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PREFACE

The Mariner 10 spacecraft was launched from the Air Force Eastern
Test Range (AFETR) at Cape Kennedy, Florida on November 3, 1073 T.iftoff
occurred at 05:45 GMT. The closest approach to Venus occurred at 17:01
GMT on February 5, 1974. The closest approach to Mercury occurred at
20:46 GMT March 29, 1974 at a distance of 704 km (437 miles) from the planct
surface.

During the primary portion of the Mariner Venus/Mercury 1973 Project,
Mariner 10 accomplishments were: (1) The first multi-planet gravity-assist
mission, (2) the first spacecraft to photograph Venus, (3) the first space-
craft to approach and photograph Mercury, (4) the first Jet Propulsion
Laboratory (JPL) spacecraft to transmit full resolution pictures, and (5} the
first mission to use dual-frequency radio transmission.

The scientific (television and nonimaging science) information in this
document was derived from status bulletins published during the mission under
the direction of the Mariner Venus/Mercury 1973 Project. The data in these
bulletins were obtained from the Principal Investigators in near-real time in
relationship to the events discussed, and as such are to be interpreted as
preliminary.

The work described in this report was performed by the Mariner Venus/
Mercury 1973 Primary Mission Project of the Jet Propulsion Laboratery whose
membership was composad of personnel from the Jet Propulsion Laboratory
and The Boeing Aerospace Company.
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ABSTRACT

This document is Volume I of a two-volume report covering the Mariner

Venus/Mercury 1973 Project. Volume I covers that portion of the project
defined as the Primarv Mission, which includes the Vinus wncounter and the
first Mercury encounter. The document describes the plans and activities

undertaken to successfully achieve the mission objectives. The operational
activities are identified by Mission Operation System (MOS) functions, pro-
viding a brief summary of each discipline. Spacecraft performance is sum-

marized by subsystems.
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DEFINITION OF TERMS
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APA Articulation and pointing actuator FOV Field of view

APS Articulation and pointing subsystern FPR Filight project representative

AVID A Vidicon EY Fiscal year

BER Bit error rate G&A General and adininistrative
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B/R Booster regulator GDS Ground data systen:
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BVID B vadicon GFE Government furnished equipment

GMT Greenwich Mean Time
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CMA Command modulater assembly IBM International Business Machines

CMD Comman IC Integrated circuit

CMO Chief of Mission Operations IRR Infrared radiometer

CMRS Celestial mechanics and radio IsA Incident surprise anomaly
science

COMGEN <Commarnd generator JPL Jet Propulsion Laboratory

CPT Charged particle telescope

CST Canopus star tracker LCC Limit zvcle compensator

CTA 21 Compatibility test area LGA Low-gain antenna

CwW Clockwise LIBPOG Library POGASIS

CY Calendar year LV Launch vehicle

DC Direct command MAG Magnetometer

DCAA Defense Contract Audit Agency MARKIA  Mark 1A ranging

DCMO Deputy Chief of Mission Operations MCCC Mission Control and Computing
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science instrument sequence TBC The Boeing Company
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PSE Plasma science experiment TCD Telemetry and Command Data
PS&L Power switching and logic Subsystem
TDH I'r : i
QA Quality assurance TCM 1 First trajectory correction mancuver
TCM 2 Second trajectory correction
RCA Reaction Control Assembly maneuver
RCM Rolil control manecuver TCM 3 Third trajectory correction mancuver
REMT Reformat program TI Texas Instruments
REP Request for proposal TLC Tender loving care
RFS Radio frequency subsystem TLM Teiemeotry
TSOST Television subsystem operational
SCE Spacecraft cvent sequence table
SCI Science TVCA Thrust vector control assembly
SEA Scanning electrostatic analyzer TVS Television subsystem
SEDR Supplementary experiment data record TWT Traveling wave tube
‘)bG tfequcpce of event§ generator UTG Universal Time Code
SES Scanning elcctronic spectrometer . i Tt s .
S1TT Simultancous interference tracking uvs ULtrdv}U.lLt spectrometer .
technique - UVSA Liltrav.unct spectrometer - airglow
SNR Signal-to-noisc ratio Uvso Ltltra\fm‘lct'spcclronmtux -
SP Solar pancl occultation
SPEEA Scattle Professional Engincer vCO Voltage-controtled osciilator
Employce Association VE Venus encounter
SPOP Scan Platform Opcrations Program
SPT Scan platform telemetry W Watt
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L. INTRODUCTION

This is Volume I of a two-volume report on
the Mariner Venus/Mercury 1973 Project primary
mission. Preparation of this document is in
accordance with a Mariner Venus/Mercury 1973
Project Office directive,

A. PURPGCSE

The purpose of this document is to provide a
historical summary record of the mission from
design and fabrication of the spacecraft to
the end of the primary mission, describe the
philosophy of concepts used in key areas, identify
techniques used that contributed to the success of
the missicns, and to point out those areas where
improvements can be made to benefit future
programs.

B. BACKGROUND

The unusual reiztive positions of the planets
Earth, Venus, and Mercury in the 1973 time
period provided a unique scientific opportunity for
a Venus/Mercury mission. Use of the Venus
gravitational pull on a spacecraft would allow
scientific exploration of the planet Mercury using
a relatively inexpensive Atlas Centaur launch
vehicle, Presented with the relative rmerits of
such a mission, the Space Science Board cf the
National Academy of Science endorsed the pro-
gram as a low-cost/high scientific return project.

The Mariner Venus/Mercury 1973 {(MVM'73)
program was first introduced by the National Aero-
nautics and Space Administration in the FY1970
budget. From its inception and throughout the
mission, a low-cost attitude was emphasized.

In December 1969, the Jet Propulsion
Laboratory proposed to undertake this ambitious
program for a cost not to exceed 98 million
dollars.
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The primary objectives of the mission were
to conduct exploratory investigations of the planet
Mercury by obtaining measurements of its envi-
ronment, atmosphere, surface and body charac-
teristics, and to coanduct similar investigations of
the planet Venus during its flyby. First priority
was assigned to the Mercury investigation. Sec-
ondary mission objectives were to perform experi-
ments in the interplanetary medium and obtain
experience with a dual-planet gravity-assist mis-
sion. Figure 1 illustrates the Mariner 10 trajec-
tory in relation to planet orbital characteristics.

The Request for Proposals (RFPs) for the
spacecraft system was released in December
1970. It stressed incentive proposals with
emphasis on low cost, award fee, overhead cost
ceilings, and minimum documentation for the pro-
gram., The contract effort was divided into work
packages made up of specific tasks. The overall
scope of the RFP included design, fabrication,
assembly, and test of one flight spacecraft, one
test spacecraflt, necessary test models and sup-
port equipment, and required spares. It also
included a Level of Effort technical support for
systems, subsystems, and mission operations.

The Boeing Aerospace Company was selected
on a competitive basis from four proposals
received by the Jet Propulsion Laboratory for a
cost plus award fee contract. The contract
became effective on June 17, 1971.

C. SCOPE

This document provides a summary of the
mission, including brief descriptions of the sci-
entific results. Chrenologically it covers the
mission from the prelaunch phase through a short
post-Mercury encounter period.
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The most significant achievement, excluding
that of a successful mission, was the performance
of the System Contracting Mode. The Boeing Aero-
space Company and the Jet Dropulsion Labora-
tory worked together to produce a spacecraft
with capabilities significantly beyond those origin-

ally anticipated for the 98 million dollar program.

This section has made no attempt to cover
the spacecraft design, fabrication, and testing.
The detail coverage of these areas can be found
in the Mariner Venus/Mercury 1973 Spacecraft
Program Final Report published by the Boeing
Aerospace Company in July 1974.

A. SYSTEM CONTRACTOR MODE

The System Contract was established on the
basis of 2 work package wouncept which corre-
sponds to the matrix organization of the Labora-
tory. The work package was used to scope and

monitor the coniractor activities.

The system contract was managed by the
Project Office using the Spacecraft System
Manager, Flight Project Representatives
(FPRs), and Work Unit Managers {(WUMs). The
contractor organization mirrored the Project
Office with the Program Manager, Activity and
Area Managers, and Werk Unit Engineers (WUEs)
corresponding to the stated JPL positions.

B. WORKUNIT MANAGERS AND WORK UNIT
ENGINEERS

The Work Unit Managers and the Work Unit
Engineers were key interfaces between the Proj-
ect Office and the Boeing Aerospace Company. It
was at this level that implementation plans were
reviewed, technology transfer was accomplished,
progress was monitored, and award evaluation of
the contractor performance was initiated.

Activity Managers and Flight Project Repre-
sentatives were responsible to their respective
management for resclving problems within and
between work units and ‘or appraising Project

Management of work unit activities and preblerns.

The implementation plan was responsive t-
the contract work definition and included man-
power and dollar estimates, task definition,
delivery dates, milestones, and schedules.
Weekly meetings were held between the WUMs
and the WUEs., Monthly meetings were conducted
to review the Boeing Aerospace Company techni-
cal progress status, problem areas, and financial
status. The monthly technical and financial status
was usel as an input for each work unit, and was
integrated into the system to arrive at an overall
evaluation of contractor technical and financial
performance.

C. AWARD EVALUATION

Award evaluations were conducted on a
quarterly basis to evaluate The Boeing Aero-
space Company progress. The spacecraft
performance during the flight operations
portion of the mission was used to modulate
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the performance or award fee earned during
buildup, test, and launch of the spacecraft.

Technical reviews or milestone reviews
were held as required and were identified as
gates which the Boeing Aercspace Company could
not proceed beyond without satisfying all action
items established by the Review Board. The
Review Board was chaired by the Project Mana-
ger and structured of individuals from the Project
and non-Project personnel from both the Jet Pro-
pulsion Laboratory a=i the Boeing Aerospare
Company.

D. SCIENCE INSTRUMENTS

The science instruments were supplied to the
Boeing Aerospace Company as goverament fur-
nished equipment because of the difficuity of con-
tracting for instruments because of the Jet
Propulsion Laboratory experience in this
area.

Interface between the instruments and the
spacecraft was controlle. using the spacecraft
functional requirements, interface control draw-
ings, and circuit data sheets, all of which were
approved and signed off by the Boeing Aerospace
Company, & JPL Representative, and the appro-
priate Principal Investigator.

E. MISSION OPERATION SYSTEM SUPPORT

The Spacecraft Flight Support Work Units,
which were level of effort technical support,
were written in the same manner as the System
Design Work Units except that instead of com-
pleting certain tasks, the contractor provided
specific talent for flight operations.

1. Spacecraft/DSN/MOS Compatibility Testing

Spacecraft/MOS compatibility tests were con-
ducted with the spacecraft located in the space
simulation chamber at the Jet Propulsion Lab-
oratory. Four Spacecraft/MOS/DSN Compati-
bility sequences were conducted during two test
periods. The first test was conducted on July 27,
1973 and covered the Venus and Mercury encoun-
ter phases. The second test was conducted on
July 29, 1973 and covered the launch and trajec-

[ad

tory correction maneuver {TCM) phases of the

mission.

2. Spacecraft/DSN Compatibility Testing

Final spacecraft/Deep Space Network (DSN)
compatibility tests were performed at the Air
Force Eastern Test Range (AFETR). Two of
these tests were performed in Hanger AQ and
invoived the 73-1 and 73-2 spacecraft., The other
test was performed with the 73-2 spacecraft on
the launch pad.

The purpose of these tests was to verify
compatibility between the spacecraft and the DSN.
The tests conducted in Hanger AQ were under
ambient temperature and pressure conditions.
The first of these tests occurred on August 26,
1973, Test time was approximately 12 hours.




The second test was conducted on September 22
and 23, 1973, Test time was approximately

15 hours, Both tests were considered
successful.

A T hhmasee

On O , during a 4, S hour

on-pad compatibility test, planetary ranging was
successfully verified. The telemetry portion of

the test was also successful,

F. SPACECRAFT MAGNETIC MAPPING

Magnetic mapping of Spacecraft 73-1 was
accomplished at the Goddard Space Flight Center,
Greeunbelt, Maryland, on November 20 and 21,
1975, The mapping was accomplished by GSFC
personnel on the unpowered spacecraft to deter-
mine the residual magnetic fieldc of the space-
craft to enhance the ability to interpret missinn

magnetometer data.
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I, SCIENCE OBJECTIVES AND RESULTS

Meeting the primary scientific objectives of
the mission included obtaining both television and
nonimaging science data during Venus and
Mercury encounier periods. The results of these

A. TELEVISION SCIENCE

In preparation for the television sequences
taken at Venus and Mercury, the TV cameras
were calibrated by photographing the Earth and
Moon shortly after Launch. The first Earth TV
calibration occurred at 1:45 PM PST on Nov. 3,
1973, This was followed 1 hr, 15 min later by
the second Earth TV calibration. The first Moon
TV calibration occurred at 4:00 PM PST on
Nov., 3, 1973. There were a tntal of five Earth
TV calibrations and six Moon L'V calibrations.

1. Venus Encounter

The Mariner 10 spacecraft encountered Venus
on Feb. 5, 1974, at 10:01 PM Pacific Daylight
Time. Venus encounter operations began on
Januvary 28 and continued through Feb. 13. As
Mariner approached Venus, the Sun was in a
direction nearly behind the planet as viewed from
the spacecraft, with the result that photography
of the illuminated disk (Fig. 2) began jrst min-
utes before closesi approach. Mariner did not
pass through the shadow of the Sun cast by the
planet (solar occultation) but did fly Lzehind the
planet as viewed from Earth (Earth occultation),
The 498.9 kg (1100 lb) spacecraft came within
approximately 5631, 5 km (3, 500 miles) of the
solid surface of the planet, at a speed of some
38,616 km/l: (£4, 000 mph). Venus' gravity field
slowed Mariner's velocity relative to the Sun by
nearly 16, 090 km/h {10, 000 mph), deflecting its
path toward the mission's primary target,
Mercury. The scientific sequence planned for
Venus long before launch was conducted, despite
a number of spacecraft problems sncountered
earlier in the mission. During the encounter
period, all but a few of the thousands of commands
sent to the various subsystems of the spacecrafi
were executed by the on-board computer, which
had been programmed Lo do so days before. FEach
of the seven experiments returned imporian. new
data on Venus, including observations of the body,
zimosphere, and ionosphere of the planet and its
interaction with the protons, eiectrons, and mag-
netic fields emanating from the Sun.

The Mariner 19 television cameras imaged
the planet Venus in the visible and near ulira-
violet for a period of eight days at resolutions
ranging from 100 m to 130 km. The general pat-
tern nf the atvnogpheric circulation in the upper

‘tropusphesic/lower stratospheric region is dis-
played in the pictures. Atmeospheric flow is sym-
metrical between the North and South Hemispheres.
The equatorial motions are zonal {east-west) at
approximately 100 m/s, consistent with the pre-
vicusly inferred four-dav retrograde rotation.
Angular velocity increases with latitude. The
subsolar region, and the region downwind of it,
show evidence of large-scale convection that per-
sists in spite o: the main zonal motion. Dynami-
cal interaction between the zonal motion and the
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relatively stationary region of convection is
evidenced by bow-like waves. Various TV
mosaics of Venus are shown in Figs. 3 to 9,

2. Mercury Encounter

Mariner 10 began taking TV pictures of
Mercury on March 23, 1974 (near 240 deg on
Fig. 10), a week after the third trajectory correc-
tion maneuver {TCM 3} from a distance of
5,310,000 km (3, 300, 000 miles). Photography
was intermittent for the next four days, but
became almost a continuous operation on March 28,
taking one picture every 42 sec. However,
Mariner 10 was unable t+ photograph Mercury
during the half-ho.r around the time of its
closest approach (0™ on Fig. 11) on March 29,
because the flight path had been targeted to pass
behind the planet on the night side. A turther
constraint was a mechanical stop on the Science
scan platform, which prevented the TV cameras
from pointing any closer than 58 deg from the
sunline. While Mariner 10 was still in Earth's
shadow (occultation), the cameras started taking
TV frames of Mercury's far side from the closest
possible altitude of about 3600 miles. Since the
planet blocked radio communications at that time,
the frames had to be tape recorded for later
transmission to Earth, Periodic photographic
operations continued for another five days until
April 3 when the spacecraft was 2,200, 000 miles
past Mercury. More than 2000 TV frames were
transmitted to the DSN 64-m tracking stations
around the world, in California, Canberra, and
Madrid.

The major landforms on Mercury observed
by Mariner 10 are basins, craters, scarps,
ridges, and plains (Fig. 12). Morphologically
these features strongly resemble analogous land-
forms on the Moon. Whevre the plains are absent,
overlapping craters and basins forra rugged ter-
rain. The plains materials have many of the
characteristics of the lunar maria and have been
cratered to approximately the same degree., This
twofold division of the surface morphology of
Mercury is strikingly similar to that on the
Moon.

The largest basin observed so far on
Mercurv is centered at approximately 195°W
30°N (Fig. 13) and has many of the character-
istics of the lunar Imbrium basin. Numerous
smaller basins also are evident, grading from
sharply defined to barely discernible. Some have
two concertric rings. OCraters range in size
downward from the dimensions of basins {Fig. 14)
to the limits of detectability on the highest-
resclution photographs (Fig. 14c). Esxtensive ray
systems are present around some bright craters.
The plains materials have filled and embavyed the
larger basins and adjacent lowlands (Fig. 13).
Smooth material morphologically like lunar mare
in some cases [ills ancient craters without evi-
dence of external origin. As on the Moon, a local
source of volcanic material is suggested. Num-
erous wrinkle ridges similar to those on the lunar

»

maria have formed withi» th: plaing (Figs. 13
and 14). A volcanic origin for much of this mate-

rial is implied.



Fig. 2. Wide-angle photograph of Venus, 17:49 GMT, Feb. 5, 1974
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Fig. 4. Venus mosaic from 845, 060 km (525, 000}
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Fig. 5. Photograph of haze layers on the limbt of Venus
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F 1. 6. Venus--Feb. 6, 1974

Fig. 7. Ultraviolet photograph of Venus--Feb. 6, 1974
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Computer-enhanced
ultraviolet Venus mosaic
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Fig. 12. Photomosaic of Mercury
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Prominent structural features on Mercury
include irregular scarps whichare up to 1 km ‘high,
extend {or hundreds of kilometers, and cut across
large craters and intercrater areas (Fig. l4a),
Similar features are absent on the Moon. In addi-
tion, the paucity of straight rilles and graben on
Mercury suggests a major difference in structural
style between Mercury and the Moon. No features
suggestive of either Earth-like plate tectonics or
large-scale tensional fauiting in the crust have
been recognized so far.

The Mariner 10 photographs of Mercury,
combined with previous studies of the terrestrial
planets, suggest four preliminary conclusions.

(1) Extensive flooding by rock materials at
least grossly similar to those of the
lunar maria has occurred on Mercury.
The large horizontal scale of such fea-
tures implies a silicate composition
(density approximately 3) for the entire
outer regions of the planet, not just the
upper centimeters or meters as is indi-
cated directly by remote optical, infra-
red, and radic measurzments. Yet the
mean planetary density of 5.5 g/ecm
requires that very much denser material
must occur at depth, very probably in the
form of a large iron core. Thus Mercury
is a chemically differentiated planet.

(2) The heavily cratered surfaces on
Mercury record the final periods of
heavy impact bombardment at Mercury.
We consider it likely that those land-
scapes include at least some topographic
features which have survived from the
end of tangible accretion. Since planet-
wide melting would have destroyed such
topographic features, Mercury's major
chemical differentiation must have taken
place before the end of accretion there.
Similarly, there can have been no tangi-
ble atmosphere, primitive or secondary,
about Mercury since those topographic
features formed, because eolian pro-
cesses would have modified them, as on
Mars. An early speculation by Kuiper
that Mercury's high density might reflect
an extraordinary srosion of surface
material Iy ancmalous solar activity
likewise is not confirmed.

(3) In the hali of the planet observed by
Mariner !0, Mercury {like the Moon)
seeras to exhibit a hemispherically non-
uniform distribution of flooded basins.
If this impression is valid, previous
explanations of the near- 51de/far side
dichotomy of the Moon which involve
processes peculiar to the presence of
the Earth may require re-evaluation,

(4) Mare-like surfaces now have been formed
on the Moorn, Mars, and Mercury which
show a surprising similarity in accumu-
lated impacts, although only those of the
Moon have been dated radiometrically.
The impacting objects traditionally have
been regarded as asteroids or comets.
A strong decrease in flux between Mars
and Mercury had generally been expected.

Yet, barring extraordinary coincidence
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in both age and local fluxes, no strong
dependence on heliocentric distance in
post-accretion.

A selection of the Mercury encounter pic-
tures are shown in Figs. 12 throupgh 20.

B. MAGNETOMETER

The NASA Goddard Space
magnetic field instrument consi
sensitive magnetometers placed on a long boom.
The purpose of the dual magnetometer system is
to eliminate by appropriate mathematical anaiysis
the contamination of measurement of the very
weak magnetic field in space by the large and
changing magnetic field of the spacecraft itself,

The boom deployment, electronics turn on
and instrument conditioning was as planned. The
temperature of the sensors after launch was
approximately 20°F lower than expected; but this
posed no significant problem. The magnetometer
from spacecraft 73-1 was tested at Goddard Space
Flight Center to better understand how it works at
lower than prescribed temperatures. FEarly mis-
sion heater cycling was performed to evaluate
current loop effects on the magnetic field.

Numercus attempts to flip the A& D instru-
ment were only partially successful. PFR
No. 5016 documents this anomaly. For the
Venus encounter, the instrument did not respond
to manual mode commands; upon the Principal
Investigators' recommendation the instrument was
successfully returned to the automatic mode and
functioned properiy.

During the Earth-Venus transit continuous
and accurate measurements of the interplanetary
magnetic field were performed with the highest
sensitivity and most rapid sampling rates ever
achieved in this region of space. While the inter-
planetary magnetic field ranged from 2 to 25 gam-
mas (Earth's magnetic field at equator equals
30, 000 gammas)}, it was usually between 5 to
10 gammas and in general agreement with earlier
studies and theoretical expectations.

The trajectory of Mariner 10 is uniquely well
suited for studying the interaction of the magne-
tized solar wind plasma with Venus. This is
because the motion of the spacecraft places it
along the dark side of Venus for a period of more
than 10 days moving from great distances up to
closest approach,

1. Venus Encounter

For more than 6 days preceding the Venus
encounter, the magnetic field experiment
observed distortion of the interplanetary mag-
netic field in which the direction was twisted so
that the magnetic field appears to be pointing
toward the planet Venus. This is interpreted to
be associated with the interaction of the solar
wind with the ionosphere of Venus, and thus there
is a magnetic tail trailing behind Venus much like
a comet's tail. During the 5 hours immediately
preceding closest approach, the fluctuations of
the magnetic field increased cons:derakly, and
just before radio occultation the magnetic field
doubled in magnitude from approximately 10 to
20 gammas, The critical questions of whether or
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Fig. 15.

Fig. 16.

Real-time versus enlarged and enhanced photograph of
Mercury--March 26, 1974

Densely cratered photograph of Mercury--March 29, 1974
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Fig. 19. Photograph of Mercury 13 hours
prior to closest appreoach

Fig. 20. Computer-enhanced
photograph of Mercury--
March 28, 1974
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not a detached bow shock wave was crossed or not
cannot be answered until the radio occuitation data
are available for analysis and a comparison is
made with the plasma experiment data.

However, it is certain that Venus does not
possess a magnetic field like the Earth, and
indead any such magnetic field musi be less than
one-twentieth of one percent of the Earth's mag-
netic field.

Four models of solar wind interaction with
Venus are shown in Fig. 21. Venus, unlike the
Earth, does not have a planetary magnetic field
that is sufficiently strong to deflect the solar wind
(model A), The other three models of the solar
wind atmosphere interaction may explain the
phenomenon of the detached bow shock wave.
Model B corresponds to a direct ionosphere inter-
action, while model C is a more complex process
with the solar wind digging very deep into the
ionosphere. At the present time it would appear
that model C, in which a magnetic field is induced
in the planetary ionosphere leading to a pseudo-
magnetopause, is the most satisfactory explana-
tion of our data. As the sclar wind enters deeply
into the atinosphere-ionosp:ere of Venus, it
represents an additional energy source to be con-
sidered in the dynamics of the ionosphere and as
a mass source to modify the chemical composition
of the high atmosphere. Model D, proposed for
comets, predicts only a weak shock, if indeed any
is present. We do not believe that this mode of
interaction is the type which has been observed.

2. Mercury Encounter

The results obtained at Mercury encounter
have heen startling. It was expected that the
planet would not have a magnetic field because of
its slow rotation, and because, unlike Jupiter, no
radio emissions were observed from it. No
radiation belts of charged particles would be
expected if no magnetic field was present that
could trap and contain the particles.

Thus, as the ionized gas from the Sun (the
solar wind) flowed past the planet, it was antici-
pated that the results would be similar to those at
the Moon (Fig. 22). There would be absorption
of the solar wind by the planet and the creatinn of
a void or cavity behind the planet, on the dark
side. Cnly small and transient disturbances
would result from the disturbance of plasma flow,
and these would be located very close to the
planet if a negligible atmosphere were assumed
for Mercury.

However, very clear experimental evidence
was obtained by the magnetic field experiment of
the presence of a detached bow shock wave result-
ing frr-: the deflection of solar wind flowing
supersonically past the planet. The locations are
shown in Fig. 22. Not all data have vet been
analyzed to provide a complete interpretation of
these results, but it is clear that the obstacle to
solar wind flow is '"global’ in size, i.e., some-
what larger than the planet.

As Mariner 10 approached closer to the
planet, the magnetic field increased very smoothly
to a maximum of 90 to 100 gammas at closest
approach (750 km from the surface}). Preliminary
analyses suggest by extrapolation that the
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magnetic field on the surface is perhaps 100 to
200 gammas. This is more than sufficient to
deflect the solar wind and create the observed
bow shock.

The source of the magnetic field is not yet
clear,
represent the end result of an internal dynamo
rnechanism generating the field. As such it is
about 100 to 1000 times smaller than the Earth's.
The magnetic field may alsc be due to a complex
mechanism associated with the solar wind inter-
action with the planet. In this model the sweep-
ing of interplanetary field lines past the planet
may generate an electrical current flow in the
planet and/or a pnssible weak icnosphere which
then generates the magnetic field observed.

Tt maxr he intringic to the nlanet and o
A may he intringic to the anet and ma

The magnetic field experiment was conducted
by a team of scientists from the NASA-GSFC
Laboratory for Extraterrestrial Physics: Dr.
Norman I, Principal Investigator;
Co-Investigators are Drs, K, W, Behannon and
R. P. l.epping, Dr. K. il. Schatten of Victoria
University, New “ealand, and Y. C. Whang of
Catholic University.

Ness,

C. PLASMA SCIENCE EXPERIMENT

This system was turned on at 05:30 GMT on
November 5, 1973. A DC 53 to unlatch and
deploy the PSE boom was transmitted with proper
response. The engineering data and scan data
were good, although electrons were not being
counted. Indications were that the scanning elec-
trestatic analyzer (SEA) door was partially open.
A special PSI troubleshonting sequence was run
that consisted of cycling power on and off to the
electronics in the scan package, looking for pro-
ton counts which should appear becanse of differ-
ence in the decay time constraints of the sweep,
multiplie1, and preamp voltages. No unambigu-
ous indicatic.. of proton counting was obtained.
PFR No. 5007 was established for the analysis
and documentation of this anomaly., Numerous
attempts to thermally shock the SEA door by
pointing the instrument toward the Sun for several
hours then placing it in the shade (-70°F) proved
unsuccessful.

I. Venus Fncounter

From the results of Plasma and Magnetic
Field Experiments carried ou the Mariner 5
flow near Venus is greatly modified by the
presence of the planet. It is generally believed
that the solar plasma interacts with the iono-
sphere of Venus so that a bow-shock is formed
upstream {rom the planet (on the sunward side)
and that a transition region of modified plasma
flow exists between the bow shock and the iono-
sphere. TIn the transition region, the flow
velocity of ihe plasma is lower and the partic™~
density is higher than the corresponding values
in the undisturbed plasma stream far away from
Venus.

The trajectory of Mariner 10 during the near
encounter period {(out to 10 Venus radii} was
expected to lie completely within the transition
region. It was predicted that the plasma density
should increase smoothly along the trajectory up
to a maximum value at the point where Mariner 10
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passed through the bow shock. Just after the bow
shock the density should drop sharply.

Values have been plotted of the plasma den-
sity observed by Mariner 10 near Venus encoun-
ter as a function of time and frame that they do
increase as expected up to a maximum value at
about the predicted position of the bow shock and
then decrease abruptly, The nosition of maxi-
mum density occurs close to the time at which
real-time data transmission ceased, and so a
detailed analysis of the shock crossing must wait
until the playback data has been received.

For several days prior to Venus encounter,
the properiies of the plasma observed by Mari-
ner 10 are distinctly different from the proper-
ties of the undisturbed solar wind. The results
show clearly that Venus has a long plasma wake
or tail that extends roughly in the antisolar direc-
tion away from the planet. Mariner 10 is the
first spacecraft to approach Venus from this
direction; thus, this is the first time the ''plasma
tail" of Venus has been observed.

2. Mercury Encounter

Up to this time, there had been definitive
information on the nature of the interaction
between the solar wind and the Earth, the Moon,
and Venus. All of these interactions are very
different. It was generally believed, prior to
the Mariner 10 encounter, that the interaction
with Mercury would prove to be similar to that of
the solar wind and the Moon. That is, it was
expected that the plasma particles incident on the
surface would be absorbed, and a cylindrical
cavity or plasma shadow was expected to extend
in roughly the antisolar direction. instead,
Mercury has a well-developed bow shock close to
the planet, a region of transitional flow filled with
hot shocked plasma, and instead of a plasma
cavity a magnetosphere-like region in which
plasma electrons are accelerate nergies
above a kilevolt. These acccelera ectrons pro-
vide a source for the night glow.

The properties of the planet which give rise
to these effects arc not yvet understood. It is pos-
sible that Mercury has an intrinsic magnetic field,
or it may be that an induced field is produced by
the solar wind viz "caipalar induction” in the
ionosphere or, if the surface is a good electrical
conductor, in the surface of the planet.

The Mariner 10 Plasma 5cience Experiment
is a cooperative effort bv several laboratories.
The experiments include K. W, Ogilvie, R, E.
Hartel, and J. D. Scudder (GSFC); J. R,
Ashbridge, S. J. Bame, and W, C. Feldman,
Los Alamos Scientific Laboratory; G. L. Siscoe
(UCLAY: and H. S, Bridge and A. J, Lazarus

(MIT},

D. CHARGED PARTICLE TELESCOPE

1. Venus Encounter

The Charged Particle Telescope (CPT)
Experiment on Mariner 10 spacecraft was
designed by Profrssor John A. Simpson and the
staff of the Laboratory for Astrophysics and
Space Research to measure energetic particles,
(electrons, protons, helium, and heavier nuclei),
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in interplanetary space as well as to search for
fluxes of such particles which might be acceler-
ated as a result of the interaction of Venus with
the solar wind., It is designed to detect electrons
with energies above 0.2 MeV and protons at ener-
gies above 0,5 MeV, The existence of a bow
shock at Venus as determined by previous space-
craft, as well as Mariner 10, suggests the possi-
bility of local acceleration phenomena in analogy
to the Karth, which had not as yet been detected

in the vicinity of Venus,

For at least three days prior to and during
the Venus encounter, the conditions in inter -
planetary space have been unusually quiet, thus
providing the best possible conditions for the
search for energetic particles associated with
Venus. Sensitivity of th~ charged particle tele-
scope to fluxes of energetic particles is 100 to
1000 times greater than instruments {lown pre-
viously; however, no planet-associated fluxes
were detected in the preliminary data received,
thus indicating the absernce of a magnetosphere
and of particle acceleration by interaction with
the bow shock.

Figure 23 shows the counting rates for the
flux of electrens and protons in the more sensi-
tive channels of the instrument during the encoun-
ter., These rates throughout the period are
representative of quiet interplanetary levels.

Figure 24 shows the pulse height distribution
for electrons and protons before, during and after
closest approach to Venus. The shaded area
represents a slight excess accumulation during
the 30-min period around closest approach. Ilow-
ever, this excess is not considered statistically
significant and therefore does not indicate a
planet-associated flux.

Tablz 1 is a table which compares results of
the Mariner 10 measurements with those obtained
during previous missions. It illustrates the
establishment of a new set of upper limits for the
interacticn of Venus with the interplanetary
environment.

-

Z. Mercury Encounter

iligh-energy electron {luxes have been dis-
covered in the magnetic field of Mercury. The
electrons have an encrgy of approximately 1 MeV,
They are distributed continuously from a distance
of approximately 5000 km above the planetary sur-
face (equivalent to 2 Mercury radii above the sur-
face) to the closest approach of the spacecraft to
the planet (approximately 700 km). The peak
intensity was found near the closest approach.
These electrons were energized in the cxternal
magnetic ficld of Mercury. Tlowever, from the
preliminary data available at this time, it is not
certain whether the elcctrons are accelerated at
the planet and escape to space, or whether the
electrons are from a trapped raciation region
close to the planet. The ¢lectron intensities are
below the level regquired to produce radio emis-
sions that could be detected at Farth by radio
telescopes.

Playback deta returned from the interval
when the spacecralt was occulted by Mercury,
and only processed and analyzed in a preliminary
way, show electron fluxes even greater, by a
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Table 1.

Comparison cf charged particle and magnetic field experiments during Venus encounter

Search for Venus-associated M. /M <
Phase charged particles Vi TR
Mission of Bow
(Year of solar shock® J?lectrons Protons Scaling of

encounter) cycle plasmaP - - . particle Magnetom-

activity 1\/‘131'?:1:?:1'1 ll\il‘?;- Nilf:fﬁum Minimum observa- eter

TEAA DI A it = ¥ ] D 3
keV fluxb keV flux tions

Mariner 2  Solar no 70 <5 500 <5 <9 x10-2 <5 x 10-2
(1962) active
Mariner 5 Near yes 45 <3 320 <1 <(1x10-3 _ <z2310°3
(1967) solar -1 x 10-2)(8)

maxi-

mum
Venera 4 Near yes <3 % 10-%
(1967) solar

maxi-

mum
Venera 6 Near yes
{1970} solar

maxi-

murm

- _2 -

Mariner 10 Near yes 180 <5 X 10 520 <1.4 X10°% <1x10°° <5 x 10-4
{(1974) solar

mini-

mum
aMagnetic field and plasma identification,
quual to 3 ¢ fluctuations in the count rate (particles «':m_2 sec_1 sr_ll
CMV/ME = ratio of magnetic moment of Venus to magnetic moment of Earth.

factor of more than 100, than the data provided in
real-time before occultation. These fluxes and
thelir distribution are quite inconsistent with the
simple model of Ner-curv's interaction, which
was generally believed before the Mariner 10
mission,

The measurements were made with charged
particle telescopes in an instrument designed for
this experiment and interplanetary studies by
Professor J. A. Simpson and J. E. Lamport in
the Laboratory for Astrophysics of the Enrico
Fermi Insiitute at the University of Chicago.

E. STRAVIOLET SPECTROMETER

Following launch the instrument temperatures
were as predicted. UVS airglow Earth scan,
search for Mars (not attained), data obtained dur-
ing the maneuvers, star and comet Kohoutek
cbservations, yielded significant scientific
reslts

The scan platform high cone angle restric-
tion proved to be a nuisance during some of the
scanning experiments,
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From January 10 to 16, 1974 the Mariner 1C
ultraviolet airglow spectrometer (UVSA) continued
to observe Comet Kohoutek's tail in the extreme
UV 30-166 nm wavelength range. On January 13,
the hydrogen Lyman alpha (122 nm) intensity
starting 20 deg from the comet's nucleus began to
climb exponentially and then rose even more
rapidly as the comet's nuclear region drifted
toward the UVSA view field, as shown in Fig. 25.
At about 7 p.m. PDT on January 16 the nucleus of
Kohoutek was scanned. On January 19 the TV
cameras attempted to take pictures of the comet
(Fig. 26), but a prelimirary examination of the
frames indicated that Kohoutek was too dim to
yield useful imaging data. The planned UVSA
scans of the comet continued on January 22 and 24,
even though ne further attempts to obtain TV
images were made.

Preliminary results of the UVSA scans of
Comet Kohoutek have revealed a very large
neutral hydrogen corona with a diameter of about
20 million kilometers. A very high peak intensity
for hydrogen was measured at the nucleus. Evi-
dence was also found for the presence of carbon in
the nucleus. Further analysis of the data is




required to determine whether or not the signal in
the argen channel was due to argon or some other
source, On January 13X, the occultation UVS was
turned on for the first tiime it functinned
normally.

1. Venus Encountfer

flydrogen is an important element of Venus!
atm 0%}3‘1(*1‘(‘ that can potentially shed light on the

Jf the planct. The Farth

nd evolution o
atmosphere evolverd sltowly over geologic time,
king out of the crustal rock in hot springs an
The major gases emitted by Earth
weree 50, COsz and N with relative abundances
Liven by ‘Hv approximate ratios of 40:1:0,03 .
Tervestrial HyO s found mainty in the oceans.,
CO» s p"v(-ipitatml as carbonates.  No remains

in t}.c atmosphere,

voleanoes,

It the cases trapped by Venus were similar
to those observed on Farth, we might expect that
the primitive Venus should have had an exceed-
inglv densc atmnsphere, characterizved by a sur-
face pressure of about 1000 atm, with a CC;
abundance comparable to that observed today — a
partial pressure of about 10 atmospheres.  The
watcr woeuld have been efficiently dissociated by
ultraviolet sunlight, and its hyvdrogen could have
escaped info interpnlanct leaving oxygen
to be absorbea ov crust

Ty space,

other pos . ible explana-

ibundance of Venus,
hn'c‘:rnyon in a

mmetary nucleus — a

vere are, howveven

tions

e pre:
Venus could Lave

chance 1
celestial snec 3[\:, Venus could
have built up its hydrogen inventory by steady
accretion [ron: the solar wind.,  Incident protons
can transfer charve with constituents in the outer
atimosphere of Venus, 1 the process becoming
electrically neurr vl subscequently impacting

the planct.  The UV S eaperiment expects to
clarify the relative rvoles of these various
processes. Lo varvious sources provide charac-

leristic recards ar their tafluence, Cometary

nucltel are cxnected o Le roch L heavy hydrogen
(deuternmm).,  f «omets renvesent a major supply
of hydrogen, Verus siheoade be enriched in deute-
rium relfative Mariner 10, in con-
trast io lata obtained o carlier misgion of
Mariner 5, shows no oo o - ¢ for deuterium on
Venus,  1he 1o Ipha data arve consistent,
however, with a poss wind source {or
hvelrne. no e Sun constunes deuterium in
auclear reactioes which oecue in the solar
interior, Much of the Sun's oiivinal deuterium
inventory has beon depleted over 5 bitlion vears,
and the coacentration of deuterram in today's
sotar wind is immeasurably =mall.
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suggests a temperature of about 6007, The
escape rate of hvdrogen from Venus is smaller
than measured Farth escape rates by more
than a factor of 10.

Other major achievements of the Marinev 10
UV exneriment can bha anoamarivad ae faling

helinum is an important trace elemoent of the
atmosphere. lts presence is clearly re gistered
in the airglow cmission ohserved at 548 A, The
upper atmosphere of Venus containg impoertant
quantities of atomic oxypen. The emission at
12304 A is stronger by about o factor of 10 than
that mcasurcd by Nariner 9 far VMars,  The large
concentration of oxvgen in Venus' atrmosphere
may indicate a corparative absence of rapid
vertical mixing in that planet’'s anper atmospher
and mavy
which influence the composition of all planetary
atmospheres,

shed Tight on the dyn nical processes

Atomic carbon 1s o significant trace clement
of Venus' atmosphere formed as a photochermical
product of encrgetic processes invelving CO .

2. Niercury Fnconnter

The ultraviolet exper iment on NMariner 10
found definite evidence for helivn in the
sphere of NMercury.
cantly higher than concentrations observed in the
lunar atmosphere. If gas is formed primarily by
radiocactive decay of uraniun and thorium, the

Aty -
fts concentration is signiti-

observation can be Interpreted to yield mfornii-
tion on the concentrations of these olenents in the
crustal rocks of the planct.
suggests that Mercury may contain concentrations
of uranium and thoriuny comparable to those

found on Earth.

Prefiminary analysis

Weak luminosity detected on the dark side of
Mercury appears to indicate the prescence of
additional gases in the atmospnere, including
argon, ncon, and possibly xenon,  The ccculta-
tion mode of the expeciment allows one to set an
upper limit on the total gas content of the plane-
tary Z‘Ltl‘ﬂ()ﬁp‘l\(‘ re., Uhe surface ';71‘&‘.2%5'}111‘(‘ an
Mercury is less than that of larth by a factor ot
1611, The albedo of Mercury at ultraviolet wave-
i(ngt"ns ts similar ta that ot the Nonn,

The Ultravielet Spectrascopy Ixperiments
were conducted by Al [.vle Droadfoot and M. T, S,
Belton, of Kitt Peak National Obscrvatory, and
M. B, McElroy of tarvard University,

o INEPRARED RADIONETTER

1. Venus necounter

The temperature of the Venus atmosphere
increases with depth frony a temperature of about
250 K FY near the top of the visible clouwd doeck
to a temperature of 750 (58071 at the surface
of the planct. Near the cloud tops the tempera-
ture is about O W14 per kilometer of
depth.

The Nariner 10 infrared radionieter obtained
measureoments ol ""L‘ L(".“P“I'(it\l g o H‘LC Venus
atmosphere at a wavelongth of 5 qum, Ar this
wavelength the atnosphere above the cloud tops
is not completely transparent. When the lin
sight of the radiometer nmoves fron the center

g Hf

TPI., Technical Meniorandurm 33-734, Volume [



the Venus disk toward the edge, it becomes more
and more inclined to the visible ""surface' at the
point where it penetrates into the Venus atmo-
sphere. As a consequence, the average depth of
the layers that contribute to the observed tem-
perature becomes smaller and smaller. Since
the temperature increases with depth, this means
that the average temperature of the contributing
layers becomes smaller as the edge of the disk is
This effect, called limb darkening,

was observed by the Mariner 10 radiometer.

annroached
appr a.

Figure 27 illustrates the single scan made of
Venus by the radiometer. Although the scan did

extrapolation from the observed temperatures
yields a disk center temperature of 255 + 4 K

(0 £ 7°F). The corresponding temperature at the
edges of the disk is 222 K (-60°F).

The bottom half of Fig. 28 illustrates the
observed linmib darkening. From these data one
can infer that the 45-pm absorption coefficient is
0. 24 km through the atmosphere. In other words,
near the cloud tops of Venus, one-half the ther-
mal energy at 45-um wavelength is absorbed each
3 km of passage through the atmosphere.

The deviations from a smooth limb darkening
are illustrated in the upper half of Fig. 28, They
indicate that the atmosphere is not completely
homogeneous, that significant deviations from
uniformity do exist. An attempt was made to
correlate these infrared features with ultraviolet
markings noted in the television images of Venus.
Unfortunately, this area of the cloud cover of
Venus was unobservable until 2 or 3 days after
the infrared data was obtained. Although the
gross scale of the ultraviolet markings was com-
parable to the scale of the infrared features, no
direct correlation could be established. Howeve r,
television viewing of these areas of Venus {30 {o
50° N latitude) was quite oblique. Also, specific
markings in the ultraviolet tend to lose their indi-
vidual identity within a day or two at most,

The information obtained by the radiometer is
a significant contribution to our understanding of

the structure of the Venus atmosphere.

2. Mercury Encounier

The Mariner 10 infrared radiometer has
measured the surface temperature of Mercury
from the blistering heat of the day side to the
extreme cold of the unilluminated hemisphere,
revealing that the uppermost layers of the soil
are porous and highly insulating. The thermal
properties of Mercury are thus similar to those
of the Moon. The night-time temperatures,
which are crucial for the determination of the
nature of the soil, have never before been

The infrared radiometer, constructed by
Santa Barbara Research Center, coensists of twin
1-in. telescopes with detectors sensitive to the
thermal radiation from Mercury. The short-wave
telescope can measure temperatures in the range
from 700 to 200°K (about 800 to -100°F), and the
long-wave telescope is sensitive from 300 to 80°K
{about 80 to -320°F). The linear resolution at the
surface of Mercury varies from 10 to 50 km,
depending on the distance of the spacecraft from

JPL Technical Memorandum 33-734, Volume I

the planet, Data were obtained during the hour in
which Mariner swept past the planet, extending
from the illuminated part ¢f the planet across the
night side and back again to the sunlit surface,
Over the latter part of this scan the spacecraft
was in Earth occultation, and the observations
were tape-recorded for later transmission to
Earth., Thr data presented here is limited to the
observations received in real time, spanning the
near-equatorial temperatures from mid-atternoon
until nearly midnight of Mercury local time.
{Since the rotation rate ¢f Mercury is very slow,
the length of a Mercurian day is equal to that of
176 terrestrial days. Thus an "hour" of local
time of Mercury corresponds to more than seven
days on Earth).

On the illuminated side of Mercury, the tem-
perature is extremely high, renging from about
570 to 700°K (about 566 to 800°F), depending on
the distance of the planet from the Sun. (The
orbit of Mercury is more eccentric than that of
any other planet except Pluto, resulting in sub-
stantial variations in distance from the Sun and,
hence, in the surface temperature at local noon. )
Venus is the only planet that is hotter than
Mercury. At the time Mariner reached Mercury,
it was near its maximum distance from the Sun,
so that the noon temperature was near the lower
The planet temperature
at mid-afternoon, was 460°K (about 370°F). As
the instrument's field of view swung past the ter-
minator into the night side, the temperature
plumetted rapidly to below 150°K {about -200°F),
and then declined slowly and steadily, just as
would be expected for a thermally insulating sur-
face. At local midnight, the equatorial tempara-
ture was down almost to 100°K (about -280°F),
and an extrapolation of our data to just before
dawn, where the Sun has not shone for nearly
three Earth months, gives a minimum tempera-
ture of zpproximately 90°K (about -300°F). Thus,
the range of equatorial temperature during a
Mercurian day is about 1000°F, much greater
than that on any other planet.

The surface temperature of a planet, and
particularly the rate of cooling of the surface dur-
ing the night, are sensitive to the physical proper-
ties of the upper few inches of the surface soil.

In a sense, then, the radiometer experiment has
an extraordinarily high resolution, for it allows
us to isolate and investigate the nature of this
very thin surface layer of the planet. In general,
the lower the temperature at night the more insu-
lating is this surface layer: like a blanket, an
insulating layer of dust keeps the heat in and
results in a cold surface. The very low tempera-
ture observed on the night side of Mercury, which
are nearly the same as the night temperatures on
the Moon, show that the thermal conductivity of
the scil of Mercury is similar to that of the Moon.
For both objects, this thermal conductivity is
much lower than we encounter on Earth, where
moisture and wind compact the soil and increase
its ability to conduct heat. Only in the near
vacuum at the surfaces of Mercury and the Moon
can the continuous ''gardening' of the soil by
meteoric impacts maintain the low-density dust
layer required to match the observed
temperatures.

When examined in detail, the temperature
scan across Mercury reveals small variations (up
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to 2 degrees) from the smooth temperature
decline expected for a completely homogeneous
material. Such variations were anticipated and
are seen also on the Moon, Since the observed
fluctuations are so small, however, it is con-
cluded*that in the part of Mercury observed in
this experiment the surface is generally homoge-
neous in the upper few inches, with few outcrop-
pings of rocks that are not blanketed by the per-
vasive layer of insulating dust.

Quantitatively, the main parameter of the
soil that was derived from the measurements of
the night-side temperature is the inverse thermal
inertia, a quantity proportional to the reciprocal
of the square root of the product of thermatl con-
ductivity and density. For Mercury the value of
this thermal parameter is 600 (cal-! cm? s/l\’)l/2
for comparison, its value is about 800 for the
Moon and 150 for Mars. The opacity of the soil
to microwave cradiation is almost exactly the same
as that of the Moon, and the density of the upper
few inches of the Mercurian soil is between 1. 0
and 1. 5 times that of water. The porosity of the
soil must therefore be about 50%; probably it has
an appearance and bearing strength very similar
to that of the lunar soil.

The members of the Mariner 10 Infrared
Radiometer Team are: Stillman Chase of Santa
Barbara Research Ceunter; Ellis Miner of JPL:
David Morrison of the University of Hawaii: and
Guido Munch and Gerry Neugebauer of the
California Institute of Technology.

G. CELESTIAL MECHANICS AND RADIO
SCIENCE EXPERIMENT

The Mariner 10 celestial mechanics and
radio science experiment was a new one in that it
transmits two frequencies from the spacecraft to
Earth. It had both scientific and technological
goals using both S- and X-band signals.

The prime scientific goals centered around
the planetary ionospheres, atmospheres, gravity
fields, and masses. The technological goals were
pioneering ones designed to open new communica-
tion channels for the deep space probes of the
future.

The key Celestia! Mechanics questions about
Venus concerned the =shape of the planet and the
intensity and structure of the gravity field. Tte
analysis has revealed that we have close to our
hands the most refined measurcment of the mass
of Venus and for the first time a good picture of
the details of its gravity field and harmonic struc-
ture., This was regarded as a marginal experi-
ment in our early planning but became a very
strong one as the true nature of Mariner 10's
radio system became apparent during the week
before -ncounter.

The prime interest of the Radio Science
experiment centered around the structure of the
innosphere and atmosphere of the planet. It is
certainly an unusual atmospheric structure having
a high cloud deck in the 60 km above the surface
region and a lower one extending from approxi-
mately 35 to 52 km. The combination of
Mariner 5, Russian, and astronomical results
suggested that the upper cloud layer is thin,
broken and, while rapidly moving, stable in its
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configuration. The lower one is dense, thick
and petrhaps highly absorbing to radio waves of
high frequency.

Thus the radio experiments were designed to
use two frequencies and clearly measure the dif-
ferential absorption in these layers in an attempt
ta zart oult the many thenriee of theirmfarmating
and constituency. The answer perhaps holds the
key to the origin and evolution of Venus.

Mariner 10 provided for the experiment par-
ticularly well in that its high-gain transmitting
antenna is fully articulated and driven by an
onbocard computer., Using our team's previous
knowledge of the Venus atmosphere and the
Navigation team's precise knowledge of the space-
craft position relative to the planet, JPL and
Boeing engineers were able to program Mariner's
computer so that the high-gain antenna was
directed to point throughout occultation in such a
way that Venus' atmosphere would always bend
the radio signal toward Earth,

This program, known as the "teardrop'
worked perfectly and will, like the X-band radio
system, become an integral part of all new outer
planet missions.

