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" On the cover:

_The Mars photograph on the front and back covers was
taken by Viking Lander 2 on September 26, 1976. Itis a

partial color panorama of the landing - site. - The colors.

accurately depict the Martian surface and sky, as indicated
by the vivid colors of the United States flag. The high-gain
antenna is shown in the upper center of the front cover, the
radioisotope thermoelectric generator cover is shown on the

back cover. The horizon is approximately 2 miles from the .

Lander.

PREFACE

In August and September of 1975, two Viking
spacecraft were launched and subsequently cruised
almost 500 million miles to Mars. A Viking Lander

 then separated from each spacecraft, soft landed

on Mars in July and September . of 1976, and
conducted a number of scientific experiments. This . -
report describes the system. and subsystem
performance of these Landers during the mission
phases. . '
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The scars on the Martian surface at the extreme left
resufted from trenches dug by the surface sampler shown
protruding from Lander 1 on the right. The magnet
cleaning brush is shown in the lower left portion of this
photograph.







1. INTRODUCTION AND SCOPE

This report summarizes Viking Lander hard-
ware performance during launch, interplanetary
cruise, Mars orbit insertion, preseparation, separa-
tion through landing, and the primary landed mis-
sion. The primary emphasis 1s on Lander engineer-
ing and science hardware operations, not the re-
sults of the scientific investigations conducted dur-
ing the mission phases. The Viking Lander science
results are reported in the June 1977 issue of The
Journal of Geophvsical Research. Detailed infor-
mation concerning Lander hardware operation
from separation through landing may be found in
Entry Data Analvsis for Viking Landers 1 and 2
(TN-3770218), Martin Marietta Corporation, De-
cember 1976.

This report is divided into two primary parts.
Chapter II contains a fairly detailed description of
the “as-flown™ mission, particularly with respect to
Lander system performance and anomalies. Chap-
ters III through VI detail the Lander subsystem
hardware performance during the various mission
phases. The casual reader should find sufficient in-
formation in Chapter II. More detailed perfor-
mance data may be found in the remaining chap-
ters. Chapter VII is a brief description of the ex-
tended mission and predicted Lander performance.

The remainder of this introduction describes
the Viking goals, mission plan, and Lander physical
description and subsystem definition. This allows
the reader to better understand mission perfor-
mance without referencing other documents. De-
tailed information concerning the Lander design
and capabilities may be found in Viking Lander
“As-Built Performance Capabilities, and Space-
craft Operations Handbook (HB-3720311).

The following personnel contributed directly
to the preparation of this report:

R. Bender C. Green D. Rushneck
dJ. Berry T. Knight C. Seese

A. Castro H. Kowitz W. Smeton
K. Farley O. Moore dJ. Speicher
R. Frank C. Rea P. Stafford

M. Griffin

In addition to data returned from the Orbiters
and Landers, data were extracted from the follow-
Ing documents to prepare this report:

Viking Lander As-Built Performance Capabilities.
Martin Marietta Corporation, 1976.

“From Separation to Touchdown: The Perfor-
mance of Lander Capsules.”” AIAA presentation,
John D. Goodlette, 1977.

Viking 1 Earlv Resuits. NASA SP-408. 1976.

Entry Data Analvsis for Viking Landers 1 and 2.
TN-3770218. Martin Marietta Corporation, 19786.

Viking 75 Project Summary of Primary Mission
Surface Sampler Operations. NASA-VFT-019.
1977.

A. PROGRAM GOALS

The objective of the Viking mission is to ad-
vance significantly the * . . . knowledge of the
planet Mars by means of observations from Martian
orbit and direct measurements in the atmosphere
and on the surface. Particular emphasis (is to) be
placed on obtaining biological, chemical, and en-
vironmental data relevant to the existence of life
on the planet at this time or at some time in the
past, or the possibility of life existing at a future
date.”

By observing the physical and chemical compo-
sition of the atmosphere; the daily and seasonal
changes in wind, temperature, pressure, and water
vapor content near the surface; and the texture of
surface materials, their organic and inorganic com-
position, and some of their physical properties, the
Viking mission is enabling scientists to define the
present conditions under which any Martian bio-
logical processes would have to take place. In addi-
tion, both Landers have collected and will continue
to collect direct evidence as to whether biological
processes are now occurring.

The Viking mission is providing information
that will lead toward an eventual understanding of
the history of Mars. Visual imagery and infrared
observations of the surface from orbit are revealing
the geologic processes that have shaped the planet’s

. surface features. They can also indicate past altera-

tions in the composition of the atmosphere and the
surface materials. Such information is, of course,
relevant to the questions of Mars’ evolution as a
planet, as well as to bio-organic evolution. This in-
formation 1s also pertinent to the development of

I



our understanding of Earth’s place in the history of
the solar system.

Unlike earlier ventures in planetary exploration,
Viking offers investigators the new dimension of
simultaneous Orbiter and Lander observation. The
added value is immense. Simultaneity gives a
chance to relate observations on a global scale with
findings tied to a spot on the surface. The view-
point and scale are so different as to stretch the
investigators’ imaginations. Infrared temperature
measurements from the Orbiters indicate a freezing
of part of the atmosphere onto the South Polar
Cap; and at the same time, a sensor on Lander 1 at
Chryse Planitia feels the reduction of atmospheric
mass. Sometimes the viewpoints are so far apart
they are hard to reconcile. The Orbiters see places
where low lying fogbanks of water ice appear and
dissipate daily, while the Lander’s biology instru-
ment sees surface particles that react almost vio-
lently to a whiff of water vapor. Plainly Mars is
nonuniform; it will take many, many hours of anal-
ysis and thought to understand the millions of bits
of data returned from Mars.

N
v
g
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B. VIKING MISSION PLAN

Two identical Viking spacecraft, each consist-
ing of an Orbiter and a Lander, were launched
from Kennedy Space Center on a Titan IIl/Centaur
from Launch Complex 41. Viking 1 (Orbiter 1/
Lander 1) was launched August 20, 1975 and Vik-
ing 2 (Orbiter 2/Lander 2) was launched Septem-
ber 9, 1975. With a second firing of the Centaur
engine the Viking spacecraft were injected into
trans-Mars trajectories. Just after the cruise to Mars
began, the spacecraft separated from the Centaur,
and the Orbiters then deployed antennas and solar
panels and acquired the sun and the bright star
Canopus for navigation. During cruise, the Orbiters
were the primary operating portions of the space-
craft, supplying power to the Landers, maintaining
proper attitude for communication to Earth and
therma! balance, commanding Lander checkouts
and operations, and relaying Lander data to Earth
for analysis of Lander hardware status. The Or-
biters also performed midcourse maneuvers to in-
sure that the spacecraft arrived at Mars at the right
time and the right place.




Q Cruise

11 Months

Bioshield cap was
jettisoned shortly
after launch.

Throughout the Viking mission, the commands
to the spacecraft and data from them were handled
through tracking stations at Goldstone, California;
Canberra, Australia; and Madrid, Spain—at least
one of which was in communication with the
spacecraft at all times. The Space Flight Operations
Facility at Jet Propulsion Laboratory in Pasadena,
California, provided the interface with the three
tracking stations. Viking flight team personnel re-
sponsible for data analysis and operation of the
spacecraft during the Viking mission were also lo-
cated there.

During the long (10 to 11 months) cruise, the
spacecraft circled more than 180 degrees around
the sun to encounter Mars. For the most part, both
Landers were inactive during this time. However,
during cruise both Landers were checked out to
better understand Lander hardware status, the
Lander batteries were conditioned in preparation
for the primary mission, and the guidance control
and sequencing computers (GCSC) were loaded
with the preplanned landed missions.

On arrival at Mars, Viking 1 injected itself into
Mars orbit by means of prolonged operation of its
rocket engine on June 19, 1976. Based upon Earth
radar data and Orbiter imaging data, a landing site
was eventually selected that was believed to be safe
for landing and scientifically interesting for Lander
1. Final updates were made to the Lander com-
puter, a detailed subsystem checkout was per-
formed, the Lander batteries were completely
charged, and Lander 1 was then separated from
Orbiter 1. Lander 1 then performed the necessary
deorbit, coast, and entry operations and landed
safely on Mars at 5:12 a.m. PDT, July 20, 1976. A
general Lander sequence is given in Figure I-1.

Lander 2 followed a similar sequence. Orbiter 2
performed its Mars orbit injection on August 7,
1976. A suitable landing site was selected, presepa-
ration and separation activities occurred exactly as
scheduled, and Lander 2 larided safely on Mars at

Mars Orbit
Insertion {(MOI)

2
= \\ \ Da‘ta Relay
\\
&7

Descent
Capsule 4
Deorbit g
Entry ‘@
800,000 ft

\% 1@

Separation

Parachute
Deceieration
19,000 ft A\

Note: Entire entry-to-landing
sequence takes about

gAeroshell

Jettison

10 minutes.

Terminal
Descent
4,600 ft

Landed
Operations

Figure I-1 Typical Lander Mission Sequence
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3:58 p.m. PDT on September 3, 1976. Figure I-2
shows the location of the landing sites of both
Landers.

The primary landed missions of both Landers
were completed with outstanding success, return-
ing data of excellent quality and quantity. On No-
vember 25, 1976, Mars and Earth were in conjunc-
tion—lined up on opposite sides of the sun. This
caused communication between Earth and the
spacecraft to be interrupted for about 30 days and
signaled the end of the primary landed missions.
Both Landers and Orbiters were supplied with suf-

ficient information to continue without Earth.

communications during this time at a reduced ac-
tivity level. All spacecraft survived this blackout in
satisfactory condition and will continue with ex-
tended mission operations for approximately 18
months.

150 120 20 60 30

Figure 1-2 Lander 1 and 2 Locations on Mars
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C. VIKING LANDER CONFIGURATION

Figure I-3 is an exploded view of the Viking
Lander capsule. The Lander is doubly encapsulated
within the bioshield and the descent capsule. The
bioshield, the two-piece outer capsule, consists of a
base and cap which protects the sterilized descent
capsule from biological, chemical, and particulate
contamination before and during launch. The bio-
shield cap was jettisoned shortly after launch. In
Mars orbit, the descent capsule separates from the
bioshield base.

The descent capsule consists of the aeroshell,
base cover, and Lander. This section describes the
contents of each Lander subsystem and the pri-
mary functions of each subsystem. The location of
these subsystem components and a more detailed
physical configuration is shown in Figures 1-4
through I-8. The functional relationship of the
Lander subsystems is shown in Figure [-9.

1. Guidance and Control (G&C) Subsystem

The G&C subsystem consists of the guidance
control and sequencing computer (GCSC), flight
software, inertial reference unit (IRU), radar altim-
eters (RA), terminal descent and landing radar
{TDLR), and valve drive amplifier (VDA). All com-
ponents are mounted extemal to the Lander body
except for the GCSC. The GCSC and resident flight
software receive all G&C sensor data, process the

data, and issue all control commands including

those to the VDA for propulsion control.

The inertial reference unit (IRU) is a strap-
down sensor system with three principal gyros and
accelerometers. There is a redundant fourth gyro
skewed equally with respect to the principal axes,
and a redundant fourth accelerometer in the criti-
cal X-axis. Of these, three gyros and three acceler-
ometers are selected for descent and entry by the
flight team from the preseparation checkout data.
These sensors provide data to software algorithms
in the GCSC to calculate vehicle attitude, attitude
rates, velocity, and altitude. Immediately after
landing, the IRU provides Lander orientation data
and i1s then shut down for the remainder of the
mission,

There are two redundant sets of radar altimeter
(RA) electronics; each is connected through a radio
frequency switch to one antenna located on the
aeroshell and one located on the Lander body. The
RA uses four modes to determine altitude from
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450,000 ft to 135 ft. The RA is turned on at the
entry point of 800,000 ft and turmed off after
landing. The RA data are required to null navigator
altitude errors due to varying terrain heights along
the flight path.

The terminal descent and landing radar
(TDLR) is a velocity radar with four independent
Doppler radars integrated in one unit. The radars
measure the respective beam velocity relative to
the planet’s surface. GCSC software algorithms
convert these data to principal-axis velocities
smoothed with IRU data. The TDLR is turned on
subsequent to aeroshell separation and provides
data through touchdown. There are two modes of
operation dictated by altitude region. Any three of
the four radar channels are sufficient to determine
principal-axis velocity.

The valve drive amplifier (VDA) decodes and
implements GCSC commands for the reaction con-
trol engines, terminal descent engines, and terminal
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roll thrusters. The VDA circuitry is redundant
(quadruply redundant in some cases) and internally
partitioned so portions of the component are
powered on from separation through touchdown.

The GCSC is a block redundant, random ac-
cess, customized, general-purpose computer. The
GCSC interfaces with all Lander subsystems and its
functional tasks are: (1) power management of all
Lander components; (2) command and sequencing
for science, communications, and data handling;
(3) uplink command decoding and subsequent
processing; (4) guidance, steering, and control of
the Lander from separation to landing; and (5)
computation of the Lander orientation and S-band
antenna pointing after landing. Each GCSC has two
strings (referred to as side A and side B) with each
string containing a 18,432 word memory, proc-
essor, input/output circuitry, and power supply.
One side is selected prior to separation and used
through landing. After landing, circuitry is enabled
that automatically allows switchover to the other
GCSC side if certain malfunctions occur.
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The GCSC memory contains the software
(flight program) that provides the capability to
control Lander functions from prelaunch through
the duration of the landed mission. The flight pro-
gram consists of an operating system known as the
flight executive and a set of user application pro-
grams to control specific mission phases/opera-
tions. The flight program is redundant in that it
resides in both sides of the GCSC. However, these
sides are independent of each other and there is no
computer-to-computer communication. Before sep-
aration from the Orbiter, the sequences in the
flight program to perform battery conditioning,
Lander checkout and calibration, flight program
updates, and separation from the Orbiter are ini-
tiated bv commands from the flight team via the
Orbiter. On separation from the Orbiter, naviga-
tion, guidance, steering, and control are performed
by the flight program. Using sensor data. the pro-
pulsion outputs necessary for deorbit, entry, ter-
minal descent, and landing are calculated and com-
manded. During descent, the flight program also
controls all other Lander functions including
science experiments, telemetry operations, and
pyrotechnic operations. At landing, the'flight pro-
gram initiates landed operations through use of a
prestored mission. The flight team controls the
Lander functions by updating events in this mis-
sion and their associated control parameters. These
scheduled events include landed science experi-
ments, relay communications, and direct communi-
cations. :

2. Power Subsystem

The power subsystem consists of the bioshield
power assembly (BPA), the power conditioning
and distribution assembly (PCDA), batteries, radio-
isotope thermoelectric generators (RTG), and two
load banks.

The BPA is located on the bioshield base and is
internally block redundant. This unit serves three
purposes: to regulate and distribute Orbiter-
supplied power used by Lander components during
cruise and Mars orbit; to charge the Lander bat-
teries; and to provide interface circuitry for
Orbiter-to-Lander commands, data, and control be-
fore separation.

The PCDA provides several functions and is in-
ternally block redundant. The PCDA decodes
GCSC commands and in turn switches the 114
electrical loads on and off. The RTG energy, de-
livered at 8.8 volts, is converted to a nominal 28
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volts by the PCDA. The RTGs are switched by the
PCDA either to load bank resistors, Lander loads,
or battery charging. Redundant sentry timers in
the PCDA are clocks that are reset by the GCSC
every 60 sec and are used to determine that a com-
puter may have failed and signals for a switchover
to the other computer in the absence of a 60-sec
reset. The PCDA contains redundant undervoltage
sensors to preclude complete discharge of the bat-
teries by initiating an emergency sequence to de-
crease the bus load. These capabilities are enabled
only after landing. There are four 24-cell nickel-
cadmium batteries, each with a storage capacity of
approximately 8 A-hr.

The two RTGs are located on top of the
Lander under protective wind covers. The RTGs
serve both as an electrical and thermal energy
source for the Lander. As an electrical source, they
provide at least 60 watts at the PCDA equipment
bus through the end of mission at 28 volts (they
presently are providing approximately 70 watts
with very slow degradation); as a thermal source,
they can deliver up to 120 watts of heat to the
Lander body interior through the thermal switches.

3. Telemetry Subsystem

The telemetry subsystem acquires, processes,
stores, and modulates all Lander science and engi-
neering data for transmission during launch, cruise,
preseparation, deorbit, entry, descent, and landed
activities. The telemetry subsystem contains a data
acquisition and processing unit (DAPU), tape re-
corder (TR), and data storage memory (DSM). The
telemetry interface is to the GCSC, science instru-
ments, communications, hardline to the Orbiter
(during cruise), and with almost all Lander engi-
neering hardware to allow acquisition of Lander
engineering data.

The DAPU has the capability of being com-
manded by the GCSC into over 200 modes. Data
are received at 0.25-, 0.5-, 1-, 2-, 4-, and 16-kbps
rates. These data can be stored in the DSM or tape
recorder or routed directly to the communications
subsystem. The DAPU acquires and formats data
from 120 low-level (0 to 40 mV) analog channels,
64 high-level (0 to 5 V) analog channels, 48 bilevel
(0 or 5 V) channels, and 15 serial digital sources.

In addition to acquisition and direct transmis-
sion or storage of GCSC and science data, the
DAPU uses seven basic data formats:



1)

3)

4)

5)

6)

Earth

Format 1—Used for engineering data during
cruise,

Format 2—Collects engineering, science, and
GCSC data from separation through deorbit
burn and sensing of 0.05 g plus 7 sec to para-
chute deployment ptus 6.5 sec. Data are trans-
mitted in real time and interleaved thh data
stored in the DSM for 60 sec.

Format 2A—Real-time engineering, GCSC, and
science data from completion of deorbit burn
to sensing of 0.05 g plus 7 sec.

Format 2P—Used during preseparation check-
out and is identical to Format 2 except for
GCSC content.

Format 3—Enpgineering, GCSC, and science
data from parachute deployment plus 6.5 sec
to landing.

Format 4—Used for periodic collection and
storage of engineering and science data dunng
the landed phase.

7) Format 5—Real-time engineering and science

data collected during the landed phase.

The tape recorder has a storage capacity of 10
million bits on each of four tracks. The tape mate-
rial is a phosphor-bronze base coated with nickel
cobalt and is 1-mil thick and 700-ft long. Record-
ing speeds are 4 and 16 kbps and playback rates are
0.25, 0.5, 1.4, and 16 kbps. The DSM is a plated
wire memory with a storage capacity of 8192
24-bit words.

4. Communications Subsystem

The communications subsystem consists of the
UHF relay communications equipment (RCE) and
the S-band direct’ communications system (DCS).
The operation of these systems is illustrated in Fig-
ure 1-10. The RCE consists of a three-power level
solid-state transmitter and a low-gain turnstile over

Orbiter-to-Earth Two-Way Link:

—Commands

Lander-to-Earth Two-Way Link:
—Downiink Engineering Telemetry
—Downlink Science Data
—Uplink Commands
—Doppler and Range Signals

Figure I-10 Lander Communication Links

—Orbiter Science Data
—Lander Relay Data
—Engineering Telemetry
—Doppler and Range Signals

Landev-to-OrEiter One-Way Relay Link:
—Lander Science Data

-
—Engineering Telemetry

Lander on Mars \
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grid-reflector antenna. The relay link is used to
downlink data to Earth via the Orbiter. UHF com-
munications are used to transmit engineering and
science data during deorbit, entry, terminal de-
scent, and landed operations. The transmitter has
three modes: 1, 10, and 30 watts. Transmission
rates are 4 or 16 kbps. This system is not block
redundant, but is redundant to the downlink func-
tion of the direct link.

The DCS consists of two command receivers,
one using a low-gain antenna and the other using a
steerable, parabolic dish high-gain antenna (HGA).
The command receivers provide the uplink com-
mand subcarriers to two command detector/de-
coders. Each detector/decoder provides a parallel
single-error corrected bit stream to the GCSC for
updating Lander sequences. The receivers provide a
coherent drive signal to two modulator/exciters,
only one of which is powered. The operating mod-
ulator/exciter provides the radio frequency input
drive signal to two traveling-wave-tube-amplifiers
(TWTAs), only one of which is powered. The out-
put signal from the operating TWTA is connected
to the HGA via a radio frequency switch. In addi-
tion, the receiver that is connected to the HGA has
the capability to detect a wideband coded signal
which is retransmitted to Earth to provide slant
range information.

To use the inherent redundancy of the DCS, it
1s cross strapped automatically and/or via Earth
commands. Coherent drive selection for the modu-
lator/exciters and command subcarrier input selec-
tion for the detectors/decoders are achieved auto-
matically. The modulator/exciter and TWTA selec-
tion is accomplished by GCSC preprogrammed se-
quences which can be altered by Earth commands.

The data rates for the DCS are:
1) 8-1/3 bps for real-time engineering data;

2) 250, 500, or 1000 bps for science or non-real-
time engineering data, coded to minimize trans-
mission errors;

3) 4 bps for uplink commands.

Downlink transmission durations are con-
strained to below approximately 80 minutes per
day by thermal and power limitations. Uplink com-
mand transmission durations are constrained to en-
compass the time required for receiver acquisition,
command load, downlink, and specified command
contingency.
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5. Propulsion Subsystem

The propulsion subsystem consists of a reac-
tion control deorbit system (RCS) that provides
impulse for deorbit and attitude control through
entry, and a terminal descent (TD) system that
provides velocity and attitude control during ter-
minal descent. The RCS consists of four engine
modules located on the base cover and two fuel
tanks located inside the base cover and mounted
on the aeroshell. The TD system consists of three
engines, four roll thrusters, and two fuel tanks, all
located on the Lander body.

Each RCS engine module consists of three
thrusters: a pitch/yaw pair, and a rol! thruster. The
thrusters are spontaneous catalytic monopropellant
engines with specific impulse greater than 160
Ib-sec/lbm. Redundancy is provided so that the
mission can be performed without degradation if
any one valve fails open or closed or a symmetrical
pair of valves fails closed.

The RCS and the TD systems are both blow-
down-pressure fed, hydrazine monopropellant pro-
pulsion systems. The fuel tanks are titanium
spheres containing propellant and nitrogen pressur-
ant.

There are three 600-1b-thrust spontaneous cata-
lytic monopropellant terminal descent engines
equally spaced around the Lander body. Thrust is
controlled by metering hydrazine with a throttle
valve. Eighteen nozzles per engine disperse the
plume to reduce surface pressure, minimizing land-
ing site alteration. The terminal descent roll en-
gines are identical to the RCS thrusters and provide
redundancy in the event a valve fails closed.

6. Pyrotechnic Subsystem

The pyrotechnic subsystem provides the pyro-
technic control circuitry, pyrotechnics, and pyro-
mechanical devices required to perform various
Lander functions. These components are fired on
command from the Orbiter and GCSC. This subsys-
tem contains the Lander pyrotechnic control
assembly (LPCA), pyrotechnics (initiators, pressure
cartridges, and parachute mortar cartridges), and
pyromechanical devices (separation nuts, pin
pullers, cutters, and valves).

The LPCA performs arm, fire, and safe func-
tions for all pyrotechnics on the Lander. Capacitor



energy storage is used with firing circuits that are
isolated from all other Lander power circuits. The
LPCA accepts discrete commands from the Orbiter
and digital commands from the GCSC. The energy
required to fire the pyrotechnics is stored in capac-
itor banks in the LPCA. Energy storage is compat-
ible with the Viking standard initiator—a 1 amp, 1
watt, no-fire initiator. Two LPCAs are used on
each Lander. Each LPCA fires one bridgewire of
each pyrotechnic device so that failure of one
LPCA does not affect the mission. Both LPCAs are
mounted external to the Lander body near leg 1.

7. Thermal Control Subsystem

The thermal control subsystem provides an ac-
ceptable temperature environment for all Lander
components and structures. Thermal control is
achieved for all mission phases by using a combina-
tion of passive and active elements.

Passive thermal control is accomplished
through geometrical considerations and selection
of materials that have the desired surface optical
properties. In addition, optimization of equipment
location and material selection are used to achieve
the required thermal balance. Radioisotope ther-
moelectric generator (RTG) wind covers are used
to isolate the RTGs from the wind, thus preventing
excessive cooling. The covers also allow adequate
heat loss by radiation to prevent overheating in the
cruise vacuum environment. Surface coatings with
the desired infrared emittance and solar absorp-
tance optical properties are used to provide the
required thermal radiation characteristics on all
surfaces. Two types of thermal insulation are used
to control heat flow between equipment and the
environment: (1) multilayer radiation shield insula-
tion for use in vacuum; and (2) bulk fibrous insula-
tion for use in both vacuum and the Martian at-
mosphere.

Active thermal control techniques include elec-
trical heaters and variable thermal resistance de-
vices (thermal switches). The heaters are controlled
by software and thermostats, many of which are
redundant. Cycling of the RCS thrusters during de-
orbit coast also provides a source of heat for tem-
perature-sensitive valves. Thermal switches are used
to maintain internal Lander body temperatures by
directing waste heat from the RTGs to the equip-
ment mounting plate as internal temperatures de-
crease.

8. Structures and Mechanism Subsystem

The more important elements of this subsys-
tem are: bioshield; aerodecelerator (aeroshell/base
cover/parachute); Lander body: landing legs: and
high-gain antenna deployment mechanism.

Bioshield—The bioshield prevents recontamina-
tion of the sterilized Lander with Earth organisms
by completely encapsulating it during and after
sterilization. It is composed of three major sub-
assemblies: equipment module, bioshield cap, and
bioshield base. The equipment module, located in
the center of the bioshield cap, separates with the
cap by three ejector devices shortly after launch.
The equipment module provides a bulkhead for in-
terfacing electrical and instrumentation harnesses
and propellant and pressurization lines before
launch. Both the cap and base are fabric assemblies
supported by aluminum tube. The base also pro-
vides the structural and electrical interface with the
Orbiter.

Aerodecelerator—The aerodecelerator consists
of the aeroshell, disc-gap-band parachute, para-
chute mortar, mortar support truss, and the base
cover. The aeroshell is used during atmospheric
entry and the parachute is deployed and used from
approximately 19,000 ft to 4,600 ft.

The aeroshell is a blunted cone with an offset
center of gravity that provides a lifting body con-
figuration during entry. Entry heat is dissipated by
an ablative coating on the exterior surface. This
heat shield is a phenolic honeycomb, filled with
ablative material, and attached to the aeroshell
structure, which is aluminum ring frames, skin
panels, and longerons. Three spring-loaded guide
rails are used to achieve a positive and controlled
separation from the Lander body. The rails pass
through rollers on the Lander body.

