Fig. 103. Translation maneuver velocity 

Table 63. Tracking data and predicts through touchdown 
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Table 63 (centdl 

Time, GMT 

00:56:45.5 

00:56:46.5 

00:56:47.5 

00:56:48.5 

00:56:49.5 

00:56:50.5 

00:56:51.5 

00:56:52.5 

00:56:53.5 

00:56:54.5 

00:56:55.5 

00:56:56.5 

00:56:57.5 

00:56:58.5 

00:56:59.5 

00:57:00.5 

00:57:01.5 

00:57:02.5 

00:57:03.5 

00:57:04.5 

00:57:05.5 

00:57:06.5 

00:57:07.5 

00:57:08.5 

00:57:09.5 

00:57:10.5 

00:57:11.5 

00:57:12.5 

00:57:13.5 

00:57:14.5 

00:57:15.5 

00:57:16.5 

00:57:17.5 

00:57:18.5 

00:57:19.5 

00:57:20.5 

00:57:21.5 

00:57:22.5 

00:57:23.5 

00:57:24.5 

00:57:25.5 

00:57:26.5 

00:57:27.5 

One-way doppler 
frequency, Nz 

1052306.48 

105231 7.98 

1052329.89 

1052342.14 

1052354.14 

1052365.91 

1052378.35 

1052390.97 

1052403.60 

10524 16.48 

1052427.98 

1052440.03 

1052452.06 

1052464.77 

1052477.40 

1052489.78 

1052502.1 7 

1052515.28 

1052527.79 

1052539.61 

1052551.54 

1052564.20 

1052576.91 

1052590.04 

1052602.89 

1052614.98 

1052627.89 

1052640.78 

1052653.79 

1052666.80 

1052679.92 

1052692.07 

1052704.03 

1052717.55 

1052730.43 

1052743.28 

1052756.51 

1052769.56 

1052783.16 

1052795.33 

1052808.96 

1052821.73 

1052833.71 

Difference, Hz 
Auxiliary asciltcrtor 

frequency, Hz 
- 

2294986258.89 

2294986256.78 

2294986254.30 

2294986251.52 

2294986248.98 

2294986246.72 

2294986243.78 

2294986240.72 

2294986237.66 

2294986234.36 

2294986232.48 

2294986230.05 

2294986227.67 

2294986224.66 

2294986221.73 

229498621 9.08 

2294986216.44 

2294986213.09 

2294986210.37 

2294986208.39 

2294986206.30 

2294986203.52 

2294986200.72 

22949861 97.48 

22949861 94.56 

22949861 92.45 

22949861 89.52 

22949861 86.67 

22949861 83.69 

22949861 80.73 

22949861 77.72 

22949861 75.67 

22949861 73.84 

2294986170.50 

22949861 67.81 

2294986165.17 

2294986162.19 

2294986159.41 

22949861 56.09 

22949861 54.25 

22949861 50.97 

2294986148.56 

22949861 46.97 

Range rate, kin/$ 

- -- 

0.19446526E 01 

0.19458817E 01 

0.19471 136E 01 

0.19483484E 01 

0.19495862E 01 

0.19508269E 01 

0.19520706E 01 

0.19533172E 01 

0.19545668E 01 

0.19558194E 01 

0.19570749E 01 

0.19583335E 01 

0.19595951E 01 

0.19608598E 01 

0.19621 274E 01 

0.19633981E 01 

0.1 9646719E 01 

0.19659487E 01 

0.19672287E 01 

0.19685117E 01 

0.19697979E 01 

0.19710871E 01 

0.1 9723795E 01 

0.19736751 E 01 

0.1 9749738E 01 

0.19762758E 01 

0.19775809E 01 

0.19788892E 01 

0.19802007E 01 

0.19815154E 01 

0.19828334E 01 

0.19841547E 01 

0.1 9854792E 01 

0.19868069E 01 

0.19881380E 01 

0.19894724E 01 

0.19908101E 01 

0.19921511E 01 

0.19934954E 01 

0.19948431E 01 

0.19961942E 01 

0.19975487E 01 

0.19989066E 01 
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fable 63 (contd) 