1. Venus Encounter

Figure 29 shows the S-band signal as
Mariner 10 approached the planet and went into
occultation. The frequency scale is relative to
the nominal 2295 MHz signal transmitted by the
spacecraft. If the spacecraft were receding
from the Earth at « uniform velocity the down-
ward trend would be a straight line. It, however,
was being accelerated by Venus gravity field and
the downward trend was ever increasing causing
curvature. Suddenly as the Mariner 10 radio
signal hits the atmosphere the frequency reversed
direction and at the same time begins to fade
away. The spacecraft high-gain antenna under
computer control was steered to keep the Earth
in focus. Very quickly the spacecraft went
behind the planet but the signals remained locked
on to by the Earth receivers. About six minutes
behind the planet Mariner 10's receivers lost lock
of the signal transmitted from Earth and the
spacecraft switched to its backup oscillator.

Since its frequency is different from that on
Earth the ground-based receivers lost lock — but
they picked it up in less than a minute and tracked
it for an additional 30 seconds,

At the same time these signals were received
by some receivers that do not lock on but instead
recorded all the frequencies of interest. These
are called the "open loop' receivers, Tha penalty
paid for recording everything is the necessity to
later computer process the data, It was slow, but
very detailed and completely adaptable. There is
no error, for the computer can fly by the planet
as many times as you ask it to. It is safe to say
that we can penetrate deeply into the lower cloud
deck at both frequencies and be able to provide
accurate differential absorption profiles and tem-
perature profiles,

There are several preliminary results of
interest. First that the dayside ionosphere of
Venus confirmed the Mariner 5 results. Second,
closed-loop quick-look S-band signal penetrated



to an altitude of 45 km above the surface of Venus
while the X-band signal suffered an entirely dif-
ferent fate: At an al itude of 52 to 53 km it dis-
appeared. This is the top of the lower cloud
layer and the suggestion is that the la.yer is highly
absorbing to the signal at &415 MItz. Analysis of

P2 PSS B & g Ty ey Tl

Ciii8 (Gi1iilr i scoeamg. The
analysis requires large compi 1tat10na1 power and
timme.
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The mass derived from the Mariner 10 data
is slightly less than that gleaned from Mariner 5.
The data quality is so high that our knowledge of

Venus' m

e will i!’l‘}_‘” ove h\r a factor of 2 to 5 —
thus increasing the accuracy to cqual that of the
Farth's mass determination. Further it is now
apparent that Venus is distinctly circular as com-

.

parcd to the Farth —about 100 times less oblate.

2. Mercury Encounter

the geometry at Mercury during the
Mariner 10 occultation as scen from Earth is
shown in Fig. 39. Conduct of the experiment is
nearly identical to that described for Venus
encounter.  The doppler variations for Mercury
encounter, which contain much of the Celestial
Mechanics and Rardio Science data, are shown in
Fig. 31.

Since this was the [irst flyby of the planet
Mercury, the Celestial Mechanics Experiment
Tecam expected to greatly improve sorne basic
phiysical constants describing the planet. Our
knowledge of the mass of Mercury should be
improved by at least 100 times our prescnt
knowledge. Since the encounter doppler data are
of very high quality, if the oblateness of Mercury
should be as small as a hundredth that of the
Farth, we should be able to detect this in the
data.

The extremely refined mass which was
deducod from the Mariner 10 data (Fig., 32) will
allow us to maore precisely compute the motion of

planets on which Mercury exerts an influence and
thus improve our knowledge of planetary motions
within the solar system. This will have an imme-
dlate and strong impact on the relativity solutions
contained in data {rom previous missions such as
Mariners 6, 7 and 9. A prchm1narv indication of

SR}
T

The ultimatr sensitivity of the radin scicence
experiment to an ionosphere and atmosphere is
about 100 electrons/cubic centimeter and 1/106
of a millibar, respectively. Thus if the atimo-
sphere were as larpe as a hundrod thousandth of
the Earth's able by Mari

it was detect ariner 10's

radio system.

Immersion occurred approximately at the
equator on the night side of Mercury, Within the
sensitivity of the experiment neither an iono-
sphere nor an atmosphere was detected.  The
day-side high-latitude emersion data are only
partially available. It can be said that no inter-
action was detected above 100-km altitude. Open-
loop data, now being processed, hold the clue to
any dayside interaction. If there is an iono-
spheric layer or layeis on the day side, it exists
below 100-km altitude.

The Celestianl Mechanics and Radio Science
Experiment was conducted by a team of investi-
gators [rom three institutions: 1. T. Howard,
Principal Investigator, and G. 1.. Tvler from
the Center of Radar Astronomy. Stanford Imiver-
sity; G. Fjeldbo, A. T, Kliore, G. S, Tovy.

D. L. Brunn, R. Dickinson, . 1. [Ndelson,

W. L. Martin, R. B. Postal, B. scidel, 1. 7.
Sesplaukis, D. L. Shirtey, C. T. Steleried,

D. N, Sweetnam, G. E. Wood, A, . Zygiclbaum,
P. B. Esposite and J. D. Anderson of the Jef
Propulsion lLaboratory, Pasadena, California;

I. I. Shapiro and R. D. Reasenberg from the
Department of Farth and Planectary Sciences
Massachusectts Institute of Technology,
Cambridge, Massachusetts,
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The Mission Sequence Working Group (MSWG)
wasg fornied approximately 18 months prior to
launch and included many of the key people who

dovelanmant
g

(JOn%equenU" the M5WG became knowledgeable
in spacecraft subsvstem performance (,hdracter—
istics very early in the project,

4‘1/‘11’\‘1’{'0(1 1v\ f'hc- vy\'sccu\n nro In
i - e :

A. ORGANIZATION

['he majority of the MSWG tean: members
played dual roles in the opc:ratlons organization,
since many members alsc on other MOS
teams. This dual role accomplished three func-
tions. Iirst it provided knowledgeable people to
design flight sequences, second it kept all key
niembers of the MOS team av are of the planned
mission activities, and third it kept the total MOS
manpower within the scope of the P’roject budget.

were

B, FUNCTION

The primary function performed in MSWG
activities was non-real-time planning and pre-
paration of the final product
beinf the CCa S load and associate ground com-

mands required to perforim the sequence.

executable sequences,

Non-MEWG functions were centered around
performing the planncd sequence, and solving to
any problem occurring during sequence execution,
This proved to be a very valuuble working arrange-
ment, since MSW{G members were aware of
spacecralt idiosyncracies and difficulties that
might be encountered during timplementat.on of a
sequence.

C. SOFTWARE [UNCTIONS

The most significant aspect of sequence devel-
opment was the proper use of all the software
programs.
task, and linked one
plish each job. Mhe
functions performed
graphs that fellow,

Each program performed a specific
or more programs to accon
MSWir soltware and the
are discussed in the para-

sei

1. Vs Oper [SOSsTI

ational Sequn e Table

TSOST 15 a science input
program providing hasic sequence structure., It
interfac.s with SEG, POGASIS, 8PP0, and
COMGEN, and is used primarily {or generating
first cut at encounter seguences. [t also provides

gone vd 1- purpuse

critical interface from FOGASIS to SPOV, and
performs rudimentary constraint checking. The
SCOUT canic trajectory progran: was used -
5COU ] trajectory prog 1 fo

trajectory information.

Sequence ol Mvents Genevator (5EGH

command files with

SiG

Nre T

other s,quem e te the integrated

s ompuf. wri to prepare planning
e ‘foritigue by using TSOST

< I se hullk of spacec

inputs. K’ !(x*:ﬂiq‘.‘e provind planal
sequences in the saune format qs fgh €s

S WORKING G

“one or

WU R

3. Planetary Observation Geometry and Science
Instrument Sceguence (POGASIS)
TUV S A U T v mermno i ol v o e e i AU
DOCGAZIS provides a precision Clioe nkat

form pointing suppliod with plot outpirs far
accurate pointing miploved
initial sequence development and for final plat-
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SPPOT> uses the CONMGIIN spacecraft command

files to provide an as-programmed spacecraft
command pointing profile for LIDBPOCG.

5. Conumnand \.em-ruu on { CONIGICN)

SOMGEN

commyand

final
lntegrates all space Corn -
mands COxs and ground cormmands;
performs the bulk of sequence generation

Ly COMS, ADS, 17Ds, and
DSS spacecraft subsvstems; and provides the

provides Spacecralt

files, craft
for hoth

activities simuiating
command de 'k for pround commandaed sequences
and interface files for SEG and SPO,

6. POGASES o

Library LB POGH

LIBPOG ces the final
values with a plot capahility to show pointing
results from those actually obtained from
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lash compensation.
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more functions in the sequence develop-
ment pro-ess.  Figure 33 combives the schedule
with a legic diagram approach.  This technique
was utilized often to maintain visibility, Iixtreme
difficulty to
keep the

was usually encountered in
seagnence development process on

lrying
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commanded sequences. I'or Mercury encounter,
augmentation with ground commands proved to
be the more desirable choice.

Trajectory correction maneuver sequences
and specialty items such as UVS astronomy con-

tained

time sequence flexibility. TCMs 1, 2, and 3 were

30

~ ronal_

initiated by ground commands which, in turn,
started CC&S controlled moneuvers. In the case
of UVS astronomy, the desire was to be able to
control the initial pointing by ground command and
let the CC&S execute the lengthv incremental slew
sequences. Utilization of these types of sequence

1

cture ssiiu i irnplenients
complex sequences within mission limita

e

o] .
n
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V. MISSION OPERATIONS SYSTEM

A, INTRODUCTICON

The primary responsibility of the Mission
Operations System (MOS) organization was to

plan, cogordinale, and execuie operations from
the prelaunch planning phase through the end of
the mission.

To accomplish these responsibilities, a
Mission Operations Design Team (MOSDT) was
organized in July, 1971, for the purpose of
defining the Mission Operations System (MOS)
functional design and support requirements for
the entire MOS complex of personnel, hardware,
software, procedures, organization, and facil-
ities required to accomplish mission operations,
Ground Data System (GDS) testing, and personnel
training for the MVM'73 mission. The member-
ship of the team was composed of representatives
of all elements of the Mission Operations System,

The MOSDT interpreted the mission design in
terms of operational functions to be performed,
specified the MOS functional design for ali

Project, Mission Control and Computing Center
{MCCC), and Deep Space Network elements
required to support the mission, specified the
relationship between all MOS functional require-

3 st o S
WG wal ini5Si0n Gesign réquireimnenis

specified in the MVM'73 Mission Specification.

The svagtem functional design reguirements woere
e system functional des g

documented in a MOS Design Book which was

used by the implementing agencies.

The Support Instrumentation Requirements
Document (SIRD) was generated in paralliel with
the MOSDT activities, since many of the require-
ments evolved from this team.

Table 2 contains an abbreviated sequence of
MVM'73 mission highlights. The purpose of this
table is merely to point out the type and level of
activity that the MOS teams were involved in
during the actual mission, starting at launch.
The line chart shown in Fig. 34 also illustrates
the activity including the problems that were
encountered during the flight operations portion
of mission operations.

Table 2. Mission summary
Item GMT Date Comment
Launch Nov. 3, 1673 05:45 GMT
Spacecraft separation Nov. 3, 1973 06:23 GMT
Sun acquisition Nov. 3, 1973 07:09 GMT
TV Optic heater Nov. 3, 1973 PFR No, 5001
failure
CC&S update U-0.1 Nov. 3, 1973
Vega acquisition Nov. 4, 1973
Earth/Moon TV Nov. 4, 5, Three Earth and four Moon calibrations were
calibrations 1973 successful
CC&S update U-i:. < Nov. 5, 1373
PSE power on and Nov., 5, 1973 System normal except for SEA count PFR No, 5007
scanning
UVS Earth slews Nov. 6, 1973
Earth/Moon TV Nov, 6, 1973 Fourth Earth and fifth Moon TV calibration
calibrations
RCM No, 1 Nov. 6, 1973
CC&S update U-0.4 Nov. 7, 1973
Pleiades star picture Nov, 7, 1973
PSE/SEA trouble Nov. 7, 1973
shooting
CPT calibration Nov. 8, 1973
JPL Technical Memorandum 33-734, Vclume I 31



Table 2 (contd)

Jtem GMT Date Comment
PSE/SES turn on Nov. 8, 1973
and low scan
Partial RCM Nov. 9, 1973
Earth/Moon TV Nov. 9, 1973 Fifth Earth and sixth Moon TV calibration
calibration Excellent TV data obtained
CC&S update U-0.2 Nov. 10, 1773
TCM No. 1 Nov., 13, 1973 Maneuver successful
RCM No. 2 (first POR) Nov, 21, 1973 PIR No. 5013
RCM No. 3 Dec., 7, 1973 Second POR, PR No, 5017
First indication scan Dec. 18, 1973 Occurred during UVSAG SCAN PFR No. 5019

platform sticking
RCM No. 4

HGA anomaly

HGA healed

HGA failure
Spacecraft switched to
standby power chain
(POR 3)

Kohoutek observation
TV heaters ON

TCM 2

RCM 7 (8 rolls)

CC&S Venus Encounter

load

Venus CA

CC&S Venus FE load U-10.0

DSS tape recorder
CC&< load U-12.2
Gyro test

Loss of Canopus

CC&S load U-12.6
IHGA hcaled

Spacecraft placed in
sclar sailing mode

Lioss of Canopus

Gyros on (POR 5)
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Dec.

Dec.

Jan,
J an,

Jan.

Jan.
Jan.
Jjan,
Jan.

Jar.

Feb.
Mar,

Mar.

Mar.

Mar.

19, 1973
25, 1973
3, 1974
6, 1974
8, 1974
16, 1974
17, 1974
21, 1974
28, 1974
29, 1974
5, 1974
6, 1974
9, 1974
12, 1974

16, 1974

No POR during eight roll calibration maneuvers
Drop in RF power, thought to be in feed ard tem-

perature dependent, PIFR No. 5020 1IGA feed
temperature increasing

PI'R 5021

TVS & UVS observations

Performance good

Oscillation at end of roll sequence

Tape recorder stuck. PFR 5023 and 5025
Enable RCM No. 8
Investigate structural oscillation

Numerous bright particles are causing occasional
loss of Canopus acquisition

Enable RCM No. 9
Downlink gain up ~6 dB. Close to predict

Conservation of attitude control gas

Bright particle
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Table 2

\

{contd)

Item GMT Date Comment
TCM 3 (POR 4) Mar. 16, 1974 Successful
-A solar panel anomaly Mar. 16, 1974 Differential solar panel currents PFR 5027

Tirst F'E TV&UVS Mar. 23, 1974
Mercury diameter Mar., 28, 1974
experiment

CC&S in control of Mar., 28, 1974
Mercurvy

Encounter for 32 hours

Mercury CA 90 W Mar. 29, 1974
Post-encounter power Mar. 30, 1974
anomaly

X~band transmitter Mar. 30, 1974
ancmaly

LGA depioy Apri) 8, 1974
DSS ON/OFF toggle April 28, 1974
Spacecraft perihelion April 5, 1974
TVS OFF April 11, 1974
CC&S load for April 16, 1974

Extended Mission U-20.0

Kxcellent data

Success'

PI'R 5031

Output dropped to 0 DN, Several days of diagnostic
tests revealed X-band transmitter output crratic

(PEFR 5032)

Liast pyro squib operated properly. LGA to

Extended Mission configuration
Possibly due to power anomaly on Mar. 30, 1974

Closest approach to the Sun

B. MISSION OPERATIONS ORGANIZATION
The MVM'73 Mission Operations System
(MOS) organization is shown in Fig. 35, The
MOS was composed of a Mission Control Team,
Spacecraft Team, Navigation Team, Science
Team, Deep Space Network Operations Team,
and a Mission Control and Computing Center
(MCCC) Team.

1. Mission Contynl Feam

The Mission Control Team (MCT) was com-
rosed of five Assistant Chiefs of Mission Opera-
tions (ACMOs), five Data Chiefs and two Com-
mand Operators. The Command Operator position
was supplemented by Viking personnel wha
volunteered for the experience. These were
people who had worked on the MM'71 Project.

All the ACMOs had training on the Command
Syster,,

The ACMO and Data Chief positions were
staffed 24 hours per day, seven days per week.
The ACMO handled the interfaces between the
Project and the DSN Operations Team, the MCCC
Operations Teamn and the Analysis Teams within
the Project. The Data Chief interfaced with the
real-time data system.

The ACMO was also responsible for activat-

ing the Beep Alert whenever probiems occurred

JPL Technical Memorandum 33-734, Volume I

that required key technical personnel. TFifteen
beepers with a range of 80 miles from the center
of Los Angeles were distributed to the Project
Manager, Spacecraft System Manager, CMO,
DCMO, Command Operator, Science Team Chief,
Spacecraft Team Chief, and one to each of the
technical divisions within the Spacecraft Team,.
This system is recommended for all projects.

All ACMOs and Data Chicfs became involved
in GDS testing at an early siage. It was important
that personnel in these positions have a good
understanding of the Ground Data 3System to
enable them to recognize problems and respond
rapidly, especially during critical periods.

All ACMOs became knowledgeable of the
command system, proficient in its operations

and familiar with the interfaces.

2. Spacecraft Team

The Spacecraft l'eam was the principal
source of knowledge of the spacecraft design,
test history, and
The team cousisied of a Spacecraft Team Chief,
Buss Chiefs, System Analysts, and engineering
and science subsystem analysts.

system and subsystem analvses.

systie LY

Members of the Spacecraft Team were also
members of the Mission Sequence Working Group
and were key participants in sequence design.
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The subsystem analysts were key factors in
the resclution of anomalies and recommendations
for alternate operational modes as in the case of
the roll axis structural interaction anomaly
(which was resolved by operating in a mode that
prevented the gyros from coming on without
ground command action).

3. Science Team

The Science Team was composed ¢f a Science
Team Chief and two assistants, the Principal
Investigators (PlIs), a TV Analyst and an NIS
System Analyst, and instrument performance
analysts. The Science Team also included a
Data Section, accountable for the production of
data records.

Both television and nonimaging science ele-
ments of the Science Team were members of the
MSWG and were major contributurs to sequence
design. The Science Team Chief coordinated
inputs and resolved conflicts between Principal
Investigator requirements.

4. Navigation Team

The Navigation Team headed by the Naviga-
tion Team Chief performed trajectory analysis,
orbit determination, maneuver design, assisted
the Science Team in the design and analysis of
instrument scan sequences, and generated probe
ephemeris tapes for use by the DSN in the gener-
ation of station predicts.

During launch phase, the team evaluated the
launch performance and the resulting impact on
trajectory correction requirements. The team
monitored and evaluated spacecraft/launch vehicle
separation and the launch vehicle deflection
maneuver, and performed orbit determination
estimates and estimated encounter conditions.

The Navigation Team coordinated the charged
particle calibration effort using S/X-band doppler
and range data, and determined trajectory cor-
rection maneuvers required to obtain desired aim
point at both Venus and Mercury encounters.

Members of the Navigation Teamn were also
members of the Mission Scquence Working Group
and participated in the d~:inition of the Mission
Sequence Design.

5. DSN Operations Team

The DSN Operations Control System is the
mechanism for controlling the operations of the
DSN facilities and systems in support of {light
projects, and is the function of the DSN Mission
Independent Operations Organization headed by the
Network Or- rations Chief. The DSN Operations
Team for tne Mariner Venus/Mercury 1973 Pro-
ject was basically a subset of the DSN Mission
Independent Operations Organization.

The Network Operations Project Engineer
was responsible for detailed planning of standard
operations. He interfaced with the Project
through the CMO, and was a member of the MSWG
to ensure that DSN inputs were integrated into the
sequence. He also assisted in the area of

scheduling.
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The Network Operations Chief interfaced with
the real-time operations through the ACMO.
Normazl operations and real-time problems were
handied through this interface. This position
was staffed 24 hours per day, 7 days per week.

The DSN provided Network Analyvsis Teams
(NAT Telemetry, NAT Command and NAT Track-
ing) for exchange of technical information and
for coordination not inveolviig direction and con-
trol with counterparts on the Project Mission
Operations Teams.

The NAT teams analyzed the effectiveness
of the DSN systems, and isolated the cause of

ancmalies to specific facilities.

6. MCCC Operations Team

The MCCC Operations Control Team was
responsible for the management and operations
of all MCCC-committed facilities which supported
the MVM'73 Project. This included hardware,
software, and operational personnel.

The non-real-time interface with the Project
was the MCCC Manager and the Facility and
Operations Project Engineer. Thisinterface
included the implementation of the Mission
Support Area (MSA), required computer systems
support and access control.

The real-time interfaces were between the
ACMO (ACE) and the Operations Control Chief
(OPSCON) for real-time operations control and
requirements. The Command Operator had a
real-time interface with MOAT CMD for command
system v¢ ~ifications. These interfaces were
active 24 hours per day, seven days per week.

C. COMMAND OPERATION

A unique approach was utilized in providing
the command function of the MOS. The multi-
position Command Team of previous missions
was reduced to a single position for MVM, that
of Command Operator, who reported directly to
ACE-1. All command analysis and validity
checking was performed by the specialists in the
Spacecraft Team. As a result, there were only
two individuals designated as fuli-time Command
Operators. Three other individuals were avail-
able (and provided support) on a part-time basis
as Command Operators.

Prior to Launch, all AChMUs recetved train-
ing in the Command Operator position. The
CMOQO and the DCMO participated in some of the
command training. This training necessarily
included iniormation on the 360/75% and Deep
Space Station capabilities. Consequently, the
ACEs had a better understanding of the MOS
ground system; traditionaily, the ground com-
mand system has been a bluck box to the ACEs
who have relied on specialists for all command
operations support.

The Command Gperator position was nor-
mally staffed only 8 to 16 hours per weekday,
except for the encounters, for a short period
following launch, and a few other short periocds
during which 24-hour coverage was provided.
Further, only during very high command activity

JPL Technical Memorandum 33-734, Volume I
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periods and at shift changes were two Command
Operators present. During the cruise phases,
the on-duty ACE also served as Command Opera-
tor when the position was not otherwise staffed--
normally at least 8§ hours per day and most week-

ends., The ACE often sent commands in the
off-hour periods.

nll_time Cormiman
always on call during the off-hours via an ACE-
controlled beeper. This on-call individual was
only called in du.ing spacecraft emergencies and
on one or two occasions when a high command

activity period occurred unexpectedly.

d Operators was

1. Reliability and Command Summary

The reliability of the command function was
very high during the Mission as measured by the
number of attempted command transmissions
which were actually received by the spacecraft
(15307 received out of 15334 transmitted). This
produced a cormmand reliability of 0.9982. A
summary of command anomalies is shown in
Table 3.

D. SIMULATION

The Simulation Team began its support of
the Mission Operations Test and Training program
on July 3, 1973, with the training test identified
as "MOS Verification Test and Training." The
test profile included cruise and trajectory cerrec-
tion maneuver {TCM) phases of the mission. The
Simulation Team concluded its support of MOS
training with the final Launch near-earth opera-
tional readiness test (L. - 2 to L + 6 hr) on

Table 3. Command anomaly summary

N b f
Type of anomaly umber o

anomalies

Intentional aborts 4
Hardware aborts

Exciter/transmittc - 5

failures

CMA/confirm loop 3

DSS operator procedure 1

abort

Unreceived commands

DSS hardware 4
anomalies

DSS p:ucessing errors 0
LGA null 0
Transmit oo early 5
Unresolved 0
Ignored commands 3
Rejected commands 2
Total command 27

anomalies

Nov. 1, 1973, The simulation system provided
the capability to prepare the mission operations
teams to function as one professional unit.

The training, however, was not accomplished
without problems Initially, too many real-time
FeYUueals Wwore thodaue qand 30Lion 1aken 10 correc!
the problem areas noted in these requests. In

mMmanv ca t 1y
< i

1. L oal
Fileiiiy [

ascs, [SI > was morae painful than w
malady and resulted in reducing the effectivencss
of the simulation for the purpose of training.

Such results were largely due to the fact that
there was not sufficient time to continne support-
ing the test and evaluate the necessary remedy
and its effect on the total simulation system. o
combat this problem all real-time change regaests
were channeled through the N or Deputy CMNO

for approval.

A major problem of the Stmualation System
was associated wnl the transnussion of both
low-rate and high-vate data from the Mission
Control and Computing Center (MCCC) in
Pasadena, California to the remote troacking
stations, whoere the data was processed and
retransmitted to the MCOC (long-loopi.
Because of the high bit rate 122,05 khits w
of the scicace data, the simnbition systom was
overloaded when trying to sinalate encounter
sequUences, The training value which the team
members received was creatly reduced becanse
many hours were spent resolving simualation
problems directly related to getting the date
out to the remote tracking stations.

For future missions, it is recommended that
MOS training involving encounter sequences or
high activity periods be conducted internal to the
MCCC (short-loop), and that data {low tests
which involve scnding data either from the remote
tracking stations to the MCCC or from the NCOCCO
to the remote tracking stations and back he con-
ducted. The tests could be supported by a
minimal number of personnel and would validate
the correct receipt of data at the MCCC and the
operations at the remote tracking stations.

. RECOMMIENDATION STINMARY
he recommendations have been summarized
and placed in various categories of mission

operations.

1. Organization and Planning

The original plan for handling the scheduling
of resources for the Project was through the
DSN Network Operations Project Engineer (NOPPID
and the MCCC Facility and Operations Project
Engineer ('O}, The NOP'E and the TOPE
were miembers of the MSWG and were to partici-
pate in the development of mission sequence
from which they would obtain resovrce require-
ments for Project scheduling purposes. This
approach did not function as anticipated due to
the workload of other N3N and MCCC functions
for which the NOPFE and the FOVU'E were respon-
sible and which limited their participation in the
MSWG.  This resulted in Project requirements
being scheduled by a combination of MSWG
attendance and interfasing with the Deputy Chie:
of Mission Operations (DCMO),

JPIL., Technical Memorandun 33-734, Volume |



Scheduling is an important function within
the structure of a project and reguires time,
knowledge of the MOS interfaces, other project
requirements, and a thorocugh knowledge of the
mission sequences. From the experience gained
on MVM'73, it is recommended that future
projects assign one person full-time to handle
scheduling of resources.

It is recommended that planning and schedul-
ing of tests during the MOS training period b
limited to one test per week. During MVM!'73,
it was established that a reasonable amount of
time was required for pretest briefings, post-
test critiques, closeout of action items from
previous tests, and contingency time for pessible
rerun of a previous test. Without the time being
available to work problems they were repetitive
in follow-on tests and usually caused morale
problems.,

It is recommended that ACMOs and Data
Chiefs become involved in Ground Data System
testing early. It is important that these positions
have a good understanding of the GDS to enable
them to respond to problems that occur during
operations, especially during the critical periods
of a mission,

2. Procedures and Practices

The incident surprise anomaly (ISA) should be
recognized by the DSN and the MCCC as the
vehicle for identifying problems during GDS
integration.

JPL Technical Memorandum 33-734, Volume I

GDS Functional Requirements Documents
should consider usc of the Level 3 and Level 4
concept that was initiated on MVM'73. This con-
cept identified interfaces, forced early and
orderly definition of requirements, and brought
about design integration,

The ground data system engineer (GDSE)
should put subsystem requirements on a priority
basis early in the development phase,

Principal invesrtigators (PIs) should be
involved in GDS constraints early in the project,
This wili help the MOS to design for maximum
information return,

3. Operations

The project-to-outside command function
interfaces were much too complex. The basic
problem was the time-consuming coordination
with NAT CMD under the OPSCHIEYF and MOAT
command under the OPSCON before the project
could access the command system. If is recom-
mended that this interface be simplified.

It is recommended that all persons occupying
the ACMO position during flight operations be
knowledgeable of the command system, become
proficient in its operations and familiar with the
interfaces invoived.

The ACMO and Command Operator opera-
tional positions should be colocated,
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VI.

This section describes the performance of
the spacecraft subsystems, the anomalies that
occurred during flight operations and their effect
on the mission. and recommended altcrnate oper-
ating modes.

All comimands used in this document are
defined in Tables 4, 5, and 6.

A. TELECOMMUNICATIONS

The prime mission spanned the time nf GMT
Day 307, Nov. 3, 1973 tn GMT Day 105, April 15,
1974, During the mission three trajectory cor-
rection maneuvers {(TCMs), two planetary flybys,
{Venus and Mercury) and Cruise Science events
occurred, as well as several noncatastrophic
fatlures. The above events will be described in
this report as separate elements, but the failures
will not be described except as they relate to the
telecommunications systems.

1. Trajectory Correction Maneuvers

a. TCM-1, During TCM-1 the data
recorded_f_;F_;gmparisnn te predicts was down-
link AGC and SNR on the 1BM 360/75, and uplink
AGC, downlink AGC and SNR on the Mission and
Test Computer (MTC). During the TCM DSS 14
transmitter power was not at 20 kW, so the uplink
uncertainty is large.

The plot in Fig. 36 is a comparison of
expected uplink AGC and the actual AGC as
recorded by the MTC. Figure 37 is a comparison
of downlink AGC plotted by the MTC and the
expected profile plotted by hand over the MTC
plot. The two nulls are due to the pitch turn
moving the Earth vector near the low-gain
antenna bicone 0-deg point, and the actual AGC
followed the predict very closely. This data was
taken on the DSS i4 Receiver Number 1, Block
1I1.

Figure 38 is a farther comparison of down-
link AGC, but using hand notation of Receiver
Number 2 AGC from the 360 every 30 sec. This
shows the performance ro be above expected, but
not as high as receiver number 1, pointing out
the inconsistency of AGC calibrations at the sta-
tions. The plot also shows some sort of time lag
during the nulls, which could be a data display
lag ~r a hand notation error.

The large deviations, before the first roll
and at the endof the unroll,are due to the high-gain
antenna pointing at Earth. The 1HHGA boresight
gain, and the circulator switch isolation, produce
a higher efiective radiated power along the HGA
boresight than from the LGA when in the transmit
LGA configuration. This produces large inter-
ferome~try deviations when the spacecraft is in
this mode and this geometry occurs.

The downlink ST/N, was considered the most
critical of the observable parameters. The
values taken by hand and compared to the pre-
dicted design value ST/N_ are shown plotted in
Fig. 39. This also shows the same time lapg and
HGA interferometry as the AGC plots, but the

N=Y
(&)

-

SPACECRAFT SUBSYSTEMS

deviation from predicts appears to be {excluding
the nulls) about 0.2 to 0.3 dB.

b. TCN-2. Due to a nower chain transfer
to the redundant power chain, TCM-2 required the
TWTA to he in the low power configuration with
transmission on the low-gain antenna. ‘The Farth
cone angie at the start of the maneuver was
163 deg and at the motor burn attitude 123 deg.
These cone angles translate into a LGA uacer-
tainty of £2. 4 4B and +1. 7 dB, respectively.

In addition, the normial uncertainties of low
power on the TWTA, modulati v ancles, DSTE
receiving antenna gain and ST, Ny caleulations
at the TCE would prodince a composite ancer-
tainty of £5.3 dB at the burn attitude.  The plot
of STp/Ng actual versus ST/ Ny predicted
(Fig. 49) shows the burn attitude delta
-1.3 dB at 33 1/3 bps.

to be

During the actual burn the data rate was
increascd to 2. 45 kbits/s an< recorded ot the
spacecraft. The transmitted data at 2. 45 kbits /s
was helow 0 dB3 ST/N,
carrier |}

andd was not acquired, hat
lock was maintained.

The actual data shows a time shift from the
predicted data due to the use of a mancuver
orientation predict which is gencrated well in
advance of the actual
the roll and pitch durations are correct, the
absolute start times are arbitrary until the real-
time CC®S clock is started, at the time of the
maneuver,

maneaver time., Although

C. TCM-3, Due to the roll axis structural
interaction cxhibited by the spacecraft, and also
thermal constraints, the third TCM was executerd
in a Sun/Canopus orientation without any roll or
pitch. This allowed the high-gain antenna to be
used throughout the burn, producing a signal level
very much greater than any required threshold.

2. Venus Fncounter

The prime telecommunication mode at
Venus encounter (VE) was dual channel 117,46 —
kbits/s/ and 2.45 kbits/s. The high rate was used
for imaging and the low rate was a time nmltiplex
of nonimaging science an<d engineering, modula-
tion interplexed with the high rate.

A detailed comparison has been made {or
uplink AGC, downlink AGC, and low-rate SNR,
The high~rate SNR cannot be compared, since
the actual measured SNR was not sent over the
ground communications lines with the telemetry
information.

The high-rate SNR was sent by way of moni-
tor information, but this data seurce is not
recorded in a form recaoverable by the telecom-
munications analysis program. The data is
recoverable by tape dump, mantal conversion
from octal to Data Number to d8 units, to
punched cards, and finally irput to the telecom-
munications program. This has not been doue
with the high-rate SNR for VE due to time
constraints.



Table 4. Description of direct commands

Command Destination Function Effect on spacecraft

DC 1 FDS Selects redundant memory Each DC 1 advanczs the DS
states “memory-in-use' state one sten

in the following sequence:

1. Memory A only

2. Memory I3 only

3. A& B-fixed engincering
format

1. AsB

nDe 2 MDS Selects TMU 1 Applies power to TAU 1, and

remaoves power from TMU 2

bDC 3 - Not used —_—

DC 4 DSS Switches the DSS to its Sets DSS controller in the READY
READY mode of operatinn mode
from any other mode of
operation

DC 5 Pyro Deploys LGA to extended Actuates pinpuller, releasing LGA
mission position and allowing it to deploy

DC 6 RFS Enables and disables S-band 1.  Enables or inhihits NC &
ranging applying power to the S-band

ranging channel

2.  When ranging is ON, the
ranging channel detects the
ranging signal transmitted to
the spacecraft and phase
modulates the spacecraft-
transmitted RE carricr with
the ranging signal,

DC 7 RFS Selects redundant TWT and Unregulated dc power (rom the
associated power supply power subsystem is switched

from TWT 1 power converter to

TWT 2 power converter or

vice versa.

DC 8 RFS Selects the alternate exciter Incoming 2.4 kIlz single-phase
in the event a malfunction is square wave power is switched
indicated in the operating from exciter 1 power supply to
exciter exciter 2 power supply, or

vice versa,

DC 9 RES Turns M-band ranging CFF 1. Rangiing conirol is by tneans
if it is ON, or vice versa; of a relay in the receiver
toggles S-band ranging ON power supply which toggles
and OFF if DC 6 is in effect 115 Vdc ON ar OF'F to the

ranging channel.

2. When ranging is ON, the
ranging channel detects the
ranging signal transmittesd
to the spacccraft and phase
nodulates the spacecvait-
transmitted RY carricr with
the ranging signal

<
DC 10 RFS Selects LGA for Causes the control unit o switch

transmission

the voltages on the two RF circu-
lator switches to switch the out-
put of the operating TWT to the

LGA



Table 4 {contd)
Command Destination Function Effect on spacecraft
DC 11 RFS Selects HGA for transmission Causes the control unit to switch
the voltage on the two RF circu-
lator switches to switch the output
of the operating TWT to the T1GA
DC 12 Attitude Steps Canopus tracker Each DC 12 command will advance
Control brightness gate to lower the brightness gate level one step
(more sensitive) values in the sequence 1, 2, 3, 1, 2,
cyclically 3, 1 e
DC 13 CC&S Aborts any maneuver 1. Resets all manenver relays.
sequence and switches the DC 13 will terminate a hurn
CC&S maneuver logic to in progress. (TM1-5, 8M1)
the NON-TANDEM
STANDBY state 2. ilalts and resets the fixed
sequencer
3. Resets the maneuver logic
relays, resulting in the
NON-TANDEM STANDBY
mode
4. Sets flipflop flag 3 in the
CC&S processor
5. Resets relay K9
DC 14 Attitude Returns control to celestial
Control sensors; enables autopilot
power (resets DC 61)
DC 15 Attitude Allows the spacecraft to Sets relay K14 to remove bright-
Control acquire (in roll) any object ness gate reqguirements from
of sufficient brightness to Canopus acquisition logic
produce a roll error signal
{(>0. 02 Canopus)
DC 16 — Not used
DC 17 Attitude Advances cone angle setting Each DC 17 will advance the
Control to next position cyclically Canopus tracker cone angle one
step in the sequence 1, 2, 3, 4,
5, 4, 3, 2, 1, 2---
DC 18 Attitude The first DC 18 will place 1. Turns on gyro with roll
Contraot the roll axis on inertial con- axis in ine “tial control
trol; each subsequent DC 18
will turn the spacecraft 2. Inhibits Canopus tracke:
approximately +2 deg in roll input to switching amplifier
DC 19 Attitude Resets DC 15, DC 18 1. Restores brightness gate
Control DC 20, and DC 40 requirements to Canopus
acquisition logic if DC 15
removed them
2. Takes spacecraft from iner-

JPL Technical Memorandum 33-

tial to celestial if DC 18 has
established this staie (if no
other inertial commands are
in effect)
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Command Destination Function Effect on spacecraft
DC 19 3. Enables roll search to be
{contd) initiated by loss of roll
reference if DC 20 had
inhibited it
4.  Enables gvro power if DO 40
had inhibited it
DC 20 Attitude Removes the Canopus tracker 1. Canopus tracker powoer is
Control as the source of roll position turned OF'F
error information

2. Canopus ‘racker input to the
switching amplifier is
inhibited

3. Inhibits initiation of roll
scarch by loss of roil
reference

4. Roll gvro remains Q-
spacecraft uncontrotled in
roll

DC 21 Attitude 1. Overrides star acquisi- i. If the gyros ave OF'F with a

Control tion and initiates a roll roll reference acquired,
search DC 21 will cause the Canonpus
tracker to reject the acqaired
2. Step roll axis -2 deg object, turning ON the voll uvro
(if DC 18 in effect) and initiating a roll scarch
2. 1lf roll search has been
inhibited by ~30 sec COW
zas jet firing, DC 21 will
reset the inhibit
3. If the roll gyro is in inertial,
each DC 21 will turn the
spacecraft approximately
-2 deg in roll

DC 22 - Not used

DC 23 — Not used ——

DC 24 Power Enables or disables switch- Enables or disables the battery
over from high rate to low voltage and temperature detector
rate charger caused by high output signals
temperaiure or high voltage

DC 25 FDS Selects oscillator B, or Toggles a flipflop in the FDIS. One
enables oscillator failure state of flipflop inhibits oscilla-
detection circuit to select tor A, causing the failure detector
operational oscillator te select oscillator B. The other

state enables the failure detector
to select oscillators

DC 26 Power Supplies power, either direct DC 26 allows S\ to apply power

from battery or 30 Vdec from
regulator if enabled, to
PYRO and enables the engine
solenoid valve

\V4 | - T
34, Voiume -

to the engine solenoid valve



Table 4 (contd)
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Command Destination Function Effect on spacecraft
DC 27 CC&S Initiates CC&S maneuver: i. Causes CC&S event 7M1,
tandem, parallel, or turning ON the attitude-~
Sequencer only control gyros for warmup
2. Sets midcoursce {sequencer!
relay in the CC&S maneuver
logic, removing the mid-
course clamp on the fixed
sequencer and thus initiating
the fixed maneuver seqguence
3. During these maneuvers, the
fixed sequencer will set Flag
4096 sec after DC 27, sim:l-
taneously with TM2 and 7M<
4. The fixed sequencer will set
and reset 7TM2, 7M3, 7TM4,
and 7TM5 to A/C; and 8M1 to
PYRO, switching 30 Vdc
power to Propulsion (if
engine value is ENABLED)
DC 28 APS Selects channel 1 or Togg}es APS between channei 1
channel 2 of APS electronics nd channel 2 electronics
DC 29 CC&S Disables tolerance detector Disables the RESET input of the
such that the CC&S will not power monitor relay
be inhibited if the 2.4 kHz
input power falls out of
tolerance
DC 30 CC&S Inhibits CC&S computer out- 1. Sets the CC&S power failure
put actuators, halts computer relay, thus halting any scan
operations, and resets all in progress and preventing
flags except flag 6. Flag 6 any further scans from being
is set initiated
2. Computer relay drivers are
inhibited
3. All flag flipflops except 6 are
reset; flag flipflop 6 is set
4. Sets the power monitur relay
if it is in the reset state
DC 31 CC&S Enables CC&S computer out- 1. Resets the CC&S power failure
put actuators, initiates com- relay
puter operations, and resets
all flags except 6. Flag 6 2. Enables computer relay
is set drivers
3. Resets all fiag flipflops
except 6; flag flipflop 6 is
set
DC 32 CC&S Initiates either a computer- 1. Set flag flipflop 5
only or a parallel maneuver,
depending upon the maneuver 2. Sets the computer relay in the

legic state

JPL Technical Memorandum 33-734,

maneuver logic, allowing the
computer to control the
maneuver relay drivers if the
tandem relay is reset

Volume I



Table 4 {(contd)

Command Destination Function Effect on spacecraft
DC 33 cce&s Places the maneuver logic 1. Sets the tandem relay in the
in the TANPEM STANDUY Hlaneuver lugic
state, or initiates a
TANDEM maneuver, depend- 2.  Disables computer control of
ing on the maneuver logic the maneuver relay drivers
state
DC 34 Power Turns OFF the 30 Vdc Transfers the PYRO-PROP loar
regulator froni the 30 Vde regulator to the
battery bus
DC 35 MDS Selects TMU 2 Applies powe: to TANU 2, and
removes power from TAMU |
DC 36 FDS Select which memory (or Steps a four-stage counter which
memories), if any, will provides memory power failure
remain in use in the event of override in the following
a power failure in the sequence:
memory voltage supplies
1. A override
2. B override
3. A and 3 override
4. No override
DC 37 Power Toggles share boost Fnables or disables boost
converter converter
DC 38 Power Toggles battery charger ON Toggles raw dc powor to the
and OFF battery charger
DC 39 DSS Positions tape in parking The DSS is placed in tape pass 4
window and enters slew mode. Upon
receipt of LEOT the DSS goes to
READY mode, pass onc
DC 40 Attitude Turns OFF and unconditionally Sets relay K19
Control inhibits turn-on of gyro
power
C 41 -— Not used
DC 42 RFS Switches TWTs to high- Causes the control unit to switch
power output mode the appropriate voltage to the
TWTs to place them in a high-
power mode., A substantial
increase in raw dc power con-
sumption results
DC 45 RES Switches TWTs to the low- Causes the control unit to switch
power output mode the appropriate voltage to the
TWTs to place them in a low-
power mode, A substantial reduc-
tion in raw d¢ power consumption
results
DC 4+ —_ Not used ————
DC 45 Pyro Unlatch scan platform from Fires dual bridgewire squib,
launch-stow position permanently releasing scan plat-
form latching mechanism
DC 46 Power Toggles magnetometer No. 2 Toggles 2.4 kllz power to mag-
ON and OFF netometer number two ON and
OFF
DC 47 Power Toggles DSS ON and OFF Toggles 2.4 kllz power to DSS:
turns ON DSS replacement
heaters when DSS is OFF
JPL Technical Memorandum 33-734, Volume I 15



Table 4 (contd)

Command Destination Function FAffect on spacecraft
DC 48 Power Turns TVS OFF Turns OFF 2.4 kllz power to
TVS: raw dc power to replace-
ment heaters is turned ON when
TVE is turned OFF
DC 49 Pyro Unlatches HGA dish {from Actuates pinpuller, freeing HGA
launch-stow position dish for articulation
DC 50 Power Used to assess battery conedi- Switches battery power to the
tion in flight, anr in recondi- 50-ohm test load. The battery out-
tioning battery in {light put voltage and current are moni-
tored to assess hattery concdition,
Butiery reconditioning is accom-
plished by discharging the hattery
about 607 and recharging a® high
rate
DC 51 - Not used
DC 52 CC«S Provides capability to change Scts flag fiipfltop 7
CC&S computer program by
setting Flag 7
DC 53 Pyro Deploys PSE boom Actuates pinpuiler, releasing ’SE
boom and allowing it to deploy
DC 54 Power Turns ON powzr to S-band Switches raw power to the TWT
TWT power amplifier power convoerter
DC 55 Power Turns OFF power to S-band Switches raw power from the TWT
TWT power amplifier power converter
DC 556 DSS Start low-rate record Sets DSs controller in the low-
(2.45 kbits/s) rate record morle
DC 57 DSS Starts high-rate record Sets DSS controller in the high-
(117.6 kbits/s} rate record mode
DC 58 DSS Starts high-rate playback Sets IDSS controller in the high-
(22. 05 kbits/s) rate playback mode
DC 59 DSSs Starts low-rate playback Sets DSS coatroller in the low-
(7. 35 kbits/s) rate playback mode
DC 60 DSS Start tape slew Sets DSS controller in tape slew
iode
DC 61 Attitude Inhibkits autopilot power, Sets Relay K9
Control switches celes 1a1 sensors
out of control loop, turns 1. Turns ON all gyros in
gyros ON, and places all INERTIAL
axes under inertial control 2. Inhibits Canopus tracker
input to switching
amplifier
3. Inhibits power to
autopilot
DC 62 Fower Toggles I1GA actuator supple Toggles raw de power to HGA
mental heaters ON and OFF actuater heaters
DC 63 Power Toggles PSE supplernental Toggles raw dc powcer to PSE sup-
heater plemental heaters
DC 64 Power Toggles one of the propulsion Toggles raw dc power to the CPT

46

supplemental heaters and the
CPT supplemental heater ON
and OFF

and propulsion supplemental
heaters

JPL Technical Memorandum 33-734, Volume 1



Table 4 {contd)

Command Destination Function Effect on spacecraft
DC 65 Power Selects FDS power converter Toggles 2.4 klHz power to FIDS
Aor B between power converter A and B
DC 66 Power Toggles one of the propulsion Toggles raw d¢ power to the sun
supplemental heaters, the sun sensor, the propulsion, and the
sensor supplemental heater, APS solar panel actvator sup-
and the APS solar panel sup- plemental heaters
plemental heaters ON and
OFF
DC 67 Power Toggles TV optic heaters ON Toggles raw e powes to the TV
and OFF optic heaters
DC 68 Pyro Removes PPSE cover Fires dual bridgewire squib,
releasing PSKE cover latch and
allowing cover to open
DC 69 Power Toggles gyro and science Toggles raw dc power to bay 6
bay 6 supplemental heaters (science) and 7 {gyro) supple-
ON and OFI mental heaters ON and OF°
DC 70 Power Toggles IRR ON and OFF; Toggles 2.4 kllz power to IRR
the IRR replacement heater clectronics and replacement
is OFF when the IRR is ON heater
and vice versa
DC 71 Power Toggles X-band transmission Toggles raw dc power to X-hanrl
ON and OFF exciter ON and OFF
DC 72 Power Toggles Magnetometer No. 1 Toggles 2.4 kllz power to magz-
ON and OFF netometer No. 1 ON and OFF
DC 73 Power Inhibits the engine valve Turns OFF power to PYRO and
opening (inhibits engine burn) PROP
DC 74 - Not used
DC 75 Power Toggles CPT ON and OFF Toggles 2.4 kilz power to CPT
(and CPT replacement heater)
ON and OFF; turns ON CPT
replacement heater when CPT is
OFF
DC 76 Power Toggles UVS occultation Toggles 2.4 kllz power to UVS
ON and OFF occultation and replacement
heater; replacement heater is
turned ON when UVS occultation
is OFF
DC 77 Power Toggles UVSAG OXN and OFF Toggles 2.4 kllz power to UVSAG
and replacement heater; replace-
ment heater is turned ON when
UVSAG is OFF
DC 738 Power Turns TV subsystem ON Turns 2.4 kit power to TVS ON;
replacement heaters are turned
OFF
DC 79 Power Toggles PSE ON and OFF Toggles 2.1 kllz power to PSE
and replacement heater; replace-
ment heater is turned OFF when
PSE is ON
DC 80 Power Turns ON the 30 Vdc Transfers the PYRO-PROP loads

regulator

JPL Technical Memorandum 33-734, Volume I

to the 30 Vde regulator



Table 4 (contd)
Command Destination Function Effect on spacecraft
DC 81 Power Selects either low-rate or Switches the high or low rate
high-rate battery charger charger into the charging loop.
Tigh-rate cuiient is frostiiiaily
2.0 A and low-rate 0,65 A
DC 82 - Not used —
DC 83 — Not used —_—
DC 84 CC&S Provides capability to change Sets flag flip-flop 6
CC%S computer program by
setting Flag 6
DC 85 CC&S Enables the tolerance Enables the RESET input of the
detector such that the CC&S power Monitor relay
will be inhibited if the 2.4 kliz
input power falls out of
tolerance
DC 86 CC&S Provides capability to change Sets flag flipflop 8
CC«&S computer program by
setting flag §
Table 5. CC&S Commands without dc equivalents

Command

Destination

Functicn

Effect on spacecraft

48

ZA

2F

47

5B

5C

RFS

RFS

Power

CC&S

CC&S

Selects the standby TWT
or exciter if the on-line
TWT or exciter has failed

Turns off S- and X-band
ranging

Toggles all supplernentary
heaters (including TV
optic heaters)

Removes sequencer con-
trol before an automatic

reacquire can be issued,

allowing a computer-only
unwind

Enables FDS frame start
pulse to initiate a computer
scan

JPL Technical Memorandum 33-734,

Unregulated dc power may be switched from
TWT 1 power converter to TWT 2 power
converter, or vice versa; similarly,

2.4 kHz power may be switched from one
exciter power supply to the other

Ranging control is by means of a relay in
the receiver power supply which toggles
+15 Vdec ON or OFF to the ranging channels

When ranging is ON, the ranging channel
detects the ranging signal transmitted to
the spacecraft and phase modulates the
spacecraft transmitted RF carrier with
the ranging signal

Toggles power to supplementary heaters

ON and OFF

Resets the midcourse
maneuver logic in the

relay putting the
specified state:

State Sequencer Parallel Tandem
before
5B Maneuver Maneuver | Maneuver
S}:‘:te Non-tandem | Computer | Tandem
@ 5 gr Standby Maneuver | Standby

5C enables frame start to set ¥’lag 4, ini-

tiating a computer scan

Volume I



Table 5 (contd)
Command Destination Function Effect on spacecraft
TA Attitude Turns on attitude control Turns ON attitude control, cruise sun
Control {(hackup to PAS 5-4) sensor power, and enables acquisition sun
sensor power (if not alreardy performed by
PAS S-4
B Attitude Turns on Canopus Applies power to the Canopus tracker,
Control tracker, -itializing it in Turns ON attitude control cruise sun sensor
brightness gate 1 power, and enables acquisition sun sensor
power., (B is backup to TA and PAS S-d
TE Attitude Places the spacecraft Turns ON gyros (if not already turned ON
Control under incrtial control or inhibited by DC 40} and puts them in
without enabling the auto- INERTIAT, mode, inhibiting roll search.
pilot Tk enables pitch and roll turns
YS! Attitude Turns gyros ON and Turns ON attitude control, Canopus
Control reforms gyro feedback tracker, sun sensors, and gyros
loop capacitors
TM2 Attitude Places spacecraft under Turns ON gyros (if not already ON), turns
Control inertial control with the ON autopilot pover if DC 61 is not in effect,
autopilot enabled and puts the gyros in inertial mode,
inhibiting roll search.  7MN2 enabies pitch
and roll turns
TM3 Attitude Permits roll and pitch Sets command (gyro torquer) current
Control turns of positive polarity polarity for positive pitch and roll turns
TM4 Attitude Initiates a roll turn 7TM4 inhibits a pitch turn and initiates a
Control roll turr by applying current to the
i gyro torquer
TM5 Attitude Initiates a pitch turn 7M5 initiates a pitch turn by applying
Control current to the gyro torquer
8A PYRO Deploys from launch Fires the respective squibs to accomplish
position; the solar panels, the deployment of the solar panels, mag-
magnetometer boom, netometer hoam, [I(3A hoom, and the
HGA boom, and the LGA LGA
SM1 PYRO Perform engine burn Opens engine solenoid valve, resulting in

a trajectory correction maneuver engine
burn

At this point in the mission the IIGA was in a
failed condition, and after careful in-flight mea-
surements the VE low-rate data was compared
with a HGA with 3.9 dB less gain than preflight
tests.