The base cover protects the back of the entry
capsule from the flow of hot gases off the aeroshell
during entry. The base cover is constructed of an
inner cone of laminated glass fabric and phenolic
resin, which is transparent to UHF radio fre-
quencies, and an outer cone of aluminum alloy.
The base cover is integral with and supported by
the mortar support structure. The base cover sepa-
rates with the parachute and uses rails and rollers
similar to the aeroshell.

The parachute is a 53-ft disc-gap-band type and
1s deployed through the base cover by a pyro-
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technically energized mortar at an altitude of
19,000 ft. The parachute reduces the Lander veloc-
ity and reduces the flight path angle to 20 deg or
less from the local vertical before the Lander de-
scends to an altitude of 4,600 ft. The drag from
the parachute also assists in aeroshell separation
and carries the parachute/base cover combination
away from the Lander after terminal engine igni-
tion.

Lander Body—The Lander body provides
proper thermal environment and structural in-
tegrity for all equipment required during terminal
descent and landed operations. All power, commu-
nication, telemetry, guidance and control, and
science components required to perform these
operations are located on or in the Lander body.
The body is an aluminum and titanium triangular
shaped assembly with the landing legs located on
each apex. The internal components, mounted on
an equipment plate located at the top of the body,
are thermally isolated from the rest of the body.

Landing Legs—The Lander has three landing
legs that are designed to accomplish the following:

1) Provide a stable (upright) landing on the Mar-
tian surface;

2) Provide for energy absorption that minimizes
landing shock;

3) Actuate the terminal engine shutdown switch
at first leg contact;

4) Support the Lander during landed operations
in a manner that satisfies the transmissibility
requirements imposed by the seismometer and
stiffness requirements imposed by the Lander
cameras and high-gain antenna.

Each leg consists of a main strut assembly and
an A-frame that includes the footpad. The legs are
released by pyrotechnics and deployed by springs 7
sec after aeroshell separation and locked in an ex-
tended position. Load attenuators and bonded
crushable aluminum honeycomb are used in the
main struts for load attenuation and energy absorb-
tion during landing.

High Gain Antenna Deployment Mechanism—
This mechanism provides structural support for the
high-gain antenna (HGA) in the stowed position
during the mission through landing. After landing
it releases, erects, locks in place, and supports the
HGA in its deployed position. On GCSC command
after landing, a pyrotechnically-actuated pin puller
is actuated and deployment is initiated through a
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rotational spring. A governor regulates the deploy-
ment motion to limit acceleration and shock on
the antenna. The antenna location and deployment
mechanism is designed to provide an unobstructed
line of sight to the Martian local horizon.

D. VIKING LANDER SCIENCE

The Viking Lander science instruments are
listed in Table I-1. This table lists the science inves-
tigations required to satisfy the program goals with
the specific Lander hardware used to perform these
investigations.

Table I-1 Viking Lander Science £ xperiments
Investigations Instruments
Entry Atmospheric Mass Spectrometer, Retarding
Composition Potential Analyzer, Pressure and
Temperature
Atmospheric Sensors, Accelerometers and
Structure Radar Altimeter
Landed | Imaging Two Facsimile Cameras, Color/
Stereo Capability
Biology Three Analyses for Photosyn-
thesis, Metabolism and Growth;
Samples Delivered by Surface
Sampler
Molecular Analy- | Gas Chromatograph Mass Spec-
sis (Organic and trometer (GCMS); Samples
Atmospheric) Delivered by Surface Sampler
Inorganic X-Ray Fluorescence Spectrom-
Chemical Analy- eter (XRFS); Samples Delivered
sis by Surface Sampler
Meteorology Pressure, Temperature, Wind
Velocity, and Wind Direction
Sensars
Seismology Three-Axis Seismometer
Magnetic Magnet Array on Surface
Properties Sampler, and Reference Test
Charts, Cameras Used for
Visual Study of Particles
Physical Analysis of Visual and Engi-
Properties neering Data from Applicable
Instruments and E xperiments:
Cameras—Visual Study of
Surface Characteristics
fe.g.. clumping, grain
size, cohesion, adhesion,
etc)
Surface Sampler—(with
Cameras) Trenches, En-
gineering Force Measure-
ments, Porosity, Bearing
Strength
Radio Orhiter/Lander Orbiter/Lander Radio and
Location, Atmos- | Radar Systems
pheric and
Planetary Data,
Interplanetary
Medium




1. Entry Science Investi-gations

As the Lander descends through the Martian

atmosphere and. performs the functions necessary
for landing, instruments aboard the Lander and
aeroshell take measurements of the physical and
chemical properties of the ionosphere and atmos-
phere.

The upper atmospheric mass spectrometer
(UAMS) is mounted on the aeroshell and measures
the amounts and types of gases in the upper atmos-
phere. The data are gathered from approximately
23,000,000 ft to 330,000 ft altitude. The UAMS
also helps define the biological environment by de-
termining whether life-supporting atmospheric
components are present.

The retarding potential analyzer (RPA) is
mounted on the aeroshell and measures ion and
electron densities and energies in the upper atmos-
phere. Using these data, ion and electron tempera-
ture profiles, and ion type and concentrations can
be determined. The instrument can also detect the
bow shock wave caused by the effects of the Mar-
tian atmosphere on the solar wind. The RPA is
turned on shortly after deorbit burn, operates
every few minutes during the initial part of the
descent, and then continuously over the altitude
range covered by the UAMS.

Aeroshell stagnation pressure and the recovery
temperature instruments gather data during the
aeroshell and parachute phases of the mission.
Temperature and pressure sensors mounted on the
Lander record the temperature and pressure of the
atmosphere during terminal descent subsequent to
aeroshell staging and also provide data after land-
ing. The data from these instruments are combined
with accelerometer data to reveal density, tempera-
ture, and pressure profiles of the Martian atmos-
phere.

2. Surface Investigations

Following touchdown, the Landers began
scientific exploration of the surface of Mars. This
begins with imaging sequences and continues with
the use of all landed science instruments.

The Lander imagery system uses two cameras
that provide the capability to view the entire cir-
cumference of the landing site from the Lander
footpads to 40 deg above'the horizontal. This per-

mits images of test targets on the Lander body,
closeup shots of the Martian surface, and pano-
ramas of the landing site. Images are available in
high resolution, survey, color, stereo, and infrared.
Photographs aid in understanding the composition
and evolution of the Martian surface by studying
its surface characteristics. The cameras also investi-
gate the landing area for likely areas for soil sam-
pling, for verification of sample acquisition, and
for support of the physical and magnetic properties
experiments. :

The biology instrument conducts three experi-
ments that search Martian surface samples for
living microorganisms. The labeled-release experi-
ment looks for signs of metabolism by measuring
the amount of radioactive gas evolved from Mar-
tian sample material following injection of labeled
nutrients. The pyrolytic release experiment looks
for microorganisms by measuring the ability of the
Martian sample material to incorporate labeled
gases (CO and CO,) into organic material. The gas-
exchange experiment looks for microorganisms
measuring changes in the gases in a closed environ-
ment following injection of a wet nutrient.

The gas chromatograph mass spectrometer
(GCMS) performs organic chemical analyses of the
Martian soil and analyzes the components of the
Martian atmosphere at the surface. The surface
sampler delivers samples from the Martian surface
to the GCMS. These 100-milligram samples are
heated to various temperatures to vaporize dif-
ferent organic compounds in the sample. The
vapors are swept off to the gas chromatograph and
mass spectrometer by hydrogen carrier gas. This
investigation can reveal chemicals indicative of past
or present life on the planet, but cannot detect life

per se.

The X-ray fluorescence spectrometer (XRFS) is
used to perform inorganic chemical investigations.
The XRFS analyzes samples from the Martian sur-
face (delivered by the surface sampler) for chemi-
cal elements. The instrument can detect most ele-
ments known to exist in the solar system.

The meteorology instrument is a package of
sensors located on a boom near leg 2, which is
deployed and locked in place shortly after landing.
These instruments measure atmospheric tempera-
ture, wind speed, and wind direction. These Lander
data along with Lander pressure measurements are
correlated with Orbiter data to understand Martian
atmosphere and weather.
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The seismology investigation uses a three-axis
seismometer. This instrument analyzes data on vol-
canic activity, planet structural shift, and meteorite
impact on Mars surface. These data can reveal the
mechanical structure of Mars.

The surface sampler contains a 10-ft furlable
tube boom capable of acquiring surface samples in
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an approximate 130-sq-ft area generally in front of
and between legs 2 and 3. Surface samples are pro-
vided to the biology instrument, the GCMS, and
the XRFS. The surface sampler also supports the
physical/magnetic properties investigations through
physical operations and use of mirrors and magnets
on the boom itself.
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II. MISSION DESCRIPTION

This chapter describes the Lander performance
at the system level throughout the primary mission
and identifies the significant Lander anomalies and
corrective action in the phase where they occurred.
A more detailed description that includes sub-
-system performance may be found in Chapters III
through VI. Because this is an engineering perfor-
mance report, considerable text is devoted to the
description -of anomalies. These anomalies did not
detract from the proven reliability of the Landers
and overall success of the Viking mission. The
Landers were designed to contain redundancies and
other features to overcome such problems and it is
evident that sufficient margin was available.

A. LAUNCH AND INTERPLANETARY CRUISE

Immediately following nominal launches, a
number of spacecraft events occurred that pre-
pared the spacecraft for the cruise activity. The
major Lander event was separation of the bioshield
cap which was successfully impiemented by Or-
biter command approximately 2 hr after launch.
The Landers relayed engineering data through their
respective Orbiters and all parameters were nomi-
nal except for a decrease in RTG 1 pressure on
Lander 1. This was determined to have been caused
by a leak in the pressure transducer reference
cavity and all RTG operation continued as pre-
dicted.

The day after both launches, ground com-
mands were issued to power up GCSC A and B on
both Landers and to perform memory readouts.
Analysis of these data indicated perfect system
operation and no memory discrepancies.

During the cruise phase, there was a require-
ment to periodically exercise the Lander tape re-
corders. This activity began 15 days after each
launch and was performed approximately every 30
days thereafter. During this maintenance activity,
Lander format 5 data were eventually recorded on
all four tracks on each Lander. These data were
then partially played back during the maintenance
activity. Analysis showed no anomalies.

Thermally, the Landers’ temperatures stabi-
lized at approximately 70°F inside the Lander
body after about 8 days. All Lander temperatures
were similar to flight article test data obtained in
previous thermal vacuum tests. °

The major operation on both Landers during
cruise was to perform a cruise checkout that pro-
vided more detailed information on Lander subsys-
tem health. Specifically, the cruise checkouts ac-
complished the following objectives:

1) Provided detailed postlaunch Lander subsystem
status;

2) Validated in-flight IRU calibration and verified
ability to process data through ground soft-
ware;

3) Established a good set of baseline data that
could be used for reviewing preseparation
checkout data;. :

4) Trained flight personnel
operations.

for preseparation

In preparation for cruise checkout, the bat-
teries on both Landers were charged to support the
checkout loads. The batteries on Lander 1 were
charged and all operations were nominal. Each of
the four batteries was separately charged for about
24 hr. Temperature increases were well under pre-
dictions and battery charging was terminated by
the PCDA after the proper voltage/temperature
combination was achieved. On Lander 2, attempts
to charge the batteries with BPA charger A were
unsuccessful. Analysis and further testing con-
cluded that the failure was in a bias circuit in the
BPA charger A that controls the output current.
Transfer was made to BPA charger B and all four
Lander 2 batteries were successfully charged with-
out further anomalies. However, a decision was
made to maintain at least one charged battery on
each Lander through the cruise phase. Battery B
remained charged and no further battery charger
anomalies were observed.

Both cruise checkouts were conducted as
scheduled (Lander 1 on November 12, 1975 and
Lander 2 on November 21, 1975) and results were
excellent. All hardware operations were nominal.
IRU calibration ground software worked much bet-
ter than could normally have been expected for
first usage. Also, complete data were acquired from
both Landers for comparison during preseparation
checkout. The cruise checkouts were so nominal
and successful that the second checkouts scheduled
for January 1976 were cancelled.

Subsequent to the cruise checkouts, a number
of GCMS operations were conducted on each
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Lander. These operations: (1) vented portions of
the GCMS to space, thereby reducing the level of
the trapped terrestrial gases; (2) performed bake-
outs to reduce instrument contaminants; and (3)
characterized sample ovens to be used for analyses
of first surface samples. After analysis of these data
and prelaunch data. it was concluded that oven 3
on Lander 1 and oven 1 on Lander 2 were not
operable. Therefore the landed mission was de-
signed so that organic analyses using the remaining
_two good ovens were scheduled for the GCMS on
each Lander. The tests on Lander 2 also indicated
that the soil carriage position indicator had failed.
This function is not critical in that operations can
be designed based on past knowledge of carriage
location. This did not affect landed GCMS opera-
tions. No further anomalies were observed.

After GCMS operations, the Lander batteries
were not required for further operations until pre-
separation. Therefore, three batteries on each
Lander were discharged. Battery B on each Lander
was left on low rate charge to assure transfer to
internal Lander power in case of further BPA

I1-2

charger anomalies. To condition the batteries for
use in separation through the remainder of the mis-
sion, the batteries were subjected to a series of
charge/discharge cycles in May through June 1976.
This conditioning ensured that all batteries would
accept a full charge. These activities occurred as
scheduled and all operations were completely
nominal. At the completion of this activity, the
batteries were left on float charge (in a charged
state) in preparation for separation activities. Dur-
ing this same period, both sides of both computers
were loaded with the software required to perform
a preprogrammed mission in the event no uplinks
were acquired after touchdown. These initial com-
puter loads required several hours of operation on
each Lander and were successfully performed with
no memory ‘‘miscompares.”

Tape recorder maintenance also continued dur-
ing the first half of 1976. Lander meteorology tests
were conducted in conjunction with the tape re-
corder maintenance. This provided data to the me-
teorology science team for determining instrument
biases. All operations were nominal.



B. MARS ORBIT INSERTION TO SEPARA-
TION '

In preparation for Mars orbit insertion (MOI),
final course corrections were planned for the space-
craft. This maneuver was planned for Viking 1 on
June 9, 1976—ten days before MOI. Just prior to
the maneuver, a small leak was discovered in the
Orbiter propulsion system’s pressurization supply.
Operational alternatives were planned and imple-
mented that resulted in two Orbiter approach
burns that permitted MOI to occur essentially as
planned on June 19. These activities were com-
pletely successful and did not compromise the
Viking 1 mission. However, in studying various al-
ternatives an analysis was performed to determine
if the Lander could be separated from the Orbiter
and perform a direct entry instead of an entry and
descent from Mars orbit. This study determined
that a Lander direct entry was possible and the
probability was good that a successful landing
could be achieved. Nevertheless, Viking performed
its approach maneuvers in an uneventful manner
and MOI was successfully achieved on June 19,

1976, for Viking 1 and August 7, 1976, for Viking

2.

Once in Mars orbit, Viking 1 began its search
for a safe and a scientifically interesting landing
site. The preselected site was determined to be un-
safe, thus delaying the planned landing date of July
4. A new site was eventually selected based on
Orbiter and Earth-based radar data and a landing
was planned for July 20. In preparation for this,
the Lander batteries were removed from f{loat
charge on 12 July to allow the Lander to cool in
preparation for preseparation checkout. A final de-
scent trajectory was chosen and the programmed
mission in the selected GCSC side (side A) was
updated at approximately separation minus 39 hr

(S - 39 hr). This same update was transmitted to
the Lander Support Office in Denver, Colorado,
and independently verified by computer simula-
tion. The Orbiter activated the Lander at S — 30 hr
and the Lander performed a preseparation check-
out for approximately 5 hr. This checkout pro-
vided a detailed status of the Lander subsystems.
All hardware operation was completely nominal. It
was determined that an update could be made to
the GCSC software to improve the landed XRFS
instrument data and this change was sent (up-
linked) to the Lander at S~ 9.5 hr.

After preseparation checkout, all four Lander
batteries were recharged to a full state in prepara-
tion for separation. At S - 3.5 hr, the final separa-
tion sequence began. During this final period the
Lander IRU was warmed up and a final review of
Lander status was performed. All Lander elements
were ‘‘go.” At S - 1 hr the flight team at JPL
transmitted the *‘go’” command that allowed the
Lander to continue to separation. All events occur-
red exactly as planned and Lander 1 separated
from Orbiter 1 at 1:51 a.m. PDT, July 20, 1976.

The operations conceming Lander 2 were
equally successful. After MOI, the landing site se-
lection for Lander 2 continued. A site was even-
tually selected that promised more water, was at a
more northern latitude, and almost 180 deg around
the planet from Lander 1. During preseparation
checkout, one of the four TDLR beams (channel
2) indicated anomalous tracker acquisitions. A de-
cision was made to exercise a preplanned GCSC
software option to ignore the channel 2 data dur-
ing descent. This option was enabled at the S— 9.5
hr uplink opportunity. No further anomalies were
observed and separation occurred exactly on sched-
ule at 12:40 p.m. PDT on September 3, 1976.
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C. SEPARATION THROUGH LANDING

The major Lander events from separation
through landing are shown in Table II-1. A com-
parison of when these events actually occurred ver-
sus planned times is also provided.

Figures 1I-1 and II-2 provide a graphic illustra-
tion of the events during this mission phase.

Separation from the Orbiters was pyrotechni-
cally initiated and springs imparted a small relative
velacity. The separation of both Landers was very
nominal. The Lander UHF relay link was initialized
(turmed on) just before separation and Lander en-
gineering and science data acquired during separa-
tion through initial landed operations was relayed
by the Orbiter to Earth in real time. This allowed
near-real-time observation of the Lander perfor-
mance. This relay operation worked perfectly for
Lander 1. Shortly after Lander 2 separated, Lander
telemetry suddenly ceased. The problem was even-
tually isolated to an Orbiter IRU power failure that
had caused the Orbiter to point its high-gain an-
tenna away from Earth. The problem was com-
pletely corrected but not until several hours after
Lander 2 had successfully landed. Therefore,

Table 11-1 Major Lander Separation through Landing
Events

Lander Lander 1 Time Lander 2 Time

Event Actual Planned Actual Planned

Separation |S—0 S—0

Start De-
orbit Burn
QOrientation,
sac S+

Start De-
orbit Burn,
sec S+421

End De-
orbit Burn,
sec S+1,759.8| S+ 1,757

Start Entry
Orientation,
sec S+ 10,973

Start
Atmospheric
Entry, sec

S + 241 S+ 241 S + 241

S+421 S+ 421 S +421

S+1,757.1} S+ 1,757

§+10.973 | 5§+10,997 S+ 10,997

$+11,513 | S+11,513 | §+11,357 | §+ 11,357

Deploy
Parachute
(Mortar
Fire), sec §+ 11,942 S+ 11,791

S+ 11,932 S+ 11,767

Ignite
Terminal
Engines, sec |S + 12,004

Landing,
sec S + 12,050

$+11,992 | S$+11,855 ( S+ 11,826

$+12035 | S+ 11,901 | S+ 11,869

Lander engineering and science data were not re-
ceived on Earth for several hours after landing. The
Orbiter 2 low-gain link was reinitialized about 1 hr
after separation and this permitted analysis of real-
time received signal strength of the Orbiter relay
radio indicating the Lander had gone through the
necessary events and had achieved a successful
landing.

Maneuver for Deorbit —
Deorbit Burn ~ Sep

Roll ‘IBOD—\
A
UaAMS On

Maneuver for
Orbital Descent
RPA Sequences

Maneuver
for
Preentry - / - E - 40 min {Relay on Continuous)
. |
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E-9m
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Figure 11-1 Lander Separation-to-Entry Sequence

—
Chute Deploy

Separate Aeroshell

Terminal
Descent
<« Ignition

Alt {Local), km

Entry (¢ = 0],
s

28 Pitch to Nominal
Angle of Attack

0 30 60 90[120

Separate

Time, sec
Chute/

E ZAOT Basecover
-

;,‘ 2001~ Pitch Program
e to Maintain

3 160 t— Nominal Angle
2 of Attack

o 120

T

Z 80} oo 6

- [— 0549 {t = 156) \

< Initiate Pitch,

Chute Deploy

40 r—‘ Yaw Damping
(t = 421)

ol— .141 km/sec . . Touchdown-:
| { I? fe = 259) ;7 (¢ =548) 4

0 200 400 600

Downrange Distangg®km

-

Figure 11-2 Lander Entry Sequence

800, "’1 000 1200 1400 "

iy
s

g

A
i

R———



During the 4 minutes following separation, the
Lander accelerometers were calibrated. The atti-
tude control system was activated and the Lander
oriented for deorbit burn. The deorbit burns
started at S + 7 min and lasted on both Landers for
approximately 22.5 min. Attitude rates were above
those predicted, but resulted in no adverse effects.
All other operation was nominal.

After deorbit burn, the Landers were reori-
ented for RPA operation and deorbit coast began.
During this period, RPA and engineering data were
relayed to the Orbiter for about 70 sec every 6.5
min. The deorbit coast phase continued for ap-
proximately 2.5 hr on each Lander. All operations
were nominal except for the attitude rates that ex-
ceeded those predicted; however these higher rates
caused no problems. ’

Approximately 3 hr after separation, the
Landers were oriented for entry, and entry sub-
systems activated. The remainder of the entry
science instruments also began their operation.
During atmospheric entry, both Landers experi-
enced higher lift-to-drag ratios than predicted, but
this was beneficial in reducing entry velocity. No
communications blackout occurred on either
Lander during entry.

Following entry, the parachute was deployed
at 19,273 ft for Lander 1 and 19,244 ft for Lander
2 and inflation occurred less than 2 sec later. Seven
seconds later the aeroshells were pyrotechnically
separated. The landing legs were deployed and
locked in place and a roll maneuver accomplished
to align the Lander with the azimuth desired after
landing to assure proper lighting of the vsurface
sample area for subsequent imaging activity. ~

At 4787 ft for Lander 1 and 4718 ft for
Lander 2 (4798 £ 300 desired), the terminal en-
gines were ignited. Two seconds later, the para-
chute and base cover were separated. The Landers
then began terminal descent maneuvers that
changed the flight path to a vertical descent. Con-
stant velocity descent began at 63 ft for both
Landers (55 ft planned). The landing legs then
sensed touchdown and a pyrotechnically operated
valve shut down the engines. During the last 0.5 sec
of descent, both Landers exhibited a momentary
increase in throttle setting for one or more of the
terminal descent engines. This has been attributed
to the sensing by the TDLR of dust blown up from
the surface in the last few feet of the descent but,
again, this caused no problems. The axial velocity
of the Landers was 8.1 and 8.2 ft/sec with a design
capability of 8.0 + 3.0 ft/sec. The final landing
positions are summarized in Figures I1-3 and II-4.

Lander 1 touched down successfully at 5:12
am. PDT on July 20, 1976, and Lander 2 at 3:38
p.m. on September 3, 1976. As can be seen from
the preceding data, all operations were incredibly
nominal and exceeded all performance expecta-
tions.

Immediately following landing, the HGA,
meteorology boom, and biology processing and dis-
tribution assembly cover were pyrotechnically de-
ployed. Camera 2 on both Landers first imaged

-foot pad 3 and then provided a wide angle panora-

ma of the landing site. These pictures and Lander
engineering data were relayed to the Orbiters as
they passed overhead and then relayed to Earth.

" These data showed perfect Lander operations and

the pictures were very clear (Figures II-5 through
I1-8).
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Leg 1 Azimuth /
321.6 deg (320 N

deg Targeted)
AN

Camera 1

Camera 2 Tilt Up 3 deg

Azimuth 105 deg

Surface
Sampler

Leg 3

Lander 1 Location:
Elevation below Mean Surface Level, ~4600 ft
Latitude, 22.46 deg N (22.4 Targeted)
Longitude, 48.01 deg W (47.5 Targeted)

Figure 11-3 Lander 1 Position on Mars
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Figure 11-5 First Image Taken on Surface of Mars, Lander 1, Footpad 3

Figure 11-6 First Panorama from Lander 1
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Leg 2

Surface
Samgpler

Camera 1

Camera 2 O
+

Azimuth 140.7 deg

Leg 1 Azimuth Lander 2 Location:

209.1 deg

Elevation below Mean Surface Level,
(210 deg Targeted)

—8860 ft
Latitude, 47.96 deg N (47.9 Targeted)
Longitude, 225.77 deg W (225.8 Targeted)

Figure I1-4 Lander 2 Position on Mars
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Figure 11-7 First Image from Lander 2 Showing Footpad 3
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Figure [1-8 First Panorama from Lander 2

D. LANDED OPERATIONS

After completion of the initial landed relay
link, Lander 1 began its primary landed mission.
This consisted of operating the various science ex-
periments to achieve the landed science investiga-
tions of biology, molecular analysis, atmospheric
analysis, imaging, inorganic chemical analysis, me-
teorology, seismology, physical and magnetic prop-
erties, and radio science. Many of these investiga-
tions were coordinated with and conducted in con-
junction with complementary Orbiter science in-
vestigations. As Lander surface operations and
Mars’ surface characteristics were better under-
stood, the landed mission contained in the GCSC
software was updated through uplinks approxi-
mately every other sol. (A sol is one Martian day
and is equivalent to approximately 24.6 hr.) Typi-
cally, the Lander engineering and science data were
returned to Earth by a relay and direct link each
sol. The Lander 1 primary landed mission was ac-
complished in the first 43 sols of operation. Lander
2 was then commanded to a reduced operational
level during the Lander 2 separation, entry, de-
scent, and primary landed mission. Lander 2 then
conducted a very similar primary landed mission

for 61 sols. Both Landers were reduced to limited
operations during the communications blackout
that occurred during solar conjunction. Limited
science and engineering data were stored on the
Landers’ tape recorders during conjunction and
then transmitted back to Earth following conjunc-
tion.

Lander 1 performance during the primary mis-
sion was excellent, but not without some anoma-
lies. The seismometer refused to uncage its sensing
coils upon command. Additional attempts were
made at uncaging but the instrument is still inoper-
able. Lander 1 S-band receiver 1, which is used as a
backup for the primary high-gain receiver 2, failed
to lock up (establish communication with Earth)
after the first sol. Later in the mission it was
locked up occasionally and appeared to be tem-
perature sensitive. The exact cause of the problem
has not been determined but the high-gain system
has performed perfectly and the low-gain backup
has not been required. Another relay link com-
munication problem occurred on sol 2. The relay
link transmitter selected a 1-watt transmission
mode instead of the planned 30-watt mode. How-
ever, the relay link performance was excellent and
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no data were lost. On sols 2 and 3 the relay links
were in the 1-watt mode. Beginning with sol 4, the
correct 30-watt mode was selected by Lander 1.
This was assumed to be an electrical noise problem.
Commands were uplinked to reduce such noise sus-
ceptibility during the relay link. The problem did
not recur.