i One-way doppler 
Time, (;MI frequency, W E  

00:57:28.5 1052847.65 

00:57:29.5 1052861.49 

00:57:30.5 1052874.63 

00:57:3 1.5 1052887.33 

00:57:32.5 1052901.57 

00:57:33.5 1052913.91 

00:57:34.5 1052925.24 

00:57:35.5 1052938.96 

00:57:36.5 1052952.23 

00:57:37.5 1052965.47 

00:57:38.5 1052978.71 

00:57:39.5 1052992.52 

00:57:40.5 1053006.1 5 

00:57:41.5 105301 8.69 

00:57:42.5 1053032.45 

00:57:43.5 1053045.96 

00:57:44.5 1053059.69 

00:57:45.5 1053072.26 

00:57:46.5 1053085.64 

00:57:47.5 1053099.34 

00:57:48.5 10531 14.15 

00:57:49.5 10531 28.24 

00:57:50.5 1053141.84 

00:57:50.5 1053141.84 

00:57:51.5 1053 155.45 

00:57:52.5 1053169.19 

00:57:53.5 1053 183.53 

00:57:54.5 1053198.26 

00:57:55.5 105321 1.65 

00:57:56.5 1053224.84 

00:57:57.5 1053238.62 

00:57:58.5 1053253.05 

00:57:59.5 1053266.38 

00:58:00.5 1053280.64 

00:58:01.5 1053294.77 

00:58:02.5 1053308.95 

1053320.28 

00:58:04.5 1053253.88 

00:58:05.5 >053043.47 

00:58:06.5 1052822.35 

"Frequencies hereafter ore  extrapolated. 

Difference, Hz 
Auxiliary ossilloilor 

frequency, Hz 
Range rate, k n ~ / s  
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Table 63 (contdl 

Time, OMT 
One-way dappler 

frequency, Hz 

Auxiliary sscillalor 
Difference, Hz 

frequency, Hz Range rate, km/s 
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Table 63 (confd) 

Time, GMT 
One-way doppler 

frequency, Hz 
Difference, Ha  

Auxilic~ry oscillcrter 
frequency, Hz 

- 
2294985923.48 

2294985920.78 

229498591 8.08 

229498591 5.41 

229498591 2.70 

2294985910.02 

2294985907.33 

2294985904.64 

2294985901.95 

2294985899.27 

2294985896.58 

2294985893.89 

2294985891.20 

2294985888.52 

2294985885.83 

2294985883.14 

2294985880.45 

2294985877.78 

2294985875.09 

2294985872.39 

2294985869.72 

2294985867.03 

2294985864.36 

2294985861.67 

2294985858.98 

2294985856.31 

2294985853.62 

2294985850.94 

2294985848.27 

2294985845.58 

2294985842.91 

2294985840.23 

2294985837.55 

2294985834.87 

2294985832.1 9 

2294985829.50 

2294985826.84 

2294985824.1 6 

2294985821.47 

229498581 8.81 

2294985816.1 2 
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Table 63 (contd) 

Time, GMT 
One-way doppler 

frequency, Hz 

Auxiliary oscillator 

frequency, Hz Range rate, km/s 
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Table 63 (contd) 

Time, GMP 
One-way doppler 

Crequeney, Hz 
Difference, Hz 

Auxiliary oscillator 

frequency, Hz 
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Table 63 teonfdl 
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Table 63 (csnld) 

Table 64. Actual vs hypothetical doppler, DSS 1 1  

Doppler frequency, Hz 

1051892.15 1036490.86 

1051 903.66 1036493.69 
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Table 64 [corrtd) 

Doppler frequency, Hz Difference, Hz 

lunar surface, Hz 

Velocity referenced 

fo lunar surface, f l /s  
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Time, GMT Doppler frequency, Hz Difference, Hz Velocity referenced 

to lunar surface, ft/s 
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Table 64 ( c ~ n t d )  

Time, GMT Doppler frequency, Hz 
Hypothetical doppler 

frequency a t  

lunar surface, H z  

Difference, H z  Velocity refereneed 

to lunar surface, ft!s 
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Table 64 (contd) 

Time, GMT Doppler frequency, Hz Difference, H z  
lunar surface, Hz 

Veloci#y referenced 

to lunar surface, f t f s  
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Time, G M I  Doppler frequency, Hz 

1038131.10 

10381 25.25 

10381 18.08 

10381 10.71 

10381 11.48 

10381 16.93 

1038121.12 

10381 24.47 

10381 27.04 

10381 30.60 

10381 33.78 

1038137.52 

1038141.91 

10381 46.37 

1038150.38 

1038154.72 

1038159.20 

1038161.85 

1038 164.54 

1038168.77 

1038172.83 

10381 77.31 

10381 82.06 

1038 185.73 

1038188.67 

10381 92.90 

10381 98.26 

1038199.60 

1038189.82 

1038181.82 

10381 72.36 

10381 63.22 

1038151.16 

1038137.98 

1038131.83 

10381 23.78 

10381 10.79 

10381 00.97 

1038097.57 

E#ypofhetieal doppler 
frequency a l  

lunar surface, Hz 
Difference, Hz 

Velocity referenced 

to lunar surface, f t / s  
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Time, SMS Doppler frequency, Hz 1 
Hypothetical doppler 