Figures 41-49 show the results of these com-
parisons at DSS 14 on the day of Venus encounter.

Tables 7 and 8 list the deviations for ali stations.

3. Pfercury Encounter

The telemetry requirement for the Mercury
encounier was 22. 05 kbits/s with an error rate of
less than 5 bits in 106. The goal was 117.6
kbits/s with an error rate of less than 3. 33 bits
in 100. Both required the simultaneous trans-
mission of a second channel at 2. 45 kbits/s with
an error rate of less than 1 bit in 107, Fig-
ure 50 is a block diagram of the portion of the
system detailing the physical implementation of
the Mercury telemetry requirement and goal.

JPI, Technical Memorandum 33-734, Vvolume I

During the preliminary analysis of measured
data it hecame apparent that if the new super -
cooled mascr at the DSS 14 could really achieve a
noise temperature of 13,5 K, and if the space-
craft telecommunications system performance
was at its design value, and if the ground station
performance was at its design value, 117.6
kbits/s at Mercury was indeed achievable. Fig-
ure 51 displays the prediction of expected bit
error rate at Goldstone DSCC on the day of
Mercury encounter using preflight data. The
change in ervor rate is due to the change in sys
tem noise temperature as a function of elevation
angle at the station.

The in-flight measurement of performance
was made difficult by the temmnorary partial
failure of the spacecraft S-band I1GA. The track
of the Farth vector from the spacecraft required
the TIGA feed to go from Sun illuminated to
shadowed cn December 25, 1073 and from
shadow to sunlit on MNarch 4, 1974, The first
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Table 6. DC equivalents to CC&S commands

CcCC&sS DC
2B DC 10
2C DC 43
2D DC 42
ZE DC 11
4A DC 81
413 DC 3%
4C DC 76
4D DC 77
45 DC 78
1F DC 79
4G DC 71
411 DG 47
41 DC 46
4K DC 65
41 nc 75
4M DC 48
4N DC 54
4P DC 55
40 DC 70
4R DC 72
45 DC 26
4T DC 73
5A DC 27
5D DC 32
7C DC 12
7D DC 17
3C DC 45
8D I;C 49
SE DC 53
8F DC 68
3G DC 5

antenna failure occurrcd on December 25, and in
the succeeding two months the S-band downlink
varied between 2 dB to 6 dB below design value.
The antenna healed on March 4, and on March 12,
the firet 117. 6 kbits/s performance tests were
run using DSS 14 and DSS 43 configured for mini-
mum noise temperature mode (low noise tempera-
ture maser and no transmission!. The spacecraft
had attitude-control difficulties at the time which
placed the HGA boresight off Earth by a sionificant
amount. This effect was calculable and added
only a small residual uncertainty.

The ground antenna was moved off trazl to
proruce a 'synthetic’ attenuation of the signal
from the spacecraft without modifying the noise
temperature conditions at the station. The ground
antenna offsets were designed for approximately
-2, -3, and -4 dB from the current link conditions.
This eliminated, to a large extent, the dependence
on absolute values and predicts, and substituted
the range distance increase irom the test time to
encounter, automatically including all nonlinear
effects at these signal to noise ratios.

The range increase would produce a 3. 50-dB
decrease in reccived signal level, so a nlot of bit
error rate (BER) as a function of dB3 down from
current conditions would indicate the expected
error rate at encounter within the uncertainty of
the measurement of the data points.

Since the total link BER measurement was in
question, including the ground data-processing
system, it was decided to use the video histograms
as a measurce of BER and convert this value to
SNR, The spacecraft TV system was turned off
and the Flight Data Subsystem (FDS) was com-
manded to interrogate the TV at the 117,46 kbits s
rate. This produces a black picture with a slight
amount of residual noise at the spacecrart,

The IFDS quantifics the clements of the

picture into 8-bit binary pixels. This is

then biphase modulated on a high-rate
subcarrier, interplexecd with the low-rate
strean and modulated on the downlink carrier.
The end result, after reception, demodulation,
synchronization, and dequantization is either a
picture or a histogram of the decimal values of

Table 7. Comparison of predicted versus actual AGC, 117.6 kbits/s SNR and 2. 45 kbits/s SNR
using degraded HGA

Predict (HGA - 3.9 dB)
Station corrected for Tg

AGGC/117.6 kbits/s SNR/2.45 kbits/s SNR

Actual
AGC/117.6 SNR/2. 45 SNR A

DSS 14 -136.6/7.6/12.9 -136.0/6.8/12.3 10.6/-0.8/-0.6
DSS 43 -136.6/7.8/13.2 -137.6/7.1/11.6 -50/-0.77-1.6
DSS 63 -136.7/7.3712.6 S136.7/7.4/13.2 0.0/40.1/-0.¢
DSS 12 -144.6/ - /13.3 -143.3/ - 14.9 1.3/ - /il.6
DSS 62 -144,.7/ -143.3/ b1, 4/

Ts < system noise temperature
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Table 8. Comparison of predicted versus actual AGC, 22.05 kbits/s SNR and 2.45 kbits/s SNR,
using degraded IIGA
Predict (HGA - 3.9 dB)
Station corrected for Tg AGC/?ZéiItIL’I?XZ 15 SNR Fay
AGC/22.05 kbits/s SNR/2. 45 kbits/s SNR Se PERAc. T St

DSS 14 ~137.8/13.3/18.0 ~138.0/13.5/18,1 -0.2/40.2/+0.1
DSS 43 -137.8/13.5/18. 2 -137.6/13.3/18.1 10.2/-0.2/-0.1
DSS 63 -138.2/12.8/ - -13%.8/12.9/ - -0.6/40.1/ -
PSS 12 -146.7/ - 7 6.1 ~144.8/ - / 7.9 L A A
Ts system noise temperature

each pixel. From the histogram it is now possible
to measure the total link bit error rate and to
eliminate the residual spacecraft noise.

The spacecraft noises wiil exist in the least
significant bits, but the link noise will exist uni-
formly on all bits. To maximize the confidence
level as many bits as possible must be used.
Strong signal tests had indicated that only the two
least significant bits would be affected by peak
residual noise. This was checked by plotting the
derived error rate as a function of the numbers of
bits used and correlating this with the total num-
ber of bits per picture used to calculate the error
rate. Figure 52 is an example of this plot for one
particular picture. As can be seen, including the
two least significant bits {bits 7 and 8), in the cal-
culation increases the total error rate due to the
spacecraft residual noise. The bits used for the
link error rate measurement were the 6 most sig-
nificant bits,

The result of all ofthe above was a set of
points cross-correlating bit error rate, and dB
decrease in signal. Since dB decrease is related
to range increase which is, in turn, related to
time by the trajectory. Omne may now plot BER
versus time (Fig. 53). Time is deliberately set
from right to left to correspond to a loss in dB.
The 1-o ellipses are SNR estimates converted to
error rate in the ordinate and carrier level esti-
mate deltas in the ahsissa together with the toler-
ances. The histogram error rates are plotted as
points.

As can be seen, the expected error rate at
encounter was 2.8 in 100, while the TV experi-
ment team goal was 3. 33 in 100. But there were
still s<veral considerations that werce not
inclusted,

The first is the elevation angle of the ground
antenna. During the test it was peaking at
37.5 deg, but at encounter it would peak at 42 dey.
This is about a 7. 1-dB Improvement. The second
is that during critical periods of a mission there
is more time allocated for station preparation
and calibrations and more carc is taken during
tuning periods because requirements on the
system are more stringent. Thig, althcugh not
4 measurable number, is probably of the order
0of 0.2 dB.
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The plan at this point was to run short tests
at DSS 14 and 43 as the spacecraft approached
Mercury an<d to compare these to the predicted
curve, but in the meantime to commit toa 117.6/
2.45 khits/s sequence. These piots are shown ‘n
Figs. 54 and 55,

On March 20 a decision was made to switch
exciters. This was in response to the Celestial
Mechanics and Radio Science Team's analysis of
the oscillator's phase noise spectrum. They
found phase sh.fts of several degrees, which
would tend to reduce the validity of any space-
craft gencrated carrier frequency data from
Mercury. A switch in oscillators would also
switch to a different telemetry phase modulator.
The preflight test data indicated a potential
improvement of 0.1 = 0.30 dB. The improvement
was of the order of £0.1 dB.

Table 9 lists the various short tests (10 min!
during the pre-encounter.

On March 27 (two days before encoanter) the
project requested a final error-rate predict for
the encounter pass at Goldstone. The value given
was 2,29 in 100, the equivalent SNR was 3.00 dR
at 17:13:59 (h:min:s) on March 29, 1974,

The encounter data is shown in Fig. 51.
Inciuded are the design predict (10-18-72), pre-
flight predict {10--1-73), and the in-flight predict
(3-27-74'., The mean deviation over the 2-1/2
hours at encounter was 0.2 dB {from preflight

data, and 0.0 dB frem in-flight data.

i

Figures 56 through 67 are selected plots of
downlink carrier and ST/N,, residuals at 22.05
kbits/s it D8Ss 63, 432, and 14. Figures 685-70
are plots of ST ,/"NO residuals at 117, 6 kbits/s at
DSS 14 listen-only.

4. Cruise Science

The prime data rate through most of the
mission was 2.+45 kbits/s block-coded single chan-
nel. This, incinded the 33-1/3 Dbits,/s cngincering
data time multiplexed with the cruise scionce data
to producec a composite 2.45 kbits,’s. TFigures 71
and 72 are plots of expected and actual uplink
and downlink AGC. The drop in douwnlink AGC




Table 9. 117.6 kbits/s Tests Fable 10, TCM I nmaneuver summn.ary

Mean SNR FPropulsion
D . deviation from
ay in Fxeit s .
—xciter prericts, dAB N . oy
March ' . Burn time VTl 6 R0 PR
e e 4 (at spacecrafty
DS 14 DSS 43 !
Burn magnitude (AL T
12 ! -0.5
Burn duration Ta,an g
13 1 0.2
Mass loss Powo e
20 1 -No e ——— — e
e "
o
22 2 10,0 ns
24 2 0.3 Roll turn G0 Aoy
2Hn s
25 2 t 0L
Pitch turn L2700 ey
2 2 L0000 10,4 T2 s
27 2 -0, 1 Off sun A0 nin
>3 2 in.5 _0. 1 )
Spacccraft paramoeters
Foncounter Scan position
29 2 1N, 2 0.1 Cone Of, 80 deg
Clock 267,01 deg

THGA position
from day GMT 359 to GMT 71 is due to the pre-
viously mentionced 11GA failurec. Cone a0 deg
Clork 302 deg
Figure 73 is a plot of residual AGC by sta-
tion for a brief period of time. This plot uses Antenna
two-hour averages of AGC over each station.

Turns LGA

Due to the healing of the 11GA, the extreme Burn LGA
press of work to prepare for the Mercury encoun- Nulls None
ter, the additional testing and analysis for the
117.6 kbits/s at Mercury, the departure of one Battery usage .4 A-n
telecorn data analyst to return to school, and the
lack of manpower, this plot (Fig. 73) was not Data modes
continued. The real-time comparison was ured
{Fig., 72) instead. Turns D/NUTT — Primary

format (24501

B. SPACECRATFTT TIME LINES AND ASSOCI-
ATED MANEUVERS Burn DA/ T — MNMancuver
tormat {2450}

b TOCM |

The latest orbit determination results,

which moved the estimated Venus encounter by Subsequent to reacquiring celestial refov-
approximately 15 km, coupled with revised esti- ences, the Canopus tracker went into a voll
mates of turn rates have combined to indicate a search, apparently due to a bright particle.
positive roll turn should be used rather than the Analysis and corrective action achieved Canopus
negative r.ii turn originally planned. A sum- acquisition after the roll seavch.

mary of the imaneuver is shown in Table 10.
Based on the orbital parameters as of

The Mauncuver performance looked very Nov. 26, 1973, TCM 2 was required to corvect
good. The Navigation Team was able to monitor for a miss of approximately 1560 kim (970 miles)
the roll turn and its polarity (+0.035 Hz max to attain the desired Venus flybv aiming point.
shift), the pitch turn and its polarity (+0.116 The present orbit was 1560 km “arther away fvom
I{z at start, and -0, 080 1z at the end). These Venus than the desired aiming point.  The manen-
doppler shifts correspond to velocity changes as ver would also have to correct for a timing error
small as 2 mm/sec. The burn should have pro- of 3 min (Mariner 10 would presently arrive at
duced a +72 Iz doppler shift, but only a +71 Iz Venus 3 min earlier than desired). Fipure 74 is
shift was observed. This corresponds to a 1.5, a sketch of the desired flyby and post TCM 1t arbit
error, which is within specilications, points and the timeline is shown in Table 11,
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Table 11.

TCM 1 timeline (GMT)

Day GMT Command Event
317 20:59:21 DC 33 Initiate tandem
maneuver
21:00:21 DC 80 Enable 30 Vdc
supply
21:35:16 DC 70 PSE instrument
o1if {replace-
ment heater on)
21:45:16 DC 52 Computer Flag 7
interrupt
23:00:16  TMI Gyros on

23:11:16

00:08:32
00:12:57
00:21:29
00:33:31

00:41:32

00:42:03
00:42:23

00:46:23

00:58:26

01:01:26
01:05:51
01:12:060

01:13:51

01:40:58

01:45:17

01:54:36

0¢:05:16

02:40:38

02:43:46

03:21

CC-6A-0-1243

TM4
M4
TM5
7M5

DC 73

8M1
8M1

N5

TM5

M4
TM4
M1

DC 81

-6A-0-1042

DC 79

To 2450 bits/s
engineering
telemetry
Start roll turn
Stop roll turn
Start pitch turn
Step pitch turn

Enable solenoid
valve

Burn start
Burn stop

Start pitch
unwind

Stop pitch

unwind
Start roll unwind
Stop roll unwind

Gyros off

Gyros on (loss
of Canopus)

To 33-1/3 bits/s
engineering
telemetry

Gyros off (parti-
cle acquired)

Gyros on (roll
search)

Canopus
acquired

Gyros off

PSE instrument
on
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> TCM2

On January 2! at 19:50 GAUD, Mariner 10
was carnmanne-d to roll 46 deg then pitch nearly
35 deg. At l12:14 I‘I)T,

about 3.3 sec to o
about 4. 83 km/nhr (.
shift of -17.41 1liz in doppler wnich
was within 0. 0 it was
concluded that excellent porformance had Leen
achieved in the radial component of the
change. The TCXN 2 timeline

Table 12.

rod for
ed by

rockoet mstor i
tie sy

the
the

SEMa e A

o the observed
frequency,
slicted vaae,

iz of the pre

voelood

is presented in

5. TCM 3

The third trajectory correctioun 1
(TCM 3) was successiully performen
maneuver, The maneuver had to he
particular time, i.oo., 12:25 GAMU o
morning, March 16, in arder to ol
jectory characteristics in the desired ron
The spacecraft orientation relative to the Farth
and Sun is shown in Fig. 75, 1A aneuLes
time line is shown in Table 13,

nenver
aosuniie

Saturday
tra-
M,

e the

Usually, it is difficult to separate (he offects
of velocity magnitude and thrust direction rduring
a maneuver, becausc the dopplev shift that is
seen in real-time Is only a function of the
tude of the velocity component in the Farth
tion. However, during TCM 3 the Sun
stantly in the Sun sencor's view field,
accurate estimate of spacecraft position
and yaw relative to the Sun was obtained t
telemetry. As shown by the drawing, lnc
offsets were such that the angle o, nominally
77 deg, was determined to have been 7o. 75 deg.
This 0, 25-deg shift caused the Flarth-line velocity

component to be 2 larger than predicted.

nwa;;ni~
direc -
WaAs COr-
and an

N pit(‘h

.mgula r

Telemetered thrust chambeoer
indicated that the rocket engine thrust was about
1% low, which would make the two velocity wveo-
tors 1% smaller than pkanren The observed
63. 4-11z doppler shift was in fact 1" higher than
predicted due to the summation of the two effects
just described,

pressurc data

on the
shown in

The result of the TCMN 3 maneuver
Mercury encounter geometry is

Fig. 76.

(BET

LOne,

The current bhest estimate traiectory
scen to be well inside the des
which by definition is inside ]
Earth occultation zones tor obtaining
on ar < possible atmosphere on Mercury
sible magnetic field interactions with the
wind. The displacement of the BT {rom the
free-return contour means that one oy move addi-
tional maneuvers would be ncoded atter Nerc

ired target
yoth the Sun and
wformation
and pos-
solar

ury

encounter to achieve a second close Nercury flyby

about 176 days later (twe Novecury years)., On
March 26, after 10 days of tracking, data was
available for processing, the uncertainty around
BET was redxiced, and more accurate estimates
of the required arrival timme and exit occultation
time were factored into the TV and Radio Science
sequences which were developed.
craft passed about 704 km 437
Mercury's surface, well within the 90% scicnce
value zone.

The space-
I

iilest above
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Table 12. TCME Timeline, Day 021

Table 13,

TCM 3 timeline, day 075
(L + 134 days)

Time, sec Event

17:42:51 PSE off (4F)

18:04:51 Transmit LGA

18:19:03 TVS off, DC-48

18:24:40 Gyro heater off, DC-69

18:30:15 TWT low power, DC-43

18:34:30 PSE supplemental heater off,
DC-63

18:40:03 MAG A off, DC-46

18:44:15 MAG B off, DC-72

18:50:07 Roll turn start

18:54:17 Roll turn stop ~

18:58:15 Propulsion heater off, DC-66

19:02:49 Pitch turn start

19:06:06 Pitch turn stop

19:14:38 Burn start

19:14:42 Burn stop

19:24:42 Start pitch unwind

19:27:59 Stop pitch unwind

19:30:59 Start roll unwind

19:35:09 Stop roll unwind

19:35%:09 Reacquire

19:48:40 MAG A on, DC-46

19:53:00 MAG B on, DC-72

19:58:27 PSE supplemental heater on,
DC-63

20:04:03 Propulsion heater on, DC-66

20:13:51 Transmit HGA

20:17.51 I’SE on, 4F

20:29:15 TVS on, DC-78

20:33:27 TWT high power, DC-42

20:43:15 Gyro heater on, DC-69

20:50:51 -X panel to 45 deg

20:57:51 +X panel to 45 deg

Event time Event

075 09:55:02 Slew scan platform to

maneuver position

11:19:18 ISE off

11:43:18 Slew high-gain
antenna to mancuver
position

11:54:02 TMI1I, Gyros on

11:58:52 All-axis inertial

12:00:52 DBurn start

12:01:43

Burn stop

12:11:18 Reposition high-gain
antenna
12:38:18 PSE power on

13:42:19 Reposition scan

platform

JrPL. Technical Memorandum 33-734,
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C. THERMAL CONTROL

1. Performance From Launch Through Launch

Plus 30 Days

The performance of Mariner 10 over the
first 30 days of the mission was eatirely normal
with the exception of a few unexpécted tempera-
ture control responses, The mechanical devices
subsystem performed its various post-launch
deployment functions without a hitch, and nothing
occurred on the spacecraft that would suggest that
performance was less than normal for the other
applied mechanics subsystems and disciplines
vital to the spacecraft design, specifically struc-
tures, cabling, materials, and packaging.

The thermal response of the spacecraft to
the launch environmnent was slightly underesti-
mated, resulting in typical cooldown rates that
were more rapid than had been expected based on
STV test data. This data is summarized in
Table 14.

The failure of the TV optics heaters to func-
tion resulted in steady-state scan platform tem-
peratures that were well below those anticipated,
yet still above the FA limit for the TV vidicons
and UVSA, and above the TA limit for the AES.
Once the platform thermal predictor model was
corrected for the absence of the optics heaters,
it was able to reproduce actual flight tem-
peratures fairly accurately, indicating that
prelaunch platfor m predicts were reasonably
correct.



Table 14. Comparison of near-Earth temperatures with pre-licts

Earth Day 312, AT

MTC Temperature predicts 01:46
Channel measurement Comments

No. description R EU, . ©u, 5 EU,

¢ °F ~ “F © °F
£065 Canopus tracker -5.8% 22 -10.5 13 -5 -9
066 GCA 14.4 58 16.7 62 2.2 i
E067 Sun Sensor -25.5 -14 -23.3 ~i0 2.2 ]
E068 +X/-Y N2 4.4 40 8.3 47 .9 -7
069 -X/EY N2 3,8 39 6.7 44 2.8 -5
E070 TVCA 2.2 36 2.3 37 0.5 -1
106 PSE Electronics 13.9 57 17.2 63 3.3 L6 Bay 6
K157 PSE Platform 2.2 36 -2.8 27 -5 -Q
E301 CPrT -3.3 26 -2.2 28 1.1 [
408 UVSA 10.5 51 -11.7 11 -22.2 -0 On scan platiorn:
E409 UvsoO -25.5 -14 -25 -13 0.5 bl
E454 Prop N2 10.5 51 15.5 60 5 t9 . . o
E455 Propellant 1.1 52 16.7 62 5.5 uo} Not steady state
E456 Valve 22.2 72 23.9 75 1.7 t3
E457 Thrustplate 22.2 72 22.2 T2 0 0
K500 IRR -27.8 -18 -30.5 -23 -2.8 -5
£602 Mag A -37.8 -36 -57.2 =71 -1a, 4 -35
E603 Mag B -20.5 -5 -37.8 -36 -17.2 ~31
E604 Mag Electronics 20.5 69 24,4 76 3.9 177 o
F605 Mag Proc. 211 71 25 77 3.3 +6J’ Bay 6
E663 Aux. oscillator 8.3 47 8.9 18 0.5 +1
E664 TWT 1 11.1 52 15 59 3.9 17
E665 TWT 2 6.7 44 9.4 49 2.8 +5
E666 VCO 5.5 42 6.7 44 1.1 t2
E667 Dish 1
E668 Dish 2
E669 Dish 3
E670 SX Feed
E671 X-band transmitter 8.3 47 8.3 47 0 0
E750 Bay 1 8.9 48 11.1 52 2.2 -4
E751 Bay 2 3.9 39 5.5 412 1.7 <3
E752 Bay 3 1.1 34 2.2 3 1.1 +2
E753 Lower blanket -47.8 -54 -48.9 -56 -1.1 -2
E754 Bay 5 6.7 44 11.1 52 4.4 +8
E755 Bay 6 7.2 45 16.1 61 8.9 +16
E756 Bay 7 10.5 51 13.9 57 3.3 +6
757 Sunshade 17.8 64 30 36 12.2 +22
E758 HGA Booem -10 14
E800 TVA Opt F 5 41 —
ERO01 TVA Opt R 8.6 48 —
E852 TVA video 14.4 58 -7.8 18 -22.2 -0

On scan plattorm
F803 TVB Opt F 5.5 42 -
£804 TVB Opt R 9,4 49 16 3 -25.5 -46h
E805 TVB video 15 59 -6.7 20 -21.7 _?oj
E806 AES 2.2 36 —
E869 Battery 10.5 51 13.3 56 2.8 +5
Eg870 +X solar panel | 26, 4 85 32.8 Gl 3.3 H6
E871 +X solar panel 2 51.1 124 36.7 98 -14. 4 =26
E872 +X solar panel 3 51.1 124 37.8 100 -13.73 -24
E873 +X solar panel 4 5.1 124 37.3 100 -13.3 -24
E874 -¥X solar panel ! 29.4 85 35.5 26 6.1 +11
E875 -X solar panel 2 5.1 124 37.8 100 -13.73 -24
E876 -X solar panel 3 5.1 124 38.3 101 -12.8 -23
E877 -X solar panel 4 5.1 124 40.5 105 ~-10.5 ~-19
EU = engineering unit
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BET = BEST ESTIMATE TRAJECTORY

km

TEMPERATURE, °C

TEAPERATURE, °C

— NOMINAL
AtM POINT

1000 km "‘;Ii:'AOOO km

Ny

2000 km ?3000 km

DiSPERSIONS |
L ABQUT BET —+

MERCURY CAPTURE

1000 CROSS SECTION
TARGET
| ZONE
/ /
L CURRENT BET
2060}

FREE ®ETURN /  /
CONTOUR //

e e ::::E;‘—':__;Jf: Lo
SUN SHADOW /.4’ 1
EDGES OF DUAL J
OCCULTATION ZONE

Fig. 76. Results of TCM 3 on the Mercury
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Significant temperature control surprises
included the magnetometer temperatures, with
the A ana B sensors steardying out 17.2and 19.4°C
(31 and 35°F) below predicts, respectively
(Fig. 77). Also surprising were sclar panel
temperatures, an average of 13, 3°C (24°F) below
predicts, and the Canopus tracker terniperature,
5°C (9°F) below the prelaunch prediction.

TCM-1 served as an excellent thermal shake-
down for subsequent maneuvers that were to be
more severe due to longer engine burn durations
and higher solar intensitics. The ther.nal
response (Iigs. 78 through 81) of the spacccraft
to TCM 1 was generally mild and indicated, at
least tentatively that scakback temperature pre-
dictions baserd on hot firing tes's conducied at TS
arc conservative.

The spacecraft temperatures at ift-off were
nominal and as expected based apon previous tests
data. In general, most transients were more
rapid than those observed during STV testing. The
most obvious of these was the X-band transmitter
transient shown in Fig. 82. Also apparent in
Fig. 83 the effect of the Sun on the X-band trans-
mitter temperature ap through separation and
solar pancl deployment., DC 71, X-band trans-
mitter power on, was sent at 06:43:30 on Day 307
to prevent the X-band transmitter from falhﬁg
below the lower Design (3-210) limit of 5°C(41°F).

2. Performance From l.aunch + 30 Davys
Through Launch + 70 Days

For the 40-day period between 1. ¢ 30 and
L + 70 days, the spacecraft was in a thermally
quiescent cruise mode. The only spacecraft con-
figurational changes which influenced spacecraft
temperatures during this period were the daily
articulation of the high-gain antenna and the
repositioning of the solar panels on Day 348/349
{the panels were initially articulated from 0 to
25 deg on Day 348, and then the +X panel moved
to 12 deg and the -X panel to 40 deg on Day 349),

Three major spacecraft anomalies occurred
during this period that affected high-gain antenna
performance, power chain redundancy, and scan
platform slewing capabilitv. These anomalies
will be discussed only to the extent that they
affected spacecraft temperatures.

During this period, the solar flux at the 5
spacecraft increased by 13.5% from 0.147 W/cm”™
to 0.197 W/cm?é (136 to 183 W/ft2). The total
accumulated solar exposure to date was 1914
equivalent sun heurs {FESI).

The ¢+ rall performance of the Temperature
Control Subsystem was nominal with most space-
craft temperatures following predicts. Some
temperatures. however, deviated signiticantly
from: ypredictions in the most critical direction,
namely positive. Each of thesc cases is dis-
cussed, and for most of them the observed effect
can be attributed to the thermal presence and
particular geometry of the high-gain antenna or
solar panels. These effects would not necessarily
map into significant deviations fron: predict at
Mercury. The remaining deviations were attrib-
uted to degradation of thermo-optical surface
properties. These effects would map into devia-
tions from predict at Mercury. llowever, the

66

anrd none of the data
ion levels at [Mercury will

date extensive o
suggested that deyran

he anything but minimal.
ety degradation,

Thermo-optical prop-
although acconimiodated in the
design, was not included in the preflight predicts,
because it is not salficiently predictable, espe-
cially as a f\,xu-\:tion..\f frae and oxposure.

a. Dus and Propulsion Module, Those
assemblies located 10 the bus and i fhe propul-
sion module whose teraperitures were deviating
significantly from predictions were being influ-
enced by either the nonstandard solar panel tift
configuration, verariated energy from the high-
gain reflector, or both,

Those assemblics noticeably afrected by the
high-gain antenna are clustored on the Y side of
the bus {specifically |
transmitter mounte
tracker mountod over Bay 2).

and <, the X-band

?
i

Y
et

O and the Canopus

The Canopus tracker temperature appeared to
be very sensitive to high-gain antenna dish tem -
peratures. On Day L ¢ 62/63 of the mission, the
high-gain antenna was nositioned to warm the dish
to a maximum. Shortly therecafter the Canopus
tracker increased 1. 1°C (2"1), When the high-
gain antenna was suhsequently returncd to the
Farth-pointing position, the Canopus tracker
temperature decreased 1. 1°C (2°17)., The
Canopus tracker was 2.8°C {(5°F) above its pre-
dicted temperature.

The X-band transmitter temperature showed
the same sensitivity to high-gain antenna tempera-
tures as the Canopus tracker and is also 5°F
above predict.

The measurements in Bay 2, Bay 3 and
Bay 4 all exhibited a similar deviation from their
respective temperature predictions, These dis-
crepancies were attributed to the fact that the
high-gain antenna average temperature and orien-
tation with respect to the bus combined vo provide
a significant thermal input to the bus that was not
anticipated and, hence, not reflected in the
predictions.

For reasons of cost and complexity, the high-
gain antenna reflector was not articulated in either
the temperature control maodel {TCM) test or the
flight spacecraft solar thermal vacuum (STV)
test. Ilowever, the position selected for the dish
in the TCM test was the Mercury position, and
for the Mercury test mode the reflector was
heated to the tevel appropriate for that orientation/
solar flux combination. This would result in a
correct input to the bus at Mercury, at least for
the TCM. Unfortunately. this same technique
was not used for the Mercury mode during the
STV test. Although maintained at approximately
the same temperature, the reflector was posi-
tioned differently, which resulted in a smaller
input to the bus than there would be during the
equivalent TCM mode. Since the flight predicts
arc based on the STV test results, it is probable
that the Mercury predicts are lower than they
should be for those assemblics whose tempera-
tures are influenced by the high-gain antenna.

The propulsion module temperatures are
sensitive to both the solar panel temperature and,
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to a lesser extent, the high-gain antenna tempera-
tures. The effect of tilting the solar panels at
Day L + 42 and L. + 43 is evident on all propulsion
module temperatures {Propellant, Propellant Np,
Thrustplate, and Propellant Valre). The effect
was greatest on the thrust plate and thrust plate-
mounted components, which exhibited a 2, 2°C
(4°F) decrease in temperature as a result of the
solar panel tili. As the solar panels warmed, the
temperatures of the thrust plate and thrust plate-
mounted components increased more rapidly than
predicted, indicating the presence of an increas-
ing extraneous input.

The TVCA temperature also indicated a sensi-
tivity to solar panel tilt. The effect of tilting the
solar panels was -2.8°C (-5°F), and here again it
was apparent that the TVCA temperature
increased at a slightly faster rate than the pre-
dict would indicate.

b. Appendages. The temperature of most
appendage items were close to the predicted tem-
peratures, with only a few exceptions.

The PSE scan platform package temperature
showed & rate of temperature increase greater
than predicted, but only after the solar panels
were tilted. By tilting the -X solar panel to
40 deg, the view factor between the panel and the
PSE scan package was increased significantly,
resulting in a thermal input to the PSE that varies
directly with solar intensity. This increasing
input explains the deviation in slopes between the
predicted and the actual temperature profiles.

The UVSO instrument also showed a sensi-
tivity to the solar panel tilt. The UVSO tempera-
ture increased 1.7°C {3°F) due to tilting the +X
solar panel to 25 deg. The next day, when the +X
solar panel was veturned to +12 deg tilt, the UVSO
temperature decreased about 0.56°C (1°F). As
the panel temperature increases and the solar
intensity increases, the UVSO temperature
diverges from the predict. The UVSQO tempera-
ture is 2. 2°C (4°F) higher than anticipated. The
predictions do rot include a variable solar panel
tilt effect, but are based upon STV test data which
was valid only for specific solar intensities and
solar panel tilt angles. Between these data points
the panel effects were neglected.

The IRR temperature increased 3.3°C (6°F)
when the -X solar panel was tilted to 40 deg, even
though the average panel temperature decreased
15.5°C (28°F). llere again, due to the fact that
this input from the solar panel increases with
solar intensity, the IRR temperature was increas-
ing faster than predicted, which does not include
this variable effect exc.pt at those mission points
tested during STV,

The spacecraft sunshade continued to increase
in temperature due to an increasing solar flux and
beta-clnth degradation. The solar absorptivity
(0g) of the beta cloth increased to an indicated
value of approximately 0.35. This was an increase
of 0.01 over the preceding 40 days and represents
less degradation than anticipated.

The predicts for the solar panel substrate
temperatures pertain only to the outboard tem-
perature measurement on each solar panel, since
they are unaffected by the presence of the bus or
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snacecraft sunshade. Actual data from the
inboard measurement was plotted, however, to
show the extent to which the inboard . -mperatures
are influenced by the rest of the spacecraft.

The outbonard solar panel temperatures fol-
lowed predictions quite closely. On the 4 X panel,
the temperature transducer was located on the out-
board corner of the panel near the trailing cdge,
and was within . 1°C (2°F) of predict (the predict
having been revised for the actual tilt profile).

The transducer located outboard on the -X

panel near the leading edge was within 4°F of
predict.

The predicts for the X solar pancl zener
temperatures have not been updated to reflect the
differential panel tilt. In addition, zener power
dissipation was affected by the nonstandard tilt
profile, thereby significantly changing the shape
of the actual data plot versus the obsolete pre-
dicted plot.

The high-gain antenna temperatures gen-
evally followed the predicted profiles. Only the
center transducer was below the predict, probably
as a result of being partially shadowed by the
Y -bar and coaxial cabling on the back of the high-
gain antenna reflector. The high-gain antenna
boom temperature significantly higher than pre-
dicted. Part of the reason for this discrepancy
is the large uncertainty in determining the boom
radiative propertles and solar input as a function
of high-gain antenna dish position.

With the dish in a 160-deg cone angle position,
it provided a sizeable energy input to the high-gain
antenna boom and at the same time hlocked the
view of the boom radiator to space. As the dish
cones away from the anti-Sun direction, the
radiator becomes exposed, thereby relieving the
situation considerably.

Blockage of the high-gain antenna boom
radiator was uot foreseen, due in part to the fact
that during the high-gain antenna thermal develop-
ment test the configuration was such that blockage
of the radiator did not occur as the dish was
articulated through the range of mission cone
angles.

The high-gain antenna feed temperature was
h‘:g“"" thu,\; er edicted due to the reoceur rl"l” mon—
gain antenna feed anomaly. The feed was approxi-
mately 6.7 to 8 3°C (12 to 15 F) above prediction.
The high—gam antenna was positioned to 160 deg
cone at L + 62 days in an attempt to maximize the
feed temperature without illuminating it in order
to prevent the anomaly from reoccurring. Four
days later, the high-gain antenna was repositioned
to automatically track the Earth along the antenna
boresight. The effect of this high-gain antenna
movement was readily observed in all high-gain
antenna temperature measurcments.

c. Scan Platform. The scan platform tem-
peratures continued to be colder than predicted
prior to launch due to the TVS optics heater
failure. Scan pletform temperaturcs have been
found to be scnsitive to scan platform cone angle
and to solar panel tilt angles. Tests on the tem-
perature control model indicated the scan plat-
form was not sensitive to solar panel tilt and
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temperature; however, the scan platform was
stowed at 255-deg clock in that test. In flight, the
scan platform was stowed at 94-deg clock/61-deg
cone, looking out toward a sclar panel tilted

40 deg to the Sun.

d. Temperature Data Associated With
Spacecraft Anomalies. On Day L + 52, the high-
gain antenna S/X band feed temperature increased
11.7°C (21°F) over a two and a half hour period.
The reason for this sudden increase was an
apparent failure in the S-band portion of the feed
which caused some of the RF energy normally
radiated toward Zarth to be reflected within the
feed and dissipated as heat. The temperature
transient was preceded by other indications in
spacecraft telemetry and on the ground that a
partial feed failure had occurred. Subsequent
thermal analysis indicated that the additional
energy dissipated in the feed amounted tc some-
thing between 1.0 and 1.6 W. RF subsystem
personnel estimated the energy loss to be between
Z.0and 2.5 W,

Subsequent to the initial failure, the feed
anomaly cleared and re-failed twice. S/X-band
feed temperature is shown in Fig. 83 for each of
these occurrences.

On Day 008 (L + 64 days) failure logic in the
power subsystem automatically switched from the
main power chain to the standby chain. Since this
switch was irreversible, the power conditioning
equipment was no longer redundant. There were
no abnormal spacecraft temperature indications
either before or after this event.

The scan platform was continuously plagued
by an anomaly that causes the cone slewing rate
to decrease at cone angles in the 150 to 180°
range. In order to cause the observed slowing of
the platform, an extraneous torque in the neigh-
borhood of 11.3 N-m (100 in,-1b) is required.
Various hypotheses have considered cable bundle
stiffness at low (-18°C or 0°F) temperatures,
cone bearing galling or distortion, thermal
blanket interference and actuator malfunctions.
No temperature effect has been observed that was
peculiar to these anomalies.

3. Performance From iaunch + 70 days
Through Launch + 110 Days

For the 40-day period between L + 70 and
L+ 110 days, the Mariner 10 spacecraft was
therrnally active. Thermally significant events
were the gyro turn on/trajectory correction
maneuver 2/solar panel tilts, television subsys-
tem on/off sequences and the recovery of the TV
optics heaters, roll calibration maneuver (RCM 7)
and the assoc¢ .ted gyro anomaly, Venus enccun-
ter, special gyrec tests, and supplemental heater
turn offs. The events are chronologically listed
in Table 15.

Several spacecraft anomalies occurred dur-
ing this period affecting the high-gain antenna
performance, gyro performance, TVS heater
operation, and the scan platform slewing capa-
bility. These ancmalies will be discussed only
to the extent that they affected spacecraft
temperatures.

68

During this period, the solar flux at the
spacecraft increased 66, 7% from 0. 197 W/cm?é
(183 W/ft2) (1,45 solar constants) to
0.3 W/(:rn2 (305 W/ftzj (2. 42 solar constants),
Since launch the solar intensity at the spacecraft
has increased 142.3%. The total accumulated
solar exposure was 3733 equivalent sun hours.
The overall performance of the Temperature
Control Subsystem was nominal with most space-
craft temperatures following predictions. In Sec-
tion VI-C-2 it was noted that several tempera-
tures were diverging from prediction due to
reradiated energy from the MHGA. This effect has
diminished but was still evident during this period.

The only cause for concern in the realm of
temperature control at that time was the HGA
boom temperature which was representative of
the HGA APS actuator temperatures. The IGA
boom temperature continued to increase at a
rate well in excess cf the predicted rate.

The other spacecraft temperatures deviating
from prediction did not appear in any danger of
violating allowable temperature limits through the
remainder of the mission.

a. Bus and Propulsion Modules

Those assemblies located in the bus and the
propulsion module whose temperatures deviated
significantly from predicts were influenced by
solar panel tilts, reflected and reradiated energy
from the HGA reflector, and spacecraft power
states. Those assemblies most notably affected
by the HGA are clustered on the +Y side of the
spacecraft, namely Bays 2, 3, 4, the X-band
transmitter, and the Canopus tracker.

The Canopus tracker temperature continued
to be influenced by the HGA and the solar panels.
The departure from predicts noted in Sec-
tion 6. 3. 2 diminished due to the cooling of the
HGA. The solar panel effect was more notice-
able due to the large decrease in panel tempera-
ture when tilted. On L, + 104 days, the panels
were tilted from 45 to 58 deg and the Canopus
tracker temperature dropped 1. 1°C (2°F). The
Canopus tracker was less than 2. 2°C (4°F) above
predictions.

The X-band transmitter temperature was also
returning to predicts due to the decreasing HGA
effect and was less than 2.2°C (4°F) above
predicts.

The temperatures for Bay 2, Bay 3 and
Bay 4 all exhibited a similar tendency to return to
normal values as the HGA effect diminished.
Solar panel effects were evident on both Bays 2
and 4.

The response of the propulsion module and
the TVCA to supplemental heater turn offs and
solar panel tilts is listed in Table 16. Due to the
extremely long time constant ot the propellant
tank, however, temperature changes in the tank
were effectively reduced by the increasing solar
intensity. The propulsion module temperatures
seemed to be following predictions reasonably
well, thereby providing additional confidence in
the ability to project temperatures for future
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Table 15. Thermally significant events occurring between L t+ 70 and L + 110 days

GMT time (Earth received time)
Day from

launch - Event
Day of year Hours
L+ 73 016 16:11 -X solar panel to 12 deg
L.+ 74 017 16:36-18:51 Gyro turn-on sequence
017 16:54 TVS heaters on, both/both
017 21:58 TVS heaters to low/low
L+ 75 018 16:22 UVSO power on
018 21:485 UVSO power off
L+ 77 020 22:16 UVSO power on
L+ 78 n21 16:22-20:44 TCM 2
021 20:52 -X solar panel to 45 deg
021 20:59 ¢ X solar panel to 45 deg
L+ 89 023 17:32 P’SE scan stop
023 18:19 PSE scan low
I+ 81 024 03:16 TVS off
024 16:30 PSS scan on, low
L, + 82 025 18:35 TV heater to hi/hi
L.+ &5 028 15:41-21:00 RCM 7
21:00-21:37 Gyro anomaly/gas leak
0zs 23:37 PSE scan on, high
1. + 8Bé 029 00:33 TVS on
029 04:14 IRR on
1.+ 93 036 17:01 Ev closest approach
036 19:27 IRR off
N36 21:34 PSTE scan on, low
. + 94 037 17:03 UVSO power off
.+ 95 038 23:26 PSI. scan stop
L+ 96 040 21:39 TVS off
L+ 97 041 03:03 TVS on
041 04:03 TVS off
041 07:03 TVS on
041 10:03 TVS off
041 17:073 TVS on
041 165:03 TVS off
L + 98 042 01:03 TVS on
042 02:03 TVS off
042 02:54 TVS on
042 10:04 TVS off
042 17:03 TVS on
042 18:04 TVS off
1.+ 99 043 05:03 TVS on
043 06:03 TVS off
043 17:03 TVS on
043 18:03 TVS off
L4100 044 05:03 TVS on
44 06:04 TVS off
044 17:04 TVS on
044 18:30 TVS off
L+ 101 045 18:33 Gyro test
L+ 102 016 N0:41 -X solar panel to 58 deg
046 01:41 I X solar panel to 538 deg
046 16:36 P5E scan on, low
046 22:36 DC 66 off
L+ 105 049 N7:06 I.ost canopus/gyros on
maneuvers., Th> TVCA was 3.9°C (7°F) below elaborate and designed to prevent any excess
its prediction. This was due in large part to the stress of the power system since the switch to the
solar panel tilts, which are different from those standby power subsysten) elements was at that
used during STV testing and assumed in the time an unresolved event. The sequence is proe-
predicts. sented in Table 17. Figure 84 presents the TWT
base temperatures during the gvro turn-on
The gvros were turned on on L + 76 days sequence. Figures 85 to 88 present the propul-
(GMT day 017 17:37) and remained on through the slon module temperatures, PSE platform tempera-
maneuver, TCM 2, until I. + 87 days (GMT day ture and the gyro temperature. The gyro reached
028 21:37) at which time an anomaly was a steady-state temperature of 41.7°C {(107°1).
observed. The gyro turn-on sequence was When the TVS was turned off on L. + 82 rlays, the
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Table 16. Propulsion module temperature response to supplemental heaters off and solar panel tilts

AT, °C (°F)
. Fue
Time vent E070 £455 456 £457
TVCA Propellant Vatve Thrust plate

L+ 76 Days DC 64 supplemental heater off .8 (-5} -1.1 (~2‘,a T8 -1 -8, 9 (- 160
1654 Day 017 13.5 W on thrust plate

-X solar panel from 40 to

12 deg
L + 80 Days Solar panels tilted from 7 (-12) * -39 (-T) S5, 6 (-1
2052 Day 021 2 to 45 deg
I. + 104 Days Solar panels tilted from L9 (-7 2 -202 (-0 -2.2 0 (-4
0100 Day 046 45 to 58 deg
L + 105 Davys DC 66 supplemental heater off A (=8 22,2 (- 128 -2 1208 (=233

2236 Day 046

13.5 W on thrust plate

Ao . ; . -
Difficult to determine due to the very long time constani of the propellant tank,

Table 17. Gyro turn-on sequence effect upon the gyro was approximately -1.1°C
(-2°F). Other gvro turn-ons and transients will

Time, GMT

Event

be presented in a later section.

017  16:11:32 -X solar panel to 12 deg The television subsystenm was turned off on
017 16:36:32 TVS off (DC 48) L+ 82 days (GMT day 024, 03:16), then turncd on
’ again at L. 1 88 days (GMT Day 029 00:33}, and
017 16:41:32  TWT low power (DC 43) then off again at L. - 99 days (GMT Day 040 21:531),
017 16:51:32 APS supplemental heater off The TVS affects all of the Bay 6 assemblies and,
(DC 62) to a lesser extent, Bays 5 and 7. The PSF clec-
) tronics changed approximately 3. 9°C ({T°F) duce to
017  16:54:32 Propulsion/CPT heater off the TVS switching. The gyro effect is about 1. 1°C
(DC 64) (2°F) on the PSE electronics. The Magnetometer
TVS Optics heaters on processors, also located in Bay 6, changed
017 16:57:32 Propulsion/Sun sensor approximately 2,2°C (4°F) duc to the TVS switch-
heater off (DC 66) ing. The Bay 6 temperature changed about 3.3 C
(6°F) due to the TVS switching., The gyro had only
017 17:00:32 Gyro heater off (DC 69) a 0.5°C (1"F}) cffect upon the average Bay 6 tem-
017 17:03:32 PSE supplemental heater off peraturc. The TVS switching has only a 1.1°C
(DC 63) (2°F) effect on the average bay temperature of ‘
Bays 5 and 7. The TVS optics heater turn-on will
017 17:28:32 MAG B off be discussed in the scction on the scan platform,
017 17:31:32 MAG A off
- The CPT supplemental heater, comimandable
017 17:37:38 Gyros on with DC 64, was turned off at L. + 76 days. This
ni7 17:51:38% TVS on (DC 78) resulted ina 5.6°C (10°T) drop in CPT tempera-
- - w - ture. This change was expected, based upon the
017 17:58:32 MAG B on (DC 72) results of the STV test. There was an additional
017 18:01:32 MAG A on (DC 46) temperature drop expected when the gyro heater,
- X . . DC 69, was turned off. The AT would be approxi-
017 18:11:32 PSE s‘upplemental heater on mately 2. 2°C (4°1).
(DC 63) ’
017 1 3:26:32 Propulsion/Sun sensor b.  Appendages. The temperatures of most
heater on (DC 66) appendage items were close to predictions with
. . only a few exceptions.
017  138:31:32 Gyro heater on (DC 69) '
017 18:51:32 Transmit LLGA The cruise sun-sensor temperature decrease
" . ‘ was only 11.1°C (20°17) when the DC 66 supple-
017 19:21:3% Transmit HGA mental heater was turned off., The expected tem-
017 19:36:38 TWT high power (DC 42) peraturc doecrease was 16, 7°C (30°F),
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The PSE scan platiorm temperature sensor
exhibited several interesting signatures. On
L+ 87 days (GMT day 025 23:37) the scan rate
was increased {rom 1 deg/sec to 4 dep /sec and
the average scan platfor: temperature decreased
~2,2°C (~3°1). Turﬂmo the scan off resul *ef’ i
a 2.8°C (5°F) decrease in temperature. This

decrease was due mainly to the scan motor and
clectronics ‘)em: turned off. Solar panci tilting
also scemed to have approximately a 1. 1°C (2°F)

effect upon the PSE scan platform temperature.
The PPSE temperatures followed the predict with a
slight deviation, irdicating some degrarlation of
the Sun facing silvered teflon surfaces.

The UVSO experiment was turned on for the
first time on L.+ 76 days (GMNU day 015 16:22) and
then off at GMT day 018 21:43. The transient
response 1s shown in Fig. ¥85. The UVSO was
turned on for Venus encounter at L5 70 days

IMT day 029 22:10) and an expected 3.°0°C (7°F)
temperature drop was ohserved. The replace -
mient heater for this instrument was larger than
the actual dissipated power by about 0.3 W. The
UVS0 was turned off at 1.+ 66 days (GMT day
037 1703) and again the temperature increascd
4.4°C (8°F). When the sun sensor heater, DC 66,
was turned off at I. - 105 <"ay~=, the UVSO tempera-
ture decreased 3. 9°C {16717 as expoected.  T'he
temperature was 2, 5°C \:»"}\ above that predicted
for the UUVSO off, Solar pancl tilting scemed to
have less effcct upon the UVSO at the higher tilt
angles in that the temperature did not toggle fol-
lowing a solar panel tilt,

The IRR temperaturce was difficult to inter -
pret, since several chanpges occurred simul-
taneously, but it did scem to traclk the P’SE scan
platform temperature For example, stopping
the PSE scan platform on 1.+ 82 days resulted in a
1.1°C {2°F) drop in IRR temperature. On
L + 87 days, the IRR was turned on at the same
time the PSE scan rate was set to 4 deg/sec. The
result was a decrease in IRR temperature of about
.7°C {(3°F). At 1.+ 95 days the IRR was turned
off, and the PSI scan rate returned to 1 deg/s,
resulting in a temperature increase of 3. 9°C
(77F).

At 1. + 104 days, the solar panel was

tilted from 45 to 5% deg and the PPSE scan was

started. This resulted in an IRR temperature

decrease of 3. 3°C (671}, indicating a significant

solar panel eflcct, especially since the PSI tem-
r

perature inc ed

o~

n N

ea .
The two MAG sensor package temperatures
continued to increase with an obvious solar panel
effect. The various flip sequences "vere also evi-
dent on the outboard magnetometer. During the
gyro turn on sequence, the MAG was turned off,

and the resultant temperature drop was 5. 6°C
(10°F} at ar. initial rate of 11, 1°C {(20°F Y/ hour.