The surface sampler on Lander 1 provided the
flight team with a number of challenges, all of
which were overcome. On sol 2 a boom ‘‘no-go”’
occurred because the boom was not commanded to
extend far enough and a locking pin did not drop
free. On sol 5, new commands were issued, the
boom extended far enough, and the pin fell free.
Samples were then delivered on sol 8 to the biolo-
gy, gas chromatograph mass spectrometer (GCMS),
and X-ray fluorescence spectrometer (XRFS} in-
struments. After the soil delivery, the GCMS did
not indicate it had received a full sample. The
GCMS soil analysis was automatically delayed by
the GCSC. It was decided to have the boom ac-
quire a new sample and deliver this to the GCMS.
After collecting the sample, another beom ‘“no-go”’
occurred prior to GCMS delivery. By this time it
was believed that the GCMS had received some soil
in the first delivery and the GCMS soil analysis was
started without waiting for another sample. Results
indicated there was soil in the GCMS and the
sample analysis was successful. Further analysis
and tests determined the last boom ‘“‘no-go” was
caused by commanding two successive retract se-
quences. The boom was then subsequently exer-
cised in extension and continued operations with-
out further problems. The timely resolution of

118,

these surface sampler anomalies pointed out early
in the mission the flexibility and adaptability of
the Lander design.

As a result of the above problems, some
changes were made to the Lander 2 mission prior
to landing and the operational problems of Lander
1 were not encountered. Lander 2 also experienced
fewer hardware anomalies. The seismometer un-
caged and operated perfectly. S-band receiver 1
locked up during all direct links. The surface sam-
pler continued to be a challenge for the flight
team. On sol 8 of Lander 2 operation, a boom
“no-go” occurred after sample delivery to the bi-
ology experiment and before delivery to the
XRFS. Analysis and further tests concluded that a
switch sensing collector head rotation had malfunc-
tioned. Further boom sequences were modified to
preclude the need for this signal. No further sur-
face sampler anomalies occurred and all deliveries
were accomplished as scheduled. On sol 39 of
Lander 2, the direct downlink was not received.
After considerable analysis, it was determined that
the most probable cause was a failure of traveling
wave tube amplifier (TWTA) 1. TWTA 2 was com-
manded on and no further downlink problems oc-
curred.

As conjunction approached, both Landers were
commanded to reduced operating modes to await
the end of the communications blackout caused by
the sun passing between Earth and Mars. Both
Landers entered this mission phase in excellent
health.
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This dramatic photograph was returned from Lander 1 on
August 20, 1976. The image scan was started just after the
sun had set on the Martian horizon.







III. LAUNCH AND INTERPLANETARY
CRUISE PHASE

The following sections provide more detailed
Lander subsystem performance during the major
mission phases. During most of the 10- to 11-
month cruise phase to Mars, the Landers were in an
inactive state with every limited subsystem opera-
tion. This limited-operation cruise mode is de-
scribed in Section A. The shorter periods of high
level Lander activity during the cruise phase that
included battery operations, cruise checkouts,
meteorology checkouts, and GCMS activities are

depicted in Figure IlI-1 and detailed in Sections B,

C, and D of this chapter.

A. LANDER SUBSYSTEMS' CRUISE MODE
PERFORMANCE

1. Guidance and Control Subsystem

The entire guidance and control subsystem was
inactive for the majority of the cruise phase. Dur-
ing Lander activities requiring intermnal control, the
appropriate guidance control and sequencing com-
puter (GCSC) was activated and used to control all
Lander activities. The GCSC performed a self test
each time it was turned on and a portion of its
memory was relayed to the ground for analysis. All
self tests occurred without an anomaly of any
type. The memory readouts were compared to
planned content and no ‘‘miscompares” were
found. The GCSC memories were updated numer-
ous times to enable specific cruise operations and
to provide an updated program for separation
through landed operations. These updated software
programs for the landed missions were referred to
as initial computor loads. All memory updates
were performed without anomalies.

Cruise Checkouts

Launch X
GCMS Operations

(August and
September 1975)

Initial Battery
Charging

'S

-— 10 to 11 Months

Figure 111-1 Lander Interplanetary Cruise Phase Activities

2. Power Subsystem

Power for the Lander cruise mode was supplied
by the Orbiter to the bioshield power assembly
(BPA). The BPA regulated and distributed this
power to the few Lander components active in
cruise, primarily telemetry and thermal heaters.
The batteries were maintained in a discharge state
except when required for cruise checkout, GCMS
operations, and conditioning just before Mars orbit
insertion (MOI). All power subsystem cruise mode
operations were nominal and are summarized in
the following paragraphs.

The RTGs were shorted to minimize degrada-
tion. Fin root temperatures stabilized at 350 to
360°F and hot junction temperatures were be-
tween 900 and 930°F, slowly increasing 10 to
15°F during the long cruise. RTG pressures were
nominal at 15 to 19 psia. The batteries were dis-
charged before launch to about 1.2 volts per cell.
Voltage decreased during the first days of cruise as
a result of telemetry load resistor energy drain.
Table III-1 tabulates the Lander 1 battery dis-
charges after launch.

Table 111-1 Lander 1 Battery Discharge Voltage
Following Launch

Days from | Battery | Battery | Battery | Battery
Launch A B Cc D

0 29.8 29.8 29.8 29.8
10 29.5 29.5 29.2 29.2
20 27.0 24.8 223 19.5
30 15.4 131 | 12.6 10.7
40 11.0 10.7 7.2 6.9
50 6.3 5.4 4.7 4.7

Final Battery Conditioning
and initial Computer Loads

Metecrology Checkouts
(Monthly}
Battery Discharge

Mars Orbit Insertion
(June and August 1976)

4

|
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Lander 2 batteries performed in a very similar
manner except batteries C and D were initially 10
to 15 volts lower than A and B because of recharg-
ing for additional prelaunch checkouts.

Orbiter power was supplied to the BPA at
about 44 volts. The BPA regulated this to 33 volts
+5% with a power limitation of 150 watts. This
power was used for all cruise mode activities. The
BPA converters worked perfectly for the 10- to
11-month cruise.

Lander loads powered by the BPA during
cruise included the propulsion system thermal
heaters and data acquisition and processing unit
{DAPU). Input power varied from 34 to 71 watts
as six propulsion heaters cycled continuously. The
feedline heaters cycled at 30- to 100-minute inter-
vals and the tank heaters cycled over a 2- to 3-day
period. During the periodic tape recorder mainten-
ance, the BPA also supplied power to the GCSC,
power conditioning and distribution assembly
(PCDA), and tape recorder. The tape recorder
maintenance activities required bus peak power in-
puts of 109 watts.

3. Telemetry Subsystem

The DAPU was the most active Lander compo-
nent during the cruise mode. DAPU side A was on
continuously on both Landers for the entire cruise
phase. 1t constantly monitored 65 channels of vari-
ous engineering data, formatted these data, and re-
layed the data to the Orbiter for inclusion in other
Orbiter data and transmission to Earth. These
cruise mode data were referred to as format 1 data.
The data storage memory (DSM) was not used. The
tape recorder was periodically activated and format
5 (landed science and engineering data) eventually
recorded on all four tracks and partially played
back. This operation of the tape recorder pre-
vented stiction of the tape to the head, insured
even distribution of the bearing lubricants, and
would have allowed lead time to plan workarounds
if malfunctions had occurred. All telemetry subsys-
tem functions were nominal.

4. Communications Subsystem

The communications subsystem was not active
during the cruise mode. However, the command
detectors were turned on and used for all GCSC
updates and no anomalies were observed.
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5. Propulsion Subsystem

The propulsion subsystem remained inactive
during the cruise mode. Format 1 provided data on
the status of the pressurized propellant tanks. All
tanks remained stable with the deorbit tanks at
approximately 76°F and 352 psi and the terminal
descent tanks at 80°F and 532 psi.

6. Pyrotechnics Subsystem

The pyrotechnics subsystem was not active
during the cruise mode.

7. Thermal Control Subsystem

During cruise, Lander thermal control was
achieved primarily by passive means. Except during
the brief Orbiter maneuvers, the Orbiter shaded the
Lander and most of the RTG thermal energy radi-
ated to deep space via the base cover. Thermo-
statically controlled heaters were located on the
IRU, deorbit engine feedlines, and terminal and de-
orbit propellant tanks. These heaters were supplied
power from the Orbiter. Component temperatures
were maintained within flight acceptance test
limits at all times. Actual cruise data correlated
well with prelaunch test data and provided verifica-
tion of the software thermal model (LTEMP) used
for mission thermal predictions. The Lander
steady.state temperatures at various times during
cruise are shown in Table I1I-2.

During launch, the thermal transient was as ex-
pected. Internal temperatures increased for the
first few hours because of increased equipment ac-
tivity and the absence of the RTG water coolant
used during prelaunch. Once in the deep space
vacuum environment, temperatures cooled to pre-
dicted levels. About 8 days after launch, the aver-
age Lander equipment plate temperatures stabil-
ized at 71°F for Lander 1 and 73°F for Lander 2.
The launch transient temperature profiles are
shown in Figures I1I-2 and 1II-3.

During the cruise phase, Lander temperatures
were as predicted with Lander 2 internal tempera-
tures remaining about 2°F warmer than Lander 1,
which was consistent with prelaunch data. Ther-
mally the Lander was designed to be almost inde-
pendent of solar flux during cruise, and only about
4°F decrease was observed on the equipment
plates. The IRU cover heater was on continuously
except during the first Orbiter midcourse maneuver



Table 111-2 Cruise Coast Temperatures {°F)

‘ September 1975 January 1976 June 1976* Separation—40 hr
Item Lander 1 Lander 2 Lander 1 Lander 2 Lander 1 Lander 2 Lander 1 Lander 2
Average Equipment Plate 71 73 67 69 76 78 66 69
DAPU 80 83 77 81 85 89 77 80
Tape Recorder ral 74 68 71 73 76 66 69
_Batteries 69 72 66 69 80 83 65 68
IRU 30 32 27 28 26 27 24 27
Deorbit Engines 1 & 4 —28 =27 -32 -31 —32 . 31 32 —31
Deorbit Engines 2 & 3 -49 —48 —51 —-50 51 —50 -51 -50
Terminal Tanks 75 to 83 73 to 82 75 to 83 73 to 82 75 to 83 73 to 82 75 to 83 73 to B2
Deorbit Tanks 72 to 80 7210 80 72 w0 80 72 to 80 72 to 80 72 to 80 72 to B8O 7210 80
RTG 1t Fin Root 363 358 363 358 363 356 363 356
RTG 2] Fin Root 359 353 359 353 357 353 357 353
*Batteries on float charge. o
tTelemetry data—average fin root temperature 14 F less.
JTelemetry data—average fin root temperature 9°F less.
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and the Orbiter controlled tape recorder mainten-
ance periods. The propulsion tank heaters worked
normally. There was no temperature measurement
on the thermostatically controlled deorbit propul-
sion feedlines, so nominal operation had to be de-
rived from the Orbiter supplied current. These
heaters worked as designed on both Landers; how-
ever, on Lander 1 one thermostat was believed to
have failed in the closed position. This caused no
problems since a series-redundant thermostat was
provided and overall operation remained nominal.

The Orbiter performed several short-duration
maneuvers (less than 2 hr off of sun reference)
during cruise. Because of the large Lander thermal
time constant, these maneuvers did not have any
significant thermal effect.

Near the end of the cruise phase, the Lander
batteries were placed on float charge. The charge
losses caused the Lander internal temperatures to
increase about 9°F while battery temperatures in-
creased 15°F. This was consistent with predictions.

90 —

Equipment Plate Near Batteries

[+ ]
(=

Temperature, 0F

70

|—Battery C—|
Charge l

1 Charge

— Battery B— |— Battery D—4

The temperature transients during battery
charging and conditioning sequences were quite
small and posed no thermal problems. Proper spac-
ing of the sequences was required to avoid a cumu-
lative effect of heating without allowing adequate
cooldown periods. Data from the initial condition-
ing cycles were used to update LTEMP and subse-
quent predictions were satisfactory. A typical bat-
tery charging temperature profile is shown in Fig-
ure 111-4. ’

The thermal subsystem again performed nomi-
nally during the numerous GCMS and tape re-
corder maintenance activities. Typical temperature
profiles for these operations are given in Figures
II1-5 and I11-6.

8. Science Subsystem

All science instruments were inactive when the
Landers were in the cruise mode. Power was sup-
plied to the UAMS and GCMS ion pumps by the
BPA to insure vacuum conditions during cruise and
proper operation during entry and the landed mis-
sion.

Battery A
Battery B
‘Battery C
Battery D

| Charge | | |

0 1 2 3

4 5 6 7

Days from Start of Sequence

Figure 111-4 Typical Lander Internal Temperatures for Battery Charging
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B. BATTERY CONDITIONING AND

CHARGING

The majority of the cruise phase was accom-
plished with the batteries fully discharged and the
RTGs shorted. In this configuration, power for
Lander loads was supplied by the BPA from the
Orbiter. During the cruise checkouts and some
GCMS operations, Lander loads exceeded the BPA
output capabilities. To support these tests, the bat-
teries were charged, the Lander tests conducted,
and the batteries then discharged. At the end of
the cruise phase, the batteries were conditioned for
the separation through landed phases. )

To charge each of the four Lander batteries,
the GCSC and power control logic in the PCDA
was powered on and one battery at a time was
connected to the charge bus. The charge enable
relays were then closed and the BPA charger com-
manded on at a constant 0.5 amp high-rate charge
mode. Battery charge voltage and temperature
were monitored by the charge control logic to stop
charging after a full charge was achieved. In addi-
tion, the GCSC was programmed to disconnect the
battery from the charge bus after 24 hr. Table I11-3
provides a summary of charge data for Lander 1.

Table [11-3 Lander 1 Initial Battery Charge

Final Temper-

Battery Temper- | ature

on ature, Increase, | Cutoff

Charge | Charge Time | Input °F A °F Voltage

A 2thr 41 min  11.6 A-hr | 723 5.4 34.8
392 W-hr

B 21 hr 50 min | 11.6 A-hr | 79.0 40 34.6
396 W-hr

(o] 22 hr 20 min | 11.9 A-hr | 81.0 28 34.6
405 W-hr

D 22hr 49 min [ 12.2 A-hr | 84.5 3.1 345
413 W-hr

Figure III-7 shows the battery voltage and
temperature levels used by the charge logic to de-
termine a fully charged battery. Shown are the
nominal design cutoff curve and *+1% curves that
are estimated equipment and telemetry operating
tolerances experienced on the Landers. These data
indicate that the Lander 1 and 2 cutoffs were with-
in the expected tolerances and the batteries were
fully charged.

With the batteries fully charged, the Lander
power subsystem supported the cruise operations
that required power in excess of the 150 watt BPA
capability. During these operations of from 2- to
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25-hr duration, the Lander was transferred to the
internal or landed power configuration. In this con-
figuration, the RTGs were unshorted and powered
the bus, the batteries were connected to the bus,
and the BPA power input was disconnected. Figure
I11-8 provides data typical of RTG power and ther-
mal changes when the RTGs were powered up and
then returned to the shorted cruise configuration.
In the landed power configuration, bus voltage was
no longer regulated at 33 Vdc, but varied as a func-
tion of bus current. At bus currents of less than 2.2
amp, the bus power required was less than the
RTG constant power output and the bus voltage
rose to turn on the shunt regulators at 36 Vdc.
With bus currents greater than 2.2 amp, the power
exceeded the RTG output and the bus voltage
dropped to the level where the batteries supplied
the excess power required. Periodic battery re-
charge periods were required because the normal
landed charge routine was not enabled.

During the initial charging of battery A on
Lander 2 by the BPA battery charger, charging was
stopped shortly after initiation by Earth command
when the very slow voltage increase indicated an
unsatisfactory charge condition. A decision was
made to resume charging using the redundant BPA
charger B as a power source. Battery B was charged
first and ground command was used to terminate
charge. Batteries A and B were successfully charged
in this manner. These data and further analysis iso-
lated the failure to BPA charger A; batteries C and
D were then successfully charged using the charge
control logic to terminate charge. Charger B was
then used for all future charging and no further
anomalies were observed. Table III-4 provides the
initial Lander 2 battery charging data.

Table 111-4 Lander 2 Initial Battery Charge

] Final Temper-

Battery Temper- |ature

on ature, Increase, | Cutoff

Charge | Charge Time | input °F °F Voltage

B 22 hr 34 min {12 A-hr 83.1 49 34.7
207 W-hr

A 23hr2min 11122 A-hr | 85.0 3.6 34.7
415 W-hr

[od 23hr2min | 12.2 A-hr | 88.2 3.5 34.6
415 W-hr

D 23hr2min | 12.2 A-hr | 91.2 3.3 34.4
415 W-hr

As a result of the BPA charger A failure on
Lander 2, the normal cruise configuration on both
Landers was modified to keep battery B charged.
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Batteries A, C, and D were discharged after the
cruise tests by the charge bus discharge load banks.
These batteries were sequentially discharged down
to the PCDA discharge sensor level of 27.3 Vdec.
Discharge power exceeded that predicted by about
89 W-hr, indicating actual storage levels and system
efficiencies were better than laboratory tests indi-
cated. Batteries A, C, and D were then left to dis-
charge completely, and B was float charged in the
0.2 amp low-rate mode for the remainder of the
cruise phase. Battery B voltage stabilized at 34.2
volts and the temperature increased to 88 to 89°F.
Batteries A, C, and D discharged down to about 2
volts prior to the final charging for separation.

In May and June 1976, the Lander batteries
were conditioned for separation and landing by
performing a series of charge, discharge, and charge
cycles. These activities were performed to measure
and increase battery storage capacity. The Lander
1 and Lander 2 activities are summarized in Tables

Table 111-5 Lander 1 Final Battery Conditioning

III-5 and III-6. Battery B on both Landers had
been maintained in a charged state for cruise to
enable transfer to internal power and PCDA en-
abled charging. Therefore, battery B was subjected
to an additional discharge/charge cycle. These final
conditioning cycles were accomplished using Or-
biter power supplied through the BPA. During
charging, the charge logic repeated the cruise
charge operation and terminated battery charging
at 34.5 to 34.8 volts. The discharge logic termi-
nated the discharges at a nominal 27.3 volts. The
charge/discharge logic was again backed up by
Earth-commanded shutoff in case of a logic failure.
All operations were completely nominal with all
batteries indicating capacities in excess of 8 A-hr.
At the completion of these final conditioning
cycles, the batteries were placed on float charge.
Seven to ten days before the preseparation check-
outs, the float charge was terminated to allow the
Lander to cool down, the battery voltage decreased
to 31.4 volts, and temperature decreased to 64.8°F
for Lander 1 and 68.5°F for Lander 2.

Table 111-6 Lander 2 Final Battery Conditioning

Cycle Input/ End
Day of Bat- | Length, | Qutput, Temperature,
1976 Event tery |hr A-hr °F
114 - Al Note 1 — -
114-115 |Charge A 19.85 ' 105In 68.5
115-116" | Charge C 200 106 In 76.6
116 Discharge | B 6.8 9.9 Out ! 86.3
117 Discharge | C 6.0 8.7 Out B9.5
Lander Cool Down
126-127 |Charge B 21.85 116 1In 75
127-128 [Charge D 21.0 11.21n 78.2
128 Discharge | A i 5.6 8.1 Qut |83
129 Discharge | D 6.25 9.1 Out 89.6
Lander Cool Down
138135 [Charge | A |186 9.91n |71
135 Discharge | B 58 8.4 Out 83

Lander Coo! Down

139-140 |Charge c 19.1
140-141 |Charge ] 21.7
141-142 |Charge D 21.0 117 1n 84.7
142 - All Note 2 | — -

10.1In 73.3
11.51n 84.7

Cycie Input/ End
Day of Bat- |Length,! Output, Temperature,
1976 Event tery |hr A-hr °F
136 - Aflf Note 1 - -
136-137 | Charge A 20.87 11.1In 74.9
137-138 | Charge [ 21.1 11.21In 80
138 Discharge | B 6.6 9.6 Out | 90
139 Discharge | C 6.3 9.1 Out | 91.2

Lander Coel Down

144-145 | Charge 8 225 119in 83.1
145-146 | Charge D 21.2 11.21n 83.1
146 Discharge | A 5.9 8.60ut | 90
147 Discharge | D 6.4 9.20ut | 93

Lander Cool Down

156-157 |Charge 19.4 103 In 75
157 Discharge | B 6.2 8.9 0ut | 86.3

>

Lander Cool Down

162-163 | Charge c 20.1
163-164 Charge B | 22.4
164-165 |Charge |D | 21.1
165 - All

10.7 In 76.6
11.87 In 90
11.21n 88
Note 2| — -

Note: 1. Batteries A, C, and D are completely discharged and
at 11.3 V, 8.2 and 11.3 Vdc respectively. Battery B
is charged and at 31.7 Vde.

2. Al batteries on C/160 float charge. Stabilized

voltage and temperature average was 33.3 Vde and
*80.2°F.

Note: 1. Batteries A, C, and D are completely discharged and
at 2.2 V, 1.9 and 2.5 Vdc respectively. Battery B is
charged and at 31.4 Vdc.

2. All batteries on C/160 float charge. Stabilized
voltage and temperature average was 32.97 Vdc and
826 F.
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C. CRUISE CHECKOUT

A cruise checkout was performed on each
Lander. These checkouts were identical and very
similar to the prelaunch and preseparation check-
outs. Preseparation checkout is described in depth
in Chapter 1V. The following paragraphs briefly
describe the tests and results by subsystem. No
anomalies were uncovered during either cruise
checkout. Because Lander operation was nominal
and no unexpected trends were observed, a second
scheduled cruise checkout on each Lander was can-
celled.

1. Guidance and Control Subsystem

The cruise checkouts were controlled on both
Landers from flight software contained in GCSC A.
All operations were executed exactly as planned
and evaluation of the memories after the checkouts
revealed no miscompares.

The IRUs were warmed up and operated and
all gyro and accelerometer biases were nominal and
essentially identical to prelaunch operation. The
warmup and spinup profiles were also nominal.

A TDLR self test was performed and minor
beam power variations were noted because of
lower than prelaunch TDLR temperatures. All
operations were nominal. The RAEs were powered
on. All digital and analog data, receiver false alarm
rate, and transmitter power were nominal.

2. Power Subsystem

The Landers were switched for the first time
since launch to the landed power configuration and
internal power was used for battery charging. The
RTG output was 81.7 watts for Lander 1 and 83
watts for Lander 2 versus predicted minimum out-
puts of 75 watts. Battery performance was nomi-
nal, The PCDA performed its various switching,
conversion, and control functions exactly as re-
quired. Actual Lander loads were monitored and
were within 0.2 amp of predicted.

3. Telemetry Subsystem

The critical elements of the telemetry subsys-
tem were exercised extensively. The DAPU used 20
different modes during checkout to collect, for-
mat, and transmit engineering and science data.
Various science and engineering data were stored in
and retrieved from the DSM. Data were recorded
and played back using all four tape recorder tracks.
All operations were noniinal.

4. Communications Subsystem

Only the relay communications system was
checked out. The UHF transmitter was powered on
in the 1 watt mode and formats 2, 2A, 3, and 5
(engineering and science data) were transmitted at
4 kbps and 16 kbps to the Orbiter relay receivers,
stored on the Orbiter tape recorder, and trans-
mitted in real time to Earth. All operations were
exactly as required with nominal Lander and Or-
biter hardware operations. In conjunction with a
GCMS bakeout sequence in February 1976, a simi-
lar checkout was performed with the UHF trans-
mitter in the 10-watt mode. Again, all operations
were nominal.

5. Propulsion Subsystem

Using the VDA, the terminal descent engine
throttle valves were commanded to various posi-
tions and the RCS and terminal roll thruster feed-
lines were vented to vacuum. During the RCS vent
operation, a higher than expected VDA current
was observed. This was caused by operation of the
total set of redundant solenoid valves from only
one of the two redundant VDA power supplies.
The power supplies were designed for such single
string operation and all operations were nominal.
Since the purpose of the RCS operation was to
vent the Earth atmosphere pressure trapped in the
feedlines, this portion of the test was not repeated
during preseparation checkout. Both LPCA 1 and 2
on both Landers were powered on and monitored.
This very limited operation indicated that their in-
ternal power supplies were operating properly.

6. Thermal Control Subsystem

Thermal control circuitry used during presepa-
ration (thermal control 2) and entry through land-
ing (thermal control 3) was activated and moni-
tored. All operation was nominal. As a result of
various Lander hardware being powered on during
the course of the cruise checkout, the Lander inter-
nal temperature increased from about 70 to 74°F
as predicted.

7. Science Subsystem

Table III-7 lists the science instruments operat-
ing during the cruise checkouts and gives a brief
sequence description for each of the instruments.
The instrument performance follows.
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Table 111-7 Science Instrument Operation during
Cruise Checkout

Science

Instruments

Operated Sequence Description .

Cameras Camera 1 and 2 scan verification: check servos
and contamination window. Camera 1 and 2
internal calibration: diode response.

XRFS 7 sec count per channel for 64 channels.

PC-1, 2, 3, and 4 tested.

10 frames; 4 sec sampling internal. Obtain
zero-wind calibration.

Meteorology

RPA Instrument turned on for 10 minutes during
format 2A data acquisition. Measured back-
ground noise level in electrometer. Instrument
sequencing checked. Retarding grid potential
and temperature checked.

UAMS Instrument turned on for 30 minutes {20-
minute warmup, 10-minute data collection):
format 2A. Coliected mass scans on residual
gases in the analyzer plus engineering data.

Ambient 2 samples/sec for duration of format 3.

Temperature

Ambient 1 sample/sec for 10 minutes: format 2A,

Pressure

Stagnation 1 sample/sec for 10 minutes: format 2ZA.