frequency at 

lunar surface, Hz 

Difference, Hz 

JPL TECHNICAL MEMORANDUM 33-301 22 1 



Table 64 (eontall 

Time, GMT Doppler frequency, Hz 

1037650.80 

1037635.78 

1037625.03 

1037616.01 

1037609.88 

1037600.32 

1037593.34 

1037585.65 

1037579.95 

1037575.38 

1037568.41 

1037561.12 

1037555.92 

1037549.50 

1037543.39 

1037536.76 

1037531.64 

1037527.67 

1037521.63 

103751 5.90 

1037514.00 

103751 0.03 

1037506.03 

1037501.40 

1037498.07 

1037493.77 

103748965 

1037485.55 

1037482.01 

1037474.80 

1037461.73 

1037449.1 5 

1037437.74 

1037426.78 

1037417.85 

1037410.99 

1037401.62 

1037390.80 

1037378.1 2 

1037363.76 

Hypothetical doppler 

frequency at 

lunar surface, Hz 

10371 68.87 

10371 71.62 

10371 74.37 

10371 77.1 3 

10371 79.88 

10371 82.63 

10371 85.38 

10371 88.14 

10371 90.89 

10371 93.64 

10371 96.39 

1037199.14 

1037201.89 

1037204.64 

1037207.39 

1037210.14 

103721 2.89 

10372 15.63 

103721 8.38 

1037221.13 

1037223.88 

1037226.63 

1037229.37 

1037232.1 2 

1037234.87 

1037237.61 

1037240.36 

1037243.10 

1037245.85 

1037248.59 

1037251.34 

1037254.08 

1037256.83 

1037259.57 

1037262.31 

1037265.06 

1037267.80 

1037270.54 

1037273.28 

Difference, Hz Velocity referenced 

i o  lunar surface, ft /s 

207.72 

200.1 1 

194.32 

189.27 

185.46 

180.19 

176.02 

171.54 

167.92 

164.78 

160.62 

156.31 

152.90 

148.97 

145.18 

141.16 

137.79 

134.91 

131.14 

127.51 

125.52 

122.64 

1 19.74 

11 6.58 

1 13.98 

1 10.96 

107.97 

105.08 

102.39 

98.12 

91.34 

84.77 

78.71 

72.84 

67.84 

63.72 

58.53 

52.72 

46.1 1 

38.78 
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Table 64 [conid) 

D ~ p p l e r  frequency, Hz Difference, Hz 
lunar surface, Hz 

Velocity referenced 
lo lunar surface, f t / s  
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Time, GMf Doppler frequency, Hz 

I 

Hypothefical doppler 
frequency a t  

lunar surface, Hz 

--- 

Difference, Hz Velocity referenced 

to lunar surface, f t  f s  
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Table $4 (contell 

Time, GMT Doppler frequency, He 

Hypothetical doppler 

frequency at Difference, Hz 

101 8192.90 

101 8194.45 

101 8195.97 

101 8197.48 

1018198.96 -0.52 

1018200.43 

101 8201.88 -0.79 

1018203.31 -0.51 

101 8204.72 

1018206.1 1 

101 8207.48 

101 8208.83 

1018210.16 

101821 1.48 

1018212.77 

101 8214.05 

1018215.31 

1018216.55 

1018217.77 

101821 8.97 

101 8220.15 -3.56 

1018221.31 

101 8722.45 

101 8223.58 -0.70 

101 8224.68 

101 8225.77 

101 8226.84 

101 8227.88 

1018228.91 

101 8229.92 

TO1 8230.91 

Velocity referenced 

to lunar surface, Il/s 
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AFETR 

AFC 

AGC 

AMR 

APC 

AOS 

ASEC 

AS1 

ASSH 

A/SPP 

BECO 

CDC 

CKAFS 

DPES 

DSIF 

DSN 

DSS 

FPAC 

FM 

GCF 

GSFC 

HAC 

HPPS 

ICS 

I/O 

KSC 

LOS 

MECO 

MEIG 

MES 

MSFN 

MTGS 

NASCOM 

Air Force Eastern Test Range 

automatic frequency control 

automatic gain control 

altitude marking radar 

automatic phase 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 command (group) 

frequency modulation 

ground communications facility 

Goddard Space Flight Center 

Hughes Aircraft Co. 

Hughes post processor 

i~~tracommu~~icat iol~s system 

input/output 

Kennedy Space Center 

loss of signal 

nlain engine cutoff 

main engine ignition 

main engine start (Ce?ztnzn.) 

Manned Space Flight Network 

midcourse and terminal grtidance 
T 

NASA Communications Network 

OBGX 

ODPS 

ORT 

OSAS 

PCM 

PLIM 

Ph4 

PRDX 

RADVS 

RIS 

RTCS 

SCAMA 

SCO 

SECO 

SFOF 

SM/SS 

SOCP 

SPAC 

SRT 

TDA 

TDH 

TDM 

TDPX 

TDS 

TR JX 

TTY 

VCO 

VCXO 

VECO 

NBVCXO 

orbit data generator program 

orbit determination program 

operational readiness test 

on-site alpha scattering (program) 

pulse code modulation 

postlaunch instrunlentation message 

phase modulatioll 

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 

Srtroeyo~ on-site computer program 

spacecraft performance 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-controlled crystal oscil- 
lator 
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