The HGA refiector temperatures {ollowed the
updated predictions reasonablv well. The origi-
nal temperature predictions did not consider the
fact that the equation that Tocates the line of flight
transducers on the reflector is a double-valued
function; at clock angles between 130 and 360 deg,
the T1 transduccer is toward the Sun for all cone
angles; for clock angles between 0 and 150, the
T3 transducer is toward the Sun. Therefore at
approximately L + 79 days, the rolative position
of the transducers to the Sun changed, The S/X-
band feed temperature, F-670, followed the pre-

dict reasonably well in spite of the temperature

perturbations causcd by the intermittent feed
anomaly. The HGA boom temperature (E-758)
s!:iH deviated si ﬂni{lcantly from the original pre-

lictions. A review of the analyvtical model showed
L.laf the antenna dish effects were ignored. It was
believed that these effects coupled with an
increased solar input contributed to the error.
However, such simple acdditions to the model are
not enough to explain the continued deviation as
the antenna moves away from the boom, decreas-
ing cone angles and increasing clock angles

The lower thermal blanket temperature
{E-753} was obviously sensitive to solar panel tilt
angle. During STV testing, tests were conducted
at 3%-deg tilv and 2.0 solar constants {equivalent
to L+ 97 daysi, and at 70-deg tilt and 4. 8 solar

]
constants ([, ¢+ 199

The svacecoraft sunshade (E-757) continued to
perform remar .«L'hly well, The temperature was
1.7°C {251°F) compared to a predicted tem-

perature of ’20 F. The sunshade was exposed to
a total of 3733 equivalent Sun hours., The esti-
mated degradation in solar absorptivity was only
0.07 at 1.+ 110 days. This indicated a consider-
able slowing in the rate of degradation.

The solar panel temperatures (E-871, -872
-873, -875, -876, and -877) continued to follow
predictions reasonably well. The analytical
model used for the flight predictions did not
account for spacecralt-induced effects. The
model was corrected for edge cffects and pre-
dicted the leading and trailing edge temperatures
reasonably well. Table 18 presents a summary
of the solar panel temperatures. Figure 89 pre-
sents a schematic of the spacecraft showing the
solar panei transducers and temperatures for
several tilt angles. As can be seen, E871, E873,
and E876 are all trailing edge transducers and
are tracking one another closely. Transducers
E872 and E877 are leading edge transducers under
the sunshade, and they, too, are tracking each
other reasonably well.

¢. Scan Platformi. As reported in Sec-
tion VI-C-1, the TV optics heaters failed to func-
tion at launch resulting in platform temperatures
well below those anticipated. At L.+ 76 days, a
power-down sequence for gyro turn-on was con-
ducted during which the propulsion/C’jT supple -
mental heater (DT 64) was
heater was turned off, the TV optics heaters
began tu function normally. (See Section VI-C-3-d
for further discussion and the response of plat-
form temperatures to optics heater recovery.) A
chronology of p[atmrm power changes including
this occurrence is given in Table 19,

turned off. As this

The scan plaiform achieved thermal equilib-
rium in three significant power configurations
since launch:

(1) TVS on, optics heaters off.

(2) TVS on, optics heaters on.
(37 TVS

off, optics heaters on,

A summary of scan platform temperatures
for these threc muodes is provided in Table 20.
For comparison, the analytical predictions are
also presented for the case of 0 W optics heater
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Table 18. Solar panel temperature summary

Panel termmperatures

Average
. Solar flux, . panel Predicted Actuals®
Time W/ Tilt,
{L time) /o2, deg tempera - ]
! (BTU/fte/h) : ture, T T £871 E873 £875 ESTh
°C (°F) leading, trailing, X 1Y X N
*C (") "C(°F) °C (°F) °C (°F) °C (°F) °C{°F)
L + 45 1584%.5 12 60 55 47,4 47,2 48,3
(504. 2) (140) (131) (118 (117) (119
L+ 61 1802.9 12 71.1 65 57, 8 53.3 50, 4
(571.9) (160) (149) (136) {137) (139)
L+ 74 2057.3 12 83.3 6.1 64.3 70 71.7
(652.6) (182) (169) (155) (15%) (161)
Lt 45 1589.5 40 41.1 36. 1 30 33,3 32,2
(504.2) (106) (97) (86) {92) (a0
L+ 61 1802.9 490 51.7 146. 1 38,9 43,0 12,2
(571.9) {125) (115) (102) (111 (105)
L+ 74 2057, 3 40 62.8 56, 1 18,9 54,4 53,3
(652.6) (145) (133) (120) (130) (rz=)
L+ 81 2204.5 45 61.1 55.5 8.3 19,4 50. 5 54. 4 52.2
(699.3) (142) (132) (119} (121 (123) (130} (1ed
L + 85 2342.6 45 65.5 52.8 55 5 60 57,8
(743.1) {150} (127) (131) {(132) (140) (1361
I + 97 2736 45 78.9 72,8 65 67.8 65. 3 73.9 1.1
(867.9) (174) (163) (149) (154) (155) (165) (160)
L+ 103 2944. 4 45 86. 1 79,4 71.1 75 75.6 82.2 T8,
(934.0) {(187) (175) (160) (167) (168 (180) (173
I, + 104 2987.6 58 62.2 6.7 19, 4 51.1 51.7 58,3 53.3
{(947.7) (144) {134) (121) (124) (125) (137) (128)
L+ 108 3212.7 58 67.8 62,2 55 55,5 57. 2 65 58, ¢
(1019. 1) (154} (144 (131) {132 {135) (149 (138
L+ 118 3836.3 58 83.8 77,2 68,9 70 70, 6 79. 4 2.8
(1216.9 (182) (171 (156) (158) (159) (175) (163)
L+ 118 3836. 3 66 60. 6 55.5 48,3 47,2 47.8 57.8 10, 4
(1216.9) (141) (132) (119) (117 (118) (136) (121)
L+ 128 4703.8 66 77.8 2.2 64,4 59. 4 61.1 75,6 65
(1492.1) (172) (162) (148) (13ayb 42b (163) (145
I+ 137 5584.9 66 93.9 86. 7 78,3
(1771.6) {201) (1588) {(173)
L+ 137 5584.9 71 73.3 7.8 60
{(1771.6) (164) {154) {140)
I, + 147 6262.7 71 83.3 77.2 69. 4
(1986.6) (182) (171 (157)
L+ 156 6479.6 71 86. 7 80. 6 W33
(2055. 4) (188) (177) (182)

*E875 leading edge; E871,

b.\"ot at 66 deg.

E873, E

876, trailing edge.
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Table 19. Platform power changes

GMT
L + Day Event
Day h:min
L+ 74 016 16:54 Optics heater recovery in both/both state (8,3 W each)
L+ 74 016 21:58 Heaters from both/both to low/low (3.3 W each to 3.7 W each)
1. + 81 023 0D3:16 TVS off
L+ 83 025 18:35 tHeaters from low/low to high/high (3,7 W cach to 6.0 W cach)
.+ 87 029 00:33 TVS on for Venus encounter
i 98 040 21:39 TVS off after Venus
L.+ 99 041 to TVS5 1.ned on for several hours each day for far encounter picture
taking sequences
L+ 101 043 18:33 TVS off

power dissipaticn (heater off) and for the case of
6. 0-W optics heater power dissipation {heater on).
The column headed AT is the difference between
the predict and the {light temperatures. Since the
analytical model is valid only for the case where
the scan platform is stowed, the two operating
cases show good agreement with the analysis.
‘herefere, the analytical model is adequate and
provides reasonably accurate temperatures,
Comparing the nonoperating case with the predic-
tion gives about -11.7°C (-21°F)} discrepancy.
This difference is attributed to the effect of slew-
ing the platform away from the upper blanket
(higher cone angles), thereby exposing a greater
area of the scan platform blanket to space.

d. TCM 2 Temperatures. A second trajec-
tory correction was conducted prior to Venus
encounter on GMT day 021. The power subsys-
tem was "'unloaded’ to insure against any POR or
battery share modes. All observed temperature
responses to the maneuver were nominal. low-
ever, some responses were masked by the power
subsystem '‘unloading. ' Figure 90 presents the
propulsion module temperatures. The fact that
the DC 66 heater was turned off prior to the turns
complicates the soakback temperatures. The
thrust-plate experienced a 27.2°C {49°F) rise in
temperature due to the 3.75-s burn. The pro-
pellant valve experienced a 17.2°C (31°F) tem-
perature rise and the TVCA a 8.4°C (15.5°F)
rise in temperature. The expected soakback
temperatures were significantly higher than those
observed; expected valve AT was 37.83°C (68°F)
and the expected AT at the TVCA was 20.5°C
{37°F). Bus temperatures due tce the pitch turn
of 34.7 deg were minimal. Figure 91 presents the
HGA temperatures for the HGA slew prior to and
after the maneuver as well as during the maneu-
ver. Figure 92 prescnts the cruise sun sensor
and UVSO temperatures. Prior to the maneuver
all supplemental heaters were turned off in order
to "power down'' the spacecraft, thus preventing
a possible battery share morde. Figure 93 pre
sents the TWT temperature transient when
switched from high to low power and rveturned to
high. Figure 94 presents the effect of DC 69
upon the gyros in Bay 7. Figure 95 presents the

JPL Technical Memorandum 33-734, Volume I

PSID scan platform termperatures.  The 'S scan
was turned off, also the PPSE and the supple -
mental heater. In all, the PSE scan package
dropped 11.7°C (21°F) during the mancuver
sequence, reaching a low of 1.7°C (36°F) —
1.7°C (3°F) above the flight temperature limit.

e. Venus Iincounter. Temperature data
during the Venus encounter sequence was not
very dynamic. Venus closest approach (5300-km
altitudej occurred at 17:01 on GM'V day 036.
Real-time data was lost from 17:12 until 17:36
as the spacecraft was occulted from the Earth
by the planet. Figure 96 presents the perfor -
mance of the radio bay (Bay 4) during the encoun-
ter. Presented in the figure are the calculated
planet emitted and reflected heat loads on the
Bay 4 shear-plate. Also shown is the calculated
temperature rise of the Pay 4 shear-plate and
radio camponents. The circles represent the
actual flight spacecraft data for the VCO (26661,
Figure 97 presents four of the most active tem-
peratures on the spacecraft. TFirst are the two
TV optics temperatures which increased about
2.2°C (4°F) during encounter. The +X solar
panel outboard transducer ([2871) showed a 3.3-C
{(6°F) increase and the I'GA S/X feed about 7°C
{12.6°F). The THIGA feed performance did not
vary during this temperature transient.

f. Temperature Data Associated With
Spacecraft Anomalies, An anomaly occurred on
GMT day 028 21:00 hours at the conclusion of the
roll calibration manecuver No. 7 (RCM 7). The
roll axis began to oscillate and blow gas in both
pairs of roll gas jets. The gyros were turned off
at 21:37 and a normal cruise state was reestab-
lished, Approximately 544 g (1,2 1bm) of gas was
expended during the anomaly. Figure 98 presents
the gas bottle temperatures during the anomaly.
There was no change in gyro temperature.
Beginning at 1537 on GMT day 015, a special gyro
test was conducted to determine the condition of
the roll gyro and to verify various postulated
failure modes. Figure 99 presents the gyro tem-
perature data from this test. The data indicates
no degradation of the gyvro which would change its
temperature signature. At approximately

-1
~J




Table 20.

Comparison of flight and predicted temperatures

Prediction Flight data
TVS on, TVS on, TVS off,
heater off, heater on, heater on,
0 W 6.0 W scan stowed scan stowe/! scan at 157 deyg cone
heater, heater,
°C(°F) cC(°F) Tempera- Termpera- Tempera-
ture AT ture AT ture AT
°C (*F) PCH{ K cC{°F)
Nonoperating
TVA optics front  -32.2 2.2 -5, 9 -11.1
(-26) (36) (16 f- 20
TVA optics rear -26.7 6.7 -6 12,
(-16) (44) 21 (-2
TVA -21.1 12.2 0.5 117
(-6) {54) (33 (-21)
- TVB optics front -31.7 2.8 -5.9 -1 7
(-25) (37) (16 (-213
TVB optics rear -26.1 7.2 -5.5 -1
{-15) (45) (22} (-273%)
TVB -20,5 12.8 0.5 [
{-5) (55) (33) (-22)
ALES -36.1 0 a, 4 -G
{-33) (32) (153 (-17)
UVSA -24,4 3.3 -3.9 -12. 2
(-12) {47) (25) {~. 7
APA -26.7 7.2
(-16) (45)
Operating
TVA optics front  -21.1 8.9 — 0 1.1
(-6} (483 (50) (+2)
TVA optics rear -13.7 14. 4 -16.1 -2.8 12.8 -1.7
(7) (58) (3) (-5) (55) (-3)
TVA -5 22.8 -5.6 -0.56 22.2 -0.56
{23} (73) (22) (-1} (72) {(-1)
TVDB ontics front  -20 10 — - 9.4 -0.56
(-4) (50) (49 (-1)
TVB optics rear -12.8 15.5 -13.3 -0.56 13.9 -1.7
(9) (60) 8) (-1 (57) (-3
TVB -4, 4 22.8 -4, 4 0 21.7 -1.1
(24) (73) (24) (71 {(-2)
AES -1K.9 8.9 -15 3.9 10.5 1.7
{(-2) (48) (5) (+7) {51) {(+3)
U\ SA -11.7 16.1 -5.9 2.8 14, 4 1.7
fn (61) (16} {+5) (58) (+3)
APA -16.7 12.2
(2} {54)
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07:12 on GMT day 049, Canopus was lost and the
gyros came on. The gvro temperature data is
presented in Fig. 100,

Since the initial partial failure of the S-hand
feed on 1. + 52 days, the failure has completely
healed twice, partially healed once and partially
failed six times,
resulting from these various changes in the con-
dition of the feed are presented in Tahle 21.

The temperature changes

On L + 76 days, when the TV optics heaters
began to function, the turning off of the propulsion/
CPT supplemental heater (DC 64) apparently
removed the postulated ground fault that had pre-
viously prevented the FDS MOSFET switches from
closing. Figure 101 shows the temperature
response of the scan platform to the recovery of
the heaters which cane on in the both/both state
(8.

i~

3 W per camera).

e Performance from Launch + 110 Days

Through Launch ¢ 163 Days

The 55-day period between L + 110 days and
1. + 163 days included the following events of pri-
mary thermal significance.

Cne major spa~ecraft ancinaly uvccurred
during this period. The Day 000 (L + 148 davs)
power anomaly occurred the day after Mercury
closest approach and caused a large additional
and permanent power dissipation in Bay 1. The
thermal consequences of each of these anomalices
will be discussed in detail later in this report.

flux at the
W/em<
110 days to

During this period, the sol
spacccraft progressed from 0.3
(305.3 W /ft?) (2. 42 suns) at I, -
0.65 W/cm?2 (6032 W/ft2) (1. 74 suns' at peri-
helion (L. + 153 days), then back to 0.6 '\i"/cn*‘)'
(553.6 W/ft) (4. 40 suns) at L.+ 165 days. The
total accumulated solar exposure was S76H3 equiva-
lent sun hours (ESI.

a. Summary., The only mechanical devices
function performed during this period was the
deployment of the low-gain antenna to its third
position. This event occurred successfully on
Day 098 (I. ¢ 156), Success was verified by tele-
communications performance, since there is no
microswitch indication for the third position.

The overall spacecraft thermal performance
was normal with most spacecraft temperatures
following predictions. The most troublesome
of the temperatures not following predicts was

(1) The third trajectory correction maneuver the IIGA boom temperature which exceeded its
(TCM3) at 3. 88 suns. upper FA temperature for a period of several
days between I.+ 147 and L.+ 154 days. The
(2) Mercury encounter with an S-min solar temperatures of mest sunlit components of the
occultation at 4. 60 suns. spacccraft were higher than predicted due to an
increase in solar absorptance resulting {from pro-
(3) Spacccraft perihelion at 4. 79 suns. longed exposure to the solar environment.
Table 21. IIGA anomaly temperature data and derived fced power dissipation
Before After
Occur- nccurrence occurrence
rence Day AT, °C AP, W
No. Temperature, Power, Temperature, Power,
CC(°F) W °C (°F) W
1 . = 52 -51 (-59.8) 1.07 39,4 (-39.0) 2.77 11,5 (+20.8) -1, 70
2 I+ 56 -36.4 (-33.5) 2.38 -48.2 (-54.7) 0. 63 ~11oN (=21, 2) STt
3 I+ 56 -48.2 (554 Ty 0.68 -36.4 (-33.5) 2.38 11,5 (121.2) 1. 70"
4 1.1 62 -30.1 (-22.2) 2. 25 -36.1 (-33.8) 1. 34 -6.3(-11. % -0.91
5 1.+ 65 -33.3 (-27.9, 1.28 -23.7 (-10. 6 2.82 Goo 1T 3) 11,540
6 L+ 93 -6.0 (+14. D 1.72 3.0 (114, D) 1,72 0 ) b
7 L+ 93 -6 (1140 1) 1.72 SGL0 (T 1.72 0 0 b
8 1.4 99 B T R 0. 3o 13 (4TL ) 0, 30 0 0 b
9 L.+ 107 -13.4 (+7.89) 0. 89 -16.9 (11.5) 0.17 3.5 (6.3 -0.72
10 I. 108 -16.9  (+1.53% 0. 17 S04 (TR 0, =a 3.5 (163 0, T2

“Tolerance - 0.1 W
All other power Nos., =0.8 W

PSince 1 DN =14, 2°C (6.5°T),

AP of =0, 8 W is possible with no apparent AT,
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b. Temperature Control Performance

(1) Comparison of Flight Temperatures
versus Predicts. Overall temperature control
performance was reasonably close to that pre-
dicted. The single spacecraft temperature mea-
surement that persistentiy eluded all attempts to
predict its behavior was the 1IGA Loom lerpera-
ture (Fig. 102). The most probable reasons for
this difficulty are: (a) the complex nature of an
accurate analytical model, caused primarily by
the varving IHGA geometry, and (b) the likelihood
of degradation in the solar absorptance of painted
portions of the boom.

It is intercsting to note that both the [1(;A
boom temperature and the HGA S/ X feed tenmpera-
ture (Fig. 103) abruptly start increasing at
L + 140 days from previous temperature levels
that are relatively steady. Although ncither of
thes~ increases was predicted, closer study
reveals that the IHGA pointing vector passed
through a cone angle of 90 deg on I, + 140 days
and continued to decrease as shown in Fig. 103,
The probable explanation for the feed increase,
therefore, is the effect of the additional solar
load on the feed that is diffusely reflected from
the concave side of the dish. The boom tenwera-
ture may be responding to the same stimulus, but
instead of the additional heat load consisting of
reflected solar energy, the input would be reradi-
ated IR from the back of the dish to the boom
radiator located on the anti-Sun side of the boom.

Table 22 compares the actual flight tempera-
tures at Mercury against those predicted prior to
launch (Bibliographic ref. 7). The comparison
shows the spacecraft tc be generally warmer at
Mercury than predicted, the only significant
exception being the scan platform.

Table 23 lists the differences between actual
flight temperatures and STV test temperatures
for selected spacecraft components. The only
corrections made to the raw STV test data are for
power state differences and the solar intensity
difference between the 4. 8-sun STV test mode and
the 4. 6-sun actual Mercury encounter. The
results of this comparison shown in Table 23 lead
to the following conclusicns.

(a) The fact that the flight bus temperatures
match STV test temperatures so closely
indicates that the STV simulation was of
very high fidelity and that the bus is
relatively insensitive to degradation in
the sclar absorptance of the spacecraft
sunshade.

{b) The sun sensor and UVSO, both located
un-'cr the same Alzak (clear anodized,
polished aluminum) sunshade, were
obviously the victims of degradation in
the Alrak solar absorptance.

{c) The only other piece of Alzak on the
spacecraft serves as the sunlit layer of
the TVCA heat shield, and yet the TVCA,
thrustplate, and propellant tank tempera-
tures all decreased during the mission
relative to the STV test data. This pecu-
liar behavior becomes consistent with

{b) above when one remembers that at

KO

the conclusion of the STV test, the Alzak
surface of the TVCA heat shield was
noted ta have severcely discolored,
whereas this liscoloration was conspiou-

\

ously ahsent from the UVS0 Sun sensor

shade. Post-test measuroments indi-
cated that the average solar absorptance
of the 7 Vot heat shicid had increased
almost +30% during the course of the
test, while the ibsorptan of the

UVSC,/sun s

unc ‘un' god.

asor shade was virtually
Sinee the thigh nredicts
were based on STV test results, it is
apparent that the TVCOA heat shield
degradation was greater duving the STN
test than during flight, and

site was true tor the o VSO/sun sensor

shade.

that the oppo-

{dY  The Canopus ['r ! rermained bhelow
STV temperatures thrmluh:)ut the mis-
sion. Poust-launcih analvsis {sece FR
5004) uncovered the fact tn(lt the tracker
dissipates less internal power when
acquired than it does when viewing a dark
field. Hence, by obscuring the tracker
ficld of view during STV,
increased above the {light value result-
ing in an unconservative temperature at
the low enrd of the flight temperature
range, Similar trackers have been flown
on previous Mariners, but previous
thermal desipns have conductively
coupled those trackers to the bus struc-
ture. Since the NMVUM tracker is some-
what decoupled from the bus, it is much
more sensitive to small power changes,
This would explain why large tenipera-
ture differences between STV and flight
have not been observed with previous
trackers

the nower is

(2) Mercury Encounter Thermal Perfor-
mance. Mercury encounter occurrved on Day 058
(1,4 146 days), The spacecraflt passed Hn'nngh the
dual occultation zone (Farth and Sun) at a closest
approach altitude of 704 kum fron: the planet sur-
face. The encounter tirnctable is histed in Table 24,

The spacec raift LGI\[})LL&.LUL( transients

resulting from proximity to the planct and the
solar occultation were generally mild with the
exception of the low mass, sunlit appendage items
such as the high-gain antenna, solar panels, and
the spacecraft sunshade.

A temperature predict was generated for the
radio bay (Bay 4} response to the encounter,
Both the predict and the actual data are shown in
Fig. 104. The pre(hct indicated that the planetary
"ffect was predominant, wheveas the actual data
shows a greater effect due to the solar occulta-
tion. The temperature changes were so small,
however, that the predict ?naccuracy did not pre
vent rapld signal reacquisition at Farth QC(‘JH:%’

ion exit and consequent satisfaction of »adio

science objectives.

et

Figures 105 through 109 show the encounter
transients for the gyros, high-gain antenna, both
solar panels, and the spacecrait sunshade,

respectively.
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Table 22.

Flight temperatures versus prelaunch predicts at Mercury

Encounter

Prelaunch

AFlight-

MTC Temperature 5 . B
channel measurement Lo+ 146-1/2 predicts Predicted
No. lescripti . .
o) description e (°F) e (“F) cc (o )
065 Canopus tracker 4,4 (40 7.2 (45) -2.8 {-5)
n66 GCA 25.5 175%) 17. 2 {(63) 8.3 (15) Gyro heater on
067 Sun Sensor 10.5 1105) 26,1 (7o) 14,4 i26) Alzak degradation
068 XY N2 20.5 (69 17.2 {631 3.3 (6)
06a -X/4+Y N2 23.3 (74 18,3 (65) 5 o)
070 TVCA 75.6 (168) 69, 4 (157) 6,1 1
106 PSE Electronics 30 (363 26. 1 (70 3.0 (7
oY PSE Platform 20,4 (25) 10,4 5™ 10 (1%
301 CcpPT 3.3 {35} -0.6 (31 3,4 R
408 UVSA 10,5 (51 5.3 165) -7.8 t-14)
4na UVSO 24,4 176) 14, 4 53y 10 RS Alzalk degradat:on
154 Prop N2 30 (56} 30 (36) 0 (M
435 Propellant 31,1 (33) 31,7 {3 -0, 5 (=11
156 Valve 58,0 13 s2.2 {1269 6.7 1z
157 Thrustplate 60 11200 57,2 (135 2.5 (5)
500 IRR 20,4 1330 24,4 (7h) 3 (LR
602 NMag A -20 (-4 1.1 (12 SN, G (-161
003 Aag B -12.2 (10) 10,5 {13 -1.7 -3
604 Niag Elect. 35 (851 32,2 G 2.~ 15
603 Nag Proc. 36.1 (G7)Y 34,4 {04 1.7 (3
663 Aux, oscillator 31.1 (=0 29,4 i35 [ (3
66+ TWT 1 44,4 (112 40.5 (105 3, Q i)
0653 TWT 2 25 (95) 32,8 141 2.2 [
666 VCO 2%, G (=4 25.5 (TN 3.3 {6}
667 Dish 1 20,6 (177) -
603 Dish 2 -5.5 122! —
669 Dish 3 16,1 (61 -
670 S X Feed N5, 5 1222) —
671 N-band transmitter 23.3 (74 21. 7 (71 1.7 (33
750 Bav 1 20. 5 (60) 1~.3 (65) 2.2 (4
751 Bav 2 20.5 165 P7,% (6-4) 2, & (5)
752 Bay > 22.2 1721 15,4 6 2.3 15)
723 ILLower blanket -5.3 (17 N (211 -2, (-4
754 Bay 5 2= T 22,2 {72 1.7 {3)
T35 Bay A 23.3 e 20 (65 3.7 (6
a6 Bay 7 22.2 (2 170 t64) 4.4 (3 Gyros on
TaT Sunshade 210.5 41 45,9 (30Mm 61, 7 (11 Beta cloth
cdegradation
TEN FGA Boom a5 1203 - —
200 TVA Opt © 5.5 42 11.1 52 -5, 5 -10)
SO TVA Opt R .4 40 1ol T (62 =T, -1
862 TVA VID 18,0 (bol 23 (TTV <A1 (=10
S03 TVB Cpt F 3.5 (42 12,2 (541 -6, 7 (-12% Eifec*t of slewing
=04 TVB Opt R 1¢.5 (o1 17. = 164 -7, 2 (-173 platform awav irom
=05 IVvB VID 1s.¢ Y 23 (T 6.1 -1 stower! pusition
S0é AES To> i+ 11.1 122y =33 r-6)
sen Battery 20 1H%0 le. 7 (621 3. il
Y +INS P11 52. 2 1261
ST +N S/p 2 H2. = c1EAn
572 +NXNS'P 3 &0 e
375 =X S/P 4 65 P14
<74 SN S'P ] 53,3 t12-)
BT s -X S'P2 =2, 2 (1=
~Te XN SR 3 o5 3 1350
STT -NS P2 w22 12~y
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Table 23, Temperature comparisons - flight versus STV :est
® ? v
Ttem 1.0 Suns 2.0 Suns 4.6 Suns
AT,® °C (°F) AT,2 °C (" F) AT,? °C (°F)
Bus
Bay 1 -0.5 (-1) 0 () -5 (-1
Bay 2 -1 (-2) -0.5 (-1 0 {3)
Bay 3 -1.1 (-2 -0.5 (-1) -0.5 (-1
Bay 4 -0.5 (-1) -1 (-2) 0 (M
Bay 5 0.5 (1) 0.5 (D Y {0)
Bay 6 2.2 (4 0.5 (1) 0.5 i1
Bay 7 (G) 0.5 (1) 0 (0
Bay 8 0 (0) 0.5 (1) 0 (0
Canopus tracker -8.3 (-15) -5 (-9 -6.1 (-11)
Charged particle telescope -1.1 (-2) 0 (0) 0 (0)
Propellant
TVCA -2.8 (-5 -3.9 (-7 9.4 (-1 T)
arustplate -1.7 (-3) 2.8 {-58) 6.1 (-11)
Propellant tank 0.5 (1) 0 {(0) -3.3 (-6}
Appendages
Infrared radiometer -1.1 (-2) 1.7 (3) 0 (0}
Sun sensor -0.5 (-1) 5 (%) L7 2D
U VS occultation -0.5 (-1} 3.3 (6) 7.2 (13)
2AT - Triight = Tstv where Tgi, is corrected to correspond to the {light power configuration and

to the Mercury solar intensity of 4. 6 suns.

Table 24.

Mercury encounter timetable

Event Time (GMT\a
Gyros on 20:33:30
Enter penumbra 20:50:19
Enter umbra 20:50:23
Closest approach 20:55:09
Enter F=th occultation 20:56:25
Exit umbra 20:57:47
Exit penumbra 20:57:52
Exit earth cccoultation 21:03:05
Gyros off 21:07:39

&Times are in ERT {(earth-received time)

84

(3

TCWM-3 Thermal Performance.

~
Lie

third trajectory correction maneuver was per-
formed on Day 075 (L, + 133 days) with the follow-

ing maneuver parameters:
Burn time start (ERT)
Burn duration
AV
Turns
Scan platform position

High-gain antenna
position

Suhseguent to the roll ax

vvvvvvv Ta

ig an

12:00:52 GMT
51.126 sec
17,

832 m/sec

None

30 clock
3 cone

occurred on Day 028 (L + 836 days), it was
decided that future maneuvers would be con-
strained to be sunline maneuvers only (i.e., no
turns), in order to minimize gvro-on time and
eliminate commanded turns, thereby minimizing

JPL Technical Memorandum 33-734,
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Fig. 110. Post-Venus trajectory
correction option
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Fig. 111, TCM 3 temperature transients for
TVCA {(E070), thrustplate {E457),
valve (E456), and GCA (E066)

Fig, 112. Comparison of the peak soakback

temperatures from TCM 3 to those
of TCM 1 and TCM 2: (a) TVCA
actuators, (b) TVCA support ring
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Fig. 113. Comparison of the peak soakback
temperatures from TCM 3 to those
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the chance of a large attitude-control gas loss.
Fortunately, the trajectory correction required to
reach the aim point at Mercury was such that a
sunline maneuver would suffice with only a small
sacrifice in time of arrival. Once a maneuver is
constrained to be sunline, however, the only
design variables become the time at which the

m fiveco tho rarreoction
aneuver ig pprtnrmeril {(fives the corroction

direction) and the appl;ed impulse or AV (fixes
the magnitude of the correction). For this reason
the maneuver had to be performed much later than
anticipated and at a much greater solar intensity
(3.88 suns). Figure 110 shows the trajectory
geometry for TCM-3 and Table 25 contains the
timeline.

This maneuver was quile interesting from
the thermal point of view since it was of long
enough burn duration to elicit a significant tem-
perature response, and the propulsion module
temperature data was not confused by the thermal

perturbations caused by spacecraft turns.

Figure 111 shows the propulsion module tem-
perature data. Figures 112 and 113 compare the
peak soakback temperatures from TCM-3 to the
peaks from TCM-1 and -2, all of which are com-
pared against the data obtained during pre-launch
calibration tests at ETS. It wouid appear that the
ETS data is conservative; however, none of the
in-{light burns were of long enough duration to
confirm this observation.

{4) Beta Cloth Sunshade Degradation. A pre-
liminary comparison of the spacecraft sunshade
temperature against solar fluence through the
mission yields the data presented in Fig. 114 as
solar absorptance to emittance ratio versus
equivalent hours at one Earth Sun (ESH). It is
interesting to note that the degradation increased
linearly in terms of equivalent sun hours since
before Venus encounter (fluence to Venus was
~2900 ESH). The sunshade temperature at Mer-
cury encounter was 211°C (411°F), corresponding
to an absorptance to emittance ratio afk of 0,494,
Extrapolating this linear rate of increase in ok to
Mercury Il at about 17,000 ESH yields an o/ of
0,469 and a resuitant sunshade temperature of
approx1mately 260°C (500°F), still well within the
temperature capability of the Beta cloth [maximum
design temperatarc 315°C (600°F)].

(5} Solar Panel Tilt Test Temperature
Data. On Day 068 (T. + 126 days), a solar panel
tilt test was performed for the purpose of evalnat-
ing solar panel power performance. Figure 115
shows the transient data from two transducers on
each of the two solar panels., Only the first two
tilts for each panel are included. Table 26 lists
the steady-state temperatures for each tilt posi-
ticn of each panel. Since the test occurred over
the " pace of two days during which the solar
intensity increased 4%, the du. in Table 26 is
all normalized to 3.3 suns,

During this same test, on Day 069 (I, + 127
days), the -X solar panel was accidentally tilted
to 50 deyg at a solar intensity of 3. 37 suns. It was
intended to increment the +X panel from 60 to
76 deg: however, the incremental command was
addressed to the wrong panel resulting in a -X
increment from 66 to 50 deg.

The temperature data for this incident is
shown in Fig. 116. The maximum cell

JPL Technical Memorandum 33-734, Volume I

Table 25. TCM 3 timeline, Day 07-
{L + 134 days)

Spacegraft Event
event time
10:56:08 Slew scan platform to

e re] e T e
Mancuvaer posicion

11:11:08 PSE off

11:32:08 Slew high-gain antenna to
maneuver position

11:49:30 TN, gyros ON

11:52:42 All axis inertiai

17:54:42 Burn start

11:55:33 Burn stop

12:071:08 Reposition high-vain
antenna

12:32:08 PSE power ON

13:22:08 Reposition scan platforn

20ne-way light time - 6 min, 6.4 s

temperature calculated from the telemetry data
was 133°C (272°F) compavred to the F'A tempera-
ture of 120°C {248°L") and the TA of 140°C
(284°F). No solar panel damage or degradation
was noted as the result of this occurrence.

(6) Iigh-Gain Antenna Flip-Flop Tempera-

ture Data. On Day 053 (L. + 111 days), the TIGA

was slewed in order to relieve the situation
whereby the HGA coax cables were being wrapped
about the boom as the antenna continuously
tracked the Earth. Both the boom and the dish
actuator were rotated 180 deg, thereby returning
the dish ta its initial pointing direction and at the
same time "unwrapping' the cables 180 deg. The
sequence was to first siew the antenna to approxi-
mately 90 deg cone by means of the dish actuator,
then rotate the boom actuator 180 dep, and
finally complete the 1830 deg siew of the dish
actuator.

I

The temperature data for the reflector and
the S/X-band feed is presented in Fig. 117, Data
froni the 1HHGA boom measurement is shown in
Tig. 118,

c. Temperature Data Associated With
Spacecraft Anomalics

(1Y Day 090 Power Ancmaly. Af o2io GiT
on Day 20 (L + 148}, the day after Mercury
closest approach, an anomalous power glitch
occurred on the spacecraft, the efiects of which
are characterized by the following symptoms,

(a) The power dissipation in the power bavy
(Bay 1) increased by approximately
37 watts as indicated by the increascd
power input to the boost regulator
coupled with no change in beost regu-
lator output loads



Table 26.

Results of solar panel tilt test (steady-state temperatures
normalized to 3.3 suns)

Sclar Panel

+X -X
Channel

Tite 870 871 872 873 874 875 876 877
angle,

deg Location®

Z TO LI T z LO TI LI
Temperature, °C (°F)

5 - - -- - 76.1 {169) 116.1 (241) 109.4 (229) 120.6 (249
60 58.3 (137) 80.6 (177) 95.6 (204) 81,1 (178) 57.8 (136} 91,7 (1G7) 84,4 (184 97,2 {207)
61 55.5 (132) 88.9 (192) 8¢ (176 95  (203)
62 56.1 (133) 74.4 (166) 91.1 (i196) 75.6 {168) 53.3 (128) 86. 7 (188) 78.3 (173 92,2 (198)
64 56.1 (133) 65.5 (150) 84.4 (184) 68.3 (155)

66 52.2 (126) 59.4 (139) 77.8 (172) 60.6 (141) 55.5(132) 71.7 (161) 62.8 (145 78.3 (173)
66,26 51,7 (128} 60 {120) 78.9 (174) 61.7 (143)

66.54 50 (122) 59.4 (139) 77.8 (1727 60 (140)

67 47.8 (118) 56.7 (134) 75.6 {168) 57.8 (136)

68 46.1 (115) 52.8 (127) 72.2 (162) 53.9 (129) 47.2 (117) 65 (149) 54,4 (130) 73.3 (164
7 38.3 (101) 43.3 (110) 65.5 (150) 45.5 (114) 39.4 (103) 56.1 (133) 45,5 (114) 65,5 (150
72 32.2 ( 90) 48.3 (119) 36.1 ( 97) 58.3 (137
76 16.7 ( 62) 22.2 ( 72) 40 (104) 23.3 ( 74) 8.9 ( 48) 28.9 ( 84) 22.8 ( 73) 41,7 (1073

%Location cede

1 Inboard (clusest to bus)

Outboard

Trailing edge (edge away from Sun)
Leading edge (edge toward Sun)
Zener (on spar near zener diode)

NHAHO
oo

Fxcept for 870 and 874, transducers are mounted at panel corners on uncelled side of honeycomb

substrate.

The TV optics heaters went off indicating
the probable presence of a ground fault
similar to the one present at launch
which prevented the solid-state FDS
switches from activating the optics
heaters.

Several temperature telemetry channels
beca™e noisy, notably those witn trans-
ducers located on the solar panels.

The outboard temperature transducer on
the +X solar panel (E871) increased
11°C (20°F) for no apparent reason.

The temperature response of the bus to this
anomaly is presented in Figs. 119, 120, and 121.
The scan platform response is shown in Fig. 122.
Solar panel temperature data is presented in
Fig. 123.

88

Table 27 lists the steady-state temperatures
for the entire spacecraft both prior to the anomaly
on Day 89 and after the transient caused by the
anomaly steadied out on Day 91. Since the solar
intensity increased from 4. 65 to 4. 73 suns
between Days 89 and 91, this effect is removed
to yield only the effect of th

A's the

from the A's
anomaly.

An analysis was performed using the thermal
analyzer model of the bus to see if the steady-
state temperature response of the bus was con-
sistent with the observed 87 W power discrepancy
in the boost regulator. Figure 124 shows the
results of this analysis for twc issumed additional
power dissipations in Bay 1, and compares these
results against the actual steady-state AT's. The
match between the analytical results and actual
temperatures is not very good, probably due to
bay-to-bay coupling inaccuracies in the model.
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Table 27. Steady-state temperature response to day 90 pcwer anomaly

Pre- Post-
anomaly anomaly

Temperature

measurement Day 89 Day 91 Steady-state Solar Anomaly Comments

description 16:00 16:00 a o 2

"C°F) "CE) DN  °C(°F)  °C(°F) °C(°F)

Canopus tracker 4.4 ( 40) 9.4 ( 49) 9 5 (9 3.3 (6) 4.4 ( 8 Bus mounted
GCA 25,5 ( 78) 26.7 ( 80) 2 1.1 ¢ 2) 0 (0) 1.1 ¢ 2)
Sun sensor 41,1 (106) 43,3 (110) 2 2.2 ( 4) 2.2 (4) 0 0
+X/-Y N2 20.5{ 69 27.8 { 82) 13 7.2 {13 0.5 {1) 6.7 (12
-X/+Y N2 23.3 (74 28.9 ( 84) 16 5.5 (1 0.5 (1 5 <N Bus
TVCA 75.6 (168) 78.9 (174) 3 3.3 ( 6) 2.2 (4) 1.1 { )
PSE electronics 30 { 86) 31.7 ( 89 2 1.7 ( 3) 0.5 (1) 1.1 ( 2)
PSE platform 30.5 ( 87) 31.7 ( 89) 1 1.1 (2 1.1 (2) 0 0
CPT 3.3 ( 38) 5 ( 41) 2 L7 ( ™ 0.5 (1) 1.1 ( 2) Bus-mounted
UVSA 10.5 ( 51) -7.2 ( 19) -20  17.8(~32) 0 0 -17.8 (-32) piatform
Uvso 28.3 ( 83) 30,5 ( 87) 2 2.2 ( 4) 2.2 (4) 0 0
Prop N2 30.5 ( 87) 32.2 ( 90) 3 1.7 ( 3) 1.1 (2) 0.5( 1)
Propellant 31.7( 89)  33.3 ( 92) 30 1L.7T(3 1.1(2) 0.5 ( 1)
Valve 58.9 (138)  62.2 (144) 3 3.3 (6) 2.2 (4) 1.1( 2
Thrustplate 60 (140) 63.3 (146) 3 3.3 ( %) 2.2 (4) 1.1 ¢ 2
IRR 31.7 ( 89)  33.9 ( 93) 2 2.2 4 2.2 {4) 0
Mag A -19.4 { -3) =20 ( -4 1 -0.5 (-1) 0 0 -
Mag B -11.7(11) -12.2( 10) 1 -0.5(-D 0 0 -
Mag electronics 35 ( 95) 37.2 ( 99) -2 2.2 ( 4) 0.5 (1) 1.7 ( 3
Mag processors 36.1{ 97) 38.3 (101) -2 2.2 ( 4) 0.5 (1) 1.7( 3
Aux. oscillator  31.1 ( 88) 36.7 ( 98) 10 5.5 (10) 0.5 (1) 5 (9
TWT 1 44,4 (112) 51.1 (124) 8 6.7 (12) 0.5 (1) 6.1 (I gBus
TWT 2 35 {95} 41,7 (107) § 6.7 (12) 0.5 (1) 6.1 ( 11) {
VCO 28.3 ( 83) 34,4 ( 94) 9 6.1 (11) 0.5 (1) 5.5 ( 10} ?
Dish 1 70.6 (159) 51,1 (124) -4 -19.5(-35) - - \
Dish 2 5.5 ( 42) 38.3 (101 8 32.8 (59) - - EIIGA slew-
Dish 3 20 { 68) 28.9 ( 84) 2 8.9 (16) - - ing
S/X Feed 111.1 (232) 1.6.7 (242) 1 5.5 (10) - - %
X-bandtrans- 33,9 ( 75)  28.9 ( 84) 9 5 (9 0.5(1) 4.4( 8 Pus mounted
Bay 1 20.5 ( 69) 41,7 (107) 39 21.1 (38) 0.5 (1) 20.5 ( 37 \E
Bay 2 21.1 ( 70) 30.5( 87) i7 9.4 (17) 0.5 (1) <3 16 i’
Bay 3 22.2 ( 72) 27.8 ( 82) 10 5.5 (10) 0.5 (1) 5 { 9N Addit’ion-al
Lower blanket ~4.4 ( 24y -4.4 ( 24) . -- -~ / gf&if@:";‘
Bay 5 25 ( 77) 27.8 ( 82) 5 2.8 (5 0.5 (1) 2.2 ( 4 %bus
Bay 6 23.3 ( 74) 24.4 ( 76) 2 1.1 ( 2) 0 0 .1 (¢ 2) %
Bay 7 22.2 ( 72) 23.3 ( 74 2 1.1 ( 2y 0 1.1 ( 2) ’
Sunshade 210.5 (411) 213.9 (417) 1 3.3 ( 6) 3.3 (6) 0 0
HGA boom 97.2 (207) 99.4 (211) 1 2.2 (4 2.2 (& 0 0
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Table 27 contd

Pre- Post-
anomaly anomaly

Temperature

measurement Day 89 Day 91 Steady-state Solar Anomaly Cormnments

description 16:00 16:00 A & a

itk “C(°F) DN *C(°F) °C(°F) OC(QF]
TVA Opt F 5.5 ( 42) - -39 -23.3 (-42) © 0 -23.3 (-42)
TVA Opt R 9.4 ( 49) -12.8( 9) -41  -22.2 (-40) O 0 -22.2 (-40)
TVA vidicon 18.9 ( 66) -2.8{27) -39 21.7 (-39) © 0 -21.7(-39)
Loss of
TVB COpt F 5.5 ( 42) - -41 -23,3 (-42) O 0 -23.3 (-4 optics
TVB Opt R 10.5( 51) -10.5( 13) -39  21.1 (-38) 0 0 -21.1 (-38) heaters
TVB vidicon 18.9 ( 66) -1.1 ( 30) -37 -20 (-36) O 0 -20 (-36)
AES 7.8 ( 46) -11.7( 11) -36  -19,5 (-35) O 0 -19.5 (-35)
Battery 19.4 ( 67) 20,5 ( 69) 2 .1 (¢ 2) 0 0 1.1 {( 2) Battery
charge off

+X S/P 1 52.2 (126) 52,2 (126) -- - - -
+X S/P 2 63.3 (146) 73.3 (164) 12 10 (18) 1.1 ( 2) 8.9 ( 16)
+X §/P 3 a0 (194) 92.2 (198) 3 2.2 ( 4) 1.1 ( 2) 1.1 ( 2)
+X S/P 4 65.5 (150) 70.6 (159) 6 5 (9 1.1¢(2) 3.9( 7)
-XS/P 1 55  (131) 53.3 (128) -1 -1.7( -3) - - Noisy
-Xs/P 2 82.8 (181) 88.9 (192) 7 6.1 ( 11) 1.1 2) { 9
-XS/P3 69.4 (157) 70 (158) 1 0.5( 1) 1.1(2) -0.5¢{( -1}
-XsS/P 4 92.8 (199) 96.7 ,206) 4 3.3 7)) L.1(2) 2.8 ( 5)

The general temperature distribution, however,
is similar enough to the actual distribution to
conclude that the power change observed in power
telemetry was real and was being dissipated
within Bay 1.

Another conclusion that may be drawn from
both the transient and the steady-state data is
that additional power (a few watts) is also being
dissipated in the radio bay (Bay 4) in the vicinity
of the TWTs. Not oniy do the TWT and VCO tem-
peratures rise faster than either of the adjacent
bays, but they rise farther. Since the VCO tem-
perature trails the TWT temperature, this addi-
tional dissipation is apparently closer to the
TWTs than to the VCO.

D. TELEVISION SUBSYSTEM [TVS)

When this subsystem was first turned on, it
was observed that the A& B optics heaters had not
come on. TF'roblem Failure Report (PFR) 5001
thoroughly documents this anomaly.

The TV camera data obtained on the Earth
and vioon mosaics indicated good subsystem per-
formance despite the apparent loss of the optics
heaters. Previously unplanned troubleshooting
operations were conducted prior to the start of
the first Earth mosaics at 22:00 GMT on Day 307.
Preliminary analysis of Earth and Moon data
indicate good optical focus.

After concluding a duty cycle analysis, it
was determined that the camera electron beam
and light flooding could normally be off to prolong
vidicon life. Periodic diagnostic commands were
sent to monitor cathode beam currents and pro-
vide continuing confidence that the electronic per-
formance remained good. PFR 5012 analyzes and
documents this anomaly.

On January 17, 1974, the TV optics heaters
were observed to come on when the propellant/
CPT supplemental heaters were turned off with a
DC 64 command. An attendant rise of scan plat-
form temperatures was noted,

On February 9, 1974 (four days after Venus
closest approach), the rate of decline of the TV
cathode beam currents was observed to increase,
coupled with more instability in the levels.
Accordingly, the PI decided to turn off the TVS
and discontinue the continuous {cyclic 2) mosaics.
At this time,; the A camera had dropped 50 DN in
read current since, launch tc only 13 DN above
beam starvation levels.

Cumulative statistics for TVS operations are
as follows:
2832.9 h

Power on

Beams on 766 h

JPL Technical Memorandam 33-734, Volume [



Filter steps A, 289; B, 321

Shutters 3909 each
E. FLIGHT DATA SUBSYSTEM (FDS)

1. Performance During Flight

Atter all the problems experienced during
subsystem test, fiight of the FDS seemed rela-
tively uneventful. However, there were two
spacecraft problems associated with the FDS.

a. TV Heater Problem. Immediately after
launch the TV optics heaters failed to operate.
MOS switches in the FDS are used to turn the
heaters on and off. Analysis revealed that the

drains of the MOS switches were connected to the
raw DC return and that a short to ground of the
DC bus itself would put a negative bias across the
switches, turning them off,

On January 17, 1974 an unrelated set of sup-
plemental heaters was turned off and the TV
heaters came on, indicating that the original
hypothesis was very likely. During the space-
craft power anomaly that occurred on March 31,
1974, the heaters again went off and did not turn
ON again (Bibliographic ref. 14).

b. POCR Problem. The FDS has an internal
circuit, called the power-on-reset (POR) circuit,
that monitors the 5 Vdc logic voltage. If the
voltage drops below about 22% (10% is the speci-
fication on the logic IC's), the circuit causes
certain logic in the FDS to reset. Through

June 30, 1974, the gyros were turned on 26 times,

and 6 of those times the FDS unexpectedly experi-
enced a POR. Analysis indicated that the most
likely cause was a dip in the 2. 4 kHZ voltage of
over 25% combined with noise coupled into the
FDS.

2. Critique

The capability to reprogram the engincering
formats was a change from previous spacecraft,
which had only a single hardwired engineering
format. The ability to modify the formats with-
out changin  the hardware was useful before
launch and deci-ledly advantageous after launch.
In flight the engineering formats were repro-
grammed numerous times, to optimize data
return and to analyze problems.

F. DATA STORAGE SUBSYSTEM

In completing the primary mission the DSS
accumulated ap?roximately 960 passes and
returned 1 x 1010 bits of data, and passed more
than ~r..-half million feet of tape past the mag-
netic heads. The performance of the DSS in
accomplishing the primary mission was good but
was not without incident.

1. Tape Stick

The 73-2 recorder had experienced some
tape sticking in the parking window prior to
launch. At first it was thought that the sticking
was caused by static charge buildup. The deci-
sion was made to moisturize the tape recorder
atmosphere. The stick appeared again, just
prior to launch, even theugh the transport

JPL Technical Memorandum 33-734, volume I

atmosphere was at a relative humidity of about
30%. Since the problem was understood, and the
tape recorder could recover from a stick hy
using synchronous motor torque, a decision was
made to launch with the 73-2 unit. A tape unstick
sequence was designed, tested, and adopted.

In the early part of February 1972 twn tane
sticks were observed. The first occurred in the
parking window, when the unstick sequence was
not used. The second occurred three or four days
later and appeared to be on the oxide just cutside
the parking window. The scecond stick was cause
for concern because a stick on the oxide had not
occurred hefore, and it caused the project to
reexamine the theories on the probable cause of

the stick,

2. Power Toggling

After the Day 90 power anomaly, the power to
the subsystem began intermittently to toggle on
and off. After looking at all subsystem paran-
eters which appeared normal, it was concluded
that the problem was somewhere else. The power
to the subsystem is supplied by the power sub-
system through a relay lacated in anather bay.

G. CENTRAL COMPUTER AND SEQUENCER

In-flight performance was flawless (no PFRs
were issued against the CC&S). The following
comments apply to the CC&S operation up through
the conclusion of the first Mercury Encounter on
April 5, 1974:

(1) 53 memory loads were made and check
sums were properly received on all 53.

(2) The 53 memory loads involved the load-
ing of 3,746 CC&S memory words.

(3) 364 discrete commands (relay closures)
were sent to other subsystems by the
CC&S.

(4) 490 FDS coded commands were sent
by the CC&S.

{5) 7,087 APS ccded commands were sent
by the CC&S,

(6) 24 DC ground commands were received
by the CC&S.

(7) 40 CC-4 commands were received by the
sequencer for maneuver parameters.

(8) There was a single case on April 4,
1974 in which a noise glitch on the
spacecraft ground line caused an
unplanned jump in the CC&S
memory and vesulted in a TWT high
power command not veing sent by the
CC&S. The unplanned jump in the
CC&S rmemory was verified and
understood, and it was postulated
that the spacecraft ground line glitch
was associated with the Day 90 power
problem.

a3



. MECHANICAL DEVICES

1. Mechanical Devices Performance

Mechanical devices data (and pertinent sup-
porting data) is presented in Table 28 and Fig.
125. Unfortunately, data sample rates were not
sufficiently high near launch to allow an accurate
comparison between predicted times for devices
events and the times at which the events actually
occurred. Nevertheless, the following observa-
tions can be made:

(1) Spacecraft separation occurred at
06:24:01, 7 sec after SOE predict.
(This time is determined almost exactly
by the V-band pyro event in Centaur
telemetry.)

(2) The actual time (58 £ 1 s) required to
deplcy the PSE boom was very close to
the nominal prediction (64 + 10 s).