Temperature

Stagnation 1 sample/sec for 10 minutes: format 2A,

Pressure

Lander Camera System—Two sequences were
performed on each of the Lander cameras: scan
verification and internal calibration. The scan veri-
fication sequence provided information concerning
azimuth and elevation servo performance and
transmittance of the removable outer window. The
internal calibration sequence provided data relative
to diode response. The cameras on both Landers
performed nominally. Scan verification images in-
dicated nominal servo performance. Internal cali-
bration data showed some sensitivity loss in all di-
odes. The worst case was an 8 to 12% reduction in
the infrared diode outputs at gain 2. This corres-
ponds to 3% loss at gain 4 (gain 4 is used for the
Initial postlanded imagery). Similar sensitivity loss
was observed in the scan verification images. Dur-
ing cruise these reductions were believed to be
caused by the lower temperatures, but it was later
.determined that some permanent loss had been sus-
tained because of neutron radiation of the diodes
by the RTGs. Over the entire cruise period this
damage is estimated at a maximum of 14% for the
infrared diodes.

X-Ray Fluorescence Spectrometer (XRFS)—
Each of the four proportional counters (PC) were
tested whereby the 64 energy channels were read
out following a 7-sec count per channel. The pur-
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pose of the test was to determine that all propor-
tional counters and instrument functions were op-
erational. The test also provided gain stability data
at a low PC tube bias voltage (nominal -50 V).
Following sterilization, a gain shift in all four PC
tubes was noted where the gains were down 11 to
20%, and the temperature coefficient had in-
creased. Detailed tests and failure analysis of the
generic proportional counter showed that with age,
the epoxy adhesive inside the PC tube outgassed
depolymerization products that acted as a quench
gas in the counter. After sterilization the gain im-
mediately began to recover toward its original
level. Following the cruise checkouts, all four PCs
on each Lander showed an increase in gain and
appeared to be stabilizing.

Meteorology—The Lander 1 meteorology in-
strument performed nominally. Close agreement
existed between the platinum thermometer (PTT),
ambient temperature sensor (Ta), and footpad
temperature sensor (Tfp) as indicated by selected
data given below:

PTT, °K Ta, °K Ttp, K
Frame 1 246.1 244.5 246.2
Frame 1 246.4 244.3 246.2
Frame 10 246.1 244.4 246.2

The difference between the reference temperature
sensor and ambient temperature sensor was less
than 10°K, which is the specification value. The
ambient sensor was not noisy and the wind sensor
overheat circuit operated nominally.

The Lander 2 meteorology instrument opera-
tion was nominal with two exceptions: (1) the dif-
ference between the reference temperature sensor
and the ambient temperature sensor was greater
than 10°K, which exceeded specification limits;
and (2) the ambient sensor was noisy with a spread
of approximately 3°K. These same characteristics
were observed during prelaunch checkout. Asare-
sult, a series of additional checkouts on both the
Lander 1 and 2 instruments were conducted during
the cruise phase to determine if a pattern could be
uncovered or if stabilization occurred. Table I1I-8
lists the checkouts on each Lander (performed in
conjunction with tape recorder maintenance) and
gives a brie[ sequence description. Throughout
these checkouts the Lander 1 instrument remained
stable in performance and satisfied all performance
criteria. The ambient temperature sensor on
Lander 2 continued to exhibit erratic behavior



Table 111-8 Meteorology Checkouts during Cruise
Phase :

Lander |Date

1 12/8/75
1/5/76
3/9/76
4/17/76 | 30 frames; 2-sec sampling interval
2 12/4/75 | 15 frames; 1-sec sampling interval
1/7/76
2/3/76
3/10/76 | 30 frames; 1-sec sampling interval

Sequence Description

10 frames; 1-sec sampling interval
15 frames; 2-sec sampling interval
15 frames; 1-sec sampling interval

15 frames; 2-sec sampling interval

10 frames; 4-sec sampling interval

4/16/76 | 30 frames; 2-sec sampling interval
5/9/76

20 frames; 4-sec sampling interval

with the difference between it and the reference
sensor ranging from 14.5 to 20.0°K throughout the
checkouts. The ambient temperature noise con-
tinued, with the Lander 2 sensor noiser than the
Lander 1 sensor by a factor of 1.5 to 3.

Entry Science Instruments—The RPA, UAMS,
ambient and stagnation temperature sensors, and
ambient and stagnation pressure sensors were oper-
ated during the cruise checkouts for both Landers.
All instruments performed nominally.

D. GCMS VENT, BAKEOUT, AND OVEN
CHARACTERIZATION '

A series of GCMS activities were planned for
the cruise phase of the Viking mission. The ulti-
mate goal of these activities was to prepare the
GCMS for performing the organic and atmospheric

Table 111-9 Lander 1 GCMS Cruise Operations

analyses on the surface of Mars. Specifically the
GCMS sequences were designed to:

1) Vent the two inlet systems that go to the mass
spectrometer, the gas chromatograph assembly
(GCA), and the atmospheric filter assembly
(AFA) to space, thereby reducing the level of
the terrestrial gasses within the sample paths.

2) Bake out the components of the GCA and the
ion source of the mass spectrometer to further
reduce the instrument background.

3) Characterize the sample oven to be used for the
analyses of the first surface sample on Mars by
performing a ““blank™ organic analysis by heat-
ing that oven to 500° while it is sealed in the
sampile path.

4) Obtain background spectra from the mass spec-
trometer for both filaments and both ionizing
energies following the last bakeout of the ion
source.

5) Perform sequences that permit identification of
problems that were encountered by the instru-
ments during prelaunch activities or during
planned cruise activities.

Eleven sequences were conducted on the
Lander 1 GCMS. Table I1I-9 summarizes these ac-
tivities and the GCMS performance. Seven se-
quences were performed on the Lander 2 GCMS.
Table I11-10 summarizes these GCMS activities and
the instrument performance. A more detailed sum-
mary of the anomalies that occurred is given be-
low.

Sequence GCMS Event Sequence Description Date Performance
1 Vent 1 Vent LPA/PDA, AFA, GCA 10/30/75 Otf-nominal: ion
pump turn-on
transient
2 fon Pump Test Correlate ion pump restart with Vent 1 anomaly 11/17/75 Nominal
3 Researcg Test 1 Vent GCA, AFA; heat GCA zone 12/10/75 Nominal
4 Research Test 2 Obtain background MS data 12/15/75 Nominal
5 Bakeout 1 HMeat ion source and thermal zone; vent GCA and AFA 1/8/76 Nominal
6 Bakeout 2 Heat ion source and thermal zone; vent GCA and AFA 1/14/76 Nominal
7 Oven Characterization 1 | Preheat oven 1; organic analysis 1/29/76 Nominal
8 Oven Characterization 2 | Preheat ovens 1 and 2; OA 2{2/76 Nominal
9 Bakeout 3 Heat ion source 2/71/76 Nominal
10 Bakeout 4 Heat ion source 2/12/76 Nominat
n Vent 4/5 Vent AFA sample chamber, CO/CO, filter chamber 2/17/76 Nominal
H, O filter chamber; atmospheric analysis; reposition oven
carriage
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Table 111-10 Lander 2 GCMS Cruise Operations

Sequence GCMS Event Sequence Description Date Performance
1 Combined Vent Vent LPA/PDA, HSA, AFA, GCA 11/25/75 Nominal
2 Open VO/Bakeout 1 Open hydrogen inlet valve; heat ion source and thermal zone; 12/3/75 Nominal
vent GCA, AFA
3 Oven Characterization 1 | Preheat oven 1; organic analysis 12/19/75 1) Oven time-to-
temperature
reached maxi-
mum value
during preheat
and OA;
2) Loss of mass
scan data
4 Oven Characterization 2 | Preheat ovens 3 and 1; organic analysis 1/13/76 Oven time-to-
temperature
reached maxi-
mum value
during preheat
and OA (oven 1}
5 Oven Characterization 3 | Preheat oven 2; organic analysis 1/21/76 Nominal
6 Bakeout 2 Heat ion source 1/31/76 Carriage strobe
anomaly*
7 Vent 4/5 Vent AFA sample chamber, CO/CO, and H; 0 filter 2/6/76 Carriage strobe
chambers; atmospheric analyses anomaly
*Not identified until Vent 4/5.

1. Lander 1 GCMS Anomalies

On Lander 1 only one anomaly occurred dur-
ing vent 1 (sequence 1). After a 2-hr power inter-
ruption the ion pump current peaked at 23 uA
decreasing to 1.3 4 A over a 50-minute period. As a
result of the ion pump test and Research Tests 1
and 2 (sequences 2, 3, and 4), it was determined
that the ion pump was capable of handling the
loads from a bakeout and oven characterization.
No long-term problems resulted from this anomaly.
Following the oven characterizations on Lander 2
(sequences 3, 4, and 5) an analysis of prelaunch
Lander 1 GCMS data indicated that oven 3 on
Lander 1 exhibited the same time-to-temperature
anomaly as experienced on Lander 2. Conse-
quently, it was concluded that oven 3 was inoper-
able and two surface samples were scheduled for
the Lander primary mission using ovens 1 and 2.

2. Lander 2 GCMS Anomalies

On Lander 2, three anomalies occurred.

1) The time-to-temperature counter reached a
maximum value during the preheat of oven 1
and the subsequent organic analysis {sequences
3 and 4). As a result, it was concluded that
oven 1 was inoperable and two surface samples
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2)

3)

were scheduled for the Lander 2 primary mis-
sion using ovens 2 and 3.

During oven characterization 1 (sequence 3)
the 20:1 divider shifted its conductance in the
vicinity of 100:1. Since the sequence was run
in the hydrous mode, mass scan data were lost.
Future oven characterizations were run in the
anhydrous mode, and this problem did not re-
cur.

During backout 2 (sequence 6) the carriage
strobe signal changed states and remained in-
valid. This anomaly became apparent during
the vent 4/5 sequence (sequence 7) when the
seal clamp and carriage movements failed to
execute because of the position and state valid-
ity checks encoded into their command words.
No corrective actions were taken during the
cruise mission. However, the Lander 2 initial
computer load (ICL) was modified to schedule
a sol 1 sequence which: (1)*backed up the car-
riage to position 1 (flight station position); (2)
forward indexed the carriage to position 2
(load position); and (3) performed a dummy
load operation. The purpose of this sequence
was to verify as early as possible following
touchdown that the load position could be ac-
quired and that the load would occur normally
without moving the carriage. These sequences
ran nominally.
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These two photographs were taken from Lander 1 using
camera 1 on July 24 (left photo) and camera 2 on July 21,
1976 (right photo). A stereo effect may be achieved if
viewed through a standard stereo viewer.







IV. PRESEPARATION PHASE

The preseparation phase was one of the most
active and time-critical periods of the Viking mis-
sion for both the Landers and the flight team. In
this period, many activities had to be performed
flawlessly at exactly the required time to permit
the eventual separation of the Landers from the
Orbiters and landing on Mars on the selected day.
The Landers had to function and sequence ac-
curately through a series of tests and updates be-
fore being committed to separation.

A timeline of the preseparation phase showing
the major events for the Lander, Orbiter, and flight
team is shown in Figure IV-1. Figure IV-2 shows
where these events occur relative to the space-
craft’s orbit about Mars and the descent to landing
trajectory. The preseparation phase is defined as
the time period from separation minus 62 hr to
separation (S- 62 hrto S - 0).

Once the selection of a landing site and day of
landing was made, the flight team prepared the set
of parameters needed to update the GCSC memory
with the descent trajectory design. A critical ele-
ment of the preseparation phase was the validation
of the descent design. This was done by two inde-
pendent methods. One was a ground software pro-
gram run at the Jet Propulsion Laboratory at Pasa-
dena, California. This was a complete digital simu-
lation of the Lander attitudes and trajectory dy-
namics for the entire descent with external effects
(such as Mars atmosphere) also simulated. The
other method used the Viking Control and Simula-
tion Facility (VCSF) at the Lander Support Office

Qrbiter at
Touchdown

Descent
Trajectory

S — 9.5-hr Update
Apoapsis

S—30 hr (1 rev early)
{Start Preseparation
Checkout)

Separation :

Figure 1 V-2 Preseparation Sequence of Events

(LSO) in Denver, Colorado. This highly sophisti-
cated analog/digital hybrid computer laboratory
“flew” a simulated descent with a computer model
of the Lander and planet. This simulation was com-
plete down to the flight computer instruction level.
The transfer of data to and from the VCSF and
JPL was accomplished via a high-speed data line.
After verifying that all details of the separation and
descent command loads were proper, the Lander
computers were updated during the 8 — 39-hr up-
date period. Also, the Orbiter onboard computer
was updated with its required sequence for the pre-
separation through descent phase.

Descent Validation and Update Phau——»"——Checkout and Separation Phase ———sl .
. Hours to Separation / Separation
—60
1
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Figure 1V-1 Preseparation Phase Timeline
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A major milestone in the preseparation phase
was the commitment to start the S — 30-hr presepa-
ration checkout. This checkout consumes so much
power and generates so much internal heat, that a
“no-go” for separation any time after the checkout
would have required a five-day waiting period for
the Lander to stabilize thermally before the check-
out sequence could be performed again. The objec-
tive of the checkout sequence was to calibrate and
verify the operation of the critical entry and land-
ing hardware on the Lander. When the checkout
sequence was complete, Lander battery charging
was begun to restore full battery electrical capacity
and the flight team started a detailed analysis of
the preseparation checkout results. If analysis indi-
cated that any late flight software updates were
required, the capability was provided by a S -
9.5-hr update period. If any changes were made,
this would require validation by the aforemen-
tioned methods to insure the changes would not in
any way impact the descent design. Also, by this
time the flight team would have determined if any
change to the selected time of separation was nec-
essary and capability to accommodate this change
was provided as shown on the timeline (Orbiter
TSEP Update). :

The final element of the preseparation phase
was the S - 3.5 hr to separation sequence. In this
period, another capability to make minor updates
to the GCSC was provided. This capability was not
exercised on either Lander. Also in this period, all
the final checks were made on Lander subsystem
status before a commitment for separation was
made. On both missions, these final checks indi-
cated nominal Lander performance and readiness
for separation. A ‘“‘Separation Go’’ command was
then sent to the Landers to allow separation and
start the descent phase.

A. PRESEPARATION CHECKOUT

The basic intent of the preseparation checkout
was to check systems that were critical for descent
through landing and those operations necessary im-
mediately after landing. This included checking
systems that contained redundancy or selectable
operating modes to determine if any change was
necessary to the preprogrammed selections. Addi-
tionally, some subsystems provided the capability
for in-flight calibration.

The preseparation checkout sequence was be-
gun by the Orbiter issuing a series of discrete com-
mands to the Lander that turned on the PCDA
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power supplies and the GCSC side A. (Even though
both GCSC sides on both Landers had performed
equally well up to this time and either side could
have been used, side A was preferable for software
and Lander/Orbiter interface considerations.) At
exactly S - 30 hr, the preseparation checkout com-
mand was sent from the Orbiter. The Lander re-
sponded by transferring to internal power and ini-
tiating the preseparation thermal mode. The GCSC
also started the 4 hr 40 min automatic checkout
sequence. The data were telemetered during the
test via the Orbiter to the ground for flight team
evaluation. There was no on-board evaluation of
the data. The test consisted of 11 checkout mod-
ules that were sequenced under direction of the
GCSC and concluded with a complete memory
readout of the GCSC. These modules were the
Lander camera system, meteorology, biology,
XRFS, entry science, RCE, VDA, 1RU, TDLR/
RAE, RAE CFAR, and telemetry. A description of
each module, with results from both Landers, is
given below. Although there were no checkout
modules for the Lander power or thermal subsys-
tems per se, they were tested by virtue of execut-
ing the other modules.

A timeline of this sequence is shown in Figure
IV-3. As can be seen, each test was sequenced es-
sentially serially with some functions occurring in
parallel.

1. Camera Module

The purpose of the Lander camera test was to
verify the scan capability -and diode integrity of
each camera. Since the GCSC had been prepro-
grammed to use camera 2 for the first pictures im-
mediately after touchdown, it was important to
know the status of that camera. The health of cam-
era 1 was also important if camera 2 performance
indicated a need to change the camera selected for
the first pictures. Additionally, knowledge of diode
characteristics was necessary to assure the prese-
lected camera gain and offset selections were cor-
rect for the expected Mars lighting conditions.

The camera test consisted of turning on ther-
mal power for warm-up purposes and later turning
on operating power on each camera sequentially.
During the periods when each camera was on, a
series of scan, calibration, and stow commands
were issued by the GCSC. The scan verification
sequence consisted of taking a 5-deg azimuth pic-
ture of two pin lights mounted on the camera post.
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Not only did this verify both azimuth and eleva-
tion scanning, but analysis of the pin light intensity
was a check on any outgassing product condensa-
tion on the camera’s external window since launch.
The camera diodes were checked by an internal
calibration sequence that consisted of exposing the
cameras’ 12 diodes to an internal pinlight and
checking 11 of the 12 diodes’ response and noise
level. The twelfth diode, designed for imaging the
sun directly, shows no response to the pin light and
is therefore not checked by this sequence.

Camera data from both Landers indicated that '

the cameras had received minor damage from neu-
tron radiation from the RTGs as expected. This
was reflected in both the internal calibration and
scan verification data, which showed a reduction in
camera sensitivity (from prelaunch tests) of up to,
12% at the commanded gain. However, the above
changes were not significant enough to update the
preprogrammed camera parameters.

2. Meteorology Electronics Assembly (MEA)
Module

The purpose of the MEA test was to verify that
the meteorology electronics and sensor assemblies
were operational, and also to obtain a wind and
temperature calibration in a zero-wind and rela-
tively stable temperature environment. Approxi-
mately 11 minutes of meteorology data were ac-
quired, consisting of wind/temperature samples at
4-sec intervals in response to GCSC commands.

The Lander. 1 meteorology instrument per-
formed nominally and similar to that during cruise
checkouts. The difference between the MEA refer-
ence temperature sensor and the ambient tempera-
ture sensor was less than 10°K. The Lander 2 mete-
orology instrument, however, continued to show
the same erratic behavior as exhibited during the
cruise checkouts. The difference between the MEA
reference temperature sensor and the ambient
temperature sensor was greater than 10°K, which
exceeded the specification value, and the ambient
sensor remained noisy.

3. Biology Module

Two sequences were performed on the biology
module: (1) the valve matrix driver was cycled four
times to ensure that the relays controlling the
valves were functioning properly; and (2) several
valves were closed to prevent contamination of the
internal passages from Lander exhaust gases during
terminal descent,

The instrument performed nominally and no
updates due to preseparation checkout were re-
quired before separation. However, on Lander 2
one biology sequence update was made at S - 9.5
hr (refer to Section C of this chapter).

4. XRFS Module

The XRFS test consisted of a calibration of
each of the four proportional counters (PC),
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whereby the 64 energy channels are read out fol-
lowing a 7 sec count per channel. The purpose was
to verify proper gains and voltages for the sol 0

calibration on the Martian surface. On Lander 1, -

the data showed a 10% drop in PC-1 and PC-3 gain
from cruise checkouts. As a result, a change in the
nominal voltages to be used for these tubes after
landing was uplinked at S — 9.5 hr (refer to Section
C of this chapter). On Lander 2, the XRFS per-
formed nominally. The gains had stabilized at pre-
sterilization values.

5. Entry Science Modulé

Table IV-1 summarizes the entry science instru-
ment operations during preseparation checkout.
All instruments continued to operate nominally as
they did during the cruise checkouts. '

Table 1 V-1 Entry Science Instrument Operation during
Preseparation Checkout

Instruments Sequence Description
RPA instrument turned on for 10 minutes during
format 2A data acquisition.
Data measured background noise level in
electrometer. . E
instrument sequencing checked.
Retarding grid potential and temperature
checked. .
uUamMS Instrument turned on for 30 minutes (20-
minute warm up, 10-minutes data collec-
tion), format 2A.
Collected mass scans on residual gases in the
analyzer plus engineering data.
Ambient 2 samples/sec for duration of format 3.
Temperature .
Ambient 1 sample/sec for 10 minutes, format 2A.
Pressure
Stagnation 1 sample/sec for 10 minutes, format 2A.
Temperature
Stagnation 1 sample/sec for 10 minutes, format 2A.
Pressure

6. Relay Communications Equipment (RCE)
Module

The RCE test was a verification of the capabil-
ity to transmit data via the relay link from the
Lander to the Orbiter. The results of this test were
important since the relay link is the prime retumn
path of entry and landed science and engineering
data.

The RCE has three output power operational
modes: 1, 10, and 30 watts. Only the 1- and 10-
watt modes could be checked in the preseparation
checkout because of concern for Orbiter receiver
damage in the presence of the signal level produced
by the 30-watt mode. All of the real-time engineer-
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ing telemetry data formats and the two data rates
(4 and 16 kbps) that would be used during descent
and landed operations were transmitted by the

~ RCE to the Orbiter receiver and stored on the

Orbiter tape recorder. Additionally, the 4 kbps
data were fed directly through the Orbiter and
transmitted to Earth in real time. The Orbiter re-
corded data were played back to Earth at 4 kbps
immediately after preseparation checkout, com-
pletely simulating a postlanded relay link. As an
additional benefit, the recorded data could then be
compared to the real-time feedthrough data as a
check on the Orbiter recording system. The results
of the test for both Landers were that all RCE
engineering measurements were as expected and-
the same as measured during the cruise checkout.
The test demonstrated that the complete link from
the - Lander through the Orbiter to Earth func-
tioned as expected. The data recorded on board
the Orbiter, which was played back, compared ex-
actly with the data received in real time. The test
showed that the RCE performed perfectly in all
commanded modes and was ready for separation.

7. Terminal Descent Valve Drive Amplifier (VDA)
Module

The terminal descent VDA test was an opera-
tional and functional integrity test of the terminat
descent engine throttle valves and driving electron-
ics. The reaction control deorbit system
(RCS)/VDA was not checked because it contained
passive nonselectable redundancy. After VDA
power on, all three terminal engine valves were
commanded simultaneously on 3-sec intervals to
10 preselected positions (50%, 10%, 30%, 50%,
70%, 90%, 70%, 50%, 30%, and 10%). Results were
verified by comparing the commanded position
against the actuals from the returned telemetry.
Only a gross check of valve response or any over-
shoot was possible due to the telemetry sampling
rate; however, results from both Landers showed
extremely accurate commanded versus actual posi-
tions and an overall successful test.

8. Inertial Reference Unit (IRU) Module

Due to the criticality for descent, the IRU in-
ertial sensors, electronics, and thermal system
underwent a detailed evaluation. After an 88-min-
ute thermal power warmup, operating power was
applied to IRU inertial sensor and electronics string
1 with gyro spin-up time and power consumption
verified to be within limits. One minute later, a
high-rate test was performed. If this test were to



fail, this string would be powered off, IRU string 2
powered on, and the same test performed again.
This did not occur on either Lander and string 1
remained prime. Then, a 2-hr stabilization and cali-
_ bration period was begun with the Orbiter main-
~ taining sun-Canepus lock, thus providing a stable
reference. During this 2-hr period, the GCSC
sampled all eight sensors at 20 msec intervals, ac-
cumulated these samples, and provided the data
accumulations at a 200-msec rate to the downlink
telemetry. These data were then compared with
the Orbiter’s IRU data over the same time period
to filter-out Orbiter-limit cycle motion. The gyro
and accelerometer biases repeated the values deter-
mined in cruise checkout so closely that no change
was required to the preprogrammed compensation
values. An apparent bias instability of the Y-axis
‘gyro on Lander 2°was observed, but was deter-
mined to be an Orbiter celestial sensor scale factor
error. At the conclusion of the 2-hr calibration per-
tod, the high torque load was tested. The torque
test applied a calibrated torquing function to the
IRU gyros and the resulting rate function was eval-
uated for proper response. After this test and be-
fore removing power, a power redundancy and fuse
bypass test was performed. In this-test, relays were
cycled to check redundant power paths, and relays
used to bypass the thermal and operate power
fuses during descent were cycled. All aspects of
this exhaustive and thorough test of the IRU were
very nominal for both Landers.

9. Radar Altimeter Electronics. (RAE) Constant
False Alarm Rate (CFAR) Module

The RAE CFAR test was basically an RAE re-
ceiver health.check. Each RAE was powered for 1
minute and the CFAR measurement monitored.
The CFAR measurement is an analog voltage versus
level of threshold increase sampled near the end of
the intrapulse period (where a target return would
not occur). This gave a measure of receiver amplifi-
cation and also determined that no excessive noise
existed in the system. RAE power output was also
checked while each RAE was powered. Both RAEs
on both Landers passed this test with values well
within expected limits.

- 10. Terminal Descent and Landing Radar (TDLR)
RAE Module

The TDLR and RAE tests were run 'seque_n-
tially and in parallel with the IRU calibration. Not

only were these functional tests of the radars them-
selves, but since radar data are acquired by the
GCSC and then passed to the telemetry system, the
radars/GCSC interface was also verified.

Starting the 6-minute TDLR test, power redun-
dancy was checked by applying power to one
power supply string, then the other. Transmitter
power output was measured throughout the test in
all four channels. A self-test mode was then com-
manded, which caused the TDLR to generate an
internal 10 kHz test signal (equivalent to approxi-
mately 370 ft/sec). Verification was obtained that
all four TDLR beams acquired lock and read the
correct velocity. “Tracker Lock” and ‘‘Data Good”
discretes to the GCSC were also verified for the
correct state. An ‘“Altitude Mark” command was
issued while locked and verification obtained that
the TDLR remained locked. The self-test command
was then removed and verification made that the
TDLR unlocked and searched in a lower velocity
range .in response to the ‘‘Altitude Mark” com-
mand. Then the ‘““Altitude Mark” command was
removed and a 5-minute ‘“False Lock” test was run
with the TDLR searching in the higher velocity
range. TDLR performance on Lander 1 was nomi-
nal in all respects with all parameters well within
the tolerance of expected values. Lander 2 was also
nominal except for a series of four anomolous
tracker acquisitions in channel 2 during the “False
Lock™ test. There were insufficient data to isolate
the cause of the anomaly; consequently a decision
was made to exercise the preprogrammed option of
commanding the GCSC in the S - 9.5-hr update
period to ignore the channel 2 data during descent.
Only three of four TDLR beams must operate
properly for a successful descent.

Each RAE has four operational modes corres-
ponding to different altitude search ranges starting
at mode 1 for the highest altitude to mode 4 for
the lowest. In the test, RAE 1 was powered on and
each mode initiated at 1-minute intervals. Verifica-
tion was made of tracker searching with no false
locks. In mode 4, tracker lock at minimum altitude
was expected due to reflections within the encap-
sulated Lander. At that time, a “breaklock’ com-
mand was issued five times at 2-sec intervals, veri-
fying that function. The same test was duplicated
for RAE 2. RAE performance on both Landers
during these tests revealed no change or degrada-
tion in operating characteristics since prelaunch.