{3) The scan latch blowdown profile coin-
cided closely with the ""clean' curve in
Fig. 125,

(4) The +X solar panel latched down between
0 and 168 sec after the -X solar panel.

The last primary mission-critical mechani-
cal devices function was successfully performed
on Day 348 (GMT) when the solar panels were
tilted from 0 to 25 deg. FEach panel latching
mechanism performed as designed by first
unlatching the panel from its launch support
points on the trunnion, then locking the actuator
linkage directly to the panel structure. Subse-
quent panel articulation verified that the mecha-
nisms had performed in a completely nominal
fashion.

On April 8, 1974 the last pyro squib was suc-
essfully fired to move the low-gain antenna to
he extended mission configuration.

oA

[
]
oy
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PULSION SURSYSTEM PERFORMANCE

1. TCM 1 Summary

The Propulsion Subsystem performec as pre-
dicted during TCM 1. Impulse, mass expended,
roughness, and soakback temperatures were all
within specification. Tracking data indicates that
the AV was only 1.8% higher than predicted and
well within the requirement of 8%. Tank and
engine thrust chamber pressure telemetry indi-
cate that the error resulted primarily from small
uncertainties in the thrust coefficient (Cg), the
characteristic velocity (c*), the flow resistance,
and the amount of heat transfer. These errors
were reduced for the remaining maneuvers by
modifying the appropriate Burn Time Estimation
Calculation (BUTEC) computer program input.

a, Discussion. The first trajectory
correction maneuver was successfully performed
ten days after launch in order to correct launch
vehicle injection errors which would have
ofesulted in a 67,000-km miss at Venus. The
desired velocity increment was 7.784 m/s and
required a burn time of 19.9 s. As a resuit
of the manecuver, the projected miss was reduced
to 1500 km. The TCM is schematically depicted

94

in Fig. 126 and the maneuver parameters are
presented in Table 29. A simplified sequence of
events is presented in Table 30.

Propulsion Subsystem performance during
the maneuver was as predicted and within speci-
fications. Tracking data indicated that the AV
was |.8% higher than predicted, but this is only
slightly greater than a 1-oerror (Fig. 127) and
significantly less than the 8% error allowed.

Burn time, engine roughness and scakback
temperatures were also within specification. The
burn time was accurate to within 0.05 s, Peak-to -
peak roughness in chamber pressure was less
than half of the allowable 1.4 x 102 N/rnz (20 psi},
and the quality of tape playbach was excellent.
Soakback temperatures were approximately
8.3°C (15°+") lower than predicted and are

vlotted in Figs. 128 and 129. The propellant
consumed during the maneuver was 1810 £ 22.7 g
(3.99} £ 0. 05 1lbm), and the remaining AV
capabhility was 114 £ 1 m/s. Therec were no
predicted or observed effects on thrust due to

the TVCA jet vane transient.

Although the Propulsion Subsystem perfor
ance was in close agreement with that predicted
by BUTEC, the performance was further ana-
lyzed in order to improve predictability for the
remaining TCMs. BUTEC's input parameters
were then tweaked half-way between the original
values, which were based on FA test data
obtained at TRW, and the best estimates obtained
from the flight telemetry.

Considering the uncertainties in flight data
this was considered a valid approach, since
BUTEC had also predicted slightly low on most of
the TA and Calibration Subsystem tests per-
formed at the Edwards Test Station. The errors
estimated from the analysis of flight telemetry
are compared with premaneuver predictions in
Table 31 and are discussed in further detail
below.

The flight telemetry indicated that the engine
chamher pressure (F:) was approximately 0. 0%
higher than predicted (Fig. 130). Since the AV
was 1.8% higher than predicted, the thrust coefl-
ficient (CF) must also have been 0.9% higher
(corresponding toa 1.2 ¢ error). See Table 31.

The high chamber pressure was due tca %
higher than expected tank pressure, higher than
predicted engine performance (C*), and a lower
than predicted flow resistance.

The high tank pressurc account~d for approxi-
mately 30% of the chamber pressure error. As
indicated in Fig. 131 the error in tank pressure
reached a maximum of 10.3 x 104 N/m< (2.5 psi)
at the end of the burn. The error was due to a
higher than predicted heat transfer between the
tank walls and the pressurant gas and, to a lesser
extent, to unmodeled effects of tank contraction
and gas-out-of-solution during the "blowdown. "
The heat transfer was determined from BUTEC
simulations and the 1.7 x 104 N/m®“ (15 psi}
recovery in tank pressure at the end of the burn.
The results indicated that the heat transfer was
50% higher than predicted (corresponding to a
0.5 ¢ error) and that this affected tank pressurge
by a maximum of 0. 76 x 104 N/m? (1.1 psi) and
total impulse by 0.12%. Since a review of some
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Table 28. Mechanical devices data launch day 307

Earliest Latest confirmation
a Predicted event time confirmation A Nata
Event . of no event
Event (sequence of events), of event in . sample
source in data,
GMT data, GM rate
P GMT
vy kb
Spacecraft separation
Pyro arming switch M 06:23:54 06:25:47 Prior to space- 84 x
craft separation
V -band pb 06:24:01 Prior to : mace- < oans
craft separation
Release relay hold 06:25:05 06:22:17 84 s
Separation initiated M 06:27:39 06:28:35 06:22:11 34 s
times T3 (SEP + 225 s)
Separation initiated P 06:27:45 06:38:43 Prior to space- 22.4
timer T4 (unlatch (T3 + 6 s) craft separation min
solar panel, MAG,
HGA, LGA)
-X solar panel M 06:29:15 + 20 s) 06:29:59 06:28:35 84 s
deployment (T4 + 906 £ 20 s)
LGA deployment M 06:27:50 06:29:59 06:28:35 84 s
(T4 + 5 sec)
+X solar panel M 06:29:15 £ 20 s 06:31:23 06:29:59 84 s
deployment (T4 + 90 £ 20 s)
HGA deployment M 06:31:40 + 65 s 06:32:47 06:31:23 84 s
(T4 + 235 % 65 g)
MAG boom M 06:28:05 06:38:43 Prior to space- 22.4
deployment (T4 + 20 s) craft separation min
PSF. boom unlatch P 06:45:00 06:45:01 06:44:40 21 s
PSZ boem M 06:46:04 £ 10 s 06:45:59 06:38:18 143 ms
deployment (Unlatch + 64 + 10 s)
HGA dish unlatch P 07:35:00 07:35:04 07:34:43 21 s
Scan platform unlatch P 07:38:00 07:38:13 07:37:52 2l s

a - .
Event source: M = microswitch P = pyro

bC entaur telemetry

9% JPL Technical Memorandum 33-734, Volume I
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Table 29.

TCM I maneuver parameters

Trajectory Parameters

Pre-TCM 1

Time of closest approach
to Venus

Required AV

BUTEC AVT

-51,305 km

036:20:12:17 GMT

larget

L5 142 km

-180 km -4, 008 om

D3e:17:02:34 GM Y

T.784 s

-1

- ’
778 m s

Turn parameters

Roll

Pitch

Burn parameters

Initial spacecraft mass
Initial propellant mass in tank
Initial tank pressure
Initial temperatures
Nitrogen
Propellant
Valve
Maximum thrust

Burn time

44,017 deg

127.552 deg

502.3 kg (1107.388 tbm)
28.7 kg (63.262 1bm)

255 x 104 N/mZ (307.2 psia)

14,3 C (57,7 )
14.9°C {58.8"F)
23.9°C (75°F)

205 N (46.1 1bf)

19.9s

earlier tank ~.pulsion tests confirmed these flight
results, the BUTEC heat transfer was increased
by the full 50%.,

The errors due to the unmodeled tank con-
traction and gas-out-of-solution during the blow-
down were determined using a version of BUTEC
which had been modified to simulate the effects.
The results indicated that tank pressure was
affected by less than 0.55 x 104 N/m? (0.8 psi)
and total impulse by less than 0.15%. Although

38

these errors are very small, they were com-
pensated for on all remaining maneuvers,

The remaining errvor in P resulted from
errors in C* and flow resistance. Since the
errors are difficult to separate, based on the
telemetry, an analysis was performed to calcu-
late the most probable magnitudes. The analysis
was based on the two errors’ opposite effect on
mass expended (AM) and on uncertainties in the
values of AM, P, C¥ and flow resistance. MM
and PP, were determined from the telemetry, and
C and flow resistance had been calculated from

JPL Technical Memovrandum 33-73+4, Volume I



Tab

le 30. TCM 1| sequence of events

a

GMT Command/event Description
317:21:00:02, 808 DC 33 Switch CCRS to tandem standby
317:21:0%:02. 809 DC 80 Enable 30-V regulator
317:21:45:02. 846 DC 52 Issue 5A turning on sequencer at

next hours puise plus 22 min

317:22:38:02 CC&S

hours pulse
317:23:00:02 CC«S 5A Scquencer on
317:23:23:02 CC&3 28 Transmit low-gain antenna
318:00:03:18 Start roll
318:00:12:43 Stop roll
318:00:21:15 Start pitch
318:00:33:17 Stop pitch
318:00:37:18 CC tA Switch to maneuver format
318:00:41:47 CC&S 48 Enable PSA
318:00:41:49 8M1 Start burn
318:00:42:08. 9 M1 Stop burn
318:00:42:11 CC&S 4T Disable PSA
318:00:42:13, 995 DC 73 Backup to 4T
318:00:42:49, 995 DC 34 Disable 30-V regulator
318:00:43:39 CC 6A Switch to primary format
318:00:46:09 Start unwind

2CCRS times are 1 sec earlier than predicted.

Correction is based on predicted time of

the 8M1 command and the actual time when chamber pressure first increased. Times

noted are actual times.

One-way light time was 13,480 s,

Table 31, TCM 1 impulse errors
Magnitude . s i
R Effect of error of error, % A priori 1o boz;re<.v?824fagt01
Error source on AV, % {Predicted - actual) Estimate, % er S
- 5 and 3, 79
Predicted
Thrust coefficient Cg 0. 90 -0, 90 + 0.75 +0. 45
Flow resistance 0. 39 +1.20 + 3,0 -0, 60
Characteristic Velocity C 0. 29 -0.425 + 0.5 +0, 2125
Heat transfer 0,12 -50 + 50 +50
-100
Tank contraction 0. 09
Transducer accuracy <0. 09
Gas out of solution <0. 06
Jet vane transient <0.05

JPL Technical Memorandum 33-734,
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test data. The results indicated that C¥ was
0. 425% higher and flow resistance 1. 2% lower
than predicted. As can be noted in Table 31,
these errors are consistent with premaneuver
predictions.

The effect of all of the above orrors on tank
pressure and e can be noted 1n bigs. 131 and

132,

2. TONM 2 Summary

Propulsion subsystem performance was
satisfactory daring TCLT 2 and TCXN 3. The
impulse errors, chamber nressure roughness

values, and soakback temperatures were within
specification for both burns. The delivered
velocity increment was approximately 1. 47
greater than predicted for TCOMN 2 and O.3". less
than predicted tor TCA 3. These vatues were
well within the requirement of 87 and the a
priori 3 o error estimates of 5.2 and 4.6°
Analysis of relemeiry and previous test
experience indicates that most of the observed
impulse prediction error is due te variations
in engine catalyst bed pressure drop,

a. Discussion. TUM 2 was performed
15 days before Venus encounter to move the flyby
point approximately 1400 km closer to Venus.
The geometry 1s shown in Fig. 133, This
required a burn of 3. 70 s and a velocity correc-
tion of 1. 358 mv’/s of the 114 m/s correction capa-
bility before the burn.

The maneuver was performed in the conven-
tional manner by the computer and sequencer
operating in tandem. Conventional roll and pitch
turns were performed before the burn. The only
unconventional feature of the burn was the opera-
tion of the valve from the battery instead of the
30-V regulator,

This was rlone hecause the regulator contains
s which were suspect as a result of the
failure of the mair

1T power chain. The pyro switch-
ing assembly and the RID valve operated properly,

as cted, although initial battery voltage was
37.5 V rather than the 30 V for which the valve
and P’SA are designed.

TCMN 2 chamber pressure roughness reached
a maximum value of 6% peak-to-peak versus a
specification requirement of 107 The soakback
temperatures were low due to the short burn dura-
tion, and no valve leakage was observed after the
burn.

The major TCX 2 burn parameters are sum-
marized in Tahle 32, and the predicted and actual
chamber arn: tank pressures are shouwn in Iigs.
134 and 135,

The propulsion determination of impulse
error was marle by curve-fitting the telemetered
P, rata and integrating the resulting curve-fit
equation. This method determined that .35
+1.2% more impulse was delivered than predicted.
This relatively large 3 o uncertainty is due
largely to uncertainties in shutdown impulse.

The navigation determination of impulse error
was macde by finding the most probable combina-
tion of doppler, pointing, and propulsion errors.
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Table 32, TCAM 2 summary

NManeuver date (and D udt Tyt
Jan. 21, 1974
Duration of burn 2,70 sec

Predicted velocity 1. 359 n.'s
increment

Actual velocity
increment

Navigation .37 m’s

Propulsion Fo380 s

Impulse prediction

error
Navigation (1,25
P'ropulsion 1,55 £1.2° (3ui

30 a4 priorvy impulsce 5.2

error

Inttial spacecrait 500 kg 1102,27 1bny

mass
Initial propellant mass 27 kg 1h9. 272 Thmi
in tank
Propellant expended in M5 g+ 2,7 ¢
maneuver (0. 76 20, 006 IThm {39
Initial temperatures
Nitrogen Z20°C 1O
Fropellant 20°C (68 )
Valve 28,87 {84 1)

Turn parameters
Roll 47,95 deg

Pitch

This method determined that 1. 25" more
impulse was delivered than predicted.

Considerable difficulty was experienced in
obtaining this level of agreement between the pro-
pulsion and navigation AV estimates. This was
largely due to the following circumstances:

(1Y There were relatively large uncertain-
ties in the pre-TCOM 2 orbit determination.

(2} The post-burn tracking data could not be
used to determine AV because the tra-
jectory was perturbed only seven days
after the burn by a large amount o: atti-
tude control gas expended during the first

roll axis structural sscilivciion incident.

t3) The doppler data received during the
burn was extremely sensitive to small
errors in pointing.

These errors fortunately combined in a way that
cancelea out the TCN 2 AV error, and the result-
ing pass by Venus was within approximately 10 km
(0.1 0 of the target point,
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The 1.55" impulse error consisted of a
0.45% Cp error (based on the Cyx deter-
mined from TCM 1 tracking) and a 1. 1% inte-
grated Pc error. The 1. 1% integrated I'L error
was made up of a 1. 5% error due to the high
catalyst bed pressure drop prediction plus a 0.1%
error due to a low tank pressure presiction minus
a U, 5% BUTEC transient simulation error. The
BUTEC transient error of approximately 0, 5%
occurs for short burns because BUTEC T°¢ rises
more rapidly than measured .. This was dis-
covered during TCM 1 data analysis. The result-
ing error was negligible in TCMs 1 and = and was
compensated for in the TCM 2 prediction by only
making half of the 0.9% Cp correction indicated
by TCM 1,

3. TOM 3 Summary

M 3 was a sunline maneuver performed
13 days before Mercury encounter in order to cor-
rect the Mercury {lyby point. The geometry is
shown in Figs. 136 and 137. The uncorrected
flyby point was on the wrong {sunlit) side of
Mercury. The desired {lyby point was within the
0% science return zone shown on the dark side of
Mercury. It was also desired that the fiyby point
he inside but close to the free return contour so
that sunline maneuvers with the remaining pro-
pellant could be performed during the extended
mission to attain the sccond Mercury encounter in
late September 1974.

A sunline maneuver is one performed with the
spacecraft in normal cruise attitude with the
rocket nozzle pointed directly at the Sun. This is
done to reduce the probability of a roll axis struc-
tural interaction oscillation occurring and to
eliminate the attitude control gas usage that
exists during the roll and pitch turns of a con-
ventional maneuver. The gyros must still be
on during the burn to control the jet vanes.

It was determined that 2 sunline maneuver
could be executed to correct the trajectory
errors that existed following the Venus encounter.
The sunline maneuver had to be performed close

and involved a greater

o
unte H invelved a greater

e
£ Ing enc T

to the Nercury en

propellant expenditure, than that of an uncon-
strained maneuver.

The Venus flyby was so accurate that the sun-
line maneuver required only 17. 83 m/s of the
113 mi/s AV capability befere the burn. (An
unconstrained maneuver performed six days after
Venus encounter would have required only 4.5 m/s
compared with a prelaunch mean AV requirement
of 25.1 m/is.)

The major TCM 3 burn parameters are shown
in Table 33, a .d the predicted and actual chamber
and tank pressures are shown in Figs. 138 an-
139. Figure 138 does not show the actual P data
points due to their large number.

' CM 3 chamber pressure roughness was
approximately equal to the specification require-
ment — 10% peak-to-peak. The engine valve again
operated properly on battery power, peak soak-
back temperatures were less than predicted, and
no valve leakage was detected after the burn.

The burn time for TCM 3 was not a multiple
of 0.050 s because the maneuver was performed
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Table 33. TCM 3 Summary

Maneuver date GMT 21:01 Day 075
Duration of burn 53i.153 s

I“redicted velocity 1/.%351 m/s
increment

Actual velocity
increment

Navigation 17,702 /s
Propulsion 17.¢71 m/s
[nitial tank pressure 222 s 100 N/m

(322.0 psia)

Impulse prediction
error

Navigation -0, 727
Propulsicon -0.907% 20,7 (39)

3r a priori impulse 4.6

error
Initial spacecraft mass 498, 5 kg (1099, 04 lbnv

Inttial propellant mass 26.5 kg (58,512 lbm)

in tank

Propellant expended

3.9 kg = 0.027 kg
in maneuver {

8.69 0,06 b (30))
Initial temperatures
Nitrogen 23.6°C (74.5°1)
Propellant 24,4°C (76.0°F)
Valve 45, 6°C (114.5°F)
Turn parameters

Roll 0 deg

Pitch

using the computer only. This minimized the
gyro on time and thus the possibility of gas loss

The propulsion and navigation estimates of
TCM 3 impulse errors were made in the same
way as for TCM 2. The agreement was excellent
since propulsion determined that delivered
impulse was 0.9 + 0. 7% less than predicted and
navigation obtained 0. 7%.

The 0.9 9, crror consisted of a 0.07" errovr
duc toa 0.23 x 104 N/xna (+0.34 psia) error 1n pre-
dicted tank pressure and a 0.837 crvor due to a
-2.8 x 104 N/n‘lz‘ (-4.0 psi) ervor in predicted
catalyst bed pressure drop. Inspection of
Fig. 138 also shows that the BUTECT tank pres-
sure model did not work perfectly — predicted

JPI. Technical Memoranduim 33-734, Volume 1



tank pressure was lower than measured from 10 Figure 140 shows the catalyst bed pressure

to 30 s and higher after 40 s. This did not cause drop for the various firings of the flight engine
a significant impulse error because the high and (S/N 2061 and the calibration test engine (S/N 205).
low tank pressure periods compensated for each The two engines behave similarly, and it was
other. expected that the flight engine catalyst bed pres-
sure drop would not vary significantly from its
The TCM 3 impulse prediction error thus was TCM 2 and 3 values during future engine firings,

. . - A . >
aimost entirely due to an error ot 2.3 x 10T N/m*~
(4. 0 psi) in predicting the catalyst bed pressure

drop. This occurred because the large decrease Table 34 summarizes the prediction error

in bed AP that occurred from TCM | to TCM 2 macgnitudes for TCMs 1, 2, and 3. Table 35 suim-
20.8 x 104 I\'/niz to 17.7 x 104 N/mé (30.2 to marizcs the BUTEC model changes made to proe-
25.7 psi) was projected forward to obtaina TCM 3 dict and simulate the three burns.

predicted hed AP of 15.9 x 10% N/m? (23.0 psi).
This projected decrease did not occur; the indi-
cated TCM 3 bed AP was actually 0.90 x 104 N,fma T. POWER SUBSYS Ty

iV i oo Nan N T P S S B Mo D
(1.3 psithigher than that determined for TCM 2.

Figure 137 shows the post-maneuver flyby The spacecraflt power subsysteny perforimed
point which was approximately 180 km inside the well during the mission with three significant
aim point. The maneuver was considered highly exceptions. The first was the power chain switch-
successful since no additional pre-Mercury mancu- over that occurred on Jannary S, 1974, The
ver was required, the {lyby point was within the second was the solar panc! current anomaly that
extended 90% science value zone, no attitude- occurred on March 9, 1974, The third exception
control gas was wasted by roll axis oscillation, was the 87-Ww power increase that occurred on
and sufficient propellant remained to correct the March 31, 1974, A bricef summary of the analysis
trajectory for Mercury Il with sunline manecuvers. of these anomalics is presented In this section.

Table 34. TCM 3 prediction errors
A Error magnitudes
A priori
reM 30 impulse Integrated Percent of Percent of Comments
error - o
percent of I)c Cr total

1 4, 3% 0. 99 0. 97, 1.8 1.26 Navigation determined the
1. 8% total error from post-
burn tracking., The major
causes of the P error were
O, esistance, and heat
transtfer model errors.
Kssentially all the P error
and half the Cy- error were
corrected for TTCM 2

2 5.2% 1,109, 0.15"% 1. 254, 0,72 Navigation determined the
1.25% AV error by statis-
tically analyzing the doppler,
pointing, and propulsion
errors. The major cause
of the P> eaerror was a
decrease in the catalyst bed
pressure drop

3 4, 6% 0. 9% 0. 2" 0. 7% 0.46 Navigation deterrmiined the

total error as in TCOM 2,
The major cause of the D,
error was an extrapolated
catalyst bed pressure drop.
The bed pressure drop

for TCM 5 was actually
almost the same as for
FCN 2
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TCM 1 prediction

TCM 2 prediction

Post TCM 2 simulation

TCM 3 prediction

Post TCM 3 simulation

Reference model. Ali values are directly from test data except
catalyst bed pressure drop which was 2.1 x 104 N/m¢ (3 psi)

icss than the average of the last two FA tests.

C™ increased 8.425%, Liquid and cataiysi bed resistances
decreascd 1. 2%, Cp increased by 0.9%, heat transfer to ullage
gas increased by 50%, tank contraction and gas out of solution
added to model. These changes increased impulse 1. 8% for
the burn duration and 2. 10% for a 50-s burn

C" increased 0.2125%, liquid and catalyst bed resistances

decreased 0. 6%, Cg increased 0,157, heat transfer increascd

50%. (Effects of tank contraction and gas nit of solution were
negligibic for this short burn. ) These changes increased
impulse 0. 9% for the burn duration and !, 147, for a 50-s burn

C™ increased 0, 425%, Cy increased hv () 454, catalyst bed
pressure drop decreased to 17.7 x 107 vn“ (’5, T opsi), heat
transfer increased 50%, These chahgos mcre’ascd impulse
2.15% for the burn and Z 3% for a 50-s burn duration.

C# increcased by 0.425%, catalyst bed pressure drop decreasced to
16 x 103 N, ‘m 2 (23.0), Cp increased to . Tank contraction,
gas out of snlution simulated, h(‘dt transfer
These changes increasced performance 3. 55 {or the
for a 50-s burn duration.

750

increascd 507,
burn and

C# increascd by 0.425%, and catalyst bed pressure drop
increased by 19 x 104 N /mZ (27.0 psi), heat transfer
increased 507, CF increased by 0.75",., Tank contraction
and gas out of solution simulated. These changes increased
impulse 2,647, for the burn and for a 50-s burn duration.

All percentage changes are rotcrenced to the values used for the TCM | prediction.

The TCM 1 and TCM 3 simulations matched the integrated clamber pressures for those burns
The TCM 2 simulation matched the mean chamber pressure at 3.7 s.

1.

Power Chain Switchover 40:41. 120 Battery voltage at
- 117 DY (cdown 1 DNX)
The switchover occurred at 008:14:39:53
aMTl (L + 66 days). The relationship of space- 47:47. 231 Battery voltage at

craft events associate

follows:

008:14:39:53, 271

39:55.930

d with this failure was as

NIS data goes bad

88. 55 kliz subcarrier
vanishes

88,55 and 177,
subcarriers appearc-

Two pseudosubcarriers

118 DN (normal)

the
PO wer

When data reappeared on the line printers,
DS was in data mode 10 {indicating an FDS
on reset), and the 2. 4-kllz inverter input current
was at 2 DN, which indicated that the spacecraft
was on the btdh(lby chain, or that the 2. 4-kIlz
inverter input current sensorv had {ailed. The
power chain switchever had no major impact on
the mission,

lkI

a. Analvses and Tests
appear
39:56. 090 Two pseudosubcarriers (1Y During this period, IN3892 diode failure
fade out were detected during VO'75 screening

40:30. 620

Battery voltage at 116 DN
(down 2 DX)

and type-approval (TA) testing. Three
diodes from the same Tot were used in
the Mariner 10 hooster regulator (BRY. A

LAll times in this report are Farth-received times.

4

“1.28-s gap with no subcarrier.

JPIL. Technical Memorandum 33-734,
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diode from the same lot

MM'71 TA testing.

3]

Tests were conducted in the power
laboratory on the breadboard hooster-
regulator {BR) to determine the operating
characteristics during the failure of ths
three diodes (CR11, 12 and 131, It was
determined that the BR input current
increased to approximately 18 A, and the
BR output voltage dropped to a vaiue
slightly lower than the input voltage dur-
ing the following failures:

Device IFailure Mode
CR 11 Short or open
CR 12 Short or npen
CR 13 Short

An open-circuit failure of CR 13 had
little effect.

{3) Analyses were performed to predict the
solar array capability. It was concliuderd
that the power subsystem would have gone
into the solar array/battery share maode
and that the battery would have dis-
charged at 6 to 10 A until the transfer
was made Lo the standby chain (this cur-
rent was later estimated to be 10 A)., The
time for the failure sensor to react to an
out-of-specification voltage or frcquency
condition was measured on the flight
equipment as varying from 1. 38 to 1. 50

(4) Tests were conducted on the battery to
simulate a BR failure that would cause
the battery to discharge at 8 A for 1.2 s
{the time that the subcarrier vanished).
The recharge characteristics of the test
battery matched the battery flight data
following the switchover reasonably well.
The fact that the test was conducted at
8 Afor 1.23 s versus a calcuiated cur-
rent of 10 A for as much as 1.50 s would
have little impact on the recharge
characteristic.

(5} An analysis was performed to determine
if the Earth-received data could be cor-
related with the expected response of the
power subsystem for a power chain

ailure that would cause the battery to

ischarge at =10 A for 1.28 to 1.50 sec,
and the BR output volta
approximate input vo’xtahe. Al
signifi~..nt responses of th
the anomaly were considered, and all
could be accounted for under the hypothe-
sized failure.

CL"“A

0

m
Y
o
& -
2]
D
s}
I
o
g
o
o}

The CC&S clock gained one sccond in the
10-day period prior to the anomaly. This would
indicate that the 2. 4-kilz inverter frequency had
increased above the expected operating frequency;
however, this could still have been within the per-
formance specification (0.01%). Regardless
there is no apparent relationship betweoen the fre-
quency increase and the power chain switchover.

106

1t was of

V& S ITIC AL T (S Wa s
cause:d by a component {atfure H“ar resalted in a
reduction in 2.4k voltage,

b. Action Taken. it was cons ‘red that

there may be a relationship Letween the power
¢rain transfer and the vower conoreants CDOR 8)
encountered by the Mata Suabsvton TFDS)
on some ACCasions wher {6 o were tarned on,
The gyro turn-on fransients wively large,
and it was considered foasible that the vransients
were degrading one or more power Sunsysten
components and finally causing a idl(ul‘t‘ In
order to reduce Possihi

are vel:

costress on the power
—

i
chain, the following woflor wes aken: 7

{1y L 7% davs {UN brogvros were

o

turned on supposcdly fer the rerainder

ot the mission,

(2 1.4 70 days (GMT 0210 redue o toads

for TON 2 to avoud the solar arrvay !
battery share maode ard its associaterd
transients. On I, - 26 days (GMT 028)

¥
¥
L

the spaceorait rodl axis starred 1o
cillate becanse of a structuer
(1yna.nnc cannli
were turncd off. The policy of reducing
stress on the nower chain continued:

2 nroblen, so QYOS

(3 L.+ 103 davs (GANT 045y »cducerd the
loads for a gyro test.

Normal opcerations were later reosumed because
cognizant power subsvstom desion persounnel com-
pleted an ~nalysis which conclurded:

(1) Switching loads off prior to each gyro
turn-on did not reduce the risk of damag-
ing the power chain; it may even increase
the risk slightly,

(2) There was no significant stress on the
power cnain when transferring out of the
share mode,

C. Relation to refiight 'roblems/
Performance. There is no evidence of any part
problerms other than the IN3892 diodes. Only one
IN3892 diode was known to have failed the MM'7H
testing program, aone failed the Mariner 10 test-
ing, and no failures were detecterd in the VO'75
testing until after Mariner 10 was launched. The
problem with the IN3%02 diades could have been
detected under an expanded test program.

d. Recommendations. & uﬂ‘lpﬂﬂt\ itt tosting
should be maintained at the same level on future
programs because of the incroasm‘{ costs associ-
ated with an expanded program. Tlowever, the

€

‘11 des have been modi-

screening tests of INBG2
fied to limit the diode junction temperature to
150°C, Previous test nwethads aliowed tempera-
tures as high as 22.2°C.

The switchover “lesion philoson shy was reevalu-
ated, with consideration of adding thi‘ capability to
s\'itch baclk to the main power chain if proven to
Tight tests, Th's

T I i
¢ of the adderd

be operating properiy by in-f
approach was rejecter bhocas
design comple mtv. and of the successful record
of the present desi
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The following is a brief summary of the solar
panel curreunt anomaly that occurred on March 9,
1974 (GMT on Day 068).

a. Description. During the solar panel dif-
ferential tilt test of March 9, 1974, the panel cur-
rent sensors were changing as a result of the -X
panel tilt being changed from 76 to 60 deg. At
approximately Day 068 19:04 GMT, the No. 1 cur-
rent sensor of the - X panel decrecased & DN
{-0.36 A) and the other three panel current sen-
sors Increascd by 3 DN each (a total of 10, 36 A).
The general trend during this portion of the tran-
sient was 1 DN difference per change.

b.  Analysis Effort. Initially, this anomaly
was diagnosed as a shorted zener diode on one of
the three electrical sections associated with the
No. 1 current sensor of the -X panel. This diag-
nosis was later shown to be incorrect.

Cn the same day of this anomaly, twelve
hours later, the -X solar pancl was unintentionally
tilted to a tilt angle of 50 deg., As a result of this
error, the panel temperature went up to the type -
approval temporature, and the PSk ], voltage
decreased to 39. 73 V.  An analysis of the flight
data during the 50-deg tilt showed that the ratio
of the -X panel current sensors | and 2 started to
change immediately as the I’Se¢ 1. voltage changed,
and increascd continuouvsly to the point where the
voltage reach a mininum value. llad the anomaly
been a shorted zener, the ratio of the current sen-
sors would have been expected to remain approxi-
mately constant until the PPS& 1. voltage reached
=40 V (the regulation voltage of a solar panel sec-
tion with a shorted zencr diode). Turther, a
large increase in the ratio would have been
expected when the PS& L voltage fell below the
regulation voltage of the partially shorted zencr
diode string. The fact that a gradual change
instead of an abrupt change in current was secen
is solid evidence that the anomaly was not the
result of a shorted zener diode.

Based on the assumption that the anomaly
was caused by a failure (short) of some scries-
parallel configuratirm o' solar cells, an analysis
was conducted to determine what series-parailel
configuration of shorted cells would match the
rutio of the -X panel current sensors in flight.
Two cases were considered:

(1) Both panels at Hi6-deg tilt
7 N .
{2} -X panel at 50 deg; + X panel at 76 deg

1 -~

T". analysis shower that a group of shorted
ittel by four

cells having {ive in para in series pro-
vided the best fit for the data at both of the above
cases. This is somewhat unrealistic in that the
solar panels are made-up modules having 3 or

4 cclls in parallel.  in spite of this discrepancy,
~onfiguration has becen used in suc-

The analyses of this anomaly cannot be con-
sidered conclusive because of the limitations of
the flicht data :

Flovie o wreo it ois
o1t

0

oy

st im that bl

anomaly was not a shorted zener diede in the

solar array regulator,

c. Fifect of Problem, There was no
impact on the mission from this anomaly other
than to reduce the uscful power of the solar arrav
by a small amount.

The reporting
more emphasis on
rdata and the ratio of scction currents within a
panel. The mission was not altered because of
this problem.

syste:n was altered to place
manitorine Fhe panel cnurrent

d. Relation to Drefiight Problems and
Performance, A short across a number of sub-
morules could be caused by shorts from the solar

panel substrate to the solar cells, Voids were

detected in the diclectric insulation of some of
the substrates, but these were repaired.  Also,
there is a layer of adhesive between the cells and
the diclectric which provides additional protec-
tion from shorts. There would have to be at
least two st
solay colls

orts between the substrate and the

oy

o

in order to have a power loss

{the sul:sirate is scparated from the solar array
power return by a 5000 2 resistor), It is
unilikely that this sort of failure occurred, and it
is doubtful that an cxpanded test program would
have significantly reduced the possibility of ti
type of fajlure.

There was a problem with the solar cell
manufacturing process that resulted in many of
the solar cells having corner cracks. It is pos-
sible, but unlikely, for a corner piece to come
loose and short a submodule,? but the analyscs
(to date) suggest a number of series cells {or
submadules) were shorted. Therefore, it is
unlikely that this problem was the source of the
anomaly.

An interconnector’ corrosion problem was
discovered during the solavr panel assembly an'l
testing program. The interconnectors were
found to have an acid residue which caused the
carrosion when exposed to water vapor, This
problem was resolved by cleaning the intercon-
nectors and replacing a fow
it was assumed that no corrosion
would take place in flight because of the absence
of water vapor. This problem may not be related
te the solar panel anomaly, as the corrvosion
problem would tend to cause an open circuit,
whereas the analyses suggest that the anomaly

where the corrosion

was extonsive.

was caused by a short across a group of cells,
If the corrosion problem was the source of the

3Unless the chassis was shorted to the power return line a2t seme other point in the system,

4A group of parallel cells,

5A device usecd to connect sclar cells in series and para

JPL Technical Mcemorandum 33-734, Volunie I
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sclar panc

n ould possible have be
prevented by Ui cell modules that
had the acid resxdue. However, had it been
determined from the life test that in-flight corro-
sion was possible and that a refabrication of the
solar panels was required, the refabrication
would have been expensive and could have jeopar-
dized the launch date.

..,.,
-
o)
w
-y
-]
2

It is possible for the solar panel anomaly to
have been caused by a piece of debris which fell
across the panel and shorted a2 group of cells
This obviously would have no bearing on preﬂ!gnt
testing.

C. Recommendations, It is recommended
that no changes be ma-de in he solar panel devel-
opment and test philosoph as a result of this
anomaly because of the following:

(1Y There is no strong evidence indicating
the mechanism of failure.

(2) The development and test philosophy
used on the Mariner 10 program has
proven to be successful on other
programs.

3. 87-W Power Increase

a. Description. The following is a brief

summary of the power anomaly of March 31, 1974,

09 GMT.
as follows:

The initial response to the anomaly was

(1) Booster recgulator input current sensor
increased =1.9 A {93 W),

(2) PS&IL voltage decreased =0.75 V.

(3) Raw DC load power decreased =9 W (TV
optics heaters became inoperative).

(4) Spacecraft power increased =77 W,
(5) Spacecraft bay temperatures began to
mmcrease {particularly Bay 1| where much

of the power equipment is located).

{6} Battery voltage began to drop (because of
temperature increase).

{7} Temperature sensor 2 on each solar
panel showed an (artificial) increase,

(8) Zener temperatures began tc drop.
The iong-term response to the anomaly was:

(a) BE luput current sensor indicated an
additional load of =87 W.

(b) PS&1. voltage was down slightly (as
expected).

* (¢) TV optics heaters remained inoperative.

{(d) Spacecraft power demand up by =78 W,

‘. - .
YA limited life test was performed by Boeing, but

(e} emperature HL‘QQ()I“’» 2 on each solar
an(] remained hoh {artificialy

(f) Zeuner temperatures remained low {as
cupectedd,

{¢)

Although their relationship to the problems
in the power subsystero is un
systems woere also aifected

Lnown, these sub-

;othie Trnontaly

(1) DSS power relay torcled occasio

Ay
(2} Many telen-otry si

oy Ay maiay

(3) X-bard travamitter failed occasinnally.

(+)  ALDS failures. tThe wornlo not

respond fo DO

fhigh povedt or

DO 42 (Tow powersd,
(5) PSU SES erratic.

b,  Analys:is ifort

&

(1) A BR failure anaiysis was performed fo
determine the maximuin corrent the PR
could draw uncier a failed condition and
still regulate the output voltape proper.
The maxinuim current increase for this
failed condition was cailculated as 0,6 AL

(2) The BR input current was plotted versus
the 2. 4-kiiz inverter mumlL current to
determine if the increased demand at the
BR input was related to the output load of
the power chain, Theve was no relation-
ship established which indicates that the
failure is not in the BR or the 2, 4-kliz
inverter From this, one can conclude
that the additional load is between the BRR
current sensor (in $A¥) and the standby
BR {(4A10)

(3Y A partial analysis ol narness wiring was
conducted to determine if there was a
relationship between the {ailure charac-
teristics within the power subsystem.
No relationship was cstablished,

N

A review of the circuit diagrams was
conducted to determine it there were any
obvious failure m:ades that would result
ina 2-A current increasce., There was
none.

(5) Many analyses were performed by other
subsystems to evaluate the responsce of
their respective subsystens to thie

failure.

c. Fffect of Problem. This anomaly
occurred during the MNercury far encounter. The
irst reaction was to reduce the loads to sec if
this would have any nnpact on the faiiure. The

X-band transmitter and magnetometers were

no corrosion was detected.

JPI1., Technical Memorandum 33-734, Volume I



turned off separately for approximately 25 min
each, and the TVs were turned off for almeost
15 hours. The TWT was on low power for one
week, and the battery charger was off for over
17 days.

The additional spacecraft Inad resulted in a

larger battery discharge during off Sun mancuvers.

dq, Action Taken, The major impact of this
anomaly on the power subsystem is the additional
load of =87 W. The solar array power margin
was adequate to permit normal operation of the
spacecraft load in spite of the increased power
demand and the solar array failure of March 9,
1974

e. Relationship to Preflight Problems and
Performance. There was no evidence before
launch that this problem existed. It is doubtful
that any reasonable test program could have dis-
covered the source of this anomaly when consider-
ing that the hardware operated successfully for
148 days if it was associated with the primary
power equipment, or for 82 days if it was associ-
ated with the standby power chain.

K. ARTICULATION AND POINTING SUBSYSTEM
FLIGHT PERFORMANCIE

1. Summary
uinfidary

A brief cummary of the flight performance of
the MVM'73 Articulation and Pointing Subsystem
(APS) is presented. This is a summary of the
data accumulated during the primary phasc of the
mission.

The APS demonstrated successful flight per-
formance throughout the primary mission. There
were, however, several anomalies observed in
flight. The types of anomalies range from APS
command overrides to a possible structural prob-
lem in the scan cone axis control. There were
neither component failures nor performance

P ) N Yoot - il ALY 1 4 -
Lit‘;_‘,l’dild.l,ll)ll LIt Lt S0 eleCLionies,
2. Introduction

Figure 141, a simplified diagram, illustrates
the various functions that ADP’S performs on the
Mariner 19 spacecraft. As shown, the ADS per-
forms six pointing control functions. It controls
the pointing of the high-gain antenna ({I!GA) by
articulating in the boony and dish axes, the point-
ing of the scan platform in the clock and cone
axes and ths updating of the tilt angles of the X
axes solar panels. Fligure 142, a detailed dia-
grar:. shows the actual configuration of the six
actuators.

This veport prescnts a brief perforimance
summary of the following APS functions:

(1} APS clectronics
(2} Solar panecl control

(3} HGA pointing control

(4) Scan pointing control

JPI. Technical Memorandum 33-731, Volume I

3. APS Electronics

The APS electronics performesd successfully
throughout the primary mission., There were no
observed hardware failures,

The ADS clectronics, as showen in Fia, 112
consists of dual redundant control channels. Hach
channel is multiplexed anong six control actua-
tors. Both feedback and incremental position
modes are utilized to control the positioning of
the six actuators,

Since there is a comrmon power switch for the
two channels, both channels were turned on

toyornd e PPN
topeiney H

o.ooandd remdaned pw\\,t'l“t'if
for the rest of the mission. The Channel 1 clee-
tronics was uscd throughout the primary mission
while the Channel 2 remained as a standby anit.
The telemetry stputs used to monitor the APS

status in flignt are shown in Fig, 142,

One anomaly was recorded by Day 330
(Nov, 26, 1073,
Command Unit (°CU) was interpreted within the
APS with an incorrect slew pelarity.  The causc
of the problen was thought to be noise in the
FCU-APS interface circulitry.

Ben o command {rom the Flight

BN Solar PPane! Cantrol

The APS successfully controlled and updated
the tilt angle of the solar panels.  The tilt angle
update was periodically performed to adjust the
surface temperaturc of the solar panels. Fig-
ure 144 illustrates the panel tilt angle updates as
a function of days {rom launch through Mercury
encounter. Table 40 shows a summary of pre-
dicted and actual telemetry data numbers (DN)
for the tilt angle update operation.
the positioning of the solar panels was achicved
within #1 DN (+0, 04 deg) of the predicted fine
telemetry value.

As shown,

Frony the 126th day to Mercury far encounter,
solar sailling was cffected by differentially
positioning the solar pancls o generate a con-
trol torque and achieve roll-axis attitude control
without the use of the roll attitude-control gas jets.
During this operation, the pancls were rotated
between of) and 76 dey.

5. HGA Pointing Control

The ADS success™ully controlled the pointing
of the THHGA throughout the primary mission. One
operational anomaly was recorded on Day 5,

{(Jan., 5, 1974} when an interference occurred
between the TIGA structure and the uncoiling cable
bundle wrapped around the HGA bhoom.

On the same day, the HGA dish actuator was
commanded incrementatly to a dish angle of
-+ 5 deg, which was outside of the nominal opera-
tional range. The dish apparently encountered an
obstruction belore the final position was re. cherl

2

and stalled at - .

s fix“;

Fhe slew was terminated by a subseqguent
stop command, [t was determined that the actu-
ator had stalled when the [HGA dish Y-bar was

Tonw
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pressed against the uncoiling cable wrapped
around the HGA boom.

a. Initial Deployment. The boom and dish
actuators were not connected at launch to their
respective gimbals to avoid launch vibration that
could be transmitted to the actuatar chafte, After
launch the HGA structure was first unlatched by
the spacecraft separation-initiated timer (SIT).
After the Sun had been acquired, but prior to
initial star acquisition, the dish anr] boom actua-
tors were slewed. A dish angle of -16 deg and
boom angle of 13. 9 deg were commanded to
enable the drive pin engagement between the actu-
ators and the gimbals. After drive pins had been
engaged, the dish ginhal was unlatch Woa
command DC 49, ln(r dish ¢imbal was thon
stewed back to 37 deg.  The boom gimbal
remained at 13. 9 deg during the deployment oper-
ation. The deployment chronology is shown in
Table 37.

by

b. Performance. Both position and incre-
mental modes were used in the pointing control of
the THIGA. The position slew was verified (i.e.,
the actual value matches the predict) within
I ~2 DN (0,04 ~ 0,08 deg) on the fine telemetry
readout. The incremental slew, particularly a
short siew of 100 increments or less, was
normally predicted exactly {i.e., within the
readout resolution of the fine telemetry).

The backlash ohserved in the dish and boom
axes were about 1 to 2 DN (0,04 ~ 0,08 deg) and
3 DN (0.12 deg), respectively. An increase in
dish axis backlash was observed during the 11GA
flip-flop operation on Day 53, when the dish
gimbal was at 4.7 deg. At a hinhor dish angle
such as 85 deg. the backlash was typically | DN.
The increased backlash was prﬂbably duc to a
similar interf{erence between the Y-bar and the

~

boom cable as observed in the Day 5 anomaly.

Some HGA boom axis positions were attained
by CW and CCW slews. This pair of position
data provided a measurc of hysteresis in the posi-
tion mode.
I DN (0. 04 deg) and was repeatable.

6. Scan Platform Hointing Control

The APS successtully controlled the clock
and cone axes pointing of the scan platform
throughout the primary mission. There were
some anornalies obscrved in the high cone angle
operations. As a result, some high cone angle
slews ('greater than about 163 deg) were deleted
15 encounter TV/UVS mosaics.
Seve ral engincermg tests were performer in

st Both position

i T R B N
and anrcxﬂ()nta‘. slews wore used Lo achieve

he problem.

T

7. Scan Platform Unlatch and Deployment

After the Sun had been acquired but prior to
initial star acquisition, the scan platform was
unlatched by a CC«uS 8C command.  Subse-
quently, the platform was slewed from H7-deg
cone stow position to 55, ¢ deg, clearing a non-
reversible pin latch at 55,4 deg.  This pin fatch
became the lowest cone angle physical Timit after
initial cone deployment { aly in the scc-
ond engineering test). The platform remained in

S nom
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The hysteresis observed was typically

the 255-deg clock stow position until Vega
acquisition. Table 3¢ shows a siunplificd
sequence of AT'S events following the spacecraft
separation from the launch vehicle. Note that the
UVS mosaic sequence originally planned to be
performed after Vega acquisition was deleted due

21 R N .
S LAy L A S I R TS AN

= Scan Clock Control

The scan clock axis control was performer|
without any anomaly during the primary nission.
An example of a typical scan clock axis slew per-
formance is shown in [lg. 145, Backlash
obscerved in incremental slews was typically 3 to

A DN 0 12 to 0006 devy e ihe fine tolometeye
1

readont. In incremer ewn, parvticularly
increments, the
final actuator position had been normally pre-
dicted exactly (within the telemetry readout reso-
lution).  In position slews, the actuator positions
had been predicied within 1 to 2 DN (0, 08 to

0. 03 deg) of the actual telemetry values.

I
those stews shorter fthan
1

=

Typical clock axis stepping characteristics
and the fine tetemetry dead zone characteristics
recorded by the fine telemetry rea-dout are shown
in Flgs. 147 and 145, respectively.

. Scan Cone Control

The scan cone axis control expericenced some
problems at high cone angles.  The
was noticed on Day 349 (Dece, 15, 1973 during a
scan calibration scquence when an unexpectedly
larve backlash of 5 to 10 DN (0,32 to 0,40 deg)
was cuserved at an angle of 161 deg in cone., A
nominal backlash obscrved prior to this date at
much lower cone angles was consistently about
4+ DN (0. 10 degr, The slew signature is illus-
trated in Fig. 1-13,

first problem

On Day 552 (Dec. 1%, 1973) during the UVS
helium wind experiment, a very sluggish cone
axis movement was obsevved at angles
160 and 179, 7 dey.
axis motion is shown in [Mig., 144,

between
An apparent slowing of cone

As a result of these anomalies, a scrics of
five scan engincering tests was performed
bhetween Day 7 and Day 57 (Feb. 26, 1974 to
obtain more pertinent data on the cone axis slew
signatures. The tests covered a range of cone
angles from 558 deg to 167 deg, A sample ::1 S
pattern from the first engineering test is illus-
trated in Fig. 150,  As shown, the slew incre-
moents dppodrvr{ nor:mal, but increascd backlash
was observed at higher cone 1'1”{0: Also 1t
appearced that the incrcased hacklash is inde-
pondent of the clock angle.

Fignres 157 through 153 show some of the
recovderd during the
scan enzinecring test,  Figure 151 shows the
start of a stew against backlash of 10 DN
(0,4 deed) at a cone angle of I(m(). 6 deg. T
152 shows a normal cone actuator slew without
Backlash at a Tower cone angle.  Figure 153 shows
the end of a position slew when slowing occurred,
cach the corvect final

cone axis slew signatures

gure

Mote thint the actuator dia r

position.

The result of the test indicater
foltlowing:

(20
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Table 36.

tilt angle updates

Summary of predicted versus actual telemetry data numbers for

+X panel -X panel

Days

after Tilt Predict Actual Tilt Predict Actual
launch

deg DN, Coarse/fine deg DN, Coarse/fine
0 0

41 Days 25 75/53 76/52 25 51/77 50/76
42 Days 12 69/118 43/89
76 Days 12 69/118 12 57/15
79 Days 45 86/35.5 85/35 45 41/89 40/89
103 Davys 58 92/99.5 91/99 58 34/20.4 34/20
117 Days 66 96/41.2 95/41 66 30/77.8 30/77
126 Days 60-76 60 to 76

One fine DN = 0. 04 deg at actuator output shaft.

Table 37. Launch phase deployment
summary

GMT,
day 307 Event
06:24:00 Spacecraft separation
06:27:15 Began Sun acquisition
06:45:00 Unlatched solar panels,

MAG boom, LGA, HGA

07:09:14 Sun acquired (sun gate)
07:00:00 Dich pin engaged

07:38:00
07:45:00
07:51:00

08:57:00

09:38:00
10:038:00

11:05:00

16:45:00

Boom pin engaged
TInlatch HGA Dish by
DC 49

Scan platform unlatched
by CC&S-8C

Dish axis slew, CW 1000
steps

Dish axis slew,
steps

First scan cone position
slew

CW 1000

Canopus tracker turned
on

Expected Vega acquisi-
tion time

Scan mosaics for UVS
helium experiment,
deleted

Vega acquired

JPL Technical Memorandum 33-734, Volume I

{3)

(4}

A
Fages

Some slowing was observed at a cone
angle as low as 150 deg.

Slowing becomes more evident at cone
angles above 160 deg.

Backlash increases with increasing cone
angle and sharply increases above 165

deg. A summary of backlash as 2 func-
tion of cone angles is shown in Fig. 154,

When reversing the slew direction, from
CW to CCW, a peculiar startup transient
was observed. An example is shown in
Fig. 151.

ta el Pt~ R RPN 1 : -
initial list o dates that were con-
a

n

i

{f candi a
sidercd to be the cause of anomalies included the
following:

Binding and twisting of the scan platform
cable bundle.

Increased cone axis bearing friction.
Actuator clutch slippage.
Motor stalled.

Interference with the platform thermal
blanket,

Low temperature effect due to the TV
heater failure.

Subsequent investigation provided the follow-
ing information:

(H

A special twist test performed on a
simulated scan cable showed that a
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maximum torque generated by the wound-
up cable, at -17.8°C (0°F), would be
about 0.68 N-m {6 in.-1b). This tor-
gque would be too small to cause the
anomaly.

{2) Thermal blanket fit was checked at high
cone angles at Eastern Test Range (ETR)
prior to launch and the last blanket tie
was deleted to insure necessary clear-
ance at high cone angles.

(3) A special actuator test was performed
at JPL using a prototype actuator. The
test indicated that the clutch could not
have slipped when driven by the actuator

motor unless the clutch slip torque

decreased in flight. In this test the
motor stalled when the actuator output
shaft was held stationary. The clutch
slip torque, when back driven, was a
minimum of 56.5 N-m (500 in, -1b).

When the motor is stalled, the power
supply current should increase slightly
and the amount of increase reflected on
the supply voltage is a function of the
APS power supply dynamic impedance.
The power supply voltage fluctuation
could have been monitored during the
anomalous slews if it had been on a
higher rate telemetry channel.

Figure 155 shows a sample of the APS
power supply voltage fluctuation during
a normal slew. Note that no fluctuation
is observed in the clock axis slew shown
in Fig. 146.

{4) The temperature of the cone actuator
and the gimbal during the TV heaters
malfunction was estimated to be about
-17.2°C(1°F), a temperature well
within the Flight Acceptance test tem-
perature oi -20°C (~4°F). The TV
heaters which came on unexpectedly on
Day 17 (Jan. 17, 1974) raised the actua-
tor temperature to about 7.2°C (45° F}),
Examining the result of the fourth and
fifth engineering tests which were per-
formed after the Day 17, it was evident
that a higher platform temperature did
not eliminate the anomalous cone slew
characteristics. Theretore, the effect
of the low temperature was ruled out as
a single cause of the anomaly.

No conclusion has been drawn to explain the
cauge of the anomaly. It has been hypothesized
that the most probable cause is an excessive
friction torgu+ in either gimbal bearing or drive
link mechanisms.

10. Anomaly During Engineering Test

An anomaly occurred on Day 11, 1974 during
the second engineering test when the cone actua-
ator was commanded to 58. 6 deg. The platform
apparently hit an obstruction at 58.8 deg and
stalled the motor. The commanded cone angle
was just within the operational low limit of 58. 4
deg. It was hypothesized that this obstruction
could be an HGA support strut that had not folded

out of the way completely,
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After the anomalous slew into the obstruction,
tne actuator was commanded awav from it incre-
mentally. This slew pattern is shown in Fig. 156,
Subsequently, the cone actuainr was slewed to
59.2 deg in cone, without encountering the
cbstruction, and slewed back incrementally to
61.1 deg. This slew pattern, shown in Fig. 157,

iz a normsal slew sionature acsinet a harklaah
o - RS TOT A s T s e s ey

l11. Fine Telemetry Potentiometer Deadzone

Figure 155 shows a trace of signal through
the deadzone of the fine telemetry potentiometer.
The deadzone is about 1.5 DN wide. This corre-
sponds to 0. 06 deg referred to the actuator out-
put shaft or about 4.2 deg on the fine T/M poten-
tiometer. Note the length of the zero-DN region.
It is almost 0.1 deg referred to the actuator
output or 6.7 deg on the fine telemetry poten-
tiometer. Note that the clock actuater has a
much shorter 0-DN region as shown in Fig. 147.

L.. ATTITUDE CONTROL
1. Introduction

This section documents the Mariner 10
launch performance from launch to the end
of the primary mission on April 15, 1974,

2. Launch

The Mariner 10 liftoff occurred at 307
05:45:59. The iaunch sequence of events is
illustrated in Fig. 158 and was executed within
the performance prediction envelope. The
spacecratlt separation from the lauch vehicle
occurred at 307 06:24:00. The events subsc-
quent to separation pertinent to the attitude
control subsystein arc listed in Table 38, Fig-
ure 159 illustrates the attitude-coantrol celestial
and inertial sensors error signals following the
separation event. The next few paragraphs will
describe spacecraft occurrences as inte rpreted
from Fig. 159.

a. Sun Acquisition. ‘I'he initial rate-
reduction Sun search was initiated immediately
after separation; however, the solar panels did
not begin to unlatch until 307 06:27:39 and were
not completely deployed until 307 046:29:15., The
implications of the above event sequence are as
follows: Prior to solar panel desloyment, the
spacecraft pitch and yaw axes search for a
celestial null which may or may not be near the
actual celestial null. The data observed during
this period is obscured by data outages, and no
definite statements on tipoff rates or orientation
can be made.

During the solar panel deployment, the sun
sensor fields of view are moving rapidly, result-
ing in changes in the rate of search polarity in
both the pitch and yaw axes.

Following solar panel deployment, the yaw
axis had apparently found an approximate celestial
sensor null. This is iadicated by the yaw posi-
tion sensor signal within the sun gate limits,
{about 6 deg), and a gyro rate reduction.

Following solar panel deployment, the pitch
axis appeared to go into sun search for ahout

T
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Table 38.

Launch events through celestial acquisition

Spacecraft event time {GMT) Day h min

Atlas centaur liftoff

Qrarorya & onmawnil A =~and 207 ne A
_'t;;‘.‘..—'\a\_; e ::Ciu'c:ua. L LASIL CLilva A AV A&} ~tx
start of Sun acquisition

Unlatch solar panels, 307 06 45

mag boom and HGA
Apparent Sun acquisition 307 06 33
(no sun gate)

Unlatch and deploy

boom

3

(5]

>
~J
o]
[l
Ut

Engage HGA dish actuator
pin

307 07 00

Begin final yaw Sun 307 07 02

search
Engage HGA boom 307 07 05
actuator pin

Sun acquired (sun gate) 307 07 Q9

Unlatch Sun platform 307 07 38

Enable lower scan 307 08 57
cone stop

Turn on Canopus 307 09 38
tracker (begin star
search)

Acquire reflected earth 307 09 43
light

DC 18 rc'l inertial 307 10 10
Last of 17 DC 21 (-2 deg
roll turn)

Spacecraft event time (GMT) min
DC 19 start roll search 307 10 350

{(reset DC i 8)

DC 18 roll inertial {end
roll search and +2 deg
turn)

307 11 07

DC 12 steps adaptive 307 15 20
gate to Gate 3

TMI1-7TM2-7TM4 start of 307 i5 21
positive roll command turn

DC 19 reset DC 18 roll 207 15 25
inertial

7TM4 end of roll
commanded turn

307 15 34

DC 13 (reset 7TMZ2) and
start roll search

307 15 46.0
DC 18 roll inertial --stop
roll search and +2 degturn

DC 19 reset DC 18 and
start roll search

30.5

DC 18 roll inertial --
stop roll search and
+2 deg turn

307 16 31

DC i9 start roll search 307 16 40

Canopus null 307 16 4l

Gyros off 307 16 43

five minutes at an average rate of about 0.2 deg/s.
These events would imply a pitch offset of about

75 deg from the pitch sun sensor null, (60 deg
search to the linear field cf view and about 15 deg
from the edge of the linear field to the celestial
rull). During the transition of the linear {ield of
view to the pitch axis celestial null, a sun gate sig-
nal should have been issued if indeed the Sun was
within the sun gate field of view. Based on the
telemetry data, the sun gate should have been
issued at about 307 06:34.

Liesinning at about 307 07:02 a yaw axis sun
search was gradually initiated which resulted in
a sun gate signal at 307 07:09. The yaw axis
false celestial null was probably less than 80 deg
and probably more than 20 deg from the actual
celestial null. There are three possible reasons
for the observed behavior:

(1) The planet Earth was a large bright
object 2.15 X 104 tumens/m?é (%2000
ft-cd) at the time of the initial acquisi-
tion. This could have biased the
acquisition sensor to a false celestial
null.

JPL Technical Memorandum 33-734, Volume I

{2) The Earth illumination would bias the
acquisition sensor off of the actual
celestial null, but probably not more
than about 5 to 6 deg. However, the
yaw acquisition sun sensor on Mariner 10
is a unique four-detector configuration
that does have potential nulls at about
90 + 30 deyg cone.

{(3) The four detector configuration is
uniquely susceptible to detector open
failures. If one of the two forward loolk~
ing yaw sun detectors or circuitry had
failed to open, a false celestial null could
have been achieved if the Sun passed
through a region that would have illum-
inated only the failed detector.

The events described in this Sun acquisition
were not anticipated, but a similar event had
occurred on Mariner 5.

b. Vega Acquisition. The Vega search was
initiated by turning on the Canopus star tracker
at 307 09:38. A normal roll search results when
the Canopus star tracker {CST) output signal is
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saturated, indicating that no star is in the {field of
view, and the roll gyro, in the rate mode, produces
an error signal that effectively cancels the satu-
rated CST signal when the roll axis is at the roll
search rate. When a star of the correct intensity
enters the field of view, that star is tracked,
reducing the CST error signal and consequently the

+all meren wato
ICLi BYTYe rall.

At 09:43:37 a series of false star acquisitions
were initiated that continued until the roll axis
was placed in the roll inertial mode by a ground
commanded DC 18 at 307 10:10. During this pcriod
of false Canopus acquisitions, stray light reflected
from Earth would cause a star acquisition signal
that would very shortly be lost due to reduced light
intensity. When the acquisition signal was lost,
the Canopus tracker is designed to fly back, i.e.,
drive the CST field of view in a direction opposite
to the roll search direction in 10 ms. Following
the f.yback, a "sweep'' is initiated which brings
the CUST field of view back to the rcll search posi-
tica in about 7 sec. At about the time the roll
search position was reached, stray light from
Earth was acquired again, and the sequence was
repeated. During this series of false acquisi-
tions, the gyro and gas jets attempted to track
and reduce the CST disturbance and as a result
about 141 ¢ {0.31 1b) of attitude-control nitrogen
gas was used.

Following the DC 18, seventeen DC 21's
(negative 2 deg turns) commands were sent to
step through the stray-light interference. This
command sequence required about 68 g (0.15 1b)
of nitrogen gas.

The roll search for Vega was reinitiated with
a DC 19, which reset the DC 18 and removed roll
inertial contreol. Vega was observed by the CST
during the search, but an acquisition did not occur
because the CST had been desensitized by the long
exposure to the intense Earth's light. The roll
search was stopped at 307 11:07 with a DC 18
{roll inertial mode). To prevent exposing the CST
to Earth's light in an attempt to roll through
Earth again, a commanded turn was programmed
in a direction opposite to the roll search direc-
tion. In addition, a DC 12 stepped the CST
adaptive gate to Gate 3, which allows for acquisi-
tion of objects of less intensity than the star Vega.
This action was devised to allow the desensitized
CST to initiate acquisition when Vega reentered
the field of view.

The CC4&S started a positive roll turn at GMT
15:21:00 and ended at 15:34:52 with an intensity
indication that Vega had passed through the CST
linear field of view and also indicated that the star
would not be acquired with a roll search. The
star map indicated that the commanded turn had
ended with tie trailing edge of the CST field of
view about 16. 72 deg past Vega.

\ roll search was initiated at 15:45:01 with a
DC 13 (reset the 7M2 all-axis inertial command

a

from the CC&S) and was ended at 307 15:46:26 with-

a DC 18. This should have resulted in a peak dis-
placement of about 19. 72 deg so that Vega was at
a maximum 3 deg within CST field of view. Since
the DC 18 resulted in a +2 deg turn, Vega ended
up within the CST field of view about 1 deg after
turn {Fig. 160).
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he next attempt at Voega acquisition was
initiated with a2 DC 192 at 16:30:31, but was
stopped with a BC 18 at 307 16:31:00. The teiem-
etry data indicated the center of CST field of view
had moved to within 0, 6 deg of null but the +2 dey
turn resulting from the DC 18 moved the space-
craft outside the CST linear field of view once

Ilowever, & position ¢¥ror was deveivpud

by tracking the star, indicating that an acquisi-
tion had in fact occurred, and no further DC 18's
were required. The final roll secarch to Vega was
initiated by a DC 19 at 16:40:30, celestial nuli was
achieved at 307 16:41, and the gyro power went
off automatically at 16:43:40 signalling the end of
the acquisition sequence.

u&;(.i.l.;i.

3. Pitch Axis Disturbance Torque Observations

On CMT 004:02:10:51 there was an abrupt
change in the polarity and magnitude of the pitch
axis disturbance torque. The limit cycle plots
for this period are illustrated in Fig. 16l. The
change in the disturbance torque appears to begin
at about the same time as a HGA Boom low rate
slew from 169.3 to 160.29 gimbal degrees. Solar
pressure acting on the HGA surface is a major
contributor to the disturbance torque in the pitch
axis. However, between Day 004 00:40 and 02:10
the HGA beresight changed from a spacecraft
clork angle of about 305 deg and a cone angle of
about 150 deg to a clock angle of 301 deg and a
cone angle of 157 deg. This small change in the
HGA position should result in very small changes
in the HGA area projected in the pitch-yaw plane
and therefore the resultant disturbance torque.

It must, therefore, be concluded that other forces
acting on the spacecraft caused the observed
change in pitch disturbance torque.

a. Observations That Support a Pitch Axis
Gas Leak. The limit cycle plot in Fig. 161 veri-
fied that the force which caused the disturbance in
the pitch axis does not result in any change in the
disturbance torque in either the yaw or roll axes.

Figure 162 plots the pitch and yaw torque
until the disturbance returns to norinal at about
Day 005 03:00. The total leakage angular
momentum is about 0.64 N-m-s (0.47 ft-lb~s)
resulting from the leakage of about 8.75 X 10-4 ¢
(1.93 X 10-6 1b) of gas. This amount of gas would
result in the change of spacecraft linear velocity
by about 0.36 % 0.04 mm/s in either the plus or
minus Z=axis direction,

During the leakage period the MVM navigation
team observed a net spacecraft velocity change
of about 0. 6 mm/s in the -Z% direction. From
Fig. 163 it can be observed that this could be
caused by lezkage from the yaw valve on the +¥
axis with the nozzle opening in the +Z direction
(thrusting in the -Z direction).

b. Observations That Arc Inconsistent With
a Leaking Pitch Axis Gas Valve. Figure 161 indi-
cates that ihe last observable firing of the nega-
tive polarity pitch gas jets occurred at about
01:50:00. If a gas-jet leak induced by contam-
inated N gas is hypothesized, then the last nega-
tive polarity pitch gas jet firing should signal a
change in the observed disturbance torque polarity.
Figure 161 demonstrates that this did not happen.
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There are two possible negative pitch axis
rate increments in the time interval a leak may
have started. At about 02:09:20a 11.74 x10-°
rad/s rate change may have occurred, and at
about 02:10:20 a 19.95 x 10-6 rad/s rate change
may have occurred. Fach of these rate incre-
ments were evaluated from about three telemetry
changes, which, in general, is not enough to estab-
lish conciusive evidence of a gas jet firing. I
either of these pitch rate changes are attributed to
gas jet firings, then they must have been caused
by noise with a magnitude on the order of 80% of
the deadband width, i.e., a noisy spike equivalent
to 7. 04 mrad of error signal.

4. In-Flight Problem Summaries

This section provides a briefl summary of
selected MVM'73 in-flight problems,

The problems discussed are:
(1} Initial Canopus acquisition
(2) Roll-axis oscillation

(3) Bright particles

(4) Scan platform cone axis performance

a. Initial Vega Acquisition

(1) Description. During the initial star
{Vega) acquisition beginning with Canopus star
tracker (CST) turn-on at Day 307, 09:38 GMT, the
stray light of Earth was acquired, resulting in a
series of false Canopus acquisition signals
followed by flyback and sweeps. Seventeen DC 21's
were necessary to command through the stray-
light region, but the extrerne light intensity had
desensitized the CST so that Vega was notacquired
when it first passed through the CST's field of
view. A commanded turn was programmed tc
turn back to Vega but uncertainty in the initial roll
position resulted in a 20 deg turn past Vega with
no indication that a star acquisition would take
place.

Three roll searches followed by DC 18's {roll
inertial commands) brought Vega within the CST
ficld of view and an acquisition occurred.

(2) Analysis Effort. Turn magnitude anal-
ysis, and turn rate evaluation from the star maps
indicated GCA performance was satisfactory.

A Canopus tracker stray-light characteristics
analysic asing MM'7] and MVM'73 data resulted
in improved CST stray-light modeling. 7The
improved stray-light model was validated in the
Venus flyby sequence where stray-light interfer-
ence margins were very small,

{3) Effect of the Problem. The principal
effect cf the anomalous Vega acquisition was the
consumption of about 209 g {0.56 lbm) of attitude-
control nitrogen gas. This excessive gas usage
had little effect on mission planning until after
other anomalies had resulted in the excess con-
sumption of another 558 g (1.23 lbm) of gas.
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(4) Actions Taken. The net cffect of the
excessive gas usage was a gas conservation opera-
tional procedursc that has resulted in a very ambi-
tious extended mission plan.

{5} Relation to Preflight Problcems/
Performance. CST stray-light interference has
been a probiem ror aii Mariners prior to MVM'T
It is very difficult to cvaluate the stray-light
effect with ground tests, and as a result {light
performance data is important.

3.

MM'71 experienced stray light while in Mars
orbit and a stray-light model was developed which
was eventually used on MVM'73.

(6) Recommendations. Evaluation of ccles-
tial sensor performance under a varicty of flight
conditions requires that modeling and/or test
techniques be developed which have predicted or
verified flight performance in the past.

b. Roll Axis Gyro Structural Interaction

(1} Description. On GMT Day 028 following
a roll search after a roll calibration mancuver
(RCM), what appearcd to be an oscillation started
and could not be stopped with two commanded DC
18's. A DC 13 reset the 7M1, which had held the
gyros on in the rate mode and stopped the oscilla-
tion by allowing the gyros to turn off after the use
of about 558 g {1.23 lbm) of attitude-control gas.

528

Similar oscillations occurred on two separate
occasions on GMT Day 45 during an zvaluation
test sequence, and twice more on Days (049) and
(065) during Canopus reacquisitions following
particle-induced star losses. The total gas usage
due to the gyro oscillation was about 726 g
(1.6 lbm). Following the first oscillation the gyro
was on without the apparent gyro structural inter-
action for three tests, two roll reacquisitions
following particle-induced star losses, TCM 3
and the all axes inertial -- Mercury encounter --
Sun occultation sequence.

(2) Analysis. An analytic singlc-axis model
was developed that included structural and gyro
models that predicted the observed gyro-
structural interaction.

A single-axis computer simwulation was also
done at JPL which verified the analvtical
conclusions.

Boeing analysts performed computer simula-
tions and analysis that indicated that a potential
gyro-structural interaction was possible but not
probable.

{3) Effcct of Problei.
resulted in termination of the continuous use of
gyros in the rate mode and the magnetometer

This problem
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calibration sequences, and severe restriction
on the use of gyros.

In anticipation of large gas usages during the
required TCMs and the Mercury occultation
periods, gas conservation methods were instituted
which maximized the gas reserves. Since the
gyro-structural interacticn did not occur during
TCM 3 and the Mercury Encounter occultation
periods, a gas reserve large enough for a
Mercury II and possibly a Mercury III Encounter
exists.

(4) Actions Taken. The action taken was to
restrict unnecessary use of the gyros. After
many particle-induced star losses had increased
the danger of excessive gas usage during the
automatic reacquisition sequences, a control mode
was initiated that prevented gyros from coming on
without a ground command.

The planned two TCMs with commanded turns
were reduced to one sunline TCM with no com~
manded turns. This resulted in a AV penalty,
but minimized the risk of excessive gas usage.

The Mercury encounter Sun occultation period
was of fixed duration, but the planned occultation
mode had the gyros on for many minutes before and
after the actual occultation. This time was
reduced significantly to minimize possible exces-
sive gas usage.

(5) Relation to Preflight Problems and
Performance. Ground testing could not have dis-
covered this problem. A more detailed computer
model and simulations may have discovered the
interaction problem; however, the flexible body
interactions on this spacecraft had been more
intensively investigated than on any past Mariner
and has set precedents for future spacecraft
dynamic analysis.

(6) Recommendations. Continue the policy
of detailed computer modeling of the spacecraft
dynamics and attitude-control subsystem
implementations.

c. DBright Particles

(1) Description. During the months of
February and March of 1974, an excessive num-
ber of bright particles caused the Canopus tracker
to flyback and sweep and lose celestial lock four
times during the February-March period (six
times total). On many occasions the observed
roll-axis performance was probably caused by
multiple bright particles.

It is also interesting that on all occasions
when the star .as lost, the roll search inhibit
was set.

{2) Analysis Effort. Each of the star losses
was analyzed to see if the performance was
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consistent with expected roll axis performance.
In all cases, spacecraft gyro and dynamic per-
formance was verified as bright particle-induced
disturbances.

The source of the bright particles was hypo-
thesized to be the HGA paint, and the mechan-
ism of the particie acceleration into the tracker
field of view as a static elcctric dipole.

(3) Effect of the Problem and Actions Taken.
The effect of the flyback and swceps was increascd
spacecraft gas usage averaging about 4.5to 9 g
(9.9 mlbm to 19, 8 mlbhm) a day or the flybaslk and
sweeps alone. This escessive gas usage combined
with the danger of gyro-structural interaction
gas usage during roll scarches resulted in an
operational philosophy change.

The gyros werce unconditionally inhibited from
coming on without a ground comrmand. This
action prevented the spacecraft from automati=-
cally reacquiring the celestial references i they
were lost for some reason.

Operationally, the bright particle problem
with gyros off and others made off-hour MCS team
response time critical. The team was notified
of spacecraft problems in progress by a radio
beacon (beeper) system.

Figure 164 indicates that the number of bright
particles dropped significantly just prior to Mer-
cury Encounter. This drop is also coincident
with the fact that the HGA boresight is approach-
ing a cone angle of 90 deg. There are bright
particles after the HGA passed the 90-deg cone
angle, but no multiple, extremely bright particles
were noted,

5. CONCLUSIONS

All of the Attitude-Control Subsystem per-
formances during the initial acquisition sequence,
following iaunch, with the exception of the faise
yaw axis Sun acquisition, were predictable. This
acquisition sequence demonstrated a need for
more conservative use of hardware models until
actual flight performance has been established.

The limit cycle characteristic of the pitch
axis disturbance torque is similar to the leaking
gas jet valve signatures observed on MM'71l, but a
leak of about 0.9 g (0.2 1bm) cannot be confirmed
since the storage vessel pressure-temperature
measurements that can be converted to gas weight
with a resolution of about 14 g (0.033 1brm). After
the launch of MM'71, many days passed before a
roll axis gas lcakwas obscrved, but after the first
one, the leaks occurred with increcased frequency.
Therefore, if the observed pitch disturbance was
due to a gas leak, more would have been expected.

JPL Technical Memorandum 33-734, Volume I
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VII. NAVIGATION

A, INTRODUCTION

This first gravity swingby mission was highly
dependent on accurate navigation to Venus in
order to properly exchange energy with that planet
and "'fall in" toward the Sun so that Mercury's
orbit would be intersected (Fig. 165). A direct
Mercury transfer for the spacecraft (weighing
about 500 kg} would not have been possible with an
Atlas Centaur launch vchicle. Ilowever, the
proper alignment of the planets allowed the mis-
sion to utilize the less costly launch vehicle, and

3 secondar
as a sccondar

v i
goorl Venus science rlata.

For the Navigatinn Team, the flight path may
be considered as six separate phases, character-
ized by maneuvers or encounters, as follows:

1. TI.aunch to First Trajectory Correction
Maneuver, TCM 1 (11/3 to 11/14/73)

Near-Earth tracking allowed rapid orbit
determination convergence, and TCM 1 was
designed to correct for the built-in targeting bias
plus the actual launch vehicle injection errors.

An ambitious Farth-Moon TV sequence was
designed and executed,

2. TCM 1 to TCM 2 (11/14/73 to 1 /18/74)

A long data arc was required for an accurate
orbit redetermination. TCM 2, +esigned to cor-
rect the TCM | execution erroars, vas done long
enough before Venus encounter so that, if neces-
sary, an additional pre-Venus maneuver could
have been performed. Both Venus and Mercury
Science sequences were being developed.

3. TCM 2 to Venus Encounter, Ey (1/18 to

275774

Just betore a really adequate amount of track-
ing data had been accumulated to allow strong
orbit determination convergence, a large gas
expulsion took place on January 23, just 8 days
before y. (A structural vibrational mode,
resonant with roll gyro frequencies, was excited,
causing the roll jets to fire almost continuously
for about an hour.t Using the batch sequential
filterr, the orbit determination program was able
to process all the tracking data and estimate the
effect of these nongravitational forces.

The Venus science scquence was adjusted to
decrease thv chances of reinitiating the roll-gyro

TR
usciilation.

4, Venus Encounter to TCAL 3 (275 to 3/16/74)

After the closce flyby of Venus, it was evident
that the spacecraft had passerd exiremely close to
t t i

he desired aim point, and that TCM 3, if per-
formerd at E Vol 4 days as nominally plannecd,
would only require 4.5 m/s. (Preflight statistics
had estimated a mean value of 27 m/s. ) Since it
wasg believed that an unconstrained maneuver
would excite the then not-understood gyro reso-
nance mode and expel an inordinate amount of

attitude-control gas, a sunlinc mancuver,

124

requiring no turns at all, was also calculated,
pending further spacecraft tests,

In nrder to maximire the excellent photo-
graphic data being returned from Venus, no tests
were performed until February 14, at which time
it was demonstrated that conmimanding a roll turn
did excite the gyro resonance.
made to perform a sunline mancuver, which
would have toe be done when that sunline direction
of the motor oricntation would move the Mercury

The decision was

flyby position in the desired dicection. That
proper timec was March 16, 1 74 at 115432 GATL

A hybrid Mercury Science Sequence that could
operate at cither 117 or 22 kbits/s was developed
to accommodate the actual HGA performance
which periodically lost and then regained half its
output power.

5. TCM 5 to Mercury Fncounter {(3/16 to
3/29/74

TCM 3 was biased slightly short of the “free-
return’ locus such that a post- Mercury sunline
mancuver would move the Mercury 11 flyby posi-
tion in the right direction. The net result of this
bias plus the mancuver cxecution errors was that
the flyby altitude was 704 km {rom the pianct
surface instead of the nonminal 1000 kim, satis-
tying all the experimenters’ requirements,

B, MISSION ANALYSIS

Navigation responsibilities include preflight
studics leading to optinuum trajectory sclection
and scicnce scquence design to assist in maximiz-
ing the science return as well as preparing for
and executing the orbit determination and trajec-
tory correction maneuvers,

1. Trajectory Selection

A major accompiishment ol the mission
analysis performed for the Mariner 10 Mission
was the selection of a trajectory based on opti-
mizing the science return from the mission.
This analysis utilived simple equations called
“science valuce functions' as a means of coordi-
nating the requirements of Mariner 10's seven
science experiments and communicating these
requirements to project management. The value
functions also facilitated communication between
the mission analyst and the Principal Investiga-
tors and Team IL.caders in chavrge of the experi-
ments. The value functions were unweighted,
that is each experiment was regarded as being
equally valuable, and were normalized to 1,0
maximum value. The relative value for each
candidate trajectory was plotted for each experi-
ment and a total value for each trajectory was
determined by a simple averaging process. This
revealed a clear scientific preference for launch
dates in ecarly November., Since the range of
energy feasible launch dates was from early
Octoboer to carly Decomber the analysis was usced
to demonstrate the wisdom of discarding nearly
half the awailabiec launch period.  The final project
decision to launch on Nov. 3, 1973 was influenced
heavily bv the value function analysis. The space-
craft was actualily launched on this date, passcd
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Venus on Feb. 5, 1974 and encountered Mercury
on March 29, 1974 at 20:47 GMT.

The seven Mariner 10 experiments include:
three particles and field experiments (Charged
Particie Telescope (CPT), Plasma Science
Experiment (PSE), and Magnetometer), a dual-
frequency Celestial Mechanics/Radio Science
(CMRS) experiment, an Extreme Ultraviolet
Spectrometer (UJVS) experiment, a Television
Science Experiment {(TV), and an Infrared
Radiometer (IRR}.

The particles and fields experiments sample
the energetic particle and magnetic field environ-
ments arocund the planets. They placed similar
requirements on the trajectories, i.e., the tra-
jectory at Mercury encounter was required to
pass through the solar shadow and close to the

surface in order to sample the solar wind wake.

The Celestial Mechanics Radio Science
(CMRES) experiment constrained the Venus and
first Mercury encounter to include an Farth
occultation, with specific trajectory optimization
for occultation entrance and exit characteristics.
A close approach to Mercury was als. required.

The UVS experiment comprises two instru-
ments, a body-fixed occultation spectrometer and
a scan platform mounted airglow spectrometer.
This experiment required solar occultation at
Mercury and placed constraints on the Mercury
arrival date to optimize Tlermian atmospheric
measurements. A calibration of the UVS airglow
spectrometer on the Earth and Moon following
launch was also assigned value.

The TV experiment, initially compromised by
the Mercury solar occultation requirement,
imposed relati\;ely weak constraints on the trajec-
tory selection. © Earth/Moon calibration and
Mercury lighting conditions and telecommunica-
tion distances were considered in assigning value
to the various trajectorics.

The IRR is a body-fixed instrument, which
required a near-equatorial trajectory at Mercury
to scan the surface. The experiment was located
on the spacecraft to optimize its data for a
November 3 launched trajectory.

The science value functions for each experi-
ment were developed in an iterative process
which, in some cases, revealed subtle require-
ments and capabilities that had not been previ-
ously considered in trajectory design. For
example, the initial B-plane aiming point at
Mercury was selected in the center of the zcene
where 1+ .a Sun and Earth occultation would occur
({the dual occultation zone). The value function
process determined that being near the edge of
the zone was preferable, because this provided
nassage through the anti-sunline (a particles and
ilelds experiment desire) a nearly optimal tra-
jectory for the radio science experiment as wel
as allowing a Mercury reencounter. The improve-
ment of navigation capabilities during the pre-
launch mission design allowed such an aiming

point to be sclected without danger of missing the
dual occultation zone.

The trajectories analyzed had the following
characteristics:

(1Y Mercury cncounter prov 2 fdual

(2) Both Venus and Mercury cncounters
occurred when the spacecraft could be
in radio contact with DSS 14,

(3Y  Alming points at Mercury allowed return

for a second Mercury encounter,

The value function analysis revealed that the
"middle launch period’ (early to mid-Novermbenrd
was superior or equal to the "ecarly™ or late
launch periods for every experiment. The ecarly
launch period {October) was very poor for the
CMRS experiment.  Most late launch days (late
November) degraded the IRR and Particles and
Fields cxperiments severely., The UVS and TV
moon calibrations were of Inw value for both
early and late launches. The optimal trajectorics
were for November 3 or 4, 1973 launches and
March 29 or 30, 1974 Mcercury arrivals.
Improvements in the Atlas/Centaur launch
vehicle performance that provided launch capa -
bility into early Decembeoer gave the project lee-
way to aliow selection of a scientifically oplimal
trajectory. The Mariner 10 mission did success-
fully accomplish all its scientific objectives.

2. Mercury Aiming Zones

The initial Mercury aiming point was chosen
at © 21 deg andd h 1000 km because this
point was centered 1n the dual occultation zone.
When the maneuver strategy of Mariner 10 was
revised to include a fourth maneuver, thereby
providing a high probability of an accurate
encounter, the aim point could be vptimized for
science and could be near the edge of the duat
occultation zone. 'This satisfied the particles and
field experiments desired passage through the
anti-sunline, 0's between 0 deg and 11 deg for
a0, science \'aluc“q haser on value dropping off
with (eanti—sun - O

The TRR was mounted on the spacecraft in an
optimal position for a 6 of 8 deg. Deviations from
this 0 resulted in decreasing probability of over-
lap of the fore and aft fields of view. Since this
overlap was very desirable, 8 was restricted to
he between 2 and 14 deg.

The radio science experiment required aim-
ing points in the Ilarth occultation »zone. Trajec-
tories entering tarth occuttation at Mercury's
equator and exiting at 70 deg north latitude were
desirable and were achievable at 8's of 2 deg or
morc,

The particles and fields and celestial
mechanics experiments required passage as close
to Mercury as possible in order to measure sclar
wind wake structure and gravitational

{The second Mercury encounter was optimized for television, with a midsoutherly latitude sunny-side

closest approach point at an altitude of 43,070 km.
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characteristics. This desire placed an upper
limit of B = 4000 km on the aiming point, t the
other extreme the two IRR fields-of-view could
not intercept the planet at the same time so that a
black space reference would always be available,
Since the FOVs were 120 deg apart a lower limit
Thus the zone
of optimal science return was established to be
between 2 = 6 =11 deg and 3100 km = B £ 4000 km.
This zone was referred to as the "90%, value
zone,  since 90" of the maxinum science value
was achievable with flybys in this zone. The

achieved flyby had € D 3340 km.

e D e rran 1 o gl d
Uit L2 UL J1v0 KT Wa s Usidiuiisiicd,

3. Venus Iigh-Gain Antenna Slewing
facd

In December 1970 Dr. Gunnar Fjeldbo pro-
posced a scheme for slewing the Mariner 10 high-
gain antenna (11GA) to keep the radic beam con-
tinuously directed toward the Farth during Earth
cecultation at Verns,  Tle developed a set of
probable atmospheric radic beam refraction
angles based on previous data on the Venus atmo-
sphere.  The shape of the slew pattern depended
on the trajectory flown, but in general, in cone
and clock space, resoimbled a teardrop.

In order to perform the "Venus Teardrop™ a
computer program called the [ligh-Gain Antenna
Slewing Program (1HIGASP) was written to read a
DPTRAT save tape, calcualate the refraction
angles required, calculate the teardrop cone and
clock angles at 42-scc intervals, convert the cone
and clock angles to high-gain antenna boom and
dish actuator angles, and give output in printout
and plot form of the required angles. Because
the Antenna Pointing Subsystem (APS) could move
only one of the ¢ix spacecraft actuators at a time
(scan platform cone or ciock, HGA boom or dish
or +X or -X solar panel, and because the scan
platform was being slewed frequently for the
near-Venus TV sequence during Earth occulta-
tion, the design of a steppced HHGA slew sequence
was necessary to approximate the desired
teardrop.

The scquence was designed to:

(1) Share the 42-sc¢ CCaS frame with the
TV seqguence.

{2} Approximate the teardrop to within
0.5 deg in the early and late portions
of Earth occultation.

{3) Fit into CCuS core as part of the auto-
matic sequence.

i) Allow flexibility for trajectory errors
(o, CCaS/FDS clock dritts.  In order to
acnieve these goals:

{a) TSOST was modified to accept HGA
slew carde,

(b) Alinor compromises in both tear -
drop approximation and TV picture
(‘\)\'E‘I'aﬂl‘ WwWeraoe I‘.'\E{d(“.

{c) As many repetitive CCa b5 frame
command sequences as possible
were used,

(dy Three separate HGA slews were
lesignedd, one for a nominal
encounter time, onc for a +2-sec
early encounter and one for a 42-svc
late encounter (the nominal was alti-

mately usedd,

(e} Specific steps for final teardrop
selection were included in the
sequencye of events,

(f)  Freaquent HGA pointing calibrations
were made to ensurce accuracy of
the slew strategy and pointing
angles.

(g Both high and low rate (1 and 143
deg/scc) TIGA slew rates were usordd,

In order to monitor the teardrop during its
execution a blook substitution in the FDS was
made, moving the fine boom and dish actuator
readings from ance per 22 mun to once per

10.5 sec.

The HHGA slew sequence was performerd dur-
ing Venus FEarth ccenltation and resulted in the
maintenance of a two-wav radio communication
to new depths in the Venus atmosphere.

C. SOFTWARKF DEVELOPNENT

In accordance with the bard-line decision to
keep costs down to an absolute minimum, cvery
attempt was made to "make do” with as mwuch as
possible of existing sortware and to make only
necessary changes or additions. There were
several mission-peculiar requirenients, how-
ever, which needed incorporation into the large
navigation programs:

(1) Compensation of the articulating space-
craft's members effcct on selar pres-
sure forces.

(27 Iligh-accuracy requirement at Venus
and susceptibility to process noise
coupled with a nassage through zero
declination (1. ¢., bad tracking geometry:

at the end of December 1073,
i3) New operational ranging machines and

an R&a DD range machine at DSS 14 result-
ing in two new tracking data types.

(43 An N-band transponder on the spacecraft
so that both 5- and N-band doppler and
ranging data wore generated,

(5) Targeting to Mercury on the nre-Venus
maneuvers, rvather than choosing a
Venus aim point and later cnoosing a
Mercury aim point.

(6) Required support of science sequence
design for the two {Iyvby sequences both
of which were extremely ambitious
sequences.

An ambitious scherdule was developed in the
attemipt to prodiuce the flight version of the mis-

(&1
sion build early enouch so that testing and
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training could begin about four months before the
launch. The software packages were modified and
certified and delivered on schedule, but when
testing and training activities began, problems in
interfaces, reactions to hardware idiosyncrasies
and inordinately long run times became apparent.
One of the reasons for holding the full-dress
rehearsal training sessions was to uncover these
types of problmﬂs and to correct them prior to
the launch. By the timce launch readiness tests
were being performed, the "bugs' had been cor-
rected, or "work-around” procedures had been
developed, One such procedure resulted in a
rather cumbersome series of steps in the
sequence design process.  This consumed many
leng hours of operational efforf, hat it did worlk,

Do INFIIGHT NAVIGATION PERFORNMANCEY/
ORBIT DIETERMINATION

1. Orbit Determination Strategy

a. Data. Tracking data were esscentially
continuous from launch through the {irst Mercury
encounter from six DSN stations. Early in the
flight the data was received from either DSS 12 or
14 at Goldstone DSCC and two overseas 26-m sta-
tions, DSS 62 in Spain and DSS 42 in Australia.
About Tan. 1, 1974 data was recetved from the
overseas 64-m stations {(DSS 63 in Spain and

DSS 43 In Australial, 'hroughout the remainder
of the flight passes were obtained from both 26-m
and 64-m stations.

The primary data type was two-way doppler
{(I"2) taken at a nominal 60-s saniple rate. This
data was edited and compressed to a count time of
600 or 1200 s, The two overseas 26-m stations
(DSSs 42 and 62) obtained near-Ilarth ranging data
(MARKIAY for the first two months of the mission.
This was selected at 00 or 1200 sec. The
remaining stations had planetary ranging systems
that produced one to three points per pass when
active.

Throughout the flight, solutions were com-
puted using three data sets: doppler only, doopler
and range, and range only. Consistency among
the solutions
Norma'ly, the doppler awd range solutions were
the ones in which most confidence was placed,

increased confidencce in the data.

2. Sclution Sets
The frequ: oy of OD solutions ranped from
one per week dvring cruise periods to once every
hour or two during 1amu h and encounter periods,
Fach CD soh
solutions consisting of

N Was salil iy oa Ta:—Lr\ set of

i
ratch filter runs

I

cstimal g
1) Spacecraft state
12} State - station locations
® {31 State sular pressure
(4}  State - attitusle control forces
(51 State - station locations * solar pressure

(6} Sarme as {e) - attitude control

{7} All parameters

JPI. Technical Mermorandurn 33-734, Volume [

and sequential filter runs duplicating all but -H)
and (6). The attitude-control forces, L.e., space-
craft accelerations alony the three spacecraft
axes were used as stochastic parameters in all of
the sequential filter runs. Parameters in (7)
include all those mentioned plus planetary, Farth,
and Moon masses and ephermerides denendine on

the mission phase.

The sequential filter was run with stochastic
attitude - (‘(-“tr(‘ acceloration a prlmx sigmas of
10-12 1m, A batch size of
one day ﬁm(i corretation time of from once to five
days.

s or 101 2,

TTor orhyit
or ornit

N

tions over short t;mc periods as in ih TONTs andd
in the two events on Tanuary 25 and February I+
are best treated as instantancous velocity chanpges,
When such a velocity change is within a data arc
used for an OD {it, the velocity changes tend to
absorb errors, and no more informaticn is cained
than that from two OD fits, one before and one
after the AV, For that reason OD {fits were made
only over data arcs where there were no sudden,
large accelerations.,  Figure 166 shows the six
time spans where OD fits were made: A, laanch
to TON L, B, TN 1 to TON 2, O TON 2 to
January 25, Do Januarv 28 to Februarvy 14,

2. February I+ to TCON 3, and 7. TON 3
through NMercurv encounter.

3, Orbit Determination Results

167 taor
gnificant

Table 40 lists the B-plane {sce I
definition of D-planc) parameters for s
OD solutions through the first NMercury encounter.
The following text gives a short description of the
OD activities that led to the solutions shown in the
table,

a. Launch to TON |,
is within the strong gravity ricld of the Marth,
its orhit can be determined rather quickly com-
pared to the time required in interplanctary spice.
One day after lannch when tracking stations
around the larth had supplicd tracking aata, a
reasonable O was obtained, This it was updated
over the next few davs and used to plan TON 1 at
taunch plus 10 days

When the snaceceran

Using doppler and range data the one-sigma
error cliipse was about 400 xm by 200 km.  This
is small comparced to the TON | execution one-
sigma crror of 1500 ki, The batch filter and
sequential filter pecformance was similar in this
phase due to the strong near-llarth data an'l the
short tine span.

This mission phase

b. TON T to TOAN 2.
the tost critical Tor oriit deterrnination.
The accuracy of the orbit determined the param-
eters for TCON 2 which in turn determinerd the
Venus delivery accuracy.  Due to the geometry

of the swingby trajectory there was a 1000 to 1
f

4

s Venus to Nercury.,  In

errors fr

mapping of
other

woras, a2 i

isw at Venns manpned into

>

a 1000-km miss Iy,

o

A time v oot solutions in the Venus 13
i [

plane is shouwn in Fig, fusd for batch {ilter solu-
tions, and Fig. 19 for scquential filter solu-

tions., Solutions for bhoth long and short data arcs

are shown ror donpler only anrd doppler - range.

ot

(v



Tahle 3%9. Significant OD solutions

B-piane Data
Param-
Run ID eter Comments No.
set Planet B-R B.T TCA From To of
Davys
2450006 Batch a Run used Venus -174 -51305 N36 20:13:4.0 1173 1170 &
for TCA 1
4 Sequential b Run used Venus -5330 16552 036 17:00:19.5 11714 1/2 b
for TCNI 2
210005 Sequentiai b Post Venus -3025 I516n 036 170152, 1721 [IRRAY T
TCMN 2
(pre-gyro
teal)
260002/4 Batch/ c Near Venus Venus -5002.5 15179, 2 036 17:01:406,5 1729 2711 13
Sequential
26000274 Batch’/ c Near Mercury 4227 -12348 088 20:21:35.6 1/29 2/11 13
Sequential Venus
300009 Sequential b Run used Mercury 4209 12354 053 20:21:33.4 2715 3711 24
for TCMN 3
3I50003/5 Batch/ c Near Mercury 4a1, 2 3303 088 20:47:23.% 3716 471 16

Seauential NMercury

“State only
b ‘ . . .
State i+ solar pressure station iocation

“State * planet GM, J2, and enhemeris

The long data arc is from TCM 1 (11/13) to the
date shown on the abscissa. The short data arc
is the 20 days preceding the ¢late shown on the
abscissa. All solutions shouwn include the space-
craft state, solar pressure parameters, and sta-
tion locations. This solution set was chosen as
most representative; other solution sets show
similar behavior., Note thai all of the fits with
data up to 12/24 showed good agreement. The
batch filter fits with data up to 1/2, however,
show a wicde scatter in B.- R. One week later
with data up to 1/10 the wide scaiter is apparent
in both B-R and B-T with the short arc dop-
pler solution 830 km high in B- R. The sequen-
tial filter, on the other hard, with the exception
of a short arc solution high in B - R, remained

remarkably flat throughout the entire time period.

In addition to the scatter of solutions the data
residuals showed a very small trend starting
about January 4. The stochastic acceleration
solution from the scquential filter and smoother
showed a comparatively large (about 5 x 10-12
km/s?) acceleration on January 4. Subsequent
analvsis of telemetered limit cycle data con-
firmed that there were unusual spacecraft forces
for a 16-h period. Figure 170 shows a plot of the
spacecraft accelerations along the Farth/
spacecraft line of sight as determined by the
scquential filter. The January 4 acceleration is
the first large positive peak.

The performance of the sequential filter as
shown in Fig. 169 and its ability to determine
spacecraft accelerations was impressive. Its
use gave a high degree ol confidence to the solu-
tion used to define the parameters for TCM 2,

This figure was obtained by combining O
solutions from phases 3 through ¥, so the large
acceleration of January 25 and February 14 do
not show. Identifiable peaks are marked.

C. TCM 2 to Janmary 28, 1974, After
TCM 2 OD solutions were made every two days in
order to get a rapid determination of the trajec-
tory. Tlad TCMN! 2 not been successiul there
would still have been time to do another manecuver
prior to Venus encounter. Ilere the batch and
sequential filter gave similar results over the
one week period. Figure I7la shows the solu-
tions in the Venus D-plane for 3, 5, and 7 day
arcs.

The actual and desired aim points are differ -
ent due to incremental capabilitics of the propul-
sion system. The actual flybv point is obtained
from an OD solution using data before and after
encounter. It is accura’c to hetter than 1 Ln,

d. Near Venus., Aifter the gas acceleration
on January 28, short arc fits werce made every

two davs. Figure 171b shows these solutions for

-
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3, 5, and 7 days. Also shown is the actual tra-
ctory point determined after the Venus f{lyby.
By comparing these sclutions with those of the
previous week, it is seen that the January 28
acceleration moved the trajectory about 25 km in
the B-plane. This number is consistent with that
obtained by solving for the acceleration and
analyzing the spacecraft telemetiry giving gas
usage and torques. Due to the large Venus
gravity field experienced approaching and leaving
the planet, the state of the spacecraft was deter-
mined very accurately (<1 km in the Venus
B-plane}. A 1-km error at Venus maps to a
1000-km error at Mercury.

-

i
J

7%

e. February 14 to TCM 3. After the gyros
were turned on in a testing mede on February 14,
it was decided to not attempt 2 full maneuver
where the gyros would be on for an hour or so.
Instead a '"sunline" maneuver, in which there are
no turns and the gyros need only be on for the
duration of the engine firing, was performed,
The engine nozzle points toward the Sun on the
spacecraft, so the thrust vector imparted to the
spacecraft is along the Sun-spacecraft line,
hence the name "'sunline. " Rather than three
degrees of freedom, the sunline maneuver only
has two, the magnitude of the thrust and the time
the maneuver takes place. The trajectory was
such that the desired aim point could be achieved
with a TCM on March 16,

The orbit determination during this phase
and the maneuver errors at TCM 3 determined
the Mercury delivery accuracy. Again the sequen-
tial filter sclutions showed more stability than
the batch solutions. This is shown in Fig. 172
where the near-Venus and the later sequential
filter solutions are seen to agree quite well.

f. TCM 3 to Mercury. The primary pur-
pose of orbit determination during this phase was
to accurately determine the trajectory so that the
science instruments could be pointed accurately.
As the spacecraft passed close to the planet,
again the trajectory was determined very well
with respect to Mercury (better than 2 km).

4. Inflight Navigation Performance/Trajectory
Correction Manevvers

a. Trajectory Correction Maneuver (TCM)

Strategy

(1) Preflight Planning. The preflight maneu-
ver accuracy studies had led to a plan to do two
TCMs between Earth and Venus, two more
between Venus and the first Mercury encounter
and three between the first and second Mercury
encounters. The propellant tank had been sized
to giarantee a high probability of accomplishing
the '""baseline'' mission, which ended after the
first Mercury encounter.

(2) Inflight J’erformance. A great deal of
flexibility was provided to allow a constructive
interaction between the navigation strategy, the
spacecraft capability and the scientific objectives,
This proved invaluable when serious spacecraft
anomalies threatened the success of the rmission.
The two TCMs between Earth and Venus were
performed as planned, but a complete redesign
of all subsequent TCMs was necessitated when
the roll-gyro oscillation manifested itself shortly
before the Venus encounter,

b. Analysis of Results. All of the ¢ncoun-
ter parameters given will be referenced to a
standard set of encounter coordinates (Fig. 1721,
The coordinate systen is centered at the planet
and the D-plane, delined by the orthogonal R and
T unit vectors, is normal to the incoming
asymptotic unit velocity vector, S. T is parallel
to the ecliptic plane, and R is directed into the
southern hemisphere. Flyby parameters will be
specified by the time of closest approach an-
either a Cartesian set of B-plane parameters
(B . T, B- R) or a polar set (B, 6), where B
is the magnitude of B and 6 is measured positive
from T to R.

(1) TCM 1. On November 14, 1973, ten
days after launch, TCM 1 was performed. The
purpose of TCM | was to remove the injection
errors and a launch bias which had been inten-
tionally designed into the irajectory in order to
perform a propulsion system calibration. The
Venus aim point for TCM 1 was chosen to obtain
a nominal trajectory which satisfied the desired
Mercury flyby conditions. (8) Figure 173 illus-
trates the pre-launch injection aim point, the
uncorrected flyby point, and the aim point for
TCM 1 in the Venus B-planc. The 1 o and 3 o
predicted injection dispersion ellipses are also
shown. Based on the three-dimensional error
ellipsoids, the injection error corresponded to
approximately a 5 ¢ miss (most of the error was
in the Venus arrival time). The large injection
error was attributed to off nominal performance
of an accelerometer in the Centaur guidance unit.

Table 40 presents a summary of the B-planc
conditions for all mancuvers on the bascline mis-
sion including thc flybys at Venus and Mercury.
The data for TCM 1 presents the Venus encounter
conditions on the uncorrected launch trajectory
{premancuver nominal) and the predicted post-
maneuver nominal flyby conditions, basc on per-
fect execution of the commanded mancuver., The
commanded maneuver differs from the ideal
maneuver duc to quantization errors in the two
turne and the thrust duration, The micchaniza-
tion of the spacecraft is such that the turns
and thrust duration are controlled by a digital
timer that restricts the turn angles and thrust
duration to discrete values. In order to reduce
the effect of the resulting mancuver crror,

8The Venus flyby had the effect of reducing the heliocentric energy of the spacecraft, thus allowing a

much lower launch energy in terms of a directly targeted mission.

TMurther, since the scientific

objectives were concentrated at Mercury, the targeting strategy for the pre-Venus maneuvers dic-
tated that they be targeted directly to the desired Mercury flyby point thus allowing variations in the

Venus flyby.
and subsequent pre-Venus maneuvers,
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Table 40,

Trajectory correction maneuver and flyby summary

Venus Mercury
Baseline B Premaneuver® Postmaneuver Premaneuver PPostmaneuver
A -plane
mission conditions
event Standard Standard Standard Standar:d
Nominal devia- Nominal Jdevia- Nominal devia- Nominal de~la-
tion¢ tion tion tion
B-T -51, 305 340 15,317 1,010
. B - R - 180 225 -5, 006 340
I'CM 1 o - :
I'CA 2/5/74 62 2/5/74 168
20:12:28 17:02:09
BT 16,548 51 15,206 52 15, 702 73,480
TCM 2 B-R -5,5@9 76 -5,007 80 -2, 189 24,270
: TCA 2/5/74 8.3 2/5/74 5.5 3/29/74 5,970
17:00:21 17:01:53 20:59:141
B-T 15,179 0.07
Flyby B - R -5,002 0.2
(Venus) TCA 2/5/74 0.01
17:01:49
BT -12,359 18 3,468 280
f—— B - R 4,209 ) 172 160
CM 3 . ,
Pt TC 3/29/74 27 3/29/74 30
20:20:48 2044644
B-T 3,303 0.60
Flyby B R 491 0.52
{(Mercury 1) TCA 3/29/74 0.01

20:46:49

a . L. . . .
Represents nominal encounter conditions for the uncorrected trajectory at the time of the mancuver,
Statistics contain uncertainties in orbit determination only.