IvV-5



11. Telemetry Module

Only specific aspects of the telemetry subsys-
tem were checked in this module, namely tape re-
corder and data storage memory (DSM). However,
extremely thorough checkout of the total telem-
etry system was obtained by virtue of the various
telemetry modes used throughout the presepara-
tion checkout. All engineering formats were used
except one (format 4, a landed telemetry format),
and all science formats were acquired for which
there was a science test. In addition, all telemetry
rates were checked except for the three lower
landed rates (500, 250, and 8-1/3 bps). In the te-
lemetry module itself, the tape recorder and DSM
were checked using data from the science module
tests which simulated the landed mission. The tape
recorder was powered and conditioned to a known
tape position so that when the test was complete,
the tape position would be that desired for record-
ing descent telemetry—the next planned usage of
the tape recorder. Camera 1 data were first re-
corded on track 1 in the reverse direction at 16
kbps; then camera 2 data were recorded on track 2
in the forward direction at 16 kbps. These data
were subsequently played back at 1 kbps. Since bit
errors can be easily seen in imaging data, this test
provided visibility of the tape bit error rate as well
as functional performance of the recorder. Both
Lander 1 and 2 tape recorders performed excep-
tionally well with negligible bit errors. The DSM
was tested by writing the meteorology, biology,
and XRFS data from their module tests into the
DSM with subsequent complete DSM readout.
Since these data only partially filled the DSM,
“old” data that were in the DSM from cruise test-
ing were read out also. This provided confidence in
DSM memory retention over time. The results
from both Landers indicated bit error-free data.

12. Power Subsystem

When the preseparation checkout command
was given, the power subsystem underwent a signif-
icant planned change. The power transfer switches
in the PCDA were activated and the Lander RTGs
unshorted. The RTG power level began to rise im-
mediately to about 50 watts, then slowly to the
full power output of 81.5 to 84.5 watts in 1 hr.
The Lander equipment, which was powered from
the BPA, was now powered by the converted RTG
power. All RTG temperatures, pressures, currents,
and voltage levels were right on the predicted per-
formance curves. To conserve battery energy, the
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thermal control system heaters were still powered
from the BPA and continued this way until 30 sec
prior to separation. From a power subsystem
standpoint, all loads were properly turned on and
off at the specified times and the power levels were
within 5% of predicted values. During high current
load periods, current sharing between the four bat-
teries was checked and was well within the accept-
able variations of 20%.

A ground computer program called LPWR that
was used throughout all phases of the Viking mis-
sion to predict the Lander power subsystem status
was employed to predict use of battery-stored en-
ergy during the preseparation checkout. An LPWR
plot of the Lander load and the total battery state-
of-charge (SOC) versus time is shown in Figure
1V-4. A few representative actual Lander 1 data
points are shown.

13. Thermal Subsystem

The response of the thermal subsystem during
preseparation checkout was of interest for several
reasons. Successful operation of the terminal en-
gine pyrotechnic valve 2 thermostatic heater and
the deorbit and terminal descent engine continuous
heaters was required to ensure proper propulsion
subsystem operation. The temperature profile of
individual components as they were powered dur-
ing the sequence served as additional verification
that the component was functioning properly.
Confirmation that the thermal subsystem as a
whole was responding.as expected was required to
give confidence in the ground thermal computer
model (LTEMP) predictions. This was particularly
important because the touchdown temperatures of
several components were predicted to be quite
close to flight acceptance limits.

All Lander temperatures responded as expected
during preseparation checkout and were very simi-
lar to those experienced during the cruise check-
outs. At the end of the sequence, the Lander in-
ternal temperatures were generally within 1 to 2°F
of predictions (generally cooler), thus giving confi-
dence in the subsequent predictions. All deorbit
engine heaters operated normally, raising the en-
gine module temperature above minimum design
requirements. The equipment bus current trace ver-
ified successful operation of the terminal descent
engine heaters and terminal engine pyro valve 2
heater. There were no thermal subsystem anom-
alies during this period.
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B. PRESEPARATION BATTERY CHARGING

During the preseparation checkout, approxi-
mately 250 W-hr of electrical energy were taken
out of the four Lander batteries. Following presep-
aration checkout, battery charging activities were
performed to replace this energy before separation.
One battery at a time was sequentially charged for
a 1-hr period. The charge sequence was battery A,
C, B, D, A, C, B, D. The batteries were charged
from the Lander PCDA battery charger, which sup-
plied 1.5 amp for this period. To preclude over-
charging the batteries during this final charge, the
redundant PCDA charge control logics were en-
abled, which stopped the charge based on the pre-
determined voltage/temperature relationship
shown in Figure III.7. Battery temperatures during
charging were between 68.5°F and 81.4°F and be-
low the predicted maximum of 84°F. A typical
battery voltage profile during charge is shown in
Figure IV-5. Actual charge times are in Table IV-2.

Lander 1 batteries were fully charged as indi-
cated by four PCDA logic cutoffs. Lander 2 bat-
teries were estimated to be about 17 W-hr less than

Table 1V-2 Actual Battery Charge Times (hr:min)

Charge Charge
Stopped Stopped
by PCDA by PCDA

Battery | Lander 1 Logic Lander 2 Logic

A 1:47 Yes 1:53 Yes

B 1:47 Yes 1:41 Yes

C 1:50 Yes 2:0 No

D 1:59 Yes 2:0 No

full charge (1060 W-hr), which was well within the
allowable margin of 132 W-hr.

Having successfully completed battery charg-
ing, the power subsystem was then put into a mode
where excess RTG power was shunted around the
shunt regulator directly into a load bank located
external to the Lander body to minimize heat in-
put into the Lander. The power subsystem stayed
in this mode, except for a 62-min period during the
S — 9.5-hr update, until the S - 3.5-hr update. At
this time, the power subsystem was retumed to its
normal shunt regulator operation where it re-
mained during descent and landed operations.
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Figure V-5 Battery Voitage during Preseparation Charging

C. SEPARATION - 9.5 HOUR UPDATE

As mentioned previously, the primary purpose
of this update was to change any of the GCSC
_preprogrammed data base values or component se-
lections as a result of knowledge gained from the
preseparation checkout. On Lander 1, the only
change required was an adjustment to selected
XRFS proportional counter tube gain voltage set-
tings due to observed gain drifts of 10 to 15%. This
adjustment would increase the argon analysis ac-
curacy to be performed on sol 0. On Lander 2, two
changes were required: one for the GCSC to ignore
TDLR channel 2 data during descent due to the
false locks observed during preseparation checkout,
and the other to not turn on the biology lamp for
the first landed pyrolytic release analysis. The biol-
ogy change was not a result of preseparation check-
out analysis, but an on-going thermal analysis that
revealed the biology would reach too high a tem-
perature during the first pyrolytic release experi-
ment if the Martian environment approached the
design ‘““hot case.” Consequently, a decision was
made to leave the lamp off until later in the mis-
sion.

The GCSC had been counting down the presep-
aration sequence since the § - 30-hr preseparation
checkout command and initiated the update mode
at § — 9.5 hr by turning on the command detectors
and commanding the DAPU to format 5. This for-
mat gave an uplink segment verification capability.
The command file consisted of the update ele-
ments and an “end of message’’ segment, which
forced a memory read out. The GCSC had been
programmed to stay in this update mode for 2.5 hr
to allow for a worse-case uplink duration. To keep
the Lander internal temperatures down, a com-
mand segment was sent after the memory read out
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was received to return the DAPU to standby, re-
turn to the shunt regulator bypass mode, and turn
the command detectors off. This resulted in an
hour-long sequence and was accomplished without
anomalies on both Landers.

D. SEPARATION - 3.5 HOURS TO SEPARA-
TION

At S - 3.5 hr, the GCSC commanded the
Lander to a command upate mode, continuing its
preprogrammed countdown to separation that had
begun at S — 30 hr. The command detectors were
turned on, telemetry changed from a low data rate
cruise mode to the 2 kbps format 5 mode, and the
GCSC awaited any update commands from the
ground. Also, the power system was commanded
to discontinue .the shunt regulator bypass mode.
Before this time, due to the 30-min roundtrip com-
munications time, the flight team checked Lander
status, then transmitted a command file so that it
would arrive at the Lander 2 min after entering the
update mode. . No further GCSC updates were re-
quired on either Lander, so only a test command
was transmitted as an end-to-end test of the ground
and spacecraft command systems in preparation
for the ‘“Separation Go’’ command. The test com-
mand for both Landers consisted of two segments,
one to establish a set of memory readout param-
eters and the other to force the memory readout
for command capability verification. This activity _
was accomplished successfully on both Landers.
Lander status continued to be monitored while the
GCSC counted down to the next major event—the
separation command from the Orbiter. This com-
mand was not one for actual separation, but was a
command loaded in the Orbiter to be sent at ex-
actly S - 2 hr 47 min to provide the capability to



adjust the actual time of separation by a small
amount if new data relative to the descent trajec-
tory indicated a need. This also allowed the Orbiter
and Lander to be synchronized to the same exact
separation time. The descent design was verified to
be so nominal that no separation time update was
required for either mission and the time that had
been established at S — 62 hr was used. At this
time, the Orbiter also enabled a Lander separation
inhibit routine that would safe the Lander and pre-
vent separation if it detected certain selected Or-
biter anomalies. The GCSC had been programmed
to look for the separation command and resyn-
chronize its countdown sequence to exactly S - 2
hr 47 min.

Upon receiving this command, the GCSC ini-
tiated format 3 to provide better engineering sub-
system status, then 1 min later commanded IRU
thermal power on to start its required warmup per-
iod. The warmup was started on the Lander entry
bus due to an initial high power turn-on transient,
then switched to the BPA to minimize use of the
Lander batteries. IRU power consumption was
checked at this time, with a ground commanded
abort capability if not within prescribed limits.
This was not necessary because both Landers met
expected values. At S — 2 hr 43 min, the Orbiter
transferred from sun/Canopus attitude control to
IRU roll inertial control. Lander status was contin-
ually monitored. Then, at S — 1 hr 45 min, each
telemetry measurement was checked against a pre-
defined set of narrow limit separation go/no-go cri-
teria. Both Landers were well within predicted
limits. At S - 1 hr 28 min, IRU operate power was
commanded on and the telemetry mode switched
to format 2P to provide visibility of IRU health
before committing to separation. Again, IRU
power consumption, gyro spin up time, and the
gyro and accelerometer pulse counts were checked
against a predetermined set of criteria limits. Addi-
tional telemetry measurements provided by this
telemetry mode were also verified to be within
limits. Both Landers passed these final checks with-
in expected performance and a “Go for Separa-
tion” report was given to the Viking Mission Di-
rector at S— 1 hr 16 min. After the IRU check, the
GCSC returned the telemetry mode to format 3.
After all elements of the Flight Team were polled,
Mission Director approval for separation was ob-
tained and the ‘‘Separation Go’’ command was
transmitted at S — 1 hr 4 min. This command
which had to reach the spacecraft before S —15
min (spacecraft time) consisted of two segments
(for redundancy of acceptance) which would set a

flag in the GCSC software to enable separation.
This was to be the last command sent to both
Landers until after landing. From this point on, the
Landers were on their own to continue autono-
mously the countdown to separation and eventual
descent to landing.

At S -1 hr, the Lander IRU was switched from
the BPA to the internal entry bus. At S - 14 min
34 sec, command detectors were turned off, the
RCS VDA powered on, and both Lander LPCAs
powered to charge their capacitor banks in prepara-
tion for the first pyrotechnic event—separation. In
another 30 sec, all RCS engine valves were com-
manded on (with no propellant flow), beginning a
13.5-min warmup period to avoid the freezing of
the propellants in the solenoid valves prior to use.
At this time the Lander equipment bus delivered
almost 500 watts to the various loads powered.
Two minutes before separation, the RCE trans-
mitter was turned on in the 1-watt mode, format 2
initiated, and the Orbiter switched to the feed-
through mode thereby supplying Earth with telem-
etry over the Lander-to-Orbiter relay link. Previous
to this time, telemetry had been routed via hard-
line from the Lander to the Orbiter. When the
switch was made, there was no noticeable degrada-
tion in data quality from either spacecraft. Thirty
two seconds prior to separation, all RCS engine
valves were commanded off, thermal control
heaters that were powered from the BPA were
transferred to internal power, and the PCDA
undervoltage sensor disabled (it was locked out of
this automatic safing until after landing). Three
seconds later the GCSC made four very important
tests to verify: capability to read the R6 tested
discrete register, no error interrupts (ERI) had oc-
curred, the IRU is on the entry bus, and the ‘“‘Sepa-
ration Go” flag has been set. Failure of any one of
these tests would have aborted separation, causing
the GCSC to safe the Lander and go into an update
mode awaiting further direction from the ground.
At S - 11 sec, the GCSC started separation initial-
ization, which involved GCSC and IRU protection
circuits being bypassed to preclude shutting down
these components during the critical descent. Ten
seconds prior to separation, the bioshield base stag-
ing connector, through which all electrical signals
and power from the Orbiter and BPA had passed to
the Lander, was electrically disconnected. Finally,
at S - 0, the. GCSC sent the commands to the
redundant LPCAs to fire the pyrotechnic explosive
bolts resulting in Lander/Orbiter separation. This
whole series of events were executed flawlessly on
both Lander 1 and 2. -
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V. SEPARATION THROUGH LANDING PHASE

During this phase, the Lander engineering hard-
ware was called upon to perform in a very exacting
manner, in some cases for the first and last time as
an element of the Viking Lander. The entry science
was initiated and performed the entry investiga-
tions, and shortly after landing, camera 2 was acti-
vated and the landed science investigations were
begun. This chapter describes Lander subsystem
performance during this most critical mission
phase. This performance was extracted from real-
time and stored data relayed to Earth from Lander
1, and data received from Lander 2 after its land-
ing. (Chapter II of this report describes the Orbiter
anomaly that delayed the Lander 2 data.) A more
complete analysis of the entry data is contained in
TN-3770218, Entry Data Analysis for Viking
Landers I and 2. General system performance data
are described in the.guidance and control section
following, along with specific subsystem data.

A. GUIDANCE AND CONTROL SUBSYSTEM

During this -phase, the guidance and control
subsystem not only controlled and sequenced all
Lander operations, it also performed the naviga-
tion, guidance, and steering functions necessary for
separation through landing.

1. Deorbit Burn

The first major event was deorbit burn. The
Lander 1 burn was 1759.8 sec and Lander 2 was
1757.1 sec as compared with a required burn time
of 1757 sec for both. The differences of 2.8 and
0.1 sec were well within the acceptable difference
of & sec. During deorbit burn, attitudes were with-
in the predicted maximums, but attitude rates
exceeded predictions as shown in Table V-1. No
adverse effects were noted from the departure
from nominal rates. Simulations have shown that

Table V-1 Observed Attitudes and Rates during
Deorbit Burn

Observed Maximum Predicted
Item Lander 1 Lander 2 Maximum
Roll Rate, deg/sec 0.41 0.39 1.69
Pitch Rate, deg/sec’ —1.81 —2.08 ~0.85
Yaw Rate, deg/sec -1.09 —2.07 0.85
Roll Attitude, deg 0.25 0.26 10.25
Pitch Attitude, deg 0.34 0.31 #0.35
Yaw Attitude, deg 0.35 0.33 10.35

reasonable combinations of cg offsets, engine
thrust mismatch, and thrust vector misalignments
can duplicate rates in the above range.

2. Deorbit Coast

After the deorbit burn, the Lander was re-
oriented to collect high altitude science data. In
addition, a 180-deg roll maneuver was accom-
plished to equalize sun-induced temperatures on
the base cover. All attitudes remained within the

- planned course limit cycles of +5 deg. Again the

attitude rates exceeded nominal predictions with
no detrimental effects. The factors given above
apply in this case also.

The net result of all accumulated errors at the
end of coast is shown in Table V-2. The targeted
conditions were those desired and entered in the
GCSCs prior to separation. It can be observed from
data in Table V-2 that the reconstructed estimates
of the critical conditions at entry are:excellent
when compared to the targeted values.

Table V-2 Estimated Conditions at Entry

Lander 1 Lander 2
Recon- Recon-

Item Targeted | structed Targeted structed
Inertial ’
Velocity,
ft/sec 15,124.7 |15,124.3 15,138.8 15,131.7
Inertial
Flight Path
Angle, deg —16.90 —-16.99 —-17.01 -17.08
Aerographic
Latitude,
deg N 12.78 12.70 36.89 36.78
Aerographic
Longitude,
deg W 62.00 62.15 243.04 243.13

Based upon ‘a preprogrammed time from deor-
bit burn and prior to predicted entry, the descent
capsules were oriented for entry. These maneuvers
were performed as planned.

~3. Entry to Parachute Deployment

Entry had been arbitrarily defined as 800,000
ft, although the atmosphere is apparent only from
about 300,000 ft. However, the altitude estimates
used in the navigation software were markedly im-
proved because the radar altimeters were turned on
at entry. This phase is mechanized as follows: RA
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2 is turned on at 800,000 ft as derived by the
inertial navigator. If there is no lock in 30 sec, RA
2 is turned off and RA 1 turned on for 30 sec. This
sequential operation continues until lock is ob-
tained. These radar data are not used until about
260,000 ft. For both Landers, RA 2 locked on the
planet on the first sweep after turn on. This lock is
expected to be ambiguous—the signal return from
the planet reaches the radar after the next outgoing
pulse is transmitted. For the Landers, range is am-
biguous beyond about 700,000 ft. As the Lander
approaches 700,000 ft, an unlock is forced. Relock
cannot occur until the return, which is now unam-
biguous, indicates an altitude of approximately
450,000 feet or less. For both Landers, RA 2 was
on-when the target came within this range gate,
lock then occurred again on the next sweep, and
no unanticipated loss of lock occurred. RA 2 was
used on both vehicles until touchdown. The perfor-
mance of the system during this high-altitude
region of entry is shown in Table V-3. The initial
error is the difference between inertial altitude esti-
mate and radar altitude measurement at the time
these data are first used to update inertial esti-
mates. Convergence time is the time required to
reduce the difference to about 2% of the initial
error. The data were first used in navigation at
about 258,600 ft.

Table V-3 Entry High Altitude Performance

{tem Lander 1 Lander 2
Ambiguous Lock Altitude, ft 779,400 792,300
Ambiguous Unlock Altitude, ft 704,900 728,000
Unambiguous Lock Altitude, ft 432,200 432,700
Initial Error, ft 11,000 -300
Convergence Time, sec <4 <a

The aerodynamic portion of the entry phase
began with sensing of 0.05 g deceleration and ends
with parachute deployment. A programmed pitch
maneuver was performed just before this time to
point the descent capsule axial centerline in a di-
rection so that when aerodynamic flow occurred,
the angle of attack would be at -11.1 deg. Upon
sensing 0.05 g, the control mode was switched
from full attitude control in pitch and yaw to rate
damping only. Attitude hold in roll was retained to
keep the RA antenna pointed toward the planet.
Table V-4 summarizes the results.

Lift was used to give the high drag forces suffi-
cient time to dissipate entry velocity. A forward
center of gravity position was used as a passive
means to perform this function. The net result was
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Table V-4 Maximum Observed Attitude Rates during
Aerodynamic Entry

item Lander 1 Lander 2 Desired
Roli Rate, deg/sec 1.4 1.4 <2
Pitch Rate, deg/sec —1.3 1.4 <2
Yaw Rate, deg/sec 1.6 1.7 <2

a temporary reduction in the magnitude of the
flight path angle followed by a sharp increase near
the point of parachute deployment. The results
were dramatic. The descent capsules flew almost
horizontally over 100 miles on the approach to the
landing site. Table V-5 gives the key data at the
time of parachute deployment. These results are
entirely satisfactory. Both vehicles trimmed at
about 2 deg higher negative angles of attack than
expected and thus both displayed a higher lift-to-
drag ratio, which was beneficial. Side slip angles of
less than 1 deg were observed.

Table V-5 Conditions Observed at Parachute Deployment

Design
ftem Lander 1 Lander 2 Limit
Radar Altitude, ft 19,273 19.224 19,000 £ 550,
Relative Velocity,
ft/sec 763 778 NA*®
Flight Path Angle, deg —53.4 —50.8 NA
Mach Number 1.1 1.1 <21
Dynamic Pressure,
Ib/ft? 6.7 7.9 <8.6

*NA = Not applicable.

Design
Item Lander 1 Lander 2 Limit
_} Aerosheil .
Heating Rate, Bru/ft?/ | 20.9 214 256
sac
Total Heat, Btu/ft’ 1035 1046 1240
Dynamic Pressure, b/ft? | 98. 96 144
Base Cover
Heating Rate, Btu/ft>/ | Sensor 0.9 05
sec Failed
Total Heat, Btu/ft’ Sensor 439 24.8
Failed
Collapse Pressure, mb 0.1 Sensor 144
. Failed
Burst Pressure, mb 0.14 Sensor 6.76
Failed

Entry loads and heating results are shown in
Table V-6. Only the base cover heating results were
significant departures from expected values. No
detrimental effects were observed.

Table V-6 Entry Loads and Heating Results




4. Parachute Phase

As shown in Table V-5, the conditions at para-
chute deployment were well within the desired
conditions. The parachute was pyrotechnically de-
ployed when an altitude of 19,300 ft was com-
puted. Shroud line extension was completed in
about 1 sec and inflation occurred less than. 2 sec
after mortar fire. The peak loads imparted to the
Lander by the parachute were about 11,000 Ib,
and well within the design limit of 17,500 lb. The
attitude rates were 60 deg/sec on Lander 1 and 51
deg/sec on Lander 2. These may be compared to
the gyro rate-torquing capability of 100 deg/sec.
Parachute drag coefficients of between 0.65 and
0.70 were slightly higher than expected. Very little
wind was encountered during parachute opera-
tions. Data indicated wind velocities of about 85
ft/sec for Lander 1 and 35 ft/sec for Lander 2
compared to a design capability of over 250 ft/sec.

The aeroshell was released pyrotechnically 7
sec after parachute deployment. The RA was inhib-
ited temporarily to permit transfer of the signal
path from the aeroshell antenna to an antenna lo-
cated on the Lander body. Three seconds after
aeroshell separation, the RA was re-enabled and
the velocity radar (TDLR) turned on. Use of both
altitude and velocity data by the navigator began at
this time. On both Landers, TDLR channel 2 de-
tected the presence of the aeroshell as it fell away.
According to plan, drop-lock was forced in this
channel momentarily, and upon reacquiring lock,
the planet’s motion was sensed. No further false
targets were observed. It is interesting to note that
although velocity channel 2 on Lander 2 had been
locked out of use in the GCSC software as a result
of preseparation checkout results, this channel
functioned nominally.

Table V-7 shows the initial errors between the
navigator estimates and the measurements by both
the RA and TDLR. These errors quickly converged
in less than 3 sec and were quite low by the time
altitude and velocity data were required for termi-
nal descent.

Table V-7 Initial Errors after Aeroshell Separation

Item Lander 1 Lander 2
Radar Altituda, ft 14,924 14,968
Altitude Error, ft -101 —56
Velocity Error, ft/sec 102 143

Landing legs were deployed and locked in place
in this phase and a roll maneuver was accomplished
to align leg 1 with a desired azimuth. This roll
maneuver was accomplished to provide proper
lighting angles for imaging after landing. A swivel
in the parachute suspension provided roll torque
isolation.

The final conditions on the parachute at the
time of terminal descent engine ignition are shown
in Table V-8. These conditions were quite satisfac-
tory. The total elapsed time between mortar fire
and engine ignition was 62 sec for Lander 1 and 64
sec for Lander 2, a comparison which shows the
similarity of the two flights.

Table V-8 Reconstructed Conditions, End of
Parachute Phase

Item Lander 1 Lander 2 Desired
Altitude, ft 4787 4718 4798 * 300
Relative Velocity, ft/sec 175 167 <360
Flight Path Angle, deg -70 -80 > 45

5. Terminal Descent

The final phase began with terminal engine
ignition while the Landers were still attached to
their parachutes. This event was initiated after
4800 ft was computed. Following a 2-sec engine -
warmup period, the parachute and base cover were
separated and the Lander accelerated toward the
planet under idle-thrust conditions. At this time,
the steering loops were closed and the terminal
guidance phase began. During this fall toward the

“ planet, a maneuver called tipup was performed to

place the thrust vector opposite the total velocity
vector so the lateral velocity may be removed ina
gravity turn trajectory prior to touchdown. After -
this maneuver, the Landers descended essentially
vertically. Upon reaching the altitude of the pro-
grammed altitude-velocity contour, high thrust was
commanded to allow the Landers to match the
planned contour. From the point of ignition to the
start of high thrust, about 12 sec elapsed. Both
Landers maintained high thrust for about 23 sec,
averaging about 50% thrust level. The conditions
during the very critical tipup maneuver are shown
in Table V-9,

From about 135 ft above the surface, RA data

were ignored as planned and inertial navigation was
used to touchdown. A constant velocity descent
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was planned to begin at 55 ft and both Landers
-entered this phase about 8 ft high. This suggests a
systematic error somewhere in the system, but
only resulted in this phase taking about 1 sec
longer than planned.

Table V-9 Maximum Observed Conditions at the
Tip Up Maneuver

Design
ftem Lander 1 Lander 2 Limit
Pitch Attitude, deg 6.3 0 %60
Yaw Attitude, deg 125 5.3 160
Pitch Rate, deg/sec 115 0 130
Yaw Rate, deg/sec 13.4 7.9 130
Completion Time, sec 1.0 0.3 3

Attitude perturbations and rates were almost
zero during the entire terminal descent phase and
touchdown occurred with only a minor incident.
During the last 0.5 sec, both Landers indicated a
momentary increase in throttle settings for one or
more engines. This has been attributed to the sen-
sing by the velocity radar of dust blown up from
the planet in the last few feet of descent. There
was no effect on the Landers. The touchdown was
sensed by contact of the landing legs with the sur-
face, resulting in a signal being sent by the GCSC
that pyrotechnically closed a propellant valve and
shut down the engines. Table V-10 shows the dy-
namic conditions at touchdown.

Table V-11 is a tabulation of the final positions
of the Landers after they had come to rest on
Mars.