Represents targeting conditions for the maneuver.

determination and maneuver executiocn.

Statistics contain uncertaintics in both orbit

Flybys represent post-maneuver conditions obtained from tracking data through planet encounter.

Standard deviations on B: T and B-R in km.
Standard deviation on TCA in seconds.

values of the turns and thrust duration were
chosen to minimize an error criterion. Typical
criterion were errors in the miss at the forth-
coming encounter and the projected AV at the next
maneuver epoch.

Also presented on Table 40 are the standard
deviations in the parameters describing the Venus
enccunter post-TCM 1. The premaneuver statis-
tics reflect only the uncertainty in the orbit deter -
mination at the time of the maneuver while the
post-maneuver a priori statistics include this
uncertainty plus the statistical errors in the
maneuver cxcecution.

Table 4l presents a summary of the
paramecters (roll turn, pitch turn, and magni-
tude of the mancuver) ror all manecuvers on
the baseline mission. Quantities associated
with tire nominal paramcters are, the computed
values, the commanded values {(which differ from
thc computed values by the quantization crrors
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previously mentioned), and the best estimate of
the actual parameter.

The best estimate of the parameter was
obtained using the Orbit Determination Program
and estimating the mancuver parameters along
with the orbit using tracking data on both sides of
the maneuver. The fourth column of Table 4!
lists the a priori standard deviations that were
assigned to the various mancuver parametcrs
based on system models and pre-flight testing.
The {ifth column relates the difference between
the best estimate of the maneuver and the com-
manded maneuver in terms of the a priori stan-
dard deviations in the previous column. Columnmn
six gives a measure of the uncertainty in
column 3. Table 40 indicates that the accuracy
of TCM 1 was limited by execution e¢rrors. This
prediction is verified in the discussion of TCN 2
results. Table 42 shows that a 1 v error was
experienced in the magnitude of the velocity
change. The pitch and roll turn errors arc shown
to be (.3 0 and 0,3 o,



Table 41.

Trajectory correction maneuver parameter suminary

Computed Conumnanded

estimate

Standard
deviation

Execution
error (3-2)

Maneuver

Best )
execution

Baseline standard in in estimate
A o {a) value value of L
mission Parameter deviation standard of
actual value . . L
event (A Priord) deviations actual value
(1) (2) (3 R i) (&)
Roll 48,908 19,017 16,512 0,624 0, 79 0,12
TCM 1 Pitch 127,54 127.552 127.607 0,471 0. 31 0,06
AV 7. 786 7.778 7,019 0.123 ]1.15 0, 01
Roll 16,17 46.17 47.95 0,053 2.0 0,02
TN 2 Pitch 34,78 34,71 35,17 N, 471 .00 0. 01
AV 1.363 1.369 1.376 0. 024 0. 30 0. 0002
Yaw Q 0 0.056 0. 370 0. 14 0. 005
TCM 3 Pitch 0 0 0. 251 0,370 0. 70 0,007
AV 17. %25 17,831 17.702 0. 290 0. 40 0. 006
(a)

Roll and Pitch turns in degrees.

(2) TCM 2. TCM 2 was performed on
Jan. 21, 1974, 15 days prior to Venus encounter.
The purpose of this maneuver was to achieve an
accurate flyby at Venus and thus minimize the
magnitude of the post-Venus maneuvers. The
aim point at Venus was the result of targeting
directly to Mercury and thus the flyby param-
eters differed from both predicted pre-launch
parameters and the targeted parameters at
TCM 1.

In preflight planning, TCM 2 epoch was
scheduled for 13 days prior to Venus encounter
(Ev-18). During the mission, the Ly-18 mancu-
ver had been computed to take advantage of the
dynamics of the Venus flyby in order to hoth min-
imize the magnitude of the maneuver and to
improve communications characteristics. In
order to achivve these adventages, the magnitude
of the pitch turn was increased with respect to
the neminal maneuver. lHowever, just prior to
performing TCM 2 a problem occurred in the
spacecraft electrical system, In order to reduce
the stress placed on the electrical system, the
decision was made to reduce the load placed on
the spacecraft batteries during the maneuver
which, in turn, dictated a reduction in the magni-
tude of the pitch turn. To allow time for a calcu-
lation and coordination of the nominal maneuver,
with its reduced pitch turn, the maneuver was
delayed 3 days. Since the predicted magnitude of
TCN 2 was =mall and the sensitivity of TCM 2 to
ay pericd was low, the
delay had no significant effect on the AV require-
ments predicted for the remainder of the mission.

epoch ov

Tahle 40 presents a summary of the flyby con-
ditions for §CM 2 at Venus and Mercury., The
difference between the predicted Venus flyby post-
TCM | and the pre-TCAN 2 Venus {lyby results
from a combination of errors in the orbhit deter-
minationgs maneuver execution, and unmodeled
forces along the connecting arc. Based on the
statistics estimated at the time of TCON 2, this

difference represents a 1.2 o miss which

N
for)

compared favorably with the best estimate of the
mancuver errurs from TCM 1 indicating only a
small contribution duc to the orbit determination
and the unmordeloed torces.

Table 4l presents a summary of the mancuver
parameters Tor TCM 2. The best estimate of the
maneuver was obtained using a weighted least-
squarces fit of various paramcters during the
mancuver. Examining the errors in the mancuver
parameters, it may be scen that the AV and piteh
errors werce 17 or less, but the roll error was
significantly laryer.

(3) Venus IFlyby. The Venus flyby was one
of the most critical phases of the mission in
terms of the demand for precise navigation and
the resulting impact on the AV requirements for
post Venus maneuvers., Fundamentally, the
gravity field of Venus provided a ""retro mancu-
ver' of about 1000 m/s in order to reduce the
heliocentric energy of the outbound trajectory to
the level required to achieve a NMercury encoun-
ter. The "'execution errors’” from this "mancu-
ver' result primarily from B-plane errvors at
encounter which cause the dircction of the out-
bound asymptote to deviate from the nominal.  As
was shown in Bibliographic Ref. 71, the AV
required to correct this er-or dominated the AV
requirements to achieve the first Mercury
encounter.

Figure 174 shows the nominal aim point and
the Venus flyby actually achicved. Also shown
are the a priori post-TCA 2 dispersions about
the nominal aim point. A comparison of the post
TCNM 2 predicted flyhy point {Tahle 40} with the
flyby point actually achieved shows that the
B-plane error, which has the dominant efiect on
the magnitude of post Venus maneuvers, was
27 k. Based on the a priori dispersions, the
total miss including time of flight, represented a
1.3 s error. Ilowever, the B-plane error of
27 km reflects a 0.4 v miss.

7
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The post Venus maneuver required to correct
this error was ahout & m/s as compared to the
preflight predicted mean of 25 m/s.

{4y TCM 3. Premissionplanning called for
two maneuvers on the Venus-Mercury leg. The
first of these maneuvers was scheduled for Venus
encounter plus 3 days and the second at Venus
encounter plus 24 days.
designed to remove the velocity errors generated
by dispersions in the Venus flyby, while the sec-
ond maneuver corrected the execution errors
from the first maneuver in order to provide the
most accurate possible Mercury flyby. The epoch
of the seccond maneuver was dictated by a space-
craft thermal constraint(® which limited the
periods during which the spacecraft could be
oriented away from the nominal cruise attitude
(Bibliographic Ref. 71). However, this strategy
vas extensively altered duce to a serious space-
craft anomaly.

The first mancuver was

Seven days prior to Venus encounter, a roll
maneuver was performed for the purpose of scien-
tific instrument calibration. At the end of this
maneuver, an anomaly occurred in the spacecralt
attitude-~control system which caused the attitude-
control reaction jets in the roll axis to go into an
oscillatory mode of rapid firing. 7This behavior
wa s causod b“ a structural interactiow of one of

with the roll gyvro. The anomaly r esulted in both
a small velocity perturbation to the trajectory
(due to the slight misalignment in the thruster
pairs) and a significant reduction in the amount of
available attitude control gas. Concern over a
reoccurrence of the osciliatory behavior (which
could result in a total depletion of the attitude
control gas and hence loss of the spacecraft) dic-
tated a complete review of the maneuver strategy
and Mercury flyby re }uirf‘n‘(‘nts. The purpose of
this review was to determine if mancuver strate-
gies existed which would minimize any further
significant attitude-control gas usage while achiev-
ing an acceptable Mercury flyby.

In the cruise attitude, the thrust vector of the
spacecraft is irected toward the Sun. Thus, with-
out a pitch turn, only rar]ial velocity clianges
could be applied. While a restriction to radial
mancuvers{10) would not y;uld a viable mancuver
strategy in general, it became apparent immedi-
ately following the Venus flyby that, due to a
fortuitous location of the uncorrected Mercury
flyby point, radial maneuvers could be employed
to achieve the desired Mercury encounter.

t should be noted that the velocity perturba-
tion t() the trajectory resulting from the attitude
controt! -, stem anomaly had a pronounced cffect
on the Venus flyby. In Bibliographic ref. 59
it is shown that estimates of the Venus {lyby

point post-TCN! 2 and prior to the anomaly were
closer to the nominal B-plane atm point than the
flyby actually achieved. lowever, the uncertainty
on tho se estimates was on the u"der of the per-
turbation introduced by the anomaly. Therefore,
absolute impact of the anomaly cannot be accu-
rately assec
cate that the AV imparted to the spacecraft due
to the anvmaly moved the flyby point at Venus in
a direction fdvmablc for performing radial
mancuvers., Since radial mancuvers require that
the spacecraft attitude be continucusly maintained
with the exhaust velocily vector pointed toward
the Sun, maneuvers of this type came to be
known as "sunline’ manenvers. The distinct
advantage of sunline maneovers are twotold,
[Mirst, since they did not require reorientation
of fho spacecraft, the possibility of another
period of high attitude-control gas usage was
minimized. Second, they did not violate the
spacecraft therimal constraint and thus could be
execntad any tine during the Venus-Nercury
cruisc phase.

scd.  Tlowever, the data does indi-

Figure 175 presents the uncorrected Nercury
flyby and the directions of the NMerenry B-plane
changes produced by sunline maneuvers on vari-
ous epochs,
Venus encounter with the total Venus-Mercoury
leg taking 52 days. It should be peinted oui that
thesce corrcctions only control the flyby point in
the B-plane andnot the Mercury arrival time
which was always later than the optinmai tinwe but
was still within the acceptable window., As may
be seen from Fig. 175, a mancuver 39 days after
Venus encounter (March 16, 1974) vielded the
desired B-plane change.

The epochs are measured from

Science cxperiments at Venus encounter pro-
vided valuanle insight into the viewing constraints
for the various sclience instruments, This experi-
ence showed that the Timits which had been placer
on the aim zone at Mercury were too restrictive.
In particular, it was possible to reduce the lower
limit of the B-plane aim zone in B from 3380 to
3100 km.  The prelaunch Mercury aim zone, the
redefined aim zone and the post-TCA 3 a piriori
delivery dispersions are shown in Fig. 176.
Given this new aim zone, the B-plane ainm point
for TCM 3 was chosen such that the probability
of passing through the extended science zone was
a maximum based on a priori dispersions

Also shown in ig. 176 is the "free return’
contour and the prelaunch aim point at AMercury.
This contour is the locus of points where the
spacecralt heliocentric peoriod after the flyby is
twice Mercury's period. Thus a flyby which
passcs through this contour will return, without
additional maneuvers, to the near vicinity of
Mercury for a second encounter, As was shown
in Bibliographic ref. 71, the AV gradient about

(9)'1“110 thermal constraint requires the spacecraft to remain in or near-cruise orientation if the solar
intensity at the Spa(‘ocrxft is greater than threo times the solar intensity at 1 AUL In this orienta-
tion, the rocket nozzle is pointed toward the Sun., For convenience, fhis constraint has been labeled
the "3 suns’ constraint and allows only radial velocity corrections during the periods when it is in
effect.

(10}

Radial maneuvers are restrictive due to the reducced set of flyby ervors that can be corrected.  The
only controls available are the magnitude of the maneuver and the time of ignition.

JPL Technical Mcemorandum 33-73%, Volume I 137



this contour is very steep. Therefore, the deci-
sion to redefine the TCM 3 aim point, in order to
maximirze the science return from the Mercury
flyby, caused the expected AV requirements for a
second Mercury encounter to dramatically
increase., Tlowever, studies were made to insure
that the possibility of the second Mercury encoun-
ter had not heen precluded. The impact of aim
point redefinition on the maneuver strategy for
“he extended mission will be shown in the discus-
sion of the second Mercury encnunter.

Table 40 presents a summary of the encoun-
ter conditions for TCM 3 at Mercury. Based on a
priori delivery dispersions at the time of TCM 2,
the difference between the fiyby point prior to
TCM 3 and the predicted flyby point after TCM 2,
represents a 1.2 o cerror, including the crror in
arrival time (sce Table 41).  However, when only
the B-planc errors are considered, the miss
reduces toa 0.6 0 error.

Table 41 presents a summary of the maneuver
paramecters for TCN 3. The best estimate of the
maneuver was obtained by a weighted least-
squares fit, in the same fashion as for TCM 2,
Table 41 shows that the execution errors from
TCM 3 are smaller than those of the two previous
mancuvers, lowever, due to the unique Sun
orientation of the spacecraft during the maneuver,
the pitch and yaw error were measured directly
by the spacecraft's sun sensor, rather than being
derived through a complex system simulation,
with the result that an accurate estimate of the
Mercury flyby point was available soon after the
maneuver, Clearly, both the timeliness and
accuracy of this estimate werc very important
since the 13 days remaining prior to Mercury
encounter did rnot allow time for reconvergence
of the orbit and calculation of a corrective mancu-
ver, Table 40 indicates that the accuracy of
TCM 3 was limited by execution errors. This
prediction is verified in the discussion of the
Mercury flyby.

As may be secen from Flig. 176, the post-
maneuver estimate of the orbit passed through the
extended aim zoue and a final corrective maneu-
ver was not considered,

(+) Mercury [ Flyby. The cncounter pararn:-
cters for the NMercury 1 flyby are presented in
Table 40.  The flyby was within 168 kn of the aim
point and within 5 sec of the desired closcst
approach time. The difference between the aim
point and the post-Mercury solution of the flyby
peoint represents a 0.6 o error, This result com-
pares favorably with the begt estimate of the
maneuver as shown in Table 42 indicating only a
small cor® ‘ibution from ecrrors due to orhit deter -
rmiination and unmedeled forces.

c¢. Conclusions. The foregoing results have
shown that the accuracy of the Mariner 10 naviga-
tion system met or excecded all of the planetary
delivery requirements. Further, the nominal AV
reguived to achiceve the first Mcercury cencounter
altlowed the continuation of the mission to a second
Mcercury encounter. It was also shown that the
mission was flown with a spacccraft which experi-
enced severe anomalies thatdirectly impacted the
ability to perform trajcctory correction mancu-
The success of the mission was the result
First, the project provided a

vers.,
of several factors.

13k

wide flexibility which nromoted a constructive
interaction befween navigation strategy, space-
craft capability, and scientific objectives. This
flexibility aliowed for the continual develop-ient
and evaluation of navigation strategies which
adapted to the prevailing constraints and require-
ments., Second, cven in the presence of anomaiies,
the spaceccraft was proven to be a highly adaptive
machine capable of miceting the stringent demands
imposed by the mancuvers. It was also shown

that in almost all cases the maneuvers were well
within the performance specifications. Finally,

all of the contributing error sources were accu-
rately modeled and reported at realistic levels,
The realistic estimation of the a priori statistics
allowed resultant prodiction o be o
in the selection of aim points, but also in deci-
sions affecting vverall navigation strategy.

E. NAVIGATION DEMONSTRATIONS

i. Radio NMetric Demonstration

There were demonstrations of four different
techniques during the flight: (1) dual-frequency
S/X~band data uscd to calibrate the effect of
charged particles an the radio metric data,

(2) simultaneous doppler used to reduce the effect
of unmordeled salar corona offects and unmodeled
spacecraft acceleration, (3} s.nultaneous range
used to enhance the measurement of declination
when the spacocraft has low declination, and

(4) the ramp ranging experiment where the range
was deduced dircctly from doppler data. The
results of cach of these is describedd.

a. Dual-Frequency S/X-Band Data., Chargped
particles in the space plasma and ionosphere arce
one of the primary error sources in radio metric
navigation. The ioncsphere alone can produce
errors of a few hundred kilomefers in the target
plane of Jupiter. Generally the effects of the
space plasma are not as severe. [lowever, if the
radio signal passes close (-15 deg) to the Sun or
Is corrupted by a large space plasma event the
navigation can be severcely (100 km to 1000 kn)

degraded,

Attempts at calibrating charged particles
began during Marviners 6 and 7. Tcchniques
errploying ionosonde, lMaraday or differcaced
range vs. integrated doppler (DRVID)} data have
shown srarying degrecs o success hut seldom
anything startling, By far the most encouraging
charged-particle calibration results were
obtained from the S/X-bhand dual-i{requency data
obtained from Marviner 10, The spacecraft had
the capability of receiving S-band doppler and
range and returning to Deep Space Station 14
S-band and N-band doppler and range. Since the
effect of the charged particles on i
data is dispersive, the dual freoquency data pro-
vides an ideal means of calibrating the charged
particles.

The first portion of the Mariner 10 S/XN-band
demonstration consisterd of deterniining the data
quality of S/N-band calibrations by comparing
then: with raday rotation calibrations of the
itonospherce.  As illastrated in F 177, Faraday
rotation calibrations arc ohtained by monitoring
a polavired signal transmitted from a stationary
Farth satellite and then smapping the result to the
spacecraft line-of-sight, Figure 173 contains a
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comparison of S/X-band doppler and Faraday
rotation calibrations for three tracking passes.
The agreement during the first pass is very good,
alwavs within 10 em. The agreement during the
second pass is not nearly as good at low eleva-
tions. This difference is thought to be produced
by cdeficiencies in the technique used to map the
Faraday rotation data to the spacecraft line-of-
sight. The dramatically different results dis-
plaved in the third pass were caused by a large
space plasma event, which was detected by
several different techniques, In general, the
comparison of the S/X-band Faraday techniques
showed *the §/X-band calibrations to be accurate
te approximatelv 30 ¢m, the c¢stimated limit of the
Faraday mapping. The high-frequency nolse of
the S 'N-band data suggests that the calibrations
mav be goord to a few centimeters.

The ”)@@t wav to femonstrate the effective-
ness of a new data type is to include it in the orbit
1e‘termmatmn procedure and see how much it
improves navigation capabilities. Unfortunately
due to budget cuthacks, hardware problems, sta-
tion conflicts with Ploneer 10 and other sroblems
not nearly as much S 'M-band data was obtained
as was anticipated. lowever, cdue to the extra-
ordinary efforts of some JPL telecomrunication
engineers and members of the Rardio Science
Team, enough S 'N-band doppler data was obtained
hetween the pre-Nercury maneuver and Nercury
encounter to vield a calibrater orbit determination
solution. Figure 177 shows uncalibrated and
S XN-bhanti calibrated B-plane solutions using six
passes of data from DSS 14, taken hetween
Mercury -13 dayvs and Mercury -4 davs., Also
included in Fig. 17% is the current best estimate
(CHBE) of the actual trajectory based upon both
pre- and postencounter data. Comparison of the
solutions included in Fig. 17% shows that for the
same set of data the $ 'X-band doopler calibrations
reduces the error in the orbit deternination solu-
tion from €00 knt to . The sclution using
Fararayv Rotation calibrations is approximately
the same as the uncalibratesd solbition.

These pre-Nercury S 'N-band resalts are
verv encouraging but hy no means definitive. One
‘the limitations of the imary Mariner 10 mis-
sion to demonstrate new ~zta tvpes is that there
vas a maneuver a couple of weeks before both
s, the demonstrations
were iimited to short arcs shortly before encoun-
ters so that ncssible velocity errors which would
produce large aim plane errors over a longer
nranping time mav not be particularly visible,

O
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Verus and Nercury, Thu

. Simultaneous Dopnler. The informatinn
contained in radio metric data cortes from {wo
sources, r .ne.y the spin

the Farth an< th
gencentric acceleration of the spacecraft., The
ceccentric acceleration can be a verv powerful
informa+inon sonrce. liowever, generally the
stromeger the acceleration inforation the more
the orbit determinati : mav be degrardert
deler? acceler irst discussecd
slicgraphic ref, it
! srations can st e“t el
erencing the ciata taf a3 simm-
"dely sevparater stations
the accelerations

itv of unmod

mrerdeled ac

! removes
tion fatlong with the sensitl
erations' bhut preserves information provided by

the spin of the Farth

The easiest method of obt
doppler is to use two-way and
The difficulty with this technique i

nals

transmitted anc received

simultaneous
e-way data.

is that since the
f

sig three -wasr
s1g of thr Y

tandards, the
which may

data employ different frequency
three-way data will contain a bias
vary. This bias must be solved for in the OD fit.
This, in turrn, degrades the solution somewhat.

Another method of obtaining simultaneous
doppler from a spacecraft having a ranging trans-
ponder that does not have the bias in the three-

way data is the Simultane s Interfierence Track-
ing Technique (SI'TT) develoned by Gordorn Wood
(Bibliographic Ret, €2). In »nrincinle, this tech-

nique should allo simuh@uu,us 101)1)1<;r data
to be taken from hoth stations that has the sane
quaht; as conventional two-way riata,

esiduals obtained from Mariner
and 14 during the SITT cdemonstration shows that
this technique is capable of providong simultancons
doppler data which is not subject to the typical
frequency system errors.

Nany orbit determination solutions wsing
differencerl doppler data were marie during
Mariner 10 operations. The cffectivencss of
differencer! data to reduce the effect ¢f morerate
unmedeled accelerations is illustrated in Fig. 1-0,
This figure shows the B-nlane solutions using con-
ventional and difierencer data from 3
dayvs to Venus -3 fays when the solar pressure
model has bheen turned »ff. Turning off the
pressure model introduces an modelerd accelera-
tion of approximately 107 m ‘sec? which is
30 times larger than Nariner 19 specifications.
This unmorleled acceleration proruces a 30%-kn
aim plane error in the solution nsing conventional
data. The solution using the differencer! “ata is
only 30 xm away from the current hest estimate
of where the spacecraft actually went. Thus, the

Venus -13

solar

differencer data was an order ol maagnita lf's<
sensitive than conventinnal data tm mo-derat
unmorleled acceleratinng as nrerlicted by t‘:x

accuracy analyvsis stualicos,

For the differencer cdata to bhe effective in
eliminating the effects of small unmorleled accel-
erations usually c\'r\m"xmn eri by Mariner class
spacecralt (1n-12 ¥ s 2y it will arobably be
necessarv to have ™1l S 'M-hand calibrations anc
cither frequency svstems baserd an hyrdrugen

masers or SITT data.

inta technigues were
‘e problems causard

. experienco gainecd
f?urmg Narirer 1«“ also showed that it can he a
very powerful mechord of requcine errors causer
bv the space nlasma near superior con \mct i,
Figure 1 =1 shnws tuwe way, three-wwav il
encerl doppler rata ¢ lour weeks o
before superior coni
tional cdoppler resi
however, the sslar
severely desrade the
the corruption of the tw
v common and ¢
int erencing process,
the daily stanrard deviation
dliferenced <opnler resicduals
that generallv the ¢
the noise introriiced

Althouch the “lifferencer?
to rem

rart

f’m‘v‘»npef’ primarily

corona bv a factor of
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Unfortunately, the Australian stations were
generally unavailable for tracking between the
maneuvers one month before and one month after
superior conjunction. The differenced data dur-
ing this period consisted of one to threc hours
Spain-Goldstone tracking passes. FKven with this
limited amount of data, the long arc Mercury II
solutions starting one month before superior con-
junction and continuing for five to eight weeks,
using the differenced data solutions, agreed with
the conventional solutions to within a few hundred
kilometers. Because of the large noise contained
in the data around superior conjunction the short
arc conventional data solutions (10 to 20 days)
were generally quite unstable having a scatter of
approximately 2000 km.  tlowever, the few short-
arc diffcrenced data solutions were much betfer
having a scatter of about 400 k. The analysis
of the superior conjunction -lata is continuing,
but as has just been discusscd, the preliminary
results are very encouraging.

C
h
i

1Y

c. Simultaneous Range. T.ow-declination
geometries present special problems for naviga-
tion hased on conventional data. The problems
arise because for short arcs the determination of
the declination of the spacccraft is based upon a
measure of the cosine of the declination, Several
years ago {Bibliographic ref. 61) it was proposed
that simultancous range mcasurciments from
northern and southern hemisphere stations would
provide a measure of the sine of the declination
of the spacecraft and remove all the low declina-
tion problems. Figure 183 shows the principle
behind this technigue, using the simple example
of two stations on the same longitude and equal
but opposite latitudes viewing an infinitely distant
spacecraft at meridian crossing. In practice the
range measurements Jo not have to be taken
simultaneously but may be separated by 30 to
45 minutes. For the sinmultancous or near-
simultaneous range technique to be effective, the
measurements hetween stations have to be con-
sistent to within a few meters.

Shortly before Venus encounter, experience
with Goldstane and Aunstralian range residuals,;

particularly those obtained from alternating range

passes, indicated that the range measurements
were consistent to within a fow meters, Fig-
ure 184 shows Venus I3-piane sclutions, using
doppler only, doppler and single-station range,
single station range only, and nearly simultane-
ous range data taken between Venus -8 days and
Venus -5 days. The current best estimate of the
actual trajectory using pre- and post- Venus data
is also shown. The doppler-only solution using
300 data points is in error by 120 km. The
single-station range cnly solution is much worse
having an error of over 50¢ km. Combining the
doppler date with the singie station range data
reduces the error to unly %0 km. An equally
good solution is obtained by using 24 points of
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nearly simultaneous rangc data. This result was
extremely encouraging and shows that nearly
imuitaneous range data is aol only capable of
eliminating the low declinaticn problem but may
1so provide highly
only solutions.

Sl arE Al e Ao
Sl L —ai o ld,IJ‘L"( -

After Venus the range data quality Irom Sta-
tion 43 seemed to degrade a bit and was not capa-
ble of supporting a nearly simultancous range
solution at Mercury.

d.  Ramped Ranging Ixperiment. DBy using
the DSN digitally controlled oscillator device,
linear ramps can be imposed o the transmitted
carrier frequency. lhe pattern on the carvier
frequency received from the spacecraft is depen-
dent on the round-trip light time, enabling mea-
surement to be made of the topocentric distance
from the station to the spacecraft., The advan-
tage of this technique 1s that range measurements
can be made to a spacecraft without a ranging
transponder, e.g., Pioneers [0 and 11.

On Nov. 12, 1273, a ramp test was performed
using 1SS 4. The range obtained from this tech-
nique was compared directly to range measurc-
ments taken using the MARKIA systeni at Dsss |2
and 62. The results showed that the ramped dop-
pler was sensitive to onc-way range crrors of
about 1.5 km (Bibliographic ref. 65).

2.  Optical Navigation Demonstration

Two opportunities were utilized to collect
optical navigation data during the primary mis-
sion. The first was a series of pictures contain-
ing an overexposed Moon and a star in the field of
view taken carly in the mission. The second was
a group of pictures looking back at Mercury and
containing a star in the field of view. This
series of pictures were taken following the
Mercury encounter.

ictures were difficult

¥ ;2 deozen or so
it into the opera-
tional picture taking sequcnce. The associated
orbital elements seemed to display a systematic
bias which was not understood or accounted for

originally.

After thorough analysis of the data and the
method that was used to generate the orbit esti-
mates, it became apparent that the light time
effect was not being accounted for properly. The
proper calculation of planetary aberration then
reduced the biases by a factor of 3 to 4 and
resultant accuracy of the demonstration was
within 2" of the planet diameter, satisfying the
accuracy goal required by the Mariner Tupiter
Saturn Project.
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ViIli. DSN MISSION SUPPORT

A, NOVEMBER/DECEMBER 1973 MISSION
SUPPORT

1. Planning Activities

a. NASA Support Plan. The NASA Support
Plan {NSP) was revised and resubmitted for
approval on October 25, 1973. Approval was
completed on October 31, 1973, and the DSN pub-
lished and distributed Revision ! immediately
thereafter. The MY M'73 primary mission
extended to April 15, 1974, Support commitments
for extended mission operations was documented

in a NASA Support Plan scheduled for publication

in April 1974,

b. DSN Operations Planning. BDuring
November and Decenmmer 1073, emphasis was on
proper execution of the previously published DSXN
Operations Plan for MVM'73. Tfowever, to accom-
plish this in the heavy support load environment,
daily planning sessions with the Project were
required to produce workable, detailed schedules
and sequences of events. The Pioncer/Mariner 10
64-m subnet sharing plan was made more com-
plex by the occurrence of Mariner 10 spacecraft
problems resulting in numerous real-time changes
to SN schedules, sequences, and procedures.

2. Program Control

a. Status Reviews and Reports. Weekly
status meectings with the Froject continued through-
out this reporting period. Subsequent to the suc-
cessful completion of launch and near-Farth tele-
vision operations, additional items pertinent to
NMariner 10 cruise and encounter operations were
added to the "Critical Lien List:” DSSs 43 and 63
planetary ranging, DSS 14 S/X-band, DSSs 43 and
63 high-rate video telemetry data handling, open-
loop receiver./occultation recorder veriftication,
10 sample/s doppler capability, and recall capa-
bility for ISS radio metric original data records
{ODRs .

3. Implementation Activities

Implementation was required to he completed
by January 1, 1974 and is summarized in Table 43.

a. Telemetry and Command Data Subsystern
(TCD). Previously reported problems regarding
telemetry original data recording quality, except
for time tag errors, were resolved prior to launch.
A hardware solution for random occurrences of
large timing errors in the timing distribution
system/Telemetry and Command Processor (TCPF)
clock was not -~ ussible for MVA'73: therefore,
operational pro ures were designed to reduce or
eliminate effects -»n data records. The Network
Operations/Analysis Team checks timing accuracy
of real-time telemetry blocks during each DSS
prepass countdown. If timing errors were
ohserverd, front panel restarts were accomplished
on TCD subsystem assemblics to reset the clock
to the correct time. Checks were continued hourly
during 2SS tracks and the procedure was repeated
as necessary.
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Table 42. Postlaunch implementation

and problems

Open implementation (1)

and probiems i[°) Location

Block IV S/ X-band
ranging /doppler (I)

D55 14

Planeiaryv ranging {I) DSSs 43 anrd 65

10 sample/s doppler 1D

Open-loop analog DSSs b and 49

recording (I/P)

Standard analng All DSSs
recording validation
and improvement (I

Loow-noise ultracone (1) DSS 44
Third data decoder NSS 61763
assemblyv (1)

Digital relemetry ODR All DSSs
time tag error (P)

Command NModulator DSS 1

Assembly (CNA)
svritch (1)

The third Data Decoder Assembly required
to complete the DSSs 61 and p3 conjoint DSS
three-string configuration was installed and
checked out. Three strings are required at the
conjoint 26- and 61-m DSS to accormmodate
(1) reai-time recording of 117 kbits/ s video,

(2} real-time handling of 2450 bits/s nonimaging
science, and (3) near-real-time, reduced-rate
playback of video data via 28.5 kbits/s widehand
communications circuits.

Digital recording of radio metric data in the
DSS digital instrumentation subsystem (DIS) was
initiated during the MVAI'73 preparation period.
However, the capability for posttrack recall’
replay of these data was not developed in parallel.
To achieve this capability in a timely manrer, an
overlay modification for an existing telemetry
replay software program was prepared for
delivery in January 1974, which involved replay
of DIS recorder-produced digital tapes via the
TCP/recorder requiring DIS/TCP tape rdeck com-
patibility. In the interim, radio metric data was
recalled via low-speed punch recorder replay.

b. Tracking Data llandling Subsvstem
{(TDID. Implementation of planetary ranging

capabilities continued at DSSs 43 and 63 during
this period; however, therc was little productive

JPI. Technical Memorandumit 33-734, Volume I



time due to Pioneer 10 encounter configuration
freezes. In addition, installation kits were not
complete in that a few required cables were not
available. Consequently, the January 1, 197
rea-ﬂiﬁpsq date was not met. The impact of this
late implementation on Project navigation was, at
first, not significant since the DN Mark IA Lunar
Ranging Assembly was still providing gocd rang-
ing data from 26-m DSSs. Mark 1A support could

have continued through late January 1974; however,

on December 25, 1973, the spacecraft high-gain
antenna experienced a problem that resulted in a
significant loss in downlink signal performance.
Since ranging from 26-m DSSs was no longer pos-
sible, priority action was taken to assure com-
pletion of planetary ranging checkout by

January 15, 1974,

<. Digital Instrumentation Subsystem {(DIS).
Although the TDII subsystem was modified earlier
to generate doppler data at a rate of
the existing DIS software program could not han-
dle this rate. This capability was required for
radio science experiment support at planetary
enconnters, particularly at Nercury. Final
checkout of the necessary software program
upate was made in January 1974,

d.  Antenna Microwave Subsvstem. Analvsis
of DSS 14 low-noise ultracone performance ind.
cated that this capability would most likelv "it
sufficient RF link performance to ~uppn ALY
data rate of 117 kbl - = «v MNe o wiv onoe
This would significantiyv incv: asc the
return from Meraio o sine e rather
resolullon coverawe ot the entire ' .o
would be possible. o -msequently,

the decis:

was made to insta @ 2 ultraronc at 1SS 470 o nro-
vide 117 kbits s - wae of the 1T -~ outeoing
TV sequence. I.ae Zone had beer, >d to
Australia, and " =ta'la*ion was nla: n mid-

January 1674,

silation of the
[P ne Command
was completed at

e. S/X-Band Equipme..
R&D S/X-band equipment, <
Modulator Assembly switch.
DSS 14 in late Octoher 14 .. Iflowever, comple-
tion of checkout and an operab.e status was not
achieved by January I, 1974, as planned due to a
number of problems. 77 st S/X-band checkout
during November-Decoroer 1972 at DSS 14 was
very difficult and at times impossible due to con-
flicts with the load, configuration control, and
frecze imposed " f ¢ station for Pioneer 10
encounter. S i, subsystem interface cable
noise - b e aud faultyassembly modules
further» = .. achievement of valid data. Mlost

prubler. wFooated rhe*-h‘%el\'es in the X-band
rather than S-band data in the form of frequent
<

dopoler cycle Jips and offsets.

4,  Operations Summary

Final DSXN operational readiness tests were
satisfactorily cnmpleter" rh '"inﬂ the last week of
QOctober 1673, in preoar n for NMariner 10
launch and neavr-Iarth T \ Operations.

was launched on Nov, 3, 1973 as planned, and the
D provided continuous coverage via a combina-

tion i 26-m and 64-m subnet deep space stations:
DSSs 12, 42, 62, 14, 43, and 63, During

November and December 1975, most coverage
was provided by the 26-m subnet, with DSS 14

JPI. Technical Memorandum 33-734, Volume [

10 samples/s,

ANMariner 10

averaging about threc passes per week., DS3s 43
and 63 tracks of Mariner 10 werc nil due to higher
priority support tor Pioneer 10. DSS 44 was
brought into use for Mariner 10 on a rush basis

toc avoid a 4-h gap in coverage on Dec. 3,
duc to Ploneer 10's use of both DSSs 42 and 43
during encounter closest approach.

P
[

DSN support for Mariner 10, including the
high-activity Earth-Noon TV sequence and traijec-
tory correction maneuver,

was excellent. As
expected in a continuous coverage operation, the

DSXN experienced problems and equipment failures:

however, none had a significe
operations and data rec

nt impact on v
overy.

ARY 1974 N

B, JANUARY
SUPPORT

AND FEBRU

SN

During January and February 1974,
preparations for the NMariner Venus/MNercury
1973 Venus encounter were completed, and the
encounter was supported in a near flaw €55 Man-
ner. In addition, the continuation of spacecraft
problems required the Deep Space Network to
respond with additional implementation an-
operational techniques to facilitate achiceverent
of mission objectives.,

noew

i. Planning Activities

During January 1974, DSN operations plan-
nmg gave prmrltv to nre‘paranone for the scconrd
trajectory corrcction maneuver {TCN and for
Venus encovater, IHowever, in addition, a sig-
nificant level of effort was required of the DSN
Support Team to generate real-time operations
plans in response to spacecrait problems. These
problems and responses are rliscussed in Sect. 4,
“"Operations Summary.

Preparations for TCM No. 2 were well under
way in carly
However, the occur:rence of a spacecraft cmer-
gency on JTan. 8, 1974, involving spacecraft
switch to the hackup power chain, interrupted and

,10.2\,;,,, anw’plctm:, of the mancuver soguonce,
The TCN vas cheduled for Jan., 19, 1974 and
?

C
then again slipped to Tan. 21, 1974 as additional
spacecraft power constraints were [actored in.
These changes required the DSN to make corre-
sponding adjustments to DSN schedules,
sequences, and staffing., During one particular
week, sixty-eight real-time schedule changes
were required to realign network support for
MVA'T3, Pioneer 1¢ and 11, and radio science.

In parallel with TCN activities, the DSN
planned a sceries of comprehensive Venus encoun-
ter readiness tests. These test procedures
included Class I conimtedown exeorcises,
ate portions of DSS svstem periormance tests,

critical requirements of the Venus encounter
sequence of events, anrd use of the spacecratt as
a data source. [ISSs and 63 were
scheduled for participation during the per
Tan. 17 to 30, =74,

approny e
anprony

T 12
=, =3,

tor of

Following completion of TCN 2 activities,
. - . lu . - -
rimary attention was again giver te rinalizing
P ) ;

the sequence of events and
1 .
for Venus encounter. Ilowever, this effort was

conplicated by the spacecraft roll gyro

4

configuration strategies

issiom

January 1974 for a mid-Tanuary burn,

«
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oscillation-attitude gas consumption problem that
occurred during the roll calibration maneuver on
Jan. 28, 1974. In addition, a high level of effort
went into the S/X-band radio science occultation
portion of the sequence to assurz feasibility of the
demanding, rapid radio-frequency signal acquisi-
tion at exit occultation. Consequently, tweaking
of the detailed DSWN sequence continued until
Venus encounter minus one day.

2. Program Control

Weekly status meetings with the Project con-
tinued throughout this reporting period. Open
implementation items and problem areas were
t-acked until appropriate closures were accom-
plished. Weekly teletype status reports to NASA
Ieadquarters and monthly inputs to the Project
Management Report continaed,

In late January 1974, the DSN conducted a
Venus encounter readiness review to cvaluate the
final status of preparations and potential problem
areas. The review and results of encounter
readiness tests demonstraterd that the DSN was in
a high state of readiness for the critical
operations.

3.  Implementation Activities

a. Deep Space Stations. Implementation and
engineering support were given by the deep space
stations as follows.

(1) Antenna Microwave Subsystem. The
listen-only low-noise ultracone was installed at
DSS 43 without difficulty on the planned mid-
January schedule. Ixcellent performance was
demonstrated in follow-up tests. Tests continued
through March 1974 to demonstrate adequate per-
formance for reception of 117-kbits/s video data
under expected marginal RF link conditions at
Mercury encounter on Mar. 29, 1274,

By mid-February 1974, the spacecraft high-

gain antenna problem had produced an RF down-
]

'k that waas A AR lece than narmal and an antenna

pattern which was nearly completely linear rather
than circular. About 3 dB of this loss was attrib-
uted to cross-polarization between circular
polarization of the DSS antenna and the now linear
polarization of the spacecraft. In response to
Project request and to meet Mercury TV experi-
ment objectives, the DSN took emergency action
in February to provide, ship, and install linear
polarization equipment at each of ti.c three 64-m
DSSs, expecting to have it completed shortly
before Mercury encounter.

(2) Telemetry and Conimand Data Sub-
system., Accomplishment of capabilities in
January 1974 for post-track recall of digitally
recorded radio metric data marked the end of all
required implementation in this subsystem. An
exisiing Telemetry and Command Data Subsys-
tem {TCD) software program was modified and
integrated into the DSN to perform this function.

flowever, continuing engineering support was
required to help analyze a problem observed in
DSS 43's and 63's Original Data Records (ODRs)
containing 117-kbits/s video data from Venus
encounter, KEssentially all of the video data were
recorded on the ODR, but the data were not in the
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TOld and new’
data were interieaved in a repetitive pattern
requiring special processing by the Mission Con-
trol and Computing Center {MCCC) to recover

;
{
ste were planned and

o
VO planne n <

correct time-ordered sequence.

al te

ducted at DSS 14 and CTA 21 to resolve this prob-
lem prior to Mercury cncounter. lowever, the
problem was obscrved only at the 117-kb/ s rate,
which would not have been used at Mercury
cncounter il the spacecratt antenna performance
had remained 6 dB boelow normal,

video frames. Spect

on-

(3) Tracking Data llandling Subsystem.
Implementation of planetary ranging capabilities
was completed at DSSs 43 and 63 in mid-lanuary
1674 approximately two wecks later than planned.
Although declared operational on the basis ot
successful system performance tests, DSS 63
ranging data cxhibited a timing bias which made
it difficult to usc for navigation purposces.
capabilitics camoe none teo soon.
cous ranging data were required rrom DSSs 12,
14, 43, and 63 for critical orbit determination
exerciscs to rapidly redetermine the orbit follow-
ing perturbations {rou the gyro-attitude gas usage
problens.

Ihese

Near stmultan-

(4) Digital Instrumentation Subsystem.
Update of the Digital Instrumentation Subsystem
software prograim was completed and integrated
into the DSS in Tanuary 1974 as planned. This
update provided the required Venus encounter
capability for real-time handling of 10 samples/s
doppler data via high-specd data lines.

(5) Pre- anrd Post-Detection Recording Sub-
system. “Work continued on DSS 14's dedicated
open-loop analog recording assemblies until two
days prior to Venus cncounter to achieve configu-
ration and performance desired by radio science
experimenters. Late modifications were required
to adequately integrate both $- and X-bhand signals
from the R&D Block IV receiver asserwnblies.

Also, quality checks of analog recording pro-
duced on the DSS standard analog recorder indi-
-~

o el fa~rilitnt
a4 € <

~ o TOT core reod oy ~
X i L ladliiita

ated imprevements were nocde
proper recording and recovery of telemetry data
from this backup ODR. Tests at CTA 21 demon-
strated that significant changes were required in
channel assignmients to achieve desired results.
To avoid unacceptable risks of late configuration
changes, this modification was only partially
implemented prior to Venus encounter and then
was completed thereafter.

(6)  S/X-Band Equipment. N-band doppler
ycle slips and offsets continued fo be periodically
observed. Interface cable replacements and
assembly adjustments in January 1974 did,
temporarily, climinate these problems during the
Venus encounter period. Dy mid-February 1974,
the problems were back again. Therefore, the
DSN initiated a special coordinated team effort
between DSN engineering, orerations, and Project
radic science experimenters to troubleshoot and
achieve reqguired periormance p to NMercury
encounter. Noise interference appcars to be the
major causce, but its source was unknown at that

time.

@
In early Tanuary 1074, the Command Modu-

lator Assembly switch required to provide Block
IV exciter uplink capabilities was installed at
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DSS 14 but failed to operate properly due to a
wiring logic error. The switch was removed for
rework. Since stability of the Block III exciter
was sufficient to meet S/X-band requirements at
Venus encounter, it was decided that the switch
would be reinstalled during the week of Feb. 24,
1974 in preparation for Mercury encounter sup-
port. This installation was accomplished as
planned. Post-installation tests and operational
use demonstrated proper performance with the
Block III configuration. However, due to inter-
face signal errors, switch performance in the
Block IV configuration was not acceptable.

b. DSN Ground Communications. Appropri-

ate modifications and adjustments to the DSS 14/
DSS 12 microwave link were initiated as a means
of providing access to DSS 12's telemetry strings
for backup to DSS 14's two-string configuration.
The planned use of this microwave link was for
transmission of 2450 bits/s telemetry data to

DSS 12 in the event that DSS 14 should lose one

string while supporting dual subcarrier operations.

The microwave link between DSS 63 and
DSS 62 was reactivated and adjusted to support
real-time transmission of low rate telemetry data
from DSS 63 to DSS 62. This capability per mitted
continuation of the DSS 63 communications termi-
nal relocation/reconiiguration without interrupting
data flow to project users. This work was satis-
factorily completed on Feb. 28, 1974,

4. Operations Summary

Following is a brief summary of DSN opera-
tions activities for January and February 1974.
Primary attention was given to certain spacecraft
problems which placed an unplanned, heavy load
on the DSN in terms of revised plans, sequences,
tests, schedules, and new implementation.

During this period, Mariner 10 coverage con-
tinued to be provided by a combination of 26- and
64-m subnet DSSs. In January 1974 Pioneer and
Mariner equally shared the 64-m subnet. DSN
readiness tests tor Venne encounter were catiaw
factorily completed between January 17 and 30,
1974, Beginning Feb. 1, 1974, DSS 14, 43, and
63 configurations were frozen for Venus encoun-
ter operations, DSN support continued to be very
satisfactory, with exceptional performance demon-
strafted during the critical Venus sequence and
during a number of spacecraft problems.

The spacecraft high-gain antenna went
through a number of fail-heal-fail cycles during
this period. Degradaiion finally stabilized at a
downlink loss of 6 dB and a linear polarization
rather thain circular. This problem made per-
formaice of the link marginal for 26-m subnet
reception of 2450 bits/s telemetry at a bit error
ratz of 1 in 10% or less. Furthermore, even
22 kbits/s video data would have been marginal
via a 64-m station at Mercury encounter. In
response, the DSN performed frequent precision
signal level measurements, conducted ellipticity
measurements, and implemented linear polariza-
tion tracking capability in the 64 -m subnet.

Spacecraft roll gyro oscillations caused

periodic high usage of attitude-control gas. This
perturbed the well-defined trajectory requiring
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rapid generation of additional amounts of accurate
radio metric data in the DSN., In response, the
DSN negotiated with the Pioneer Project for addi-
tional 64-m coverage for Mariner 10 and sched-
uled a series of near-simultaneous ranging
acquisitions.

Spacecraft power problems were varied but
were primarily observed by the DSN in the form
of power-on resets (PORs). PORs were frequent
during roll calibrations and gyro turn-ons. These
cause the spacecraft to automatically switch, with-
out warning, to a different data mode and to the
interplex configuration. To minimize response
time and data loss when PORs occurred, the DSXN
developed special procedu-es for subcarrier
democulator configurations, phasing, notch filter
installation, and for analog record handling.

Flight and ground tests showed that the spacc-
craft auxiliary oscillator had a frequent one-half
cycle offset when in the one-way mode. This
instability would have masked Venus atmospheric
effects on the RF signal severel: degrading radio
scierce occultation results. Proper auxiliary
oscillator performance was obtained in the two-
way mode but required use of the DSS 14 100-kW
transmitter to gain adequate link performance.
The two-way, 100-kW sequence had to be planned
between Feb. 1, 1974 and Venus encounter on
Feb. 5, 1974.

These problems caused delays of certain
critical mission events such as trajectory correc-
tion maneuvers, calibrations, and spacecraft
cormputer updates. DSN operations was hard
pressed to accommodate these changes in plans,
schedules, and ground command activities.

C. MARCIH/APRIL MISSION SUPPORT

This section covers the period from March 1,
1974, through April 15, 1974, April 15, 1974,
marked the end of the MVM'73 Project's primary
mission and the beginning of the Mariner 10
Extended Mission Project, March 1974 proved to
rather eventiul mission. DSN preparations for
TCM 3 and for Mercury encounter were completed
and support was provided in a near-flawless
manner.

1. Planning Activities

During early March 1974, the DSN gave pri-
ority to preparations for TCNM 3 and to develop-
ment of the final sequence of events for Mercury
encounter. TCM 3 was planned to occur over
Deep Space Station (DSS) 14 on March 16, and the
encounter TV sequence was planned around a
22.5 kbits/s rather than a 117. 6-kbits/s data
rate, because of the spacecraft antenna feed prob-
lem. However, two significant events during the
first week of March required significant changes
to these near-final arrangements.

On March 4, 1974, the spacecraft antenna
problem corrected itself, thus reopening the pos-
sibility of real-time {117.06~kbits/s) TV opcra-
tions at Mercury encounter. Further, on
March 6, 1974, the spacecraft lost lock on
Canopus, and gyros came on to provide attitude
stability. Fowever, the roll gyro began
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oscillating, which resulted in high consumption of
attitude-control gas. Gas usage effects on the
orbit were such as to shift TCM 3 from the DSS 14
to the DSS 43 view period. Further orbit refine-
menfs again shifted the TCM to occur over

SS 63,

These problems and changes resulted in a
heavy, unanticipated replanning load at a time
when plaus should have been in the final stage for
the approaching encounter with Mercury. Revival
of the 117-kbits/s TV sequence requirced develop-
ment of special telecomnu nications link perfor-
mance measurement tests, changes to planned
I3SS eonfigurations, and schedule negotiations to
accommodate Mariner 10 and Ploneer during
encounter. Orbhit uncertainties due to nongravi-
tational forces necessitated development and exe-
cution of special procedures for generation of
simultaneous doppler data and near-simultaneous
ranging data to accurately re-lefine the orbit fol-
lowing TCM 3.

Furthermore, to preclude excessive gas con-
sumption during any future loss-of-Canopus event,
the spacecraft was placed into a "free-drift" mode
using solar pressure on solar panels as an assist
to attitude stabilization. In this mode, automatic
gvro turn-on was inhibited. Consequently, loss
of Canopus would result in the spacecraft's high-
gain antenna drifting off the Farth line, and é4-m
DSS support would be needed for reacquisition.
Therefore, special agreements were negotiated
with the Pionecr Project, and new DSN proce-
dures were developeda wherein one teloemetry
string at the 64-m stations would always be con-
figured for immediate Mariner 10 support.

The introduction of these late but necessary
changes shortly before the critical encounter
period caused a great deal of DSN concern regard-
ing the Network's ability to avoid operational
errors which would be detrimental to the primary
mission objectives. DSN Operations planners and
advisors provided close support during this high-
risk sﬁ:uat‘on to help assure that required results

rer e~ A .r\.r\‘(
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2. Program Control

On March 7, 1974, the DSN conducted a spe-
cial review of various discrepancy areas in the
Network, partlcularlv those that represented con-
tinuing problems and those which had a potential
to impact Mercury en~ounter support. The Dis-
crepancy Report (DR) Review Board consisted of
representatives from IDSN Operations and Engi-
neering. Following is a summary of the signifi-
cant items discusser.

a. anetary Ranging. The recently imnple -
mented planetary ranging capability logged a
number of discrepancies. Many of these prob-
lems were traceable to a lack of operational
which significantly improved with
time. Ilowever, error dispersions continued to
he larger than anticipated, and frequent biases
and offsets were chserved between and within sta-
tion passes. DSS 63 exhibited a rather consistent
20-m bias. The consensus was that this ranging
performance would meet Mariner 10 navigation
reqiirements and that ranging assemblies should
not be perturhed hv any rework prior to end of the

exyperience,
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mission.
included: (1) recalcalate and verify the 64-m
antenna 7 -height, (2} check for timing errors as
a possible cause, (3" resurvey the DSS 07 site
location, and (4) evaluate calibration accuracies
using the zero-delay device, and as a function of
antenna angle position,

Reconmmended arcas for on-going study

b. DSs Conuvnand Subeariic
and Bit-Rate krror Al&rmw At
naturc occurred periodicaily and accoun liu" lm' a

large percentage of open !)1<ﬁrnpa.ncy Reports in
the systeny; 30 were onen ;1t the time of the review.,
It is important to note th these are alarms, not

aborts., The DSN had expericenced only one com-
mand abort for Mariner H ‘hich was due to an
erroneous bit rate.  Stan lix 4 practice 1s to sct
the subcarrie 1‘—11‘0(\10?@\' alarm limit tighter than

| LY Y T T
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the Project abort
abort at +0. 3-1lz deviation, Analysis of station
analog tape readouts disclosed that w27 of the bit-
rate error alarms were false alarms resulting
from bit-rate detection circuitry errvors rather
than actual bit-rate errors.

C. Dat. Decoder As-combly.  Although
installation of new selector channels and ocher
modifications significantly improved data decoder
assembly (DAY perfor mance, continued
throughout the Network, A number of discrepan-
cies were grouped into two categories: DDA
external and DDA internat.

problems

(1) DDA External. Thiscategory includes
those cvents involving DDA halts and alarms.
These problems are intermittent and are usually
cleared in less than 10 min by DDA reinitializa-
tion or reload. Cause analysis had been difficult
because of a lack of data. Deep Spacce Stations
need to dump the DDA memory when a halt/alarm
occurs in order to got useful 'trmuble—shooting
data; however, mast projects are reluctant to
approve an additional 15-20 min data outage while
thic is done. Post-review coordination with the
MVM'73 Project resulted in an agreement and

procedure for DDA memory nmp as reqmrod
T P N s T s TR weosg Iy i a1
when critical data w

(2} DDA Internal. 'l'his* category includes
those discrcg)ancivs involving bit orrvors,
improper data sequences, an.l timing errors.
Telemetry data timing crrors are now heing
worked around by special operational procedures
invelving frontpanel restarts when errors are
observed, Of more concern is the mixing of data
in the DDA through a lincar combination of bits.
This was observed on some of the Venus encoun-
ter digital criginal data records. All bits were
recorded but were out of sequence in a systematic
interleaving pattern. It was suggested that this
was an initialization procedure problem,  Actions
were assigned for special testing to verify the
specific cause and obtai solution. Results of
these tests are discussed in paragraph 3-a-{2).

The DSN Operations Status Review for
Mercury encounter was conducted on March 21,
1974, The purpose was to evaluste the final
status of encounter préeparations and review
potential problem arca~. Subjects covered
included: test and training, documentation
updates, oncounter timwe iines, occultation
strategy, configurations, configuration freeze
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plans, data shipment plans, staffing, and dis-
crepancy report status. All items cxhibited a
satisfactory readiness posture for the start of

encounter operations.

3. Implementation Activities

a. Deep Space Stations. All major work on
subsystems was completed prior to Venus encoun-
ter in February 1974; consequently, this section
continues to diminish, reflecting only tasks to
resolve problem arcas.

(1) Antenna Microwave Subsystem. DSN
initiation of emergency implementation of linear
polarization tracking capabilities in the 64-m
subnet to match the changed polarization in the
spacecraft due to high-gain antenna problems was
continued as a contingency against future recur-
rences. This task, including performance
verification tracking tests, was completed by
mid-March 1974 as planned.

(2) Telemetry and Command Data Subsystem.

Return of the spacecraft telecommunications link
to normal gain and pelarity again made real-time
117. 8-kbits/s TV data possible at Mercury
encounter. Consequently, the previously reported
problem in digital original data records of 117-
kbits/s data was given ptiority attention. Special
tests were conducted at D35S 14 and Compatibility
Test Area (CTA 21) to determine the cause of
recorded data being out of sequence. As sus-
pected, the problem was operationally induced
and could be corrected by changes in operational
procedures. To avoid having prepass countdown
simulated data on the record delivered to Project,
the original procedure called for loading of virgin
tapes following countdown activities. This
apparently left the DDA pointer s out of phase with
the high-density recorder tape position. The
high-density cycle at 117 kbits/s resulted in a
linear combination of bits in about 25% of the test
cases. Reinitialization of the DDA following load-
ing of new tapes was required to avoid this prob-
lem. Special operational instructions to this
effect werc issued to the staticns., Ne further
indications of the problem were observed in the
Mercury encounter data.

(31 S/X-Band Zquipment. Improvement of
the R&D S/X-band performance at DSS 14 was
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effected by receiver control work, cable replace-
ments, and other trouble-shooting analysis.
Previously reported problems with the command
modulator assembly switch were not completely

resolved nrior to N encounter Therefore

107r nc T . Lnerociore,

operations were continued in the Block Il exciter
rather than the desired Block IV exciter mode.
This configuration was acceptable to the MVA'T3
Project.

b. DSN Ground Communications. Per
NASA request, the DSN coordinated the planning,
configuration, test, and schedules for establish-
ing a video circuit capablility from TP, to
Goddard Space Flight Center and NASA tlead-
quarters. This service was employed for abou!
7 h during Mercury ercounter to transmit real-
time encounter TV and public information broar-
casts to these WASA viewers.

4, Operations Surmmary

As planned, increasing use was made of the
64-m subnet during March-April {47+ for the
trajectory correction mancuver anr encounter
support. Ilowever, Ploncer Project tracking
requirements limited the configuration freezc Vor
Mariner 10 to an 8-day period around cncounter.
Standard DSN encounter readiness tests were

completed by mid-March 1274, [lowever

3
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cial telecommunications link perforimance a:Lr
S/X-band performance tests vere continued until
encounter day. DSN support continucd to be
satisfactory, with excellent performance demon-
strated during the critical encounter sequence
and during the occurrence of seme additional
spacecraft problems.

On March 31 (GMT), at the start of an out-
going TV mosiac sequence, a spacecrait power
subsystem problem occurred which resulted in
large power dissipations in the spacecraft bus.
One of the resulting effects was intermittent
reduction of the X-band transponder output
power by 27 dB and the developt  nt of sidebands
on the carrier. A special effor. was made at
DSS 14 to detect sidebands and analyze their
character.

April 15, 1974, marked the end of the suc-

cessful MVM'73 primary mission. An extended
mission for a return to Mercury was approved,
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IX. MISSION CONTROL AND COMPUTING CENTER {MCCGC;

A. INTRODUCTION

The initial Mission Control and Computing
Center Support Plan (MSP) was published July 1,
1971. The revised and final support document
was published July 1, 1972 and approved by NASA
Headquarters Nov. 15, 1972,

During the early mission planning phase, the
functional requirement of the Mission Operations
System were developed by the MOS Design Team
of which MCCCC personnel were members., The
functional requirements included software devel-
opment, computer systems requirements, and
Mission Support Area requirements.
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Software development included programs for
command generation, planning and analysis, mis-
sion control, spacecraft analysis, science
sequence recommendation, and navigation

analysis.

The software provided means for entering
commands into the MCCC system for transmis-
sion to the spacecraft, and also provided verifica-

tion and confirmation visual displays.

The group of software programs provided the
function of generating, handling, processing, and
displaying data on a nonreal-time basis in support
of Mission Operations.

Mission Control Software programs provided
the necessary computations to support mission
operations by generating command seqguence,
simulating spacecraft and science subsystem
events, producing a sequence of events and pro-
viding scan platform pointing information.

The spacecraft analysis software was a sct
of programs which were utilized and controlled
by cognizant analysts assigned to the spacecraft
team. These programs provided relevant infor-
mation to the spacecraft team to enable them to
predict spacecraft performance, provided
nonreal-time analysis and supported in-flight
calibrations.

The Science Scquence Recommendation Soft-
ware programs provided support in the devclop-
ment of science sequences for the various experi-
ments. The programs were controlled by )
cognizant analysts assigned to the scicnce team.,

C. COMPUTER SYSTEMS STTIPPORT

Figure 185 shows the MVM'73 Project com-
puter commitments starting with the development
phase in January 1972 and continuing through the
end of the primary mission. The Project defined
the critical, time-sensitive, an’ routine phases
of the mission and the computer requirements
associated with each of these phases.

D. MVM'73/PIONLEER COHARITATION

Mariner /Pioneer cohabitation tests were
conducted which demonstrated the capability of
the 360/75 to support both Mariner and Pioneer
mission requirements, There were only minor
preoblems that occurred when COMGEN or 5FEG
was running simultaneocus with Pioneer data
recall activity and when COMGFN or SEG was
running simultaneous with PREDIX, These were
problems that were worked by controiling the data
processing activities,

E. MISSION SUPPORT AREA

The requirements as docurnented in the
Mariner Venus/Mercury 1973 SIRD were based
on using the Mariner Mars 1971 Mission Support
Area {(MSA) structural layout with only possible
minor modificaticns.

A baseline drawing of the MSA, a matrix
showing the operational voice communication
capability per team position, and a TV switcher
frame matrix showing the closed-circuit televi-
sion display capability per team member posttion
were distributed to the team chiefs for their
approval, and after several iterations were
approved.

Implementation was completed prior to start
of testing. Minor changes were requested during
the testing phase, and during the encounter
phases. The MSA is shown in Fig. 136.
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X. DATA RECORDS

A. MVM'73 PRIME MISSION SCIENCE DATA
TEAM ACTIVITIES
The major activities for the Science Data
Team during the mission portion of the flight of

Mariner 10 were the following: validation and ship-

ment of Experimenter Data Records (EDRs); pro-
duction, validation and shipment of Supplementary
Expcerimenter Data Records (SEDRs); development

of utility programs and modification of cxisting data

records producticr softwarce to aid or make possi-
ble the production of valid SEDRs; and preparation
of predicts data fcr and real-time support of the
Venus and Mercury encounters.

B, EDR ACTIVITIES

These activities involve the receipt and log-
ging of EDR magnetic tapes trom the MTC; the
running of ITDR VAL to validate the contents of
each tape: the coordination with MTC personnel
for the reproduction, if possible, of EDRs with
unrecoverable data content or invalid data gaps;
the manufacture of individual tape logs describing
EDR data content and the shipment of these data
to the PlIs. In addition to these activities, further
processing of the magnetometer (EPIM) EDR
received from the MTC must be accomplished.
This tape contains not only all required EPIM
data but a full complement of decommutated
spacecraft engineering telemetry data as well.
The tape must be input to the EDRGEN program
which outputs the following three items: (1} a new
EPIM EDR without the extraneous engineering
data, (2) a Celestial Mechanics and Radio Science
(CMRS) EDR consisting of CMRS engineering data
only, and (3) a Scan Platform Telemetry (SPT)
tape consisting of Guidance and Control engineer-
ing channels which is used in the production of
SEDRs. During the extended mission period most
{all but the Venus encounter and some Earth to
Venus cruise) of the primary mission and all
Mercury II EDRs were handled and shipped.
amounted to approximately 2400 EDR VAL and
850 EDRGEN computer runs and the shipment of
21798 EDRs

1SN D

This

C. SEDR ACTIVITI1ES

The production of SFDRs involves the accunu-
lation of required input data and the processing of
thesc inputs plus control information through
several computer programs to obtain the desired
outputs. The input data consists of spacecraft
telemetry data, navigation data and command/
event data files which are acquired throughout the
mission based upon actua' spacecraft history.

The following software is utilized to generate
the inps adata:
(EDRGEN), navigation data (DPTRAI, and
command/event data (COMGEN). Once the input
data is accumulated, two methods of generating
SEDRs are used. For CPT, PSE, MAG, and UVS
(low scan platform activity periods) SEDRs,
SPOP, FIP, RFMT and COPY are run to nroluce
the desired product. These SEDRs all have the
same data content and are generally referred to
as PAFUVS SEDRs. TV, UVS (high scan platform
activity periods) and IRR SEDRs are produced by
running SPOP, LIBPQOG, and RIMT. Once the
SEDRs have been produced and validated, tape

spacecralt telemetry data
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logs are prepared and the tapes shipped to the
appropriate 1.

During the primary mission essentially nu
production SEDRs were produced due to the slow
development of the data records portion of SPOP
{processing mode) which derives timit cyele and
scan platform pacrimeters. Iowever, during the
transition period between primary and extended
mission, a version of SPOT was delivered to the
Science Data Team and was used to generate
approximately 50% of the primary mission SFDRs.
Production of the SEDRs was halted at this time
to investigate some ahnorocal time ditfferences
between the navigation and spaceccraft derived
data that are merged together by RINT to pro-
duce the PATUVS SFDRs, The source of these
time ditferences was traced to the fact ihat the
navigation data was time tagged bhased an
cphemeris time (FTY, a time base system refer-
enced hack to the epoch of 1759, 0, while the
spaccecraft data was referenced to GAMY or uni-
versal time (UTCO),

The timie difference between these two sys-
tems {(~45 sec) was contained within the navigation
data, and a minor modification to RFNMT was
required to use this time difference Lo convert
the ET to UTC so that proper merging of navig
tinn and spacccraft data cou'-l he accomplished,
While investigating this anomaly, two other
errors rclated to timing were uncovered,  First,
the REMT algorithm which converts navigation
time (total seconds from the epoch of 1950, 0} into
units of year, day, hour, minute, second, and
millisecond was incorrect, and all time tagging
of navigation data in this manner was invalid.
Second, inconsistent timing of spacecraft clock
values on the SEDR was discovered and traced
back to both the MTC and SPOP. The MTC based
all of its engineering dara time tagging upon
spacecraft clock values (FDSC) 2nd minor frame
counter (SCIl}. During periods of spotty or
invalid data the SCI was often incorrect and led to

a-

incovrect time tagging by the MTO resuliing in
minor frame time duplications and regressions.
SPOYT was programmed to reccive and precess
data on a FDSC basis r~ther than a minor frame
basis (4 minor frames/FDSC) and the time tag-
ging of partial IFDSCs iless than 4 minor frames)
was often incorrect.

A decision was made at this point in time
that all SEDRs produced to date shouald be repro-
duced after accomplishing modifications to REFMT
to amend its timing probdiems and the development
of a utility program designed to rectify MTC and
SPOP timing problems. Utilizing this new utilitv

program (S mn of REMT,

TEEY and the new versi

all primary mission SKDRs were produced and
sent to the Pls.
production phase, it became apparent that more
serious problems in SPOP concerning scan plat-
form pointing angles existed. An investigation in
this area was con-ncted by the Science Data
Team, and the result was that approximately 507
of the TV and UVSE SFDRs that had been producaod
contained scan platformm pointing errors. It was
apparent that to correct these nroblems, a modi -
fication to SPOP would have to be made.
fore, all known problems with SPOP were

However, toward the end of this
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tabulated and were systematically corrected and
tested with Division 91 programming support.

A similar approach was then taken with the
PAFUVS SEDR production portion of REMT. The
RFMT meodification was undertaken due to the
almost certainty of a Mercury IIl encounter in
1975 and the fact that the RFMT time algorithm
for navigation data would not handle the year
1975. During the modirications of SPOP and
RFMT, the utility program, STUFF, was
expanded to include a representation for each
FDSC cf data. FDSCs in data gaps would be
reprosented by four minor frames of filler data
with correct time tags, while the missing por-
tions of partial FDSCs would also be represented
by correctly time-tagged filler data. This woula
insure that SPOP would not have to perform any
time tagging during data gaps and for parctial
FNSCs, Utilizing the new program set, the
SEDRs containing scan platform pointing errors
(TV and UVS) were reproduced and all extended
mission SEDRs were produced through Mercury II
encounter. This same program set is expected
to be adequate to produce all the SEDRs required
for the Mercury III encounter.

D. REAL-TIME SUPPORT OF MISSION
ACTIVITIES

The Science Data Team provided real-time
support of the Venus and Mercury encounters.
The activities in this area included checkout and
verification of data links to provide real-time
encounter data to PlIs at remote sites, the
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scheduling of computer tirme for PI near
real-time processing at JPL, the validation of
quick-look EDRs received from the MTC and the
generation of quick-look MAG TDRs as reqguired.
These services were also provided during other
portions of the mission as required by the Pls.
Other real-time or near real-time activities
included the generation of daily science data logs
and command lozs, maintaining a list of signifi-
cant spacecraft science events, and the genera-
tion of spacecraft clock value (FDSC) versus
spacecraft event (SCE) time tables for the entire
mission.

E. RECOMMENDATIONS

Fiexibility should be built :ato noncritical
mission software, ec.g., the SEDR production pro-
gram, in suchk a way that the programs involved
can be undated and made available for nrodaction
»»»»»» updated and made available for prodaction
on a short turnaround basis without having to go
through the bureaucracy of a mission build con-

cept systern.

The project should require maintenance sup-
port for interdivision software (software that is
developed by one division and used by another),
so that the user division will have an effective
means of updating software as required duriag

the mission.

Software users should be educated at least to
the functional level as to the operation o7 his
software tools and be able to absolutely verify the
validity of the software exccution by quickiy
analyzing the outputs.
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XI. PROJECT RELIABILITY AND QUATLITY
ASSURANCE ACTIVITIES
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The Jua'ity Assurance and Reliability Office
for the MVM'73 Project was responsible for Reli-
ability activities at the project Tevel and Quality
Assurance activities at the spacecraft system
level. The greatest efforts for the project level
activities were spen! in getting consistent efforts
applied by project personnel and division person-
nel in Design Review actions and failure reporting
actions of Spacecraft, MOS, MCCC, and DSN sys-
tem elements of the project.

13, ,\,%OS, MCOCC, AND DSN SYSTIEN
RELIABILITY ACTIVITIES

. Design Review

Mission Sequence Reviews were held starting
at nine months prior to launch.

1

These reviews
brought together the elements of support to the
pruject that represented the DSN, MOS, and
MCCC., Actinn items were assigned from these
reviews, answere. or carried forward to the next
review. All action 1trms from the final review
were answered by memo. Project MOS manapge-
ment reviewed and approved all action items.

The Launch Readiness Review which reviewed the
status of the spacecraft also reviewed the status
of the launch vehicle, NS\, MCCC, and MCS
elements of the project.

2. Failure Reporting

All major system clements of the project
were required to have a failure reporting system.
Provision was made to initiate failure reports
among the several systems when a problem or
failure in one system affected another system.
In the earlier hardware phases of the project
emphsis was placed upon launch vehicle and
spacecraft failures reporting. After launch
emphasis was changed to the 3N, GCF and
MCCC reporting as well as spacecraft failure
reporting.

3, Project Reliability and Quality Assuraace
Activities

Of particular interest was the Incident
Surprise Anomaly (ISA) system of failure report-
ing that was initiated during spacecraft systems
testing at Boeing and carried on through launch
and the mission. The ISA system of failure
reporting was an extension of the ISA procerure
used v the MNM'T] program. The procedure

£

For i O

Iorm ol

allowed for a simplified
provided an umbrelia for all failure reporting
systems. The ISA system exposed all significant/
critical problems that occurred in the spacecraft,
DSN, AMCCC, and GCTE and provided a vehicle for
project manarement and control of problenis so
identificd. Tollowing launch, 394 ISAs were
written. Of these, 24 were marked critical. Of
the 24, one was assigned to the MOS system, two
to the MTC system, six tn the MCCC system, and
fifteen to the DSN system.

B L R o Re s th—‘»
FCpOrelny tlat
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C. SPACECRAFT SYSTEM RELIABILITY
ACTIVITIES

1. Relialility Assurance Program

The NVAM'T3 Spacecraft System Reliability
program implementation was the responsibility
of Boeing. The work unit which containe-! the
implementation plan was 15-2-1, PLL Reli-
ability Program consisted of reliability tasks
applicable to JPI, G subsystems, reliability
tasks anplicable to sciecn e instruments and a

control and moaitoring function of the Bocing
reliability offorts. The Boeing [inal report
identifics reliability efforts, tasks, and respon-
sibilities of Boeing. This report supplements the
Boeiag report and describes TPIL responsibilities
and activities,

JPIL reliablitty efforts incladed the foliowing:

) 0y ; . . faf .
Iy Development requirements for Space-
craft System Reliability contractor.

{2) Responsibility for and monitoriag, and
coordination of the Bocing Reliability
cffort as applied to the Spacecaft

Sy stem.

(3) Participation in design reviews,
IPMECAs, design mectings, conseat to
ship, and consent to launch meeting s,

(+) PER controil of GFI subsvstems.

(5} "MECAs of GFE subsystems,

(6) Special parts review of GFFE
subsystemns.

(7)) Review of all NASA ALFERTS for the
project.

(8)Y Coordination of all PFR activities at
JPL., including the review and approval
of PEFRs.

2. Recommen-dations

A Systermn Failure Node Effects and Criti
cality Analysis {FMECA) was performed by svys-
tems personnel at Boeing, but it was periormed
too late to be effective. It is recommended in
future System FMIICA studies that the work
effort he more timely so as to support and impact
system design decisions, Tflardware safety was a
concern {rom the beginning of the project.
guidance to Boeing was :leveloped through Reli-
ability efforts. JPL Project Management sup-
ported and emphasized a Safety program. Having
the same Boecing manager responsible for both
Reliability and Safety had beneficial resules.
Supported by the JPPL Project safety office,
Tender Loving Care {TLCY of hardware received!
consi-ierable attention on this project and was
felt to be about as effective as the MAUH69 or
MAM'T] projects. On future programs TLO shouls

Tt
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begin early and be given much attention during the
early phases of the program.

3. Spacecraft Design Review Program

Two series of design reviews were held on
all spac ecraft hardware. These two series of
reviews were called Function Design Reviews

{FDR) and Detail Design Review (DDIR). The FDR
schedule was accomplished in a 13-week period
starting the imiddle of September 1971. A space-
craft system review was accomplished in the first
weelk of the reviews There were 15 major sub-
gy stem reviews, flve nonimaging sciencc instru-
ment reviews and an X-band transmitter review,
Most of these reviews were conducted by the Sys-
tem's contractor. All together, £Z55 action items
were initiated from the FDR reviews. All
Boeing-initiated action items were approved by
Doeing
project and division management personnel prior
to closure.

then reviewed and approved by JPL

The DDR schedule was accomplished over a
nine-month period starting December 1972. A
systems review, 15 major suhsystems reviews,
ome nonimaging science instrument review and an
N-band transmitter subsystem review were held.
In total there were 341 action items initiated from
the DDR reviews. All action items were reviewed
and approved by JPL project and division manage-
ment personnel. The reviews contained the follow-
ing elements: assignment of action items, TBC
weekly status report of progress and the repo- ¢
of special problems, JPL review, and right .
disapproval of the closure of any action iterr .
The design review approach was felt to be vigsr
ous and complete.

There were other spacecraft review. rhich
were conducted prior to launch. Those ine? - led
ha -dware reviews, spacecraft preship.arent
reviews, and a launch readiness revie- -,

4. PFR Activities

e

ng was moritored very closely for
udherence to PFR procefiul'es. I‘imelmess of
initiation, identification of significant failuves

and timely closeouts weie all given special atten-
tion by JPL. In addition to the maintaining by
Boeing of a tight control loop and management
visibility to problems and failures, the JFL PFR
Control Center also kept JPL Work Unit Managers
and Project personnel informed of Boeing PFR
activities and status.

The JPL PFR Center maintained responsi-
bility for PFR distribution, filing, approval
coordinatior ind status reporting. A total of
1523 PFRs was processed within about two years
(through launch). Timely and effective reporting
of PFR status was mare possible due to the imple-
mentation of a MARK 1V system, a file manage-
men: software program which was used for
recording PFR data and for generating pericdic
standard reports and special reports.

5. PFR Data
Three different computer formats were

chosen for this report to show PI'R informatio:.
These three are as follows:

136

(1) PFRs initiated per month by subsy- ¢ an
from Mav 1972 through October 197,
(Table 43).

RS £ ™

FE Y ™ ~ Fy -~ ... £ T — -
L) k_gud.ul,h,lc:b OL " ind Oy Laiiul cause per
subsystem through Octe e 1073

(Table 41).

(3) A subsystem sum-iary report showing
quant;tleb of ¥ s per subsystem by
categories of I "+ Support Equipment,

Mission, ris™ safety (Table 47).

In addition to ¢ - se, a tabulation is
included showing ! PPrRs written againat the
spacecraft during '~ mission. Thirty-ninc prob-
fems were recos.oo 1 PERS by carly September

of 1974, The:» are shown in a numerical PEFR
scquence in o chadst. Also shown is a timeline
PTG DAY Al ve Af ey il B N BT |
{L 2. 2T} G LoUL Sl ilicaiit t"‘ Uttt Litadl e Nue e
oped on M. aer 10 pu ceratt dureing flight
through carly Sentember, 1974,

r L ACECRAET SYSTEM QUALITY

TOSTTRANCE ACTIVITIES

The Quality A%Surance Plan was developed
avound the requirements of NASA Document NIIB
5300.4 1B. The negotiated differences to the
NASA Documeont were identified in TBC s Imple-
mentation Plan 15-i-1. This coniractuaiiy negoti-
ated plan was the basis by which TPL QA monitored
the TBC's quality conirol effort and efficiency.

The overall JPL Quality Assurance tasks
supporting MVM'73 were as follows
*) Ingpection and -upport for integrated
circuit procurement for CC&S,

(2) QA supopnrt of TPL subsystem
ProCUL LinE s,

(3) QA support of shipping effort from JPL

to systern contractor.

4y Assrst principal investigators upon

request for QA support,

(5) Cuoordinate QA activities and require-
ments with MVM Project Office.

{6) Participate in review of all Project
Docurnents for the indusion of QA
requirements.

(7) Review, negotiate, and approve Quality
«ggurance Plan of system contractor.

(8} Mon.tor/audit all quality activities to
assure conformance to the approved
CGuality Assurance Plan.

(9} Establish and implement mandatory
inspection points where deemed neces-
sary for J¥L inspection to ensure {light-
quality hardware and spacecraft integrity.

(10} Represent JPT. in all Material Boeard
Acticns.

{11) Implement the GFP Plan at the Boeing
Company. Act as the control center for
all GFP activity.

JPL Technical Memorandum 33-734, Volume I



Table 43. Prelaunch PFR summary by month
Subsystem i?‘t}ils Pre- e e
May May Jun Jul Aug Sep Oct Nov DeciJan Feb Mar Apr May Jun Jul Aug 5ep Oct

July 29, 1974
2000 Systems 30 0 0 1 0 1 0 0 5 2 5 3 ) 1 4 2 20 2 a
2001 STRU 51 9 0 0 3 2 17 4 3 1 + ) | 0 5 3 3 1 ! i
2002 RFS 231 26 34 45 39 G 10 2 5 4 3 6 0 1 4+ 12 2 14 3 2
2003 MDS e 9 6 3 18 21 13 b 6 3 1 0 -+ 1 0 0 0 s 0
2004 Power 87 I N G 4+ 13 2 N 6 3 6 1 ! 10 3 i 1 ] 0 |
205 CC&S 59 13 3 7 i3 o) 5 i 5 N s 2 2 5 i i 0 O i
2006 FDS 179 1 n 0 10 37 30 33 7 7 4 3 5 3 3 ¢ 3 ) 5 i
2007 A/C 175 3 3 ¥ 10 47 21 11 9 12 5 9 + 5 2 3 I 7 | !
2008 Pyro 13 1 0 2 0 Z 0 0 ) 0 0 5 2 0 0 0 B H 0 0
20049 Cabling 18 0 2 0 0 1 2 0 3 0 3 2 0 0 2 0 | 1 ! 0
2010 Prop 67 1 2 30 14 13 1 8 2 1] o 2 3 1 2 0 | 2 0 1
2011 T/C 23 0 i 0 1 0 2 0 1 0 | 0 0 0 0 1 0 1€ | 0 N
2012 Devices 21 3 0 1 2 3 5 2 0 1 0 0 1 0 ! 00 0 2 n
2015 APS 34 1 2 1 2 0 3 5 2 1 5 5 2 3 ! ! g ) ) 0
2016 DSS 51 0 7 i 2 5 2 10 3 5 3 0 1 3 0] 0 ) 1 ’ 1
2017 SXA 19 0 0 0 0 4 1 3 2 I 1 1 0 0 1 0 0 <+ 1 0
20032 PSE 50 0 0 0 0 9 2 4 S 2 5 0 2 5 3 1 ! 4 2 !
2033 CPT 3z 0 ) G B 2 0 2 1 0 3 1 N1 2 0 3 7 0 0
2034 UVS 12 0 9 0 0 1 2 o 0 : 0 ! 0 0 2 0 1 1 0 0
2035 MAG 39 2 I 0 0 1 4 2 0 7 6 2 3 3 2 2 0 1 2 l
2036 TVS 53 22 5 7 2 5 3 by ! 2 110 ! ! t 3 g 1 5 0 0
2037 XTX 23 0 0 1 3 4 4 5 0 0 Z 0 | 0 2 0 1 0 0 0
2038 IRR 16 0 0 0 0 2 3 2 1 03 + 0 1 1 1 0 0 ! 0 o
2500 ETE 86 0 1 1 10 7013 8013 6112 5 ! 1 4 2 i ! 0 0

1,523 92 72 G0 126 164 156 138 115 72 |94 583 31 66 57 37 3% 855 21 1s

A team of TFPL Quality Assurance Engineers the primary concern throughout the program

and four Air Force Plant Representative Otfice was the enforcement of hardware control and
(AFTPRO)Y Quality Assurance Representatives safety. There werea significant problems

were assigned in residence throughout rhe pro-
‘sram to monitor and aid the program as neces-
sary to assure the Project a quality spacecraft.
Due to limited guantities of flight equipment,

JPIL. Technical Memorandum 33-734, Volume [

with alrmost every spacecraft move from one
area another. Facility and contrel indoc-
trination would have been helpful prior to any
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spacecraft movement,



Table 44,

Prelaunch flignt hardware PFRs

Subsystem g;tgls A D H M P 7 w X
2000 Systems 24 2 9 i 2 3 >
2001 STRU 46 4 26 2 3 1 1 2 7
2002 RFS 218 183 95 5 6 4 G 19 22 40
2003 MDS 79 2 26 2 6 10 4 20 g
2001 Powet 80 24 4 a 4 5 7 2
2005 CC&S 78 16 4 4 e 2 10 12 !
2006 FDS 164 1 41 i 17 53 1 Q 3 18
2007 A/C 155 7 21 7 3 6 7 55 12 37
2008 Pyro 7 2 1 2 2
2009 Cabling 17 9 1 3 3 1
2010 Propellant 55 2 v 1 3 b4 R
2011 T/C 23 8 1 1 1 iz
2012 Devices 21 1 8 i Z i 3 5
2015 APS 33 2 5 i 1 1 3 12
2016 DSS 49 3 12 2 2 1t 1
2017 SXA 19 Z i0 2 i ! 3
2032 PSE 42 1 11 2 ) 1 9 9 7
2033 CPT 32 1 2 4 3 19
2034 UVS 12 2 1 1 2 4
2035 MAG 36 1 17 3 2 1 2 1 2 7
2036 TVS 77 1 24 8 Q 1 11 ) 17
2037 XTX 20 8 4 1 1 6
2038 IRR 15 1 i 4 4 5

1,302 16 i 38 74 122 51 149 121 323
A Adjustment D Design H  Mishandling
M Manufacture P Piece part S OSE failure
T  Operator error W  Workmanship X  Other
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Table 45, PI'Rs subsystem summary report

. il Facror®
otal Flight Support Mission Spacecraft risk factor

Subsystem };FRS hardware equipment PIFRs i > 3 3 Safety
2000 Systems 38 32 6 8 24 10 2 2
2001 STRU 52 17 5 1 12 3 2
2002 RFS 231 218 13 132 20 22 i
2003 MDS a5 36 15 i TS 13 3 ! f
2004 Power a0 83 7 3 68 16 3
2005 CCKRS 859 78 11 60 16 6 7
2006 FiS 180 145 e i {26 e 33 2
2007 A/C 181 161 20 6 169 9 3 2
2008 Pyro 13 7 6 10 3
2009 Cabling 13 17 1 15 i 1
2010 Propelliant 68 56 12 1 61 5 !
2011 T/C 25 25 2 20 4+ 1
2012 Devices 21 21 19 1 1
2015 APS 34 33 1 18 9 5 2
2016 DSS 53 51 2 2 32 12 9
2017 SXA 20 20 1 12 4 3 1
2032 PSE 53 45 8 3 51 2
2033 CPT 32 32 28 3 1
2034 UVS 13 13 1 G 2 2 1
2035 MAG 41 38 3 2 32 3 1
2036 TVS 84 7S 6 1 67 6 5 6
2037 XTX 25 22 3 2 18 4 3
2038 IRR 16 15 1 15 1
2500 ETE 846 86 83 3
1, 55% 1,337 221 35 1,249 176 108 32 5

%] . Known cause of failure with no risk.

2 = Unknown cause of failure with no risk.

3 - Vaown cause of failure with some risk.

4 Unknown cause of failure with some risk.
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XII. PRCJECT FINANCIAL MANAGEMENT

A. PERSONNEL INDOCTRINATION

The most fundamental approach to cost con-
trol taken by the Project Management was to
create a fixed-cost/variable-scope environient,
to develop a cost-consciousness, and to inspire
and sustain a strong motivation to meet the $98
mitlion target. The orientation developed an
understanding of the cost goals and the cost con-
trol plans and system. This orientation encom-
passed not only the Project Gffice personnel but
all persons involved with the Project including the
JPL Divisions, the System Contractor, the
Scientists, the Program Office, and JFPL and
NASA Managerment.

B. BUDGET PLANNING

The Project Office delegated a measure of
fiscal responsibility to the Flight Project Repre-
scntatives with the understanding and agreement
that budget emphasis was to be on cost-at-
completion. Operating budgets were established
with each organization after the scope and
resources compatibility {equalization) were agreed
upon,

A no-year funds approach was initiated by
the Project. The planning for funds was the
responsibility of the Project. The organizations
were held at cost-at-completion, and budget sur-
pluses at the end of fiscal years were allowed to
remain in their budget. Although the Project
required the Flight Project Representative (FPR)
to track costs monthly and by fiscal year, the
emphasis remained throughout on the estimated
costs-at-completion.

C. MANAGEMENT METHOD OF COST
CONTROL

The Project initiated a system and the for-
mats for a monthly JPL Division Project
Resources Review. The FPRs reported to the
PI‘GJE‘:CL uluul.lny on Cost, schedu ICS, and pcrforA
mance. This was done verbally, allowing for the
airing out of problems and questions, and estab-
lishing good communications between the Project
management and the FPRs. The FPRs' line man-
agement was encouraged to attend these monthly
meetings, and it is felt that this participation
enhanced the Lab-wide interest and involvement
in the Project. During the Resource meeting,
the FPRs presented and discussed viewgraphs.
Copies of the viewgraphs, given to the Project
Financial Manager, becamme a part of the Project
historical records.

Tight control of the system contract was
exercised by the Project and by the Procurement
Division starting before award and throughout the
life of the contract. Monthly reports by the
Pro ect Cost Analyst provided current details on
contractor’s performance. Major subcontracts
were reviewed each muonth and the Project Cost
Analyst issued monthly reports covering cost,
funding, and highlignts of current activities on all
major subcontracts, with emphasis on existing or
potential overruns. Plans of action were devel-
oped and implemented to avoid or to curb

overruns,

160

D. SYSTEM CONTRACT

The system contract represented approxi-
mately 50% of the total cost ($98 million), The
cost target could not have been met without the
cooperation of a respensible and strongly moti-
vated system contractor. Cost controls in this
area began long before contract award and were
evident in the processes of source selection,
indoctrination and motivation, negotiation and
contract structure,

1. Stability of Contract Tarpg-t Cost

The final target cost for Part 2 was within
one tenth of 1% of the original target, adjusted to
inciude the Propuision Subsysiem {the resuli of a
change in the make-or-buy plan):

Thousands
of dollars

Original target cos $38,500
D’rnn lgion subsvystem 1 024
Propulsion subsystem 1,024
Total inifial target cost 39,524
Final target cost 36,572
Net increasc in target cost $ 51

The Project achieved this amazing stability
through a vigilant awareness of the contractor's
performance, the extensive use of tradeoff studies
with the participation of the contractor, and a high
degree of flexibility to implement changes.
Specific examples of cost-saving decisions are
listed below:

(1} Deleted the 1imit cycle
compensator

(2) Deleted CC&S prototype

Negotiated reduction $173,000
{3) Reviced TCM/73-2
Test Program
Negotiated reduction $139,000
(4) Eliminated engine
thermal door
Negotiated reduction $103,000
{5) Changed to power
switching and cquipment
quantities
Negotiated reduction $142,000
{6) Deleted one flight battery
and various associated
tests

Negotiated reduction $ 58,000
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Some of the above reductions were used
either to offset the impact of increases in scope
or to minimize incipient overruns in certain
areas of the contract.

2. Monitoring of the System Contract

The flow of data from the contractor to the
Proiject included performance measurement sys-
tem reporting, estimates of funding requirements,
weekly manpower reports, weekly major prob-
lems TWXs, monthly reports of management
reserve usage, monthly overhead reports, daily
update of schedule charts during critical stages
of the contract.

a. Performance Measurement System (PMSi,
The system proved its worth by enabling the
Project Cost Analyst to monitor the contractor
cost activities very closely, to develop indepen-
dent estimates at completion with reasonable
accuracy, and to analyzce Boeing's cost proposals
for contractual changes with a solid background
of current information.

5. Communication

The monthly progress review meetings, con-
tractually requirerd, were an excellent means of
communication between the Project and the Con-
tractor. Fron the standpoint of financial manage-
ment, it provided undated information, it brought
to the surface technical problems capable of
affecting costs, and it opened the door for ques-
tions and comments that might not have been
originater! from reading only the written reports.
Informal communication was excellent at all
levels. The constructive use of the award fee
briefings prover to be very effective.

E, INNCVATI( =

In addition to the many firsts' achiever in
space by NMariner 10, the MVAU'T3 Project also did
some trailblazing in project managernent, as dis-
cussed below:

he assivnment to the Project of a
roject Financial Manager from the
inancial NManagement Division and a
Cost Analvst from the Procurement

Divigion, collocated with the Projects,

s

Fpt b

12V The delegation of greater fiscal respon-
y to the FPR.

The use of computers to track budgets
and actuals,

(4} The acceptance of a major subcontrac-

tor’s own PNS to monitor arnd evaluate

contract perfarmance.

{3y The revelopment of a contractual cver-
heard ceiling bascd on indirect costs
amounts rather than rates, (This ceiling
was not invoked because Boeing experi-
cnced an underrun in direct costs, )

The TProject initiaterd the use of business
computers to provide current information on

JPL Technical Memorandum 33-734, Volume I

manpower usage an< actual costs and to maintain
a record of the changes in plan from the originat
basic plan to the latest update. Three computer
reports were developed, admittedly too late to be
of great use to this Project eveent tor purponses
of historica! record-keeping. It should be recoy-
nized, however, that these reports could be used
to censiderable advantage by other JPL Projects.
A brief description of these reports follows:

1. JPL Manpower Report {(Hquivalent Headcount)

Planned and actual staffing for prior fiscal
years werc reported, and plans and actuals by
month for the current fiscal vear. [t provides
both details (employee’'s name, job nurmber anvi
summaries by svstem aisd by division,

Z. Project Cost Iistory

Actual costs an-d oblications were reflected
at a reasonable level of detail for each iob by
cost clement, including TPPL manpower and sub-
contractor manpower (Categorics A throngh D,
Costs by month and cumulative tinception to date)
with various intermediaie subtotals tquarter,
fiscal years: were shown

3. PPlan [listory

The original plan ias formalized through Sys-
tem for Resources Management 1SRN inpuats!
was recorded and cach subscouent update in
olan, by job and in summary. The variances
between the latest plan and the plan Immediately
precerding were described and explained.

F. ESTIMATED FINAL COSTS

On Noveraber 27, 1974, the estimated costs
at completion for the NVAT'T3 Projeect were
596,870,000 representing an underrun of
S, 133,000 or 1,27 of the $9% million cost
target.

Included in the above amounts are the sub-
contracted costs for the design, rabrication ans
testing of the spacecrart fone {light unit and one
test mordel’/spare: by the Boeing Aerospace
Company, under JPT, Contract >0, 753000, as
follows:

(In 31,000 Part 1 Part 2 Tota
QOriginal cnn- 53, 257 S, 7T
tract costs
Net amount of 353 1,072 [
changes
“inal contract 3, 640 36,572 43,2102
costs
Fstimated 3,400 35, 627 R
firal actual
costs
stimated B 240 - B R T B
underrun

1!’5‘;1



The award fees associated with the costs
shown above are as follows:

Part 1 Part 2 Total
{In $1, 000} 8% 15%
Maximum $263 $5, 77 $6, 038
award fee-
hasic contract
Adjustiment 16 161 177
due to con-
tract change
Adjusted 279 5,936 6,215
maximum
award fee

ce(D) {2} 4

Fee awarded 256 4,787 5, 043
Fee loss $ 23 $1, 149 S1,172

(1} Projected fee based on the estimated/

actul number of level of effort

hours through July 31,
fee awarded represents

actual costs,
T
1

e

1974, The
7.53% of

he awarded fee includes in-flight
serfornmiance fee,
2. 1% of target cost or 12. 4% of
stimated/actual costs.

and represents

G. ANAILYSIS OF UNDERRUN, BOEING

CONTRACT NO. 953000

1. Part 1.

Reason for

underrun

11

162

TGRA

Direct labor aver-
age rates lower
than cstimated
Unused level-of-
effort (6, 785 h)

Total underrun
in labor

Underrun in travel
and relocation

Variance in
indirect cost:

{Inderrun due to

lower direct cost

bases

Overrun due to
higher rates
{(adverse coffect
of new overhead
structure)

Net underrun

(In thousands of

dollars)
Cost
Direct through
cost Geal

60 94
170 266
34 38

i00 {Included

above)
(64) (64)
& 240

General and administrative overhead.

{In thousands of

dollars)
Cost
Direct through
cost G& A
2. Part 2. Summary of
variances
QOverrun in nman- S NR) (1, 047
power (63,000 hy
Underrun in 769 1,165
average direct
labor rates
Net underrun 251 s
in labor
Overrun in (1321 {ind)
s'ibcontracts
Underrun in 340 417
materials
YT-«,I Tt RN
Ui rrun 111 [ S s b f
t avel and other
irect costs
Variance in
indirect costs:
Net overrun due (8N {Included

to the above above!
changes in dircct
cost bases

Underrun due to 360 360
lower rates

Net underrun $ O

The Part 2 cost variances outlinea above
reflect the impact of many and complex events
and situations, some of which were beyond the
control of Boeing MVAI'73 Management (e¢.g.,

union contracts
untien coniracis, natioe

v\alnr\v"nl RN AT ntr G\L\_” oy

o +
WAaAgno COF |4

108

indirect expense rates).

a. Overrun in Manpower: DWNajor overruns
occurred in Engineering Mechanics (particularly
shop labor), CC&S, Reactior Control Assembly,
Test and Operations. In some areas, such as
CC&S, RCA, Tests and Operatmnb, boeing had
underestimated the complexity of the effort. Some
of the contributing factors to the manpower over-
runs were: designing prublems, some false
starts, poor handling of hardware, limited
MVM'73 control over shop operations, extensive
use of overtime for schedule recovery, over-
optimism in the fruitfulness of technology trans-
fer, inadequate planning for test requirements.
There is no doubt, however, that very good man-
agement controls kept this overrun within bear-
able limits.

b. Underrun in Labor Costs: The 1% over-
run in direct labor hours was completely offset by
the lower-than-planned average direct labor rates.
While Boeing should he credited {or their efficient
modulation of the skill mix, this contract also
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benefited from the presiaential wage controls
implemented in late 1971. The resulting litiga-~
tions with the engineering association (SPEEA)
delayed all salary increases until early 1973,
when a lump-sum retroactive adjustment was
paid, totalling $700K through G& A, This created
a spurious large underrun in labor costs for

CY 1972. Another retroactive wage adjustment,
to hourly workers, was paid ir quarterly install-
ments during CY 1974, In sp of these lump-
sum adjustments, ithe average actual escalation
in direct labor rates was lower than the projected
escalation factor into the estimared rates in the
original contract amounts.

¢. Underrun in Subcontract, Overruns by
Motorola and lTexas Instruments were partially
offset by an underrun by Electro Optical Systems.
Strong cost incentives built into the subcontracts
it ot entirely successiul in preventing overruns
at least caused the subcontractors to absorb a
share of them in the form ol reduced fees {the
reverse 1s true in the case of FQS)., The total
overrun amount excludes cost growth attributable
to scope changes which were generally reflected
in muodifications to the iP1./Boeing contract,

d. Underrun in Noterials and Purchased

Equipment, The cause is undetermined but a
probable contributing factor is that some material
was voverament furnished (GFP) at no change in
contractual cost tor line item values of less than
$5, 000, in accordance with the terms of the
contract.

e, iU'nderrun in Travel, This reflects tight
managemer*' control on actual travel,

f. Underrun due to Indirect Rates, Two
events atffected the actual indirect costs, On
Jar, 1, 1973, the Boeing Company implemented
a new overhead structure which increased the
allocation of indirect costs to the NMVNI'T3
Project. in anticipation of this change, a ceiling
on the amount of indirect costs was provided in
ttte contracet, Cn an overall basisg, the total
indirect costs were underrun so this contractual
protection did not reed to be invoked,
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g, Breakdown of Underrun by Area/ Aclivity

(In $1,000)

Divi- Under-
sion/ run
Organi- Areal/ (Cver-
zatian Activity Tharget Actuals run)
33 Telecom- S 05,409 5 5, 402 & T
munications

34 Guidance and 10, 142 3852 310
Control,
Power

35 I‘ngineering X028 9, 0n7 42~
hMechanics

36 Astrionics b, 192 3, 362 (170

ERS] Pi‘u‘p\ﬂsiun T34 S8 [

2% Spacecraft 1, 183 002 "1
System
ntegration

29735 Fnviron- 2, 086 1, 554 R2
mental
Pequirements
297353 Test and 3, 121 3, 344 1325

Cperations

15 QA, Relia- 2, 104 b, ST 257
bhility, Satetv

25 Program 3,053 2, 257 ST
manavement
Final 530, 872
Target
{Contract
value!
Final 258, 2%
Kstimation/
Actual costs
Ner underrun s

The prime missinn riscal summary is given

in Table 0.




Table 46.

Prime mission — fiscal summary

Costs (in thousands)

Man vyears

Total
Boeing Sub- Boeing ) Boeing Sub- Boeing JPI.
JTPL Part 1 total Part E Total  Contractor JPL Part ? total Part 2 and
Boeing
Project
Management
“Project Office, 1068 399 1467 1467 0.1 19.5 15.6 35,1 35, ]
Control and
Admin,
Missionanalysis 1110 1110 1110 20.7 20,7 20.7
and engineering
Project divi- 2320 2320 2320 48, 5 48, 5 48,5
sion repre-
sentatives
Study 328 328 328 7.9 7.9 7.9
Total 4826 399 5225 5225 0.1 96, & 15,6 112,2 iz, e
Project Science
Science
investigations
Radic science 520 520 520 5,9 5.9 5.9
team
Imaging team 630 650 650
Data hancling,
analysis and
records
Library 244 244 244 7.3 4,2 4,2 4,2
1PL 864 864 864 5, 4 8.7 8.7 ], 7
Integration 1334 590 1924 1924 8.2 25, 6 14,3 39,9 39,9
Instruments and
data analysis
Television 4208 4208 4208 6. 0 34,0 34,0 34,0
Infrared 893 893 893
radiometer
Ultraviolet 800 300 800
spectrometer
Plasma 1105 i105 1105
science )
Charged 606 606 606
particle
telescope
Magnetometer 670 670 670
Science 200 200 200 4,0 4.0 4,0
manager
Total 12094 590 12684 12684 26.9 8z, 4 14.3 96. 7 96, T
Spacecraft
Management 568 568 2818 3386 3.9 9.9 1050 114.9
QA and 615 615 1684 2299 i7.9 11.1 i1 57.9 69.0
reliability
System design,
analysis and
support
System inter- 388 388 107 495 8., 9 8, 9 3,0 1L 9
face desion
Systern 2662 694 33R6 5187 8543 2.9 53. 5 11,9 h5, 4 136.7 202.1
design and
analysis
Env, requiire- 3584 3884 1736 5320 6.8 22.3 22.3 52,6 749
ments and
test support
Hardware and
subsystems
Radio, anten- 431 €7 498 3617 4115 9. 5 4.8 14,3 25,1 39,

nas angl sup-
port eguip-
ment (SE)
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Table 46. Prime mission — fiscal summary {(countd)

Costs (in thousands) Man years
Total
Boeing Sub- Boein Boeing Sub- Boeing JPL
JPL Part lg total Part 2g Total  Contractor JPL Part % total Part E and
Boelng
Mod/Demod 210 210 1649 1859 4,7 4,7 8.5 13,
and SE
35-W ampli- 464 464 464 0.8 0,8
fier TWTA
Power 460 460 3301 3761 10, 4 10,4 20.7 31,
Spacecraft 1050 1050 4824 5874 19. 8 19.8 118.0 137,
control
Support equip- 166 166 1726 1892 3.6 3.6 36.1 39,
ment — power
anc spacecraft
control
Engineering 691 208 899 4728 5627 10, 7 13.5 24,2 149,9 174,
mechanics
CC&S and SE 677 077 1573 2250 0.9 8.2 8.2 53.5 61,
FDS and SE 5182 5182 5182 3.5 18. 6 i8.6 18,
DSS and SE 117 117 1796 1907 3.0 3.0 6. 6 9.
Pyrotechnics 315 27 342 342 0.7 7.9 1.2 2. 1 9.
and SE
Propulsion 1872 93 1965 586 2551 1.4 i5.5 6.3 22.3 17.1 39
and SE
Total 19452 1089 20541 35326 55867 34,1 218.4 38,2 256.6 790.7 1047,
System Test 4027 214 4241 3302 7543 32,5 31.6 25.4 57.0  87.6 144,
and Operations
Mission
Operations
System
Management, 2959 441 3400 3400 7.8 41.6  26.4 68,0 68.
planning,
design and
development
Flight opera- 2239 667 2906 2906 39,0 6.8 45,8 45,
tion and
training
Total 5198 1108 6306 6306 7.8 80,6 33.2 113.8 113,
Project 45597 3400 48997 38628 87625 108, 4 509.6 126.7 636.3 878,3 1514,
subtota’
Boeing fee 254 254 4934 5188
JPL burden 353 253 4212 4565
on Boeing
Total MVM'73
Project 45597 4007 49604 47774 97378 108, 4 509.6 126.7 636,3 878,3 1514

J

g
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