Table V-10 Maximum Dynamic Conditions at Touchdown

Design
{tem Lander 1 Lander 2 Limit
Pitch Attitude, deg 0.6 .2 5
Yaw Attitude, deg 0.3 —2.2 -1
Pitch Rate, deg/sec 0.9 1.2 +7
Yaw Rate, deg/sec 0.4 1.9 +7
Axial Velocity, ft/ssc 8.2 8.1 813
Lateral Velocity, ft/sec | —0.5 0.6 03
Table V-11 Final Landing Positions
ftem Lander 1 Lander 2
Elevation from Mean Surface Level, ft 4600 —8860
Aegrographic Latitude, deg N 22.46 47.96
Aerographic Longitude, deg W 48.01 225.77
Tift Angte, deg 3.0 8.2
Siope Azimuth (E of N}, deg 285.2 320.7
Azimuth of Leg 1, deg {E of N} 321.6 209.1
(Targeted Azimuth) (320) (210)
Total Landing Error, mi 18.3 3.7
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6. Initial Landed Operations

Immediately following landing, the GCSC initi-
ated deployment of the high-gain antenna, meteo-
rology boom, and biology processor and distribu-
tion assembly cover; initiated camera 2 activities;
and generally controlled the Lander activities re-
quired for the landed mission. The GCSC also cal-
culated landed orientation and prepared a software
table for high-gain antenna pointing. All guidance
and control components except for the GCSC were
then powered down for the remainder of the mis-
sion. Lander engineering data, a GCSC memory
readout, an image of footpad 3, and a panorama of
the landing site were relayed to the Orbiter for
storage on the Orbiter and subsequent transmission
to Earth. This initial landed relay link lasted for 15
minutes.

B. COMMUNICATIONS SUBSYSTEM

The voice of the Lander following separation
was the UHF link to the Orbiter with real-time
feedthrough of data to Earth via the Orbiter S-
band telemetry. A real-time performance measure
of the UHF link was the instrumented receiver sig-
nal level (RSL) at the Orbiter receiver. These data
are shown in Figures V-1 and V-2 for Lander 1.
The Lander 2 performance was almost identical.

The Lander transmitter was sequenced ‘‘on”’ in
the 1-watt power mode 2 min before separation,
transmitting Lander engineering data to the Orbiter
at a rate of 4 kbps. The RSL measurement was in
saturation for the first 10 min following separation
due to the close proximity of the two vehicles. The

-communication range increased rapidly during

deorbit burn. The RSL dropped below the satura-
tion level of -50 dBm and exhibited near nominal
predicted performance throughout the deorbit
burn phase.

During the following 2 hr the UHF transmitter
was sequenced on in the 1-watt power mode for 71
sec approximately every 6.5 min for transmission
of entry science and engineering data to the Or-
biter for relay to Earth at a rate of 4 kbps. The
communication link geometry remained as predic-
ted during this phase with the observed decrease in
the RSL being indicative of the expected increase
in communication range.

The UHF transmitter was sequenced ‘“‘on”’ in
the 10-watt power mode 40 min before entry
(800,000 ft). The increased power level was pre-
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Figure V-1 Lander 1 Relay Link Performance from Separation through Landing

programmed before separation to compensate for
the anticipated Lander dynamics during entry and
physical Lander configuration changes that were to
occur during the parachute and terminal descent

phases.

The RSL measurement became the sole indica-
tor of Lander 2’s progress toward the surface of
Mars when the real-time feedthrough capability
containing all Lander science and engineering data
was interrupted shortly after separation. These
data were not lost because they were being re-
corded on the Orbiter and Lander for playback to
Earth at a later time. The Orbiter low-rate data link
containing the RSL measurement was reacquired
while the Lander was in the deorbit coast phase
just before the seventh RPA sequence. A quick
assessment of the RSL indicated the Lander perfor-
mance was near nominal. The subsequent 5 dB in-
crease in the RSL verified that the Lander trans-
mitter had switched to the 10-watt power mode as
scheduled. The increase in RSL before entry was
indicative of the Lander entry orientation maneu-
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Figure V-2 Lander 1 Relay Link Performance from Entry
through Landing

ver, although this maneuver was not modeled in
the predictions. The RSL profile became quite
dynamic following entry due to changes in the
Lander altitude, configuration, and the entry
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environment. However, the RSL showed no indica-
tion of a Lander malfunction throughout the criti-
cal entry phase. The question of whether or not
link degradation had occurred due to plasma in the
wake created as the Lander passed through maxi-
mum Q cannot be conclusively answered. A 6.5 dB
reduction in the RSL was observed during Lander
1 entry at the expected time of possible communi-
cation blackout. This drop in RSL was not obser-
ved during Lander 2 entry but may have been
missed due to the relatively slow RSL sample rates.

Eleven seconds after landing, the Lander data
rate was switched to 16 kbps. This event was veri-
fied through monitoring of the Orbiter UHF re-
ceiver telemetry and provided the only real-time
verification that Lander 2 had successfully landed.
The initial landed link was completed as expected,
which verified deployment of Lander hardware and
provided imaging and memory readout data for
verification of the landing site latitude and Lander
orientation on the surface of Mars. The relay radio
equipment on both Lander 1 and 2 performed
exactly as expected throughout the separation to
landing mission phase.

C. TELEMETRY SUBSYSTEM

The three telemetry formats used from separa-
tion to landing were formats 2, 2A, and 3. The
performance of the Landers throughout this period
was monitored and entry science data acquired by
transmitting these data formats in a preprogram-
med sequence illustrated in Figure V-3. Format 2
was designed so that if the link from Lander to
Orbiter was interrupted for as long as 1 min or less
there would be no loss of data. This was accom-
plished by transmitting all of the data twice—first
in real time, and again 1 minute later, interleaved
with the then real-time data. The DSM was used as

a circulating buffer 120,000 bits long (the amount
of new data collected in 1 min). New (real time)
data continually replaced the oldest data in the
byuffer as the old data were read out and inter-
leaved bit-by-bit with the transmitted real-time
data.

Interruptions in the link were considered possi-
ble just after separation because of the strong
Lander signal and the short distance to the Orbiter
relay receiver. Again, in the period shortly after
sensing 0.05 g deceleration, it was expected that
the signal would be attenuated by ionization of the
atmosphere sufficiently to interrupt the link for up
to 45 sec. During both of these periods, format 2
was used to avoid loss of data. These predictions
appear to have been conservative; no interruptions
were observed on either Lander.

At 32 min 38 sec after separation, a sequence
of 18 bursts of format 2A at about 6.5-min inter-
vals was begun. Each burst of data was 71 sec long.
After the 18th burst, format 2A was turned on
continuously until 0.05 g deceleration was sensed.
This format was designed to collect entry science
data. Of the total data allocation, 20% was for the
RPA and 20% for the UAMS. Guidance data were
allocated 30%, and other engineering data the re-
maining 30%.

Format 2 was initiated at 0.05 g and continued
to 6 sec after parachute deployment. At this point,
format 3 began and continued until 11 sec after
touchdown. In each of these formats, 60% of the
data allocation is to guidance and 40% to other
engineering performance data.

At about 20 minutes before the predicted
touchdown, the Lander tape recorder was turned
on and recorded all transmitted data through
touchdown. Had the Lander-to-Orbiter relay link

Start
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S +00:32:28 S+ 2:59:53 Touchdown
. Sense 0.05 g Deploy Parachute * 11 sec Touchdown
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l l ' ’|\’S +3:20:00
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Figure V-3 Telemetry Data Sequence from Separation through Touchdown
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failed or been badly degraded during this entry and
descent phase, the data would have been recovered
by tape recorder playback at some time after land-
ing. The relay link was excellent and this backup
entry data provision was not required. However,
these data were played back later during the landed
mission and indicated nominal tape recorder per-
formance during entry.

The telemetry subsystem flawlessly executed
its planned operations for both Landers during this
phase. As previously noted, Lander 2 separation to
landing data were not received in real time because

of an Orbiter orientation problem. These data were
stored on the Orbiter tape recorder and success-
fully played back a few hours later.

D. POWER SUBSYSTEM

The power subsystem supported the Landers as
anticipated from separation to their successful
landings on Mars. Figure V-4 shows the predicted
Lander power consumption and the minimum pr-
edicted battery state of charge versus time from
separation. A few data points from Lander 1 have
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been included to show how closely the Lander per-
formed to the nominal mission load profile. Lander
2 load profile was within 5 watts of the Lander 1
data. The actual battery state of charge (SOC) was
higher than that predicted, indicating that less
energy was used than predicted.

After touchdown the batteries were recharged

2 to 4 hr earlier than the 24 hr predicted. At an
estimated 25 W-hr charge rate, this indicated that

Table V-12 Viking Lander Loads

the energy used during descent was 100 W-hr less
than predicted for Lander 1 and 50 W-hr less for
Lander 2.

The power subsystem performance, such as
RTG power output and PCDA converter/charger
efficiencies, was as expected and is discussed in
Section D of Chapter VI of this report. In general
the performance was nominal with no surprises.
Table V-12 shows the average power consumption

Average Average
Load, Load,
Item watts item watts
POWER/PYROTECHNIC CONTROL Valve Drive Amplifiers
Power Condition and Distribution Assembly RCS/Terminal Roll 3.0-33.0
Standby 3.4 Terminal Engine Throttle Valves
Operating 4.8-10.8 Electronics 28.0
Lander Pyrotechnic Control THERMAL CONTROL N
Assembly 1 or 2 1.8 RCS/Deorbit Engine Heaters 7.8
COMMUNICATIONS Terminal Descent Engine Heaters 37.4
UHF Transmitter Feed Line Heaters 4.4
1 W Mode 235 RCS/Deorbit Tank Heaters 8.0
10 W Mode 43.0 Backup RCS/Deorbit Heaters 6.0
30 W Mode 118 Terminal Engine Tank Heaters 8.0
S-Band Antenna Controller 2.0 Terminal Engine Pyro Valve No. 2 Heaters 1.5
S-Band Transponder RCS Pylon Heaters 2 and 3 14.4
S-Band Modulation Exciter {1 or 2) 4.2 RCS Pylon Heaters 1 and 4 3.6
Command Receiver (1 or 2} 3.1 PROPULSION
S-Band TWTA and Power Supply (1 or 2) 90.0 Reaction Control System 292
Command Detector/Decoder (1 or 2) 25 Terminal Propulsion 220
TELEMETRY Terminal Roll Engines 29
Data Acquisition and Processor Unit SCIENCE
Standby 2.0 _Surface Sampler Subsystem (1 or 2)
Operating 9.1-9.7 Standby 14.0
Tape Recorder Soil Acquisition 40.0
Standby 5.8 Imagery
Operating 7.9-9.9 Heater 2.0
Data Storage Memory Operating 16.2-25.4
Standby 0.1 Standby 16.2
Operating 10.2 Camera Duster Control 5.0
Aeroshell Pressure Transducer 0.6 Seismometer 3.3
Base Cover Pressure Transducer 0.2 GCMS
GUIDANCE AND CONTROL GCMS lon Pump 1.0
Guidance, Control, and Sequencing Computer Atmospheric Analysis 22-35
(Gesch Organic Analysis 22-180
Sleep : 39 Biology 8-28
Operating 7.2-32.8 Meteorology 7.0
Inertial Reference Unit X-Ray Fluorescence Spectrometar 26
Electronics 42-138.0 Upper Atmosphere Mass Spectrometer 123
Heater 125.0 Ambient Pressure 0.2
Terminal Descent and Landing Radar 70.0 . :
Stagnation Pressure 1.0
Radar Altimeter {1 or 2} 25.0 .
Retarding Potential Analyzer 3.1




of the various Lander loads that are switched ON
and OFF by relays contained within the PCDA.
Loads other than those used during descent have
been included for completeness. Double entries
under the “‘watts” column show the operating
power range of any given load for various operating
modes. The unit variations for Lander 1 and 2 were
less than 3%.

E. PROPULSION SUBSYSTEM

The RCS/deorbit and terminal descent propul-
sion systems performed without anomalies on both
Landers. Thrust levels and specific impulses were
within expected tolerances. Tank pressures were
higher during blowdown than predicted, resulting
in additional thrust margin.

1. RCS Deorbit Performance

The RCS/deorbit propulsion system provided
attitude control and deorbit thrust from separation
to parachute deployment. A summary of propel-
lant used is given in Table V-13. Estimates were
calculated based on both tank temperatures and
pressures. The temperature-derived propellant-used
data are given in Table V-13. These data are con-
sidered the most accurate and the most consistent.
Analysis of the data indicates that all engines fired
when commanded without valve failure and atti-
tude rates verify that no measurable valve leakage
occurred. ‘

Table V-13 RCS/Deorbit Propellant Usage Summary

Lander 3 Lander 2
Item Estimated Estimated Predicted
Vehicle Separation Weight,
Ib 2330 2326 . NA*
Initial Propeilant Load, ib 187 187 NA
Deorbit Consumption, b 163 161 162
Coast and Entry
Consumption, Ib 4.6 3.6 4
Usable Margin, Ib 17.4 20.5 18.8
*NA = Not applicable.

2. Terminal Descent Performance

The terminal descent propulsion system pro-
vided thrust during terminal descent for the soft
landing and roll control during the parachute and
terminal descent phases. Table V-14 summarizes
the amount of propellants used during this phase.

Table V-14 Terminal Descent Propellant Usage Summary

ftem Lander 1 Lander 2 Predicted™
Initial Vehicle '

Weight, |b 1498 1496 NAt
Initial Propellant

Load, Ib 185 185 NA
Consumption, tb 151.9 152.0 147.7
Usable Margin, Ib 28.3 28.2 32.5

Final Vehicle

Weight, ib 1345 1347 NA
*Assumed mean atmosphere and no winds.

tNA = Not applicable.

Of the propellant consumed, it is estimated
that 0.5 lb was used for roll control on each
Lander. A review of throttle valve positions indi-
cates the largest difference between commanded
and achieved valve position was 0.5%, which indi-
cates low valve hysteresis at all positions. Excellent
agreement between predicted thrust and calculated
force verifies that the terminal descent engines per-
formed as expected by providing nominal thrust
and specific impulse.

F. THERMAL SUBSYSTEM

The thermal subsystem performed nominally
from separation through landing. All component
temperatures were within flight acceptance test
limits and structural temperatures were within de-
sign limits. All propulsion system thermostatic
heaters operated normally.

At touchdown, internal temperatures were gen-
erally 4 to 8°F cooler than predicted. Because the
Lander interior is an insulated compartment, its
temperature is primarily dependent on component
power consumption and only slightly on external
environmental factors during the brief separation-
to-landing sequence. As previously noted, the total
power consumption was below expectations, which
was consistent with the lower temperatures experi-
enced.

During the deorbit burn sequence, the base
cover temperatures rose approximately 70°F, con-
siderably less than the 300°F rise predicted using
worst-case plume heating assumptions. This indi-
cated the assumptions were quite conservative.
Consequently, other external components did not
warm up as much as expected during this time.

The aeroshell and base cover temperature re-

sponse to the entry environment was different than
predicted. The aeroshell backface temperatures

N



were as much as 200°F cooler than predicted by
the simulation program, which had assumed worst-
case atmospheric conditions and minimum ablator
performance. The base cover temperatures were
much hotter than predicted. This was to be ex-
pected considering the previously discussed results
which had shown base cover heating rates nearly
double the design value (Table V-6). The base
cover inner and outer ring temperatures are shown
in Figures V-5 and V-6.

From entry through touchdown, temperaéures
of all exterior components (IRU, RAE, TDLR, etc)
were as expected.
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G. PYROTECHNICS SUBSYSTEM

The operation of the pyrotechnic subsystem is
difficult to quantitize, although the gquality must
have been excellent since all 29 Lander pyrotech-
nic events occurred exactly as planned. The smali
amount of engineering telemetry data available
indicated nominal LPCA performance. All pyro-
technic events were implemented by commands
from the GCSC. These events and associated de-
vices in the order they occurred in this phase are
tabulated in Table V-15. After the initial landed
pyrotechnic functions were completed, both
LPCAs were powered down for the remainder of
the mission.

Table V-15 Lander Pyrotechnic Functions

Event Pyrotechnic Function

Separate Lander

Start Deorbit Bleed-In
Enable Deorbit Propulsion
Separate UAMS Cover
Start Terminal Bleed-in

Fire 3 Separation Nuts
Open 1 Valve

Open 1 Valve

Fire Rotary Cutting Device
Open 1 Valve

Deploy Stagnation Temp Sensor Fire Bolt Cutter
Deploy Parachute Fire Parachute Mortar
Separate Aeroshell Fire 3 Separation Nuts
Enable Terminal Roll Control Open 2 Valves
Fire 3 Pin Pullers

Open 3 Valves

Relaase Lander Legs
Enable Terminal Propulsion
Separate Parachute Fire 3 Sepa}ation Nuts
Close 2 Valves

Fire 1 Pin Puller

Open 1 Valve

Fire 1 Pin Puller

Fire 1 Pin Puller

Stop Terminal Proputsion
Release HGA

Enable Camera Duster
Release Biology PDA Cover
Release Meteoroiogy Boom

H. STRUCTURES AND
SUBSYSTEM

MECHANISMS

All Lander structure and mechanism subsystem
elements performed in a very nominal manner.
Their general performance is summarized by phase.

1. Separation

Separation of the Landers from the bioshield
base/Orbiter was very smooth. Axial separation
rates were 0.25 ft/sec on Lander 1 and 0.33 {t/sec
for Lander 2, as compared to an expected maxi-
mum of 0.6 ft/sec. Lateral velocities, tipoff rates,
and roll rates were negligible.



2. Entry

Aeroshell and base cover performance during
entry was excellent. Loads and heating results are
given in Table V-6 (in Section A). The overall aero-
dynamic performance was better than expected
because of high lift-to-drag ratios and the aero-
shell/base cover combination provided atmospheric
entry protection and reduced vehicle velocities as
required.

3. Parachute Operation

Parachute deployment was nominal with mor-
tar impulse providing velocity increments of 4.6
ft/sec for Lander 1 and 5.05 ft/sec for Lander 2
(5.04 ft/sec was expected). Vehicle disturbance
caused by deployment damped with time so that
peak rates at aeroshell separation were well within
the 30 deg/sec allowable. Aeroshell separation was
nominal with any tipoff transients masked by the

dynamic motion of the parachute/Lander combina-

tion. Parachute inflation was accomplished within
0.6 sec after line stretch, somewhat faster than ex-
pected. Parachute drag was also somewhat higher
than expected, No parachute coning was detected.
Base cover/parachute separation was very nominal
with no recontact with the Lander body observed.

4, Landing

The landing legs performed their functions per-
fectly, permitting a soft landing and providing a
stable platform for landed operations. Table V-16
summariz%e, landing leg stroke and footpad surface
penetration. The Lander 1 data indicate that leg 2
probably touched the surface first with legs 1 and
3 then touching. At a landing velocity of 8.2 ft/sec,
a stroke of approximately 3 in. could be expected
by legs 1 and 3, which would impact the surface
somewhat harder than the first leg that touches.
The data from Lander 2, however, are somewhat
inconsistent. These data indicate that leg 3 prob-
ably touched first and because of the small stroke,
a sizeable rock may be partially supporting the
Lander somewhere under the body or propellant

tank near leg 3. This speculation is also supported -

"by the fact that the Lander 2 body is tilted up
approximately 8.2 deg in the general direction of
leg 3. Whatever the cause, no damage has been ob-
served and the landed operation has been com-
pletely nominal.

In the first few minutes following the landings
the high-gain antenna and meteorology boom were
deployed. Eventual operation of the antenna and

Table V-16 Landing Leg Operation

Lander 1 Lander 2
Surface

Stroke, { Penetration, Stroke, Surface
Leg | in. in. in. Peneatration
1 2.8 * 1.1 S
2 1.3 6.5 | 28 Negligible
3 33 14 0.4 Negligible
*Neither camera 1 or 2 can image leg 1 footpad.

meteorology sensors and images of these compo-
nents concluded that the deployment operations
were exactly as required. This concluded the active
operations of the Lander structures and mecha-
nisms subsystem:.

I. SCIENCE SUBSYSTEM

The Lander science instruments that operated
during the separation-through-landing time frame
consisted of:

1) Entry science (RPA, UAMS, pressure, and
temperature sensors);

2) Camera 2 (initial landed);

3) Meteorology boom deployment (after touch-
down);

4) Biology PDA cover deployment (after touch-
down).

Each of these instrument operations is dis-
cussed in the following paragraphs.

1. Entry Science

The purpose of the entry science investigation
was to characterize the Martian atmosphere both
physically and chemically during the entry phase
of the mission,

Table V-17 outlines the entry science sequence
of events starting with deorbit burn. Entry science
measurements terminated at touchdown. The se-
quence is described as follows. Deorbit burn began
at separation + 7 min. Approximately 3 min after
the deorbit burn, the upper atmosphere mass spec-
trometer (UAMS) cover on the aeroshell was sepa-
rated by its pyrotechnically operated cutter, and
its ion pump was powered on. During the coast
period the RPA was operated periodically. On
Lander 1, 18 retarding potential analyzer (RPA)
sequences were performed, where a sequence was
initiated every 6 min 29 sec, and 71 sec of data
(142 frames of format 2A) were acquired. On
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Lander 2, the operation was identical except the
sequence was initiated every 6 min 20 sec.

Table V-17 Entry Science Sequence of Events

Sequence Event

UAMS cover separated.

UAMS ion pump powered on.

Initiate RPA intermittent
sampling.

Deorbit bura + 3 min

Entry — 60'min {JAMS power on.

UHF powered in 10 watt mode.

Initiate RPA continuous sampling.
Initiate UAMS sampling.

Entry — 40 min

Entry — 12 min Tape recorder power on.

Pressure sensors on {ambient and
“stagnation).

UAMS and RPA power off.

Stagnation temperature probe
deployed.

Entry — 10 min

Entry {0.05 g)
1.1 km/sec relative velocity

5.9 km above local terrain + | Stagnation pressure instrument
6 sec off. .

Asroshell separation + 12 sec| Lander legs deployed.
Foot pad temperature sensor
deployed.

At entry - 60 min, the UAMS was powered on
for 2 30-min warm-up. The UHF was powered in
the 10-watt mode at entry — 40 min. At the same
time RPA continuous sampling and UAMS sam-
pling were initiated. At entry — 10 min the pressure
sensors on the aeroshell and Lander were powered
on. When 0.05 g was sensed, the UAMS and RPA
were powered off. When 1.1 km/sec relative veloc-
ity was computed, the temperature probe on the
aeroshell was deployed through the heatshield.
Probe deployment was initiated by a cartridge-
actuated bolt cutter that releases a spring to extend
the probe. Useful temperature data were acquired
until aeroshell separation. Six seconds following
sensing of 5.9 km above local terrain the pressure
instrument on the aeroshell was powered off. The
Lander pressure sensor continued Lo acquire data
through touchdown. Twelve seconds after aeroshell
separation, the Lander legs were deployed. At that
time, the footpad temperature sensor began col-
lecting useful data and did so through touchdown.

All of the entry science instruments on both
Landers performed in a nominal fashion.

The engineering data returned from each
UAMS showed good agreement with that obtained
both before launch and during the cruise check-
outs. These data showed the instruments operated
normally and in-good health. Each sealing cap cut-
ter mechanism worked as planned. The mass spec-
tra obtained from both instruments were of good
quality although those obtained from the Lander 2
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instrument exhibited somewhat more noise than
those from Lander 1. Lander 2 appears to be gen-
erally noisier than Lander 1. The RPA on Lander 2
exhibited more noise in the data than that on
Lander 1 and other instruments on the Lander ap-
pear to be more affected by noise on Lander 2
than Lander 1.

Housekeeping and science data from both RPA
instruments indicated normal operation and se-
quencing.

The RPA and UAMS instruments showed good
agreement with each other in areas where the same
science parameters can be determined from the
data from each instrument. Good agreement with
the lower atmospheric data was inferred.

Both pressure instruments and both tempera-
ture instruments on each Lander operated in a
nominal fashion. These instruments do not provide
any direct engineering information, but all of the
data gathered were self-consistent and in good
agreement with pressure and temperature data in-
ferred from the measured spacecraft trajectory
parameters during descent to the surface.

The parachute phase temperature instruments,
which are mounted on a footpad on each Lander,
survived the landings.

2. Camera 2 (Initial Landed)

At 25 sec after touchdown, a real-time imaging
sequence, using camera 2, was initiatec&. Two pic-
tures were acquired: a 60-deg high-resolution image
of footpad 3 and a 300-deg survey panorama
image. For both Landers, the camera performance
was outstanding, with images of excellent quality
received on Earth shortly after landing.

3. Meteorology Boom Deployment (after
Touchdown)

By 7 min after touchdown, the meteorology
boom was deployed by firing a pin puller. The
camera 2 survey panorama acquired after touch-
down verified that the meteorology boom had
deployed.

4. Biology PDA Cover Deployment (after
Touchdown)

Approximately 6 min after landing, the biology
processor and distribution assembly (PDA) cover
was opened by a pyrotechnic pin puller. Nominal
deployment was verified by imaging data.
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V1. LANDED OPERATIONS

Viking Landers 1 and 2 landed on Mars on July
20, 1976 and September 3, 1976, respectively.
From the time of touchdown until the time of
conjunction a proliferation of data was acquired by
both vehicles and transmitted to Earth.

Nine scientific investigations were conducted
on the surface of Mars, The purposes of these in-
vestigations were to:

1) Search for living organisms preseht in Martian
surface material (Biology Investigation);

2) Search for and identify organic molecules in
the Martian surface material (Molecular Analy-
sis Investigation);

3) Determine the atmospheric composition at the
surface of Mars (Atmospheric Analysis Investi-
gation); ' ,

4) Visually characterize the Martian landscape and
the atmosphere (Imaging Investigation);

5) Determine the elemental composition of the
surface material (Inorganic Chemical Investiga-
tion);

6) Determine temperature, pressure, and wind
speed and direction and their temporal varia-
tions at the Martian surface (Meteorology In-
vestigation);

7) Determine the level of tectonic activity (Seis-
mology Investigation);

8) Determine the physical characteristics of the
Martian soil (Physical Properties Investigation);

9) Estimate the abundance of magnetic particles
in the surface material and identify the types
that are present (Magnetic Properties Investiga-
tion).

To perform these investigations, seven instru-
ments were operated extensively throughout both
landed missions. On Lander 1, a 43-sol primary
mission was conducted. Prior to the landing of
Lander 2, Lander 1 was placed in a reduced mis-
sion mode, which continued until conjunction (ap-
proximately sol 108). On Lander 2, a 61-sol pri-
mary mission was performed. Figures VI-1 and
* VI-2 summarize the Lander 1 primary mission and
reduced mission, respectively. Figure VI-3 summar-
izes the primary mission for Lander 2.

The performance of the Landers can almost be
summarized by the amount of data acquired and

the number of experiments conducted. On Lander
1, the surface sampler collected 12 samples: three
for the biology experiment, three for GCMS (only
two were analyzed), and six for XRFS. With these
samples the biology instrument performed four an-
alysis cycles, the GCMS performed two analyses on
the first sample and three on the second, and
XRFS conducted a total of 73 sequences. The
Lander cameras were operated almost daily for a
total of approximately 6.84 x 10? bits of recorded
data. In addition, the cameras provided real-time
imaging during many of the direct and relay links.
A total of 24 atmospheric analyses were per-
formed: four filtered, 15 unfiltered, and five en-
riched sequences. The meteorology instrument
collected data daily to a total of approximately 1.2
x 10® bits of data. Even though the seismometer
failed to uncage, a total of 500 buffer dumps per
sol were collected for 18 sols and 83 buffer dumps
per sol for 25 sols. The surface sampler conducted
one experiment exclusively for physical properties
and magnetic properties. In addition, these two in-
vestigations received support from imaging data
collected for surface sampler operations and from
engineering data collected by the surface sampler
and other Lander hardware (physical properties
only).

On Lander 2, the surface sampler acquired 16
samples: three for biology, two for GCMS, and 11
attempted acquisitions for XRFS. One sample for
both biology and GCMS was collected following a
rock-push sequence. The biology instrument per-
formed three analyses, the GCMS conducted four
analyses on the first sample and five on the second,
and XRFS performed a total of 32 sequences. Six-
teen atmospheric analyses were performed. The
cameras were operated almost daily for a total of
approximately 8.1 x 10® bits of recorded data in
addition to the real-time imaging during direct and
relay links. The meteorology and seismology in-
struments were operated daily for a total of 9.7 x
107 bits and 2.4 x 10® bits of data, respectively.
The surface sampler conducted one sequence for
physical properties and magnetic properties.

The return of data to Earth from the Landers
during the primary landed missions was almost
overwhelming. Lander 1 returned approximately
1.8 x 10° bits and Lander 2 returned 2.5 x 10° for
a total of 4.3 x 10° bits.

VI-1
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A. GUIDANCE AND CONTROL SUBSYSTEM

During the initial landed operations (the 5 min-
utes or so following touchdown), all guidance and
control components except the GCSC were
powered down and remained off for the remainder
of the landed mission. The GCSC was the “brains”
of the Lander, controlling all events and receiving
frequent software updates from the Earth-based
flight team. Although prelaunch and cruise opera-
tions had indicated that both GCSC A and B on
each Lander were completely functional, GCSC A
was arbitrarily selected for both Landers and was
used throughout the primary missions.

The flight software that controlled the landed
mission was originally loaded in the GCSC at KSC.
This software was updated before separation to in-
clude all of the latest mission planning and exact

entry parameters for the selected landing sites.-

Lander 1 software was revised to be mission 1 and
Lander 2 software was changed to mission 2.
Lander 2 was originally planned to launch first and
would have accomplished mission 1. However,
. launch vehicle and Orbiter problems delayed
" Lander 2 and Lander 1 was launched first. (t was
not necessary to revise the software before launch

and the update was made about a month before
the Landers separated from the Orbiters. The flight
software was designed to allow updating of mission
design data (sequencing times, DAPU mode
changes, etc) by the flight team through the direct
uplink during the landed mission. This was done
every other day during the primary mission as nor-
mal activity. Nonstandard changes for engineering
data were also made. Finally, changes to the basic
software logic (code changes) were also made. The
logic changes were independently verified by the
Lander Support Office, usually on the proof test
capsule, prior to uplinking. This flexibility was a
very strong feature of the software design because
it could adapt the Lander to changing mission en-
vironments. It allowed the flight team to respond
quickly to hardware failures, near-real-time inter-
pretation of data, and changes to mission priorities.
The Lander Support Office and flight team proc-
essed 70 software changes and uplinked them with-
out error. The flexible input-output and scheduling
algorithms provided by the flight software design
allowed data base changes to be made accurately
and quickly.

At the end of the primary mission, 842 mes-
sage segments had been uplinked to Lander 1

VI.3



GCSC A, 378 to Lander 1 GCSC B, 921 to Lander
2 GCSC A, and 328 to Lander 2 GCSC B. Since a
typical message segment contained up to 30 GCSC
words, over 60,000 words were updated in the
GCSCs without problems.

Mechanically, the GCSCs also performed in a
flawless manner. These functions included control
of all power switching of Lander components,
scheduling of direct and relay communications,
pointing of the high-gain antenna, scheduling of all
science experiments, and control of all DAPU
modes. Additionally, the GCSC reset a timer in the
PCDA once a minute to indicate nominal per-
formance and prevent switching to the alternate
GCSC. The GCSC also periodically refreshed its
own memory by reading and writing back each cell
in memory. The daily memory read outs during the
primary missions revealed no unexpected miscom-
pares. The accuracies of the GCSC clocks were also
well within specified requirements; both clocks
were fast by approximately 1 sec/sol.

The GCSCs performed all of the above func-
tions and no anomalies were observed in either
GCSC on either Lander.

B. COMMUNICATIONS SUBSYSTEM
1. Landed Direct Communications System (DCS)

The high-gain antenna (HGA) under control of
the GCSC pointing program traveled from the ini-
tial deployed position to a predetermined park pos-
ition of 88-deg elevation and 30-deg azimuth ap-
proximately 2.5 hr after landing. This position was
selected before separation so that the Earth would

i—Stan HGA Tracking

pass through the beamwidth of the HGA at the
scheduled time of the daily DCS downlinks in the
event of a HGA mechanical drive failure. This
“park” position was changed on sol 66 for Lander
1 and sol 32 for Lander 2 to leave the HGA at each
previous sol’s end-of-track position to reduce HGA
stepping and maximize lifetime.

The DCS sequence implemented for the first
several landed sols is illustrated in Figure VI-4. An
approximately 50-minute uplink frequency acquisi-
tion sweep, illustrated in Figure VI-5 was per-
formed to acquire the Lander command receivers.
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The command strategy that involved the reception
of the commands at the Lander coincident with
the start of the Lander data downlink permitted
the near-real-time verification of the command seg-
ments received and accepted by the Lander. An
approximate 30-minute contingency command
window was provided following termination of the
DCS downlink, allowing enough time to retransmit
any lost command segments on that same sol.
However, due to the successful receipt of all com-
mand segments transmitted to the Landers, it was
not necessary to use either the contingency com-
mand window or the receiver 1 emergency com-
mand window for the primary missions of Lander
1 or Lander 2.

Tension mounted as the time approached for
the first scheduled DCS downlink; this would be
the first time in nearly 11 months of space travel
that the DCS radio equipment had been operated.
It was originally planned to have only one com-
mand receiver, the one connected to the low-gain
antenna, powered continuously throughout the
landed mission to provide emergency command
capability. The downlink data were acquired at the
Goldstone DSN station on schedule. These data in-
dicated that the low-gain antenna command re-
ceiver was not coherently locked with the uplink
and apparently drifted into lock several minutes
before the first commands were received. A review
of the DCS status data indicated that the received
signal level reading on that receiver was approxi-
mately 10 dB below the expected value; however,
commands were being processed by that receiver.
The HGA receiver 2 and the downlink radio equip-
ment operated as expected throughout the primary
mission. It was evident that a problem existed in
the low-gain antenna receiver 1 command stream
when receiver 1 failed to coherently acquire the
uplink signal on sol 2. From sol 2 on all commands
were processed through HGA receiver 2.

To determine the nature of the low-gain an-
tenna receiver 1 problem, 12 additional acquisi-
tions were attempted periodically when the mis-
sion timeline permitted. Increased DSN uplink
power and very slow frequency sweep rates were
implemented to offset the apparent 10 dB degrada-
tion, resulting in nine successful acquisitions, each
one at a receiver temperature greater than 60°F.
This correlation indicated that the failure was
temperature dependent. However, additional acqui-

sition attempts at higher temperatures proved un-
successful, indicating a permanent failure.

The Lander 2 DCS performed as expected
through sol 32 using TWTA 2. A thermal analysis
indicated that longer downlink durations could be
realized by using TWTA 1 and this was imple-
mented beginning on sol 33. On sol 39 the sched-
uled downlink was not received by the DSN, conse-
quently, no real-time telemetry was received for
diagnostic purposes. However, analysis of stored
temperature data received via a later relay link indi-
cated that the TWTA was powered during its 90-
sec warm-up period and apparently ceased opera-
tion upon application of high voltage to the tube.
Analysis of the ranging performance for sols 33,
35, and 37 (ranging days) indicated a degradation.
In addition, it was found that the uplink command
signal-to-noise ratio was slightly degraded on sols
33 through 38. Based on a similar failure during
TWTA development and the above degradations, it
1s believed that TWTA 1 experienced corona in the
high voltage power supply, which ultimately
caused a high voltage arc-over on sol 39. The over-
current protection circuit within the TWTA power
supply automatically removed the TWTA from the
Lander power bus. Also, the corona protection cir-
cuits between the TWTAs and the telemetry sub-
system prevented possible damage to the telemetry
subsystem. The Lander 2 sequence was changed to
use TWTA 2 on sol 63; it performed as expected
throughout the remaining primary mission. The
TWTA on Lander 1 has performed flawlessly
throughout the mission.

Other than the above described anomalies, the
DCSs of both Landers performed exceptionally
well during the entire primary missions. The
Lander 1 downlink performance was sufficiently
above the predicted nominal level to allow a data
rate increase from 250 bps to 1000 bps for sols 44
through 84. This rate was later reduced to 500 bps
to offset solar corona degradation of the downlink.
Similarly, the Lander 2 data rate was increased to
500 bps on sol 63. Both Landers supported 500
bps links until the Landers were reconfigured for
the solar conjunction radio science experiments. A
typical example of the downlink signal-to-noise-
ratio (SNR) and bit-error-rate (BER) performance
for the Landers is illustrated in Figure VI-6. Typi-
cal command performance for the Landers is illus-
trated in Figure VI-7.
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2. Landed Relay Communications

Based on the observed performance of the ini-
tial landed relay link, confidence was high that the
sol 1 relay link would be nominal. This proved to
be the case when approximately 3 x 107 bits of
data were transmitted to the Orbiter at a rate of
16,000 bps. These data were received at the Or-
biter, recorded and relayed to Earth within a few
hours after leaving the surface of Mars. The UHF
transmitter 30-watt power mode performed as ex-
pected, although it had not been tested since the
vehicles were mated before launch. Typical Orbiter
1/Lander 1 relay link performance is shown in Fig-
ure VI-8.

However, the success was short lived for
Lander 1 when the UHF transmitter came on in
the 1-watt power mode for the two subsequent
relay passes. The relay link sequence prepro-
grammed for the first 11 sols featured the redun-
dant playback and transmission of the Lander re-
corded data, preventing the loss of critical data.
The problem was suspected to be noise suscepti-
bility of the power mode control logic in the trans-
mitter. A command uplink was prepared that mod-
ified the Lander sequence to place the GCSC con-
trol logic in a state that reduced the noise suscepti-
bility on the GCSC/transmitter power mode con-
trol interface. On sol 4, one sol before implement-
ing the modified Lander sequence, the transmitter
functioned in the programmed 30-watt power
mode, further supporting the noise susceptibility
theory. The UHF transmitter performed as ex-
pected until about 1 week prior to the end of the
primary mission for Lander 1. At that time telem-
etry data indicated a potential transmitter anomaly
in the 30-watt mode. To avoid catastrophic failure
and reduce the thermal stress to extend the trans-

mitter life for the follow-on mission, it was decided
to use the 10-watt power mode for sols 40 through
43. Sol 43 was the last planned relay link for
Lander 1 before the Lander 2 primary mission
began.

Nominal hardware and link performance was
also observed for the Orbiter 2/Lander 2 relay
passes. This resulted in the return of over three
times the required volume of scientific and engi-
neering data from the surface of Mars. Typical per-
formance for the Orbiter 2/Lander 2 relay links is
shown in Figure VI-9. By sol 21 of the Lander 2
mission, Orbiter 1 was moved into position to sup-
port the Lander 2 relay links. This maneuver was in
the mission plan to allow Orbiter 2 to leave its
station over Lander 2 to conduct further scientific
exploration of the planet. Test relay links from
Lander 2 to Orbiter 1 were conducted on sols 21,
23, and 25, in addition to the planned Orbiter
2/Lander 2 links. Orbiter 1 took over sole support
of the Lander 2 relay link on sol 27 and continued
in this capacity for the remainder of Lander 2’s
primary mission. An interesting feature of the Or-
biter 1/Lander 2 relay passes is that the relay link
was initiated when the Orbiter was very close to
the Lander horizon. The maximum elevation angle
achieved by the Orbiter was approximately 25 deg.
All previous relay links were initiated at approxi-
mately 5 deg elevation with the Orbiter passing
nearly overhead of the Lander. The observed per-
formance for a typical Orbiter 1/Lander 2 relay
pass is shown in Figure VI-10. The larger dif-
ferences between the observed and predicted per-
formance shown in the figure are believed to be the
result of surface reflections, surface ground plane
effects, and the inherent error in the scale-model
Lander antenna radiation pattern data at extreme
aspect angles used for the performance predictions.
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C. TELEMETRY SUBSYSTEM

The telemetry subsystem functions during the
landed mission were to collect, store, and enable
data transmission upon command from the GCSC
over the relay link or direct link.

Formats 4 and 5 were used for collection of
engineering data during this mission phase. When
the DAPU was commanded to format 4, it se-
quenced through that set of measurements once,
stored the data in the DSM, and then stopped. This
format was used to monitor the health of the
Lander subsystems periodically throughout each
sol. When format 5 was commanded, the DAPU
acquired and transmitted engineering data continu-
ously, as it sampled the measurements. This format
was used during the relay link, typically interleaved
between real-time imaging and tape recorder play-
backs. Approximately 25% of these measurements
monitored the communication subsystem perfor-
mance. Transmission during the direct link used a
two-channel system. One channel was devoted to
format 5 at 8 1/3 bps, each measurement being
sampled each 92 sec. The other channel transmit-
ted science data from the tape recorder or DSM,
imaging data, or GCSC memory readouts. The data
rate for this high-rate channel was selectable via
GCSC command and was revised based upon link
performance. The most common rate used was 500
bps with some transmission at 250 and 1000 bps.

During the Lander 1 sol 3 direct link, the tele-
metry subsystem exhibited its first anomaly. A
DAPU mode change was commanded from DT-6
(DSM readout) to DT-14 (imaging and format 5 to
DSM). At that time, a drop in the signal-to-noise
ratio in both the high- and low-rate channels was
observed. This characteristic repeated itself on sub-
sequent downlinks, at times causing loss of signal
up to several minutes. Analysis of the problem re-
vealed that the phase of the subcarrier clock in the
DAPU changed by 90 deg when going to or from a
DSM read mode. This sudden change in phase
caused the DSN subcarrier demodulator to drop
lock and then reacquire. The DSN subcarrier de-
modulator did not have sufficient bandwidth to
compensate for the resulting instantaneous phase
shift. The reacquisition time caused the apparent
loss of data, This problem was resolved by extend-
ing the repeating GCSC memory readout following
the DSM readout to 3 minutes, thereby allowing
time for the DSN to lock up and still allow suffi-
cient time for recovery of the memory readout
data. After implementation of this operational pro-
cedure, no further problems were observed.

Except for the above relatively small problem,

the telemetry subsystem performance was nominal
during the primary landed mission.
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D. POWER SUBSYSTEM

When the GCSC received the touchdown signal,
it terminated the descent phase and initialized the
Lander for landed operations. Power subsystem
initialization included the following:

1) Safed the Lander pyrotechnic subsystem;

2) Disabled the entry bus (controlled power for
components not required for landed mission);

3) Enabled landed battery charging cycle starting
with battery A;

4) Enabled landed power system failure sensors
and emergency sequencing system.

All Lander power initial operations were satisfac-
torily completed and nominal Lander power opera-
tion was established by sol 2.

During landed operations, power was supplied
by the two RTGs with the batteries supplying
power during short peak load periods. The batter-
ies were then recharged when bus power require-
ments dropped below the RTG output level. The
RTGs through the power converter supplied 68 to
70 watts for Lander use. When bus power require-
ments exceeded this level, the bus voltage dropped
to a level where the batteries started to share the
load with the converter output. The equipment bus
operated in a 29- to 32-volt range, depending on
bus load, when operating in this battery share
mode. When the bus load decreased below the
fixed RTG output power level, the bus voltage
rose, and at 35 volts the PCDA chargers turned on
and charged the battery connected to the charge
bus at a charge rate determined by the excess
power available. If the battery was already charged
and the bus voltage rose to approximately 36 volts,
the shunt regulators turned on and dumped excess
power output to the load banks. During the landed
mission, the battery charging sequence commanded
one battery to the charge bus and then switched to
the next battery on 1-nr intervals. This sequence
was repeated continuously, alternating charging be-
tween battery assemblies to properly distribute
thermal loads inside the Lander body. The three
batteries not being charged were connected to the
load bus and were available for bus load that ex-
ceeded the RTG converter output.

Table VI-1 lists the Lander 1 parameters mon-
itored for power subsystem performance. The ini-
tial data are the average of the first 10 to 12 sols of
the landed mission, while the final data are the
average of the last 10 to 12 sols before conjunction

VI-10

Table VI-1 Lander 1 Power Subsystem Performance

Initial Data Final Data
Measurement Min Max Min Max
RTG Power Out, W 80 82 78 80.5
RTG Current, A 9.2 9.4 9.0 9.2
RTG 1 Pressure, psia 6.3 6.3 6.5 6.5
RTG 2 Pressure, psia 16.5 16.6 17.4 177
RTG 1 Root _
Temperature, F 287 314 290 322
RTG 2 Root
Temperature, F 283 312 285 319
RTG 1 Junctian
Temperature, °F 988 1015 989 1020
RTG 2 Junction
Temperature, °F 955 983 957 989
Battery A °
Temperature, F 45 59 52 66
Battery B °
Temperature, F 48 60 54 69
Battery C °
Temperature, F 50 64 56 70
Battery D o
Temperature, F 52 66 58 72

Table Vi-2 Lander 2 Power Subsystem Performance

Initial Data Final Data
Measurement Min Max Min Max
RTG Power Qut, W a1 84 80.5 835
RTG Current, A 9.4 9.7 9.3 9.5
RTG 1 Pressure, psia 16.5 16.8 171 17.3
RTG 2 Pressure, psia 12.8 129 136 13.6
ATG 1 Root
Temperature, F 288 315 284 313
RTG 2 Root °
Temperature, F 282 314 280 312
RTG 1 Junction
Temperature, °F 976 1002 973 999
RTG 2 Junction
Temperature, °F 965 993 963 991
Battery A
Temperature, F 55 67 49 62
Battery B o
Temperature, F 55 68 49 62
Battery C °
Temperature, F 59 71 52 65
Battery D °
Temperature, F 60 73 54 66

(sol 109 for Lander 1). The min/max data primar-
ily reflect the diurnal affect of the Martian environ-
ment.

A comparison of initial and final data shows a
slight increase in temperatures and pressure and de-
crease in power as the RTGs slowly degrade. Other
discrete and regulated data indicate that all power
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components operated nominally and well within
specification limits.

Table VI-2 lists the power subsystem perfor-
mance for Lander 2. These data also show the slow
RTG degradation. All Lander 2 data indicate nomi-
nal power subsystem operation,

Figure VI-11 is a typical “‘busy” sol showing
Lander activities from about 7:30 a.m. in the
Martian morning. The average EQBUS I (equip-
ment bus current) of approximately 1.4 amp is the
sum of the continuous bus loads, such as the PCDA
power supplies, GCSC, some communications

equipment, telemetry components, and some sci-
ence equipment. This current is less than the RTG
output and permits battery recharging. The line at
the top of the figure indicates total battery state-
of-charge (SOC) and decreases when batteries are
discharged during peak load periods and increases
during charge periods. Battery full charge level is
indicated when the SOC line reaches and maintains
1060 W-hr,

All power subsystem operation during the pri-

mary landed missions was completely nominal and
no anomalies occurred.
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E. THERMAL SUBSYSTEM

The thermal subsystems on both Landers main-
tained the Lander hardware within the design tem-
perature ranges during landed operations and no
anomalies were obhserved. The ground software
thermal model (LTEMP) adequately supported the
landed mission, allowing identification of operating
constraints and validation of proposed landed se-
quences from a thermal viewpoint.

The telemetry data indicated that the equip-
ment plate temperature was generally controlled
between 45 to 75°F for Lander 1 and 50 to 75°F
for Lander 2. Some isolated temperatures were
cooler (32°F minimum at camera 2 mast penetra-
tion) and some were warmer (TWTA interface with
equipment plate approached 105°F at the end of
direct links) due to localized cooling and heating
effects. The Lander exterior temperatures were
well within the design limits of the externally
mounted components,

The Lander 1 external environment warmed
about 7°F throughout the primary mission and in-
ternal temperatures also rose slightly during this
time. The Lander 2 external environment cooled
about 15°F with a corresponding reduction noted
on Lander 2 internal temperatures. The thermal
response of the two Landers was quite similar. In
the early sols of the mission, Lander 2 was about
5°F warmer than Lander 1 because of longer solar
exposure at the more northerly latitude. As the
Lander 2 environment cooled, the Lander 2 tem-
peratures became slightly cooler than those on
Lander 1. Because of longer days and shorter
nights at the Lander 2 site, the diurnal temperature
variations on Lander 2 were typically smaller than
those on Lander 1. The Lander 1 and 2 daily tem-
perature ranges are shown in Figures VI-12 and
VI-13.

VI-12

During the first several sols, Lander and Orbiter
surface temperature data and Lander imaging data
were analyzed. This analysis indicated that the en-
vironment was slightly cooler than expected, but
the Lander internal temperatures were relatively
warm. To account for this apparent paradox, two
important conclusions were drawn:

1) The Lander surface was dust covered, thus in-
creasing solar absorptivity from 0.45 to 0.85. A
very thin layer of dust can cause this significant
change. Images showed dust on the magnet ar-
ray, and the Lander surfaces eventually showed
a well-defined reddish tint.

2) The effective radiation sky temperature was
about 70°F more than originally assumed. This
appeared reasonable since the imaging data
showed a very bright sky due to scattering of
light by a considerable amount of dust particles
in the atmosphere.

Using the above data, measured meteorological
data, and slightly revised Lander thermal compo-
nent performance, LTEMP was adjusted and pro-
vided a ‘“‘correlated” model for subsequent use.
This model generally agreed within +5°F of actual
Lander temperatures. Typical results of this model

. are compared to measured values in Figures VI-14

through VI-16.

Since the Landers arrived at Mars during the
Martian summer months, the environment was not
cool enough to cause thermal switch activity. This
is completely normal since the switches do not op-
erate until the temperature of the equipment plate
near the actuators reaches approximately 38°F.
During the primary mission, the minimum temper-
ature at the actuators was 50°F. As the Landers
cool in response to the decreasing winter tempera-
tures, the thermal switches will begin to supply
surplus RTG heat to the equipment plate.



]
F

Temperature,

L

Lander 1 Sols

Figure VI-12 Lander 1 Primary Mission {nternal Temperature Ranges

Temperature, oF

80

[-2}
[~}

e

G

40
0

1 | 1 1 J | J
20 40 60

Lander 2 Sols

Figure VI-13 Lander 2 Primary Mission Internal Temperature ‘Ranges

Temperature, oF

160

140

120

-
(=3
Q

80

60

40

Precicted Transmitter

r 120~ Temperature
B Measured Transmitter
100 |- Temperature
n o]
Measured TWTA o ° w
Temperature o c
° ¢ 80
o F]

s o
b 2 Measured Compartment

E Temperature Near Transmitter

2 60

Pradicted Compartment Temperature
Predicted TWTA -
o Temperature | | 1 |
B 11:30 12:00 12:30 13:00 13:30
Local Lander Time, he
Measured Compartment
Temperature near TWTA Figure VI-15 Landed UHF Transmitter Temperatures
™ Predicted Compartment
Temperature
| ] 4 | { J .
8:00 9:00 10:00

Local Lander Time, hr

Figure VI-14 Landed TWTA Temperatures

VI-13



Temperature, °F

330.0

310.0

Biology

Legend:

Measured Data

— = —= Predicted

Battery 1

11 1

8 12 4 8
p.m, a.m,

Local Lander Time

Figure VI-16 Typical Landed Temperature Profiles

VI-14

F. SCIENCE SUBSYSTEM

This section describes the performance of the
science hardware during the primary landed mis-
sion.

1. Biology

The objective of the biology instrument was to
analyze samples of Martian surface material for evi-
dence of living organisms. The biology instrument
was unique among the Lander science instruments
in that it consisted of three separate and very
nearly independent experiments each of which
sought to find evidence of living organisms by a
different technique. The biology instrument was
the single most complicated science instrument on
the Lander and performed a total of 21 analysis
cycles in all three experiments on both Landers.
Tables VI-3 and VI-4 summarize the biology activi-
ties up to solar conjunction for Landers 1 and 2,
respectively.

The performance of the biology instrument
was superb. There was no significant malfunction
of the hardware on either Lander and no science
data were lost. All commands sent to the biology
instrument were received and executed as planned.
In conducting the sequences listed in Tables VI-3
and VI-4, the instrument performed the following
activities:

1) Pyrolytic release experiment consisted of 480
hr of xenon lamp operation on Lander 1 and

20 hr on Lander 2, four gas injections on

_ Lander 1 and three on Lander 2, and one water

vapor injection on Lander 2;

2) Labeled release experiment consisted of seven
nutrient injections on Lander 1 and six on
Lander 2;

3) Gas exchange experiment consisted of 38 gas
analyses on Lander 1 and 33 on Lander 2, four
nutrient injections on Lander 1 and three on
Lander 2, and termination of one soil analysis
and initiation of a second on a fresh soil sample
in the same test cell on Lander 2.

Two minor anomalies occurred. Both were in
the pyrolytic release experiment. On Lander 1, in
the second soil analysis cycle (control), noise
spikes occurred in the carbon-14 detector data
after that detector had been heated to 90°C in the
first peak clean-up operation. The number of
counting periods containing noise decreased as



Table VI-3 Lander 1 Biology Activities

Sal on Which

Sequence Initiated Performance

Pyrolytic Release 8 Successful
light, dry, active

Labeled Release 8 Successful
active, 2 nutrient injections

Gas Exchange — 89 Sols 8 Successful
active, 3 recycle operations, :
38 gas analyses

Pyrolytic Release 27 Successful*
light, dry, control

Labeled Releass 27 Successful
control, 2 nutrient injections

Pyrolytic Release 36 Successful
light, dry, active

Labeled Release 39 Successful
long active, 3 nutrient
injections

Pyrolytic Release 91 Successful
light, dry, active

“Ses toxt discussion of the dstector noise that appeared here but

did not alter the validity of the science data.

Table Vi-4 Lander 2 Biology Activities

Sol on Which

Sequence Initiated Performance

Pyrolytic Release 8 Successful*
dark, dry, active

Labeled Release 8 Successful
active, 2 nutrient injections

Gas Exchange —42 Sols 8 Successful
active, 1 recycle operation,
21 gas analyses

Pyrolytic Release 28 Successful
light, wet, active

Labeled Release 28 Successfult
50°C control, 2 nutrient
injections

Pyrolytic Release 51 Successful
dark, dry, active, subrock soil

Labeled Release 51 Successful
active, subrock soil

Gas Exchange — 12 Sols 51 Successful
active, no recycle operations, _
7 gas analyses

*See text for discussion of detector leak which did not alter

validity of science data.
tSee taxt for discussion of unusual results whose cause is
unexplained.

time went on, which indicated a recovery from the
apparent heat-caused change. Counting of the sec-
ond peak was extended to 4 sols compared to a
minimum requirement of 12 hr counting time. The
second peak data could reliably be recovered from
the extended counting period by discarding count
periods having anomalously high values.

On Lander 2 a slow leak in the pyrolytic re-
lease carbon-14 detector was observed during
analysis of the data from the first soil analysis
cycle. The leak did not change significantly
throughout the primary mission and some sequenc-
ing changes were made in the counting regimes to
permit a better correction of the data for the leak.
The science data were not invalidated by the leak,
but the absolute carbon-14 levels were determined
with lesser confidence due to the corrections that
were calculated and applied to the data.

One potential anomaly did occur on Lander 2
where the science data were unusual and difficult
to explain. Unlike the data acquired from other
labeled release analyses, the data obtained during
the 50°C sterilization analysis showed unexpected
and, to date, uninterpretable kinetics. Large per-
centage fluctuations in the carbon-14 level ob-
served by the detector occurred on a cycle that
seemed primarily to be diurnal. Such behavior had
never been observed in all testing of the experi-
ment on Earth. An engineering investigation was
conducted to determine whether an instrument
malfunction could account for the results. The in-
vestigation uncovered no instrument malfunctions
and at this time cause of the unusual behavior
remains undefined. A repeat of the 50°C control is
planned for the extended mission to remove the
uncertainty from the data interpretation.

2. Gas Chromatograph Mass Spectrometer
(GCMS)

This subsection summarizes GCMS perfor-
mance during the Viking primary mission (Lander
1 sols O through 108; Lander 2 sols 0 through 61).
Objectives of the GCMS experiment were to anal-
yze the atmosphere for vapor constituents and ana-
lyze the soil for organic materials. In terms of in-
strument performance, qualitatively and quantita-
tively, both objectives were met. In relationship to
the GCMS instrument specification, nearly every
performance criterion was exceeded, in some cases
by factors as great as 100.

During the GCMS cruise activities it was con-
cluded that oven 3 on Lander 1 and oven 1 on
Lander 2 would not heat, and that the carriage
position strobe signal was lost on Lander 2 (refer
to Chapter III, Section D). The loss’of the two
ovens limited the number of soil samples to two
per Lander in the primary mission. The loss of the
strobe was not a detriment to instrument
performance.
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The major GCMS primary mission activities
consisted of a total of 39 atmospheric samplings
(24 on Lander 1) and multiple analyses of four soil
samples (two soil samples per Lander). A column
conditioning sequence was run on each Lander
prior to the first soil sample to further clean the
chromatographic system and establish an instru-
ment background level. The objectives of the
Lander 1 and Lander 2 activities were the same in
that atmosphere and soil were analyzed, yet differ-
ent in that the sequences run on Lander 2 were
based on data from Lander 1. Scientific discoveries
of the two missions are given in Science 193, p
801; 194, p 72 and 76, and p 1293. This subsec-
tion discusses hardware performance during the at-
mospheric and soil analyses. These sequences are
grouped by type of analysis to simplify presenta-
tion and are as follows:

1) Atmospheric Analysis-Unfiltered (AA-U)—This
sequence required two commands, one to ad-
mit a sample to the GCMS atmospheric inlet
assembly, and one to admit a sample from the
inlet assembly into the mass spectrometer,
where the sample is analyzed. Sample analysis
consisted of scanning the mass spectrometer
background before the sample was admitted
(four scans), then scanning the sample after ad-
mission (four scans).

2) Atmospheric Analysis-Filtered (AA-F)—In this
sequence, a total of five commands were issued
to the GCMS; three of the five were used to
admit atmosphere, remove -carbon monoxide
(CO) and carbon dioxide (CO,), and remove
water. The remaining two commands were used
to analyze the sample as in the unfiltered anal-
ysis; however, the background from the second
analysis was not returned to Earth. Thus, a
filtered analysis consists of a tctal of 12 scans.

3) Atmospheric Enrichment (AE)—The enrich-
ment process involved repetition of the se-
quences which admit the sample, remove CO/
CO,, and remove water. This cycle can be re-
peated up to 15 times (based on commands),
and was used to concentrate, in the inlet sys-
tem, those constituents that were not removed
by the filtering process. Upon completion of
the enriching process, the sample was analyzed
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in a manner identical to that in the filtered
analysis (a total of 12 scans).

4) Column Conditioning—In this sequence, por-
tions of the instrument that were required to
be hot during an organic analysis (valves, tubes,
separator, column, and ion source) were heat-
ed. While these assemblies were hot, hydrogen
flowed through the system, and purged out
contaminants. Mass spectra were taken periodi-
cally to record the instrument background.

5) Soil Analysis—In this sequence up to nine com-
mands were issued to the GCMS. The first
seven commands were used to preheat the
oven, place it in position for soil load, load the
oven, move to the analyze position, and seal
the oven into the flow path of the chromato-
graph. The final two commands of the nine
were used to perform the actual sample anal-
ysis (OA). Several major variables permitted
optimization of the soil analysis; among these
were oven temperature, choice of labeled CO,
oven purge gas, effluent divider control mode,
and duration of column high temperature iso-
thermal hold. Nominally, an analysis sequence
returned 411 scans.

6) Bakeout—Several types-of bakeout sequences
were used to heat selected portions of the in-
strument to rid it of backgrounds.

Tables VI-5 and VI-6 summarize the sequences
that were run on each GCMS instrument. All se-
quences ran nominally with three exceptions. Dur-
ing an atmospheric analysis on Lander 1 (sol
5/01:00:00) and an organic analysis on Lander 2
(sol 61/02:56:00), the GCMS experienced a volt-
age transient and returned to the standby mode. In
this situation the instrument terminated mass scan
data, issued no commands, and transmitted engi-
neering data. In both cases, no instrument prob-
lems occurred as a result of this anomaly and sub-
sequent GCMS sequences performed nominally
without the need for special commands. When the
atmosphere was sampled on sol 102 (Lander 1) the
ion pump current rose to 532 uA, indicating that
the pump was showing signs of degradation due to
argon exposure. This degradation has been taken
into account in planning the extended mission for
Lander 1.



Tabte VI-5 Lander 1 GCMS Activities

Table VI-6 Lander 2 GCMS Activities

Sol/ Sol/
Sequence hr:min Performance Sequence hr:min Performance
AA-F 4/18:12 Nominal Open Sea! Clamp/Index to 1/7:30 Nominal
AA-F 4/22: 7 Nominal Position 1 : {OA precursor)
AA-F 5/01:00 Return to Standby Index to Pasition 4 1/7:38 ?lgrmzt:ursor)
Mode
AA-F 5/04:06 | Nominal Load 1/8:40 oA o arsor]
AA-U 5/11:00 | Nominal AAF 3/14:54 | Nominal
AA-U 5/18:21 Nominal AA-F 3/18:48 Nominal
Column Conditioning 6/02:00 Nominal AA-F 4/2:00 Nominal
Preheat/Unseal/Index 8/06:18 | Nominal AAF a/5:12 Nominal
(OA precursor)
Load/Unseal/Index/Seal 8/06:24 Nominal AESx . 4/14:02 Nominal
{OA precursor) AE-10x 5/14:30 Nominal
No-Op {Preheat) 14/6:00 Nominal AE-10x 8/18:00 Nominal
(OA precursor) AA-U 9/13:40 | Nominal
Load/Unseal/Index/Seal 14/7:18 ?g;\n:::lcursorl AA-U 9/15:05 Nominal
. Preheat 9 : min
No-Op (Preheat) 17/6:30 ?g;\“;x’::'cursor) 2 /18:30 ?gA pr:::ursov)
Load/Unseal/Index/Seal 17/7:00 Nominal Column Conditioning Nominal
{OA precursor) Load/Unseal/Index/Seal 10/8:00 Nominal
OA-Hydrous—Short 17/11:45 | Nominal {OA precursor)
AA-U 17/18:12 | Nominal AE:15x 15/19:26 | Nominal
AA-U 17/19:40 Nominal AE-15x 16/6:12 Nominal
AA-U 17/22:32 Nominal Load/Unseal/index/Seal 21/11:46 :\lgAn:arzLursor)
AA-U 18/01:00 Nominal No-Op 22/ Nominal
AA-U 18/2:28 Nominal ) (OA precursor)
AA-U 18/4:06 Nominal OA-Hydrous-Medium 24/3:22 Nominal
AA-U 18/10:30 Nominal OA-Hydrous—Medium 26/3:30 Nominal
OA-Anhydrous—Medium 23/6:30 Nominal No-Op/No-Op 35/3:14 Nominal
AE-10x 24/17:30 | Nominal : (OA precursor)
AE-10x 27/16:10 | Nominal OA-Hydrous—Medium 35/3:30 Nominal
Dump/Unseal 31/10:10 Nominal OA-Hydrous—Medium 37/3:30 Nominal
Preheat/Unseal/Index 31/10:27 Nominal ,?:s';'t‘;/},’?s“mndm,( © 37/8:35 %A“:::::ursor)
{OA precursor)
Load/Unseal/index/Seal | 31/12:35 | Nominat Index to Position 6 37/5:50 O e ursor]
{OA precursor)
OA-Hydrous—Long 32/4:35 Nominal No-Op 37/6:04 ?IOOK‘:;‘!:::ursorb
AE-10x 33/16:50 | Nominal Preheat 40/13:15 | Nominal
OA-Hydrous—Long 37/5:00 Nominal {OA precursor)
AA-U 41/20:40 Nominal Load/Unseal/Index/Seal 40/16:30 Nominal
AA-U 42/08:00 | Nominal (OA precursor)
OA-Hydrous—Long 43/07:00 | Nominal OA-Anhydrous—Medium 41/04:00 | Nominal
AA-U 52/05:30 Nominal OA-Hydrous—Medium 43/04:00 Nominal
AA-U 62/06:30 | Nominal Ne-Op/No-Op 45/3:43 oA rsor]
AA-U 72/05:30 | Nominal OA-Hydrous—Medium 45/04:00 | Nominal
AA-U 82/06:30 | Nominal OA-Hydrous—Medium 47/04:00 | Nominat
AAU 92/05:30  f Nominal Bakeout C1 1| 48/03:00 | Nominal
AL 102/08:30 | High ion pump Bakeout C1 | 50/03:00 | Nominal
AE-15x 52/20:00 Nominal
AE-15x $3/09:00 Nominal
AE-15x 57/16:50 Nominal
AE-15x 61/0:30 Nominal
No-QOp/No-Op 61/2:48 Nominal
{OA precursor)
OA-Hydrous—Medium 61/2:56 Return to standby
Mode
Open V 10 61/5:10 Nominal
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3. X-Ray Fluorescence Spectrometer (XRFS)

Lander 1—Table VI-7 summarizes the opera-
tion of the XRFS and its performance during the
Lander 1 primary mission and reduced mission. All
data were taken at nominal voltages throughout
the mission except for PC-3. PC-3’s bias was low-
ered 50 volts for use in studying density of
samples. This change was made on sol 26.

The first landed data showed that the gain of
the proportional counters had returned to their
flight acceptance test level. During the mission, the
proportional counter gains did not vary signifi-
cantly. The temperature coefficient of the propor-
tional counter sections appeared to be no greater
than that originally designed and tested.

Over the duration of the mission, PC-1 gain
increased approximately 2% with 2% ‘“‘normal” var-
iation. ‘“Normal”’ variation is caused by tempera-
ture, statistical variation due to short count per-
jods, start up drift, and aging phenomena. PC-2
gain was stable within 1% with 3% “normal”’ varia-
tion. PC-3 gain was stable within 1% with approxi-
mately 4% ‘“normal” variation. PC-4 gain was also
stable within 1% with approximately 1.2% “nor-
mal” variation. Total operating time for sols O
through 103 was 903.16 hr. The dump solenoid
was operated 19 cycles of 61 sec at 4 Hz each. The
flag solenoid was operated 18 cycles for a total
time of 12.5 hr. ’

Lander 2—Table VI-8 summarizes the XRFS
operation and performance during the Lander 2
primary mission. Instrument operation was nomi-
nal with one exception. The first landed data (cali-
pration sol 0) showed a small number of noise
counts in channels 0 through 24. During the execu-
tion of the last command of the sol 0 calibration
sequence, extra counts were evidenced in the data.
Detailed review of all the data from the sol 0 cali-
bration showed that most all commands in the se-
quence collected data that contained counts not
within the normal distribution limits expected.
Analysis of the data showed that the noise in the
XRFS data correlated to specific Lander events
and the seismometer high data mode caused more
counts to occur. Subsequent analysis of the data
from a sol 27 “quiet period” test sequence run on
Lander 2-showed that any GCSC activity caused
noise in the data of the lower channels (channels 0
through 24) of the XRFS. GCSC activity which
commanded DAPU activity increased the level of
extra counts. Circuit and laboratory analysis
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Table ViI-7 Lander 1 XRFS Operation and Performance

Sol XRFS Operation Performance

0 Initial calibration sequence Successful

B8/9 thru Analyses of first sample Successful

23/24

25/26 Analysis of first sample, Successful
calibration flag raised

26/27 Analysis of first sample, lower Successful
PC-3 voltage

27/28 Analyses of first sample Successful

thru

30/31

31/32 Calibration/dump sequences Successful

thru

33/34 )

34/35 Analysis of second sample Successful

35/36 Analysis of second sample Successful

36/37 Calibration/dump sequences Successful

thru

39/40

40/41 Analyses of third sample Successful

thru

59/60

61 thru 65 | Catibration/dump sequences Successful

66 thru 71, | Analyses of dump rasidue Successful

76,78, 80,

83, 87, 90,

91, 96, 98,

100, 103

Table VI-8 Lander 2 XRFS Operation and Performance

Sol XRFS Operation Performance

0 Calibration Normal except for noise
in PC-1 and possibly
PC-2& 4

10/11 Analysis, no sample Gain stable; noise in
PC-1,2,4-715 Vrunon
PC-1, 2 show noise in
channel 0—24

14/15 Analysis of first Gain nominal; 715 V

sample® run on PC-3 shows

noise in channel 0-21

16/17 Analysis of first sample |Noise to channel 23

17 Analysis of first sample Noise to channel 24

27 Test sequence 715 V analysis

28/29 Calibration sequence Noise eftect minimized
by gain increase

29/30 thru | Analyses of second Successful

41/42 sample

42/43 thru | Calibration/dump Successful

44 sequences

45/46 Calibration/dump and Successful

calibration

46/47 thru | Analyses of third sample® | Insufficient sample
51/52

56/57 thru | Analyses of fourth
89/60 sample*

Insufficient sample

* Attempt was made to deiiver small rocks to the XR FS; however
the selected sample sites did not apparently yield rocks.




showed that increased noise currents in the Lander
equipment plate can cause noise to be induced in
the proportion. counter tube/charge amplifier cir-
cuit of the XRFS. Failure of filter components or
bypass components creates a very high noise level
~in these circuits, resulting in a high count rate un-
like that created by the Lander 2 noise. The con-
clusion was that a change in a Lander component
isolation impedance was causing an abnormally
high current to flow in the Lander equipment plate
when the GCSC or DAPU was powered up or
down. This high current was sensed by the XRFS
and counted in its lower channels. The affect of
these extra counts was minimized by increasing the
gain of the PC tube to effectively place the impor-
tant peaks out of the low channels. The noise did
not degrade the science information significantly.
The proportional counters, gain of each propor-
tional counter section, and temperature coeffi-
cients performed similarly to the Lander 1 XRFS
(refer to Lander 1 discussion). Data for the landed
operations showed PC-1 gain stable within 1% over
this period with ‘“normal” variations of approxi-
mately 3%. Data from PC-2 showed gain stable to
1% with “normal”’ variation of less than 1.5%. Data
for PC-3 (also used at low gain for density analysis)
showed 1% stable gain with 4.5% “normal” varia-
tion. Data for PC-4 also showed gain stability
better than 1% and ‘‘normal” variation of approxi-
mately 1.5%. Total operating time for the primary
mission was 357.72 hr. The dump solenoid was
operated through seven cycles of 61 sec at 4 Hz
each. The flag solenoid was operated one tlme for a
total time of 0.64 hr. :

4. Lander Camera System

The Lander cameras were operated throughout
the Lander 1 and Lander 2 primary missions and
the Lander 1 reduced mission. A total of 450 pic-
tures were taken by Lander 1 and 580 by Lander
2. These pictures included:

1) Characterization of the surface structure at
both Lander sites at various sun elevation
angles in color, infrared, high resolution, and
using various focus conditioning;

2) Complete panorama in high-resolution color,
high-resolution black and white, and survey
black and white for Lander 2;

3) Partial panorama in high-resolution color and
complete panoramas in high-resolution black
and white and survey black and white for
Lander 1;

4) Characterization of the Martian surface and
Lander surfaces photometrically on both
Landers;

5) Characterization of the atmosphere with re-
spect to particle sizes, densities, and vertical
distribution;

6) Support of surface sampler activities and the
Physical Properties and Magnetic Propertles
Investigations;

7) Monitoring of the surface with single line
scans to observe particle motion;

8) Complete stereo in high resolution, color, and
IR on both Landers;

9) Spectrophotometric study of the satellite
Phobos;

10) Verification -of the location of the surface
. sampler during anomalies;

11) Verification of high-gain antenna, meteorol-
ogy boom, and processing and distribution as-
sembly cover deployment and overall Lander
condition after landing.

The number and quality of these pictures testifies
to the outstanding performance of the Lander cam-
eras. Further details of the Lander camera perfor-
mance are discussed in the following paragraphs.

Lander 1—Camera parameters monitored for
general health and life included: scan verification
and dust coverage of the windows, internal calibra-
tion of the photosensor array output and tempera-
ture, and elevation motor scan cycles. Table VI-9
summarizes the scan verification and dust se-
quences on Lander 1.

Table VI-9 Lander 1 Camera Scan Verification
and Dust Sequences

Camera 1 Cycles Camera 2 Cycles

Sol Event Sol Event
6 Dust 1 Dust
Scan Verification 2 Dust
7 Dust 4 Dust
12 Dust 6 Scan Vaerification
13 Dust Dust
27 Dust Scan Verification

Scan Verification 7 Dust

51 Dust 11 Scan Verification
Scan Verification Dust

YAl Scan Verification Scan Verification
Dust 27 Scan Verification
Scan Verification | 51 Scan Verification

91 Scan Verification Dust
Dust Scan Verification

Scan Verification
Dust

Scan Verification
91 Scan Verification

Scan Veritication | 71
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Scan verification is accomplished by imaging
two small tungsten light bulbs on the inside of the
camera stow post. The resulting image is out of
focus, but it provides useful information about the
camera’s optical system and about the azimuth and
elevation servo performance. Changes of a few per-
cent in the transmittance of the outer window inte-
grated over a circle 0.95 cm in diameter, caused by
deposits on the window, should be observable. The
outer window was dusted by spraying it with CO,
gas under pressure for 200 msec from a nozzle at-
tached to the camera stow post. Data from the
scan verification images showed no significant
changes during the primary mission from presepa-
ration checkout. Visual inspection of the images
indicated no deviations from nominal scan servo
performance. The scan verification dust-scan verifi-
cation sequences showed that.dusting the window
did not significantly change the window trans-
mittance. The absence of any apparent trend over
the period from sol 1 through sol 91 indicated that
there was no long-term dust accumulation on, or
abrasion of, the camera windows during that per-
iod within the sensitivity of the test. The data also
indicated that the images had not shifted. In con-
clusion, the scan verification images identified no
camera anomalies. No dust accumulation was seen
since landing, and the window duster did not affect
window transmittance.

Internal calibrations performed on both cam-
eras indicated no reduction in sensitivity of the
diodes since preseparation checkout. This was due
primarily to the relatively short time span between
landing and conjunction. Camera operation during
the extended mission is expected to show a contin-
uation of the diode degradation from neutron radi-
ation from the RTGs.

The lifetime limiting device in the cameras is
considered to be the elevation scan motors. Table
VI-10 shows less than 17% of the specified life scan
cycles have been accumulated totally from all cam-
era operations up to conjunction.

The CO, duster was operated eight times up to
conjunction with approximately 190 additional op-
erations available (the amount of remaining CO, is
not measured).

Lander 2--Due to the performance of the
Lander 1 cameras, no scan verification sequences
were perfromed on the Lander 2 cameras and mini-
mum dust sequences were performed. Internal cali-
bration data were consistent with the Lander 1
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Table VI-10 Lander Camera Elevation Scan Cycles

Lander 1 Lander 2

Camera 1 Camera 2 Camera 1 Camera 2
Vendor Test 294,340 | 294,340 294,340 294,340
Martin Marietta
Lander Test 134,746 184,371 120,006 126,819
Total Prelaunch
Scans 429,086 478,711 414,346 421,159
Preseparation
Checkout 100 100 100 100
Postlanded
Images 151,807 144,508 244,319 206,555
Tota! Scan
Cycles (up to
conjunction) 580,993 623,319 658,765 627,814
Percent of
3.8 x 108
Cycles* 15.3% 16.4% 17.3% 16.5%

*Design requirements are 3.8 x 106 scan cycles.

camera data. Table VI-10 summarizes the camera
elevation scan cycles for Lander 2. Less than 18%
of the specified life scan cycles have been accumu-
lated up to the conjunction time frame. The CO,
duster has approximately 195 cycles available for
use during the extended mission.

Summary—Throughout the camera operation
on both Landers, no anomalies occurred. High-
lights of the camera performance are as follows:

1) In viewing preselected stable points on the
Lander body, there was no detectable change
In camera position;

2) By using non-nominal commands, the elevation
field of view was increased to 110 deg (approx-
imately —65 deg to 44 deg) whereas the nomi-
nal requirement was 100 deg (-60 deg to 40
deg); ‘

3) Azimuth field of view was restricted to 335 deg

(nominal 342.5 deg) to avoid deployment of
the contamination cover;

4) At the conclusion of the primary missions, all
cameras were operating better than required by
specifications;

5) The CO, duster reservoir is available for use
during the extended mission with 95% or bet-
ter of the original dusting capability remaining.

5. Meteorology

Lander 1-—The meteorology instrument per-
formed nominally until sol 46. Confidence in the
temperature sensors and resulting measurements
was dependent on two factors:




1) The differences between the thermocouple and

reference sensors were small and were predict-

- able from effects due to conduction and radia-
tion;

2) A close correlation existed between the air

temperature (calculated from the meteorology

instrument data) and the ground temperature:

(measured by the instruments on the Orbiter).
During nighttime, the air and ground tempera-
tures were expected to coincide and they did.
Confidence in wind data (speed and direction)
was based on close agreement between wind
speed and direction values as calculated inde-
pendently by the quadrant sensor and hot film
Sensors.

On sol 46 the quadrant heater failed. The quad-
rant heater voltage (i.e., voltage drop across the
heated post on the quadrant heater) went full
scale, indicating an open connection to the heater
power circuit. Intermittent operation of the quad-
rant heater continued for a few sols, at which time
the circuit remained open. The failure was prob-
ably caused by the temperature surge during power
on/off cycles. As a result, power has now been left
on continuously. Software techniques were devel-
oped to compensate for this failure and wind data
can be obtained.

Lander 2—The ambient temperature sensor ex-
hibited the same non-nominal behavior noticed at
KSC and during cruise. Software techniques were
again developed to work around the anomaly. All
other aspects of the instrument performance were
nominal.

6. Seismometer

Lander 1—Two anomalies occurred relative to
the seismometer on Lander 1. The first anomaly
was detected when the data from the relay link on
sol 1 were processed. It was clear that the seis-
mometer had not been uncaged in any axis by its
landed initialization sequence. Additional uncaging
attempts were made on sol 3, on sol 7, and on sol
32 with no success.

The seismometer functioned normally in all
other respects except for the second anomaly,
which was detected when the data from the relay
link on sol 6 were processed. All of the amplitude
data written into the seismometer data stream were
zero for the entire period between the sol 5 relay
link and the sol 6 relay link. All other aspects of

seismometer operation and the other parameters
written into the data stream appeared normal. This
anomaly has not recurred.

An attempt was made during the failure analy-
sis effort to find some common link between the
two anomalies. However, nothing was identified
and the two anomalies appear to be unrelated.

As a result of the uncaging anomaly, the
Lander 1 seismometer was operated in a reduced
mode throughout the primary mission. Approxi-
mately 500 buffer dumps/sol for 18 sols and 83
buffer dumps/scl for 25 sols were received. During
the reduced mission, no seismology data were
collected.

Uncaging Anomaly—It was concluded from the
following evidence that the seismometer did not
uncage during its landed initialization sequence:

1) Uncaging produces large transients due to the
motions of the coils from their caged to normal
operating positions. The instrument output is
driven to saturation regardless of gain setting
and no such transient was observed. The ex-
pected transients were characterized during
ground tests conducted prior to landing when a
seismometer was uncaged by the flight-type
software.

2) Calibration pulses obtained before and after
“uncaging’ are identical when corrected to a
common gain setting. This shows that the coils
are not free to move.

3) The pin pullers did not fire at the time that
uncaging was supposed to occur. This can be
deduced both from the fact that no current
flow was detected by the seismometer and
that, even if the coils were to remain stuck in
the caged position, the impulsive force gen-
erated by the pin retraction would result in a
significant output from the seismometer.

It is possible that the failure to uncage at the
correct time could have resulted from the seis-
mometer uncaging erroneously at some time before
landing and having the sensing coils damaged by
the dynamic environments. A review was made of
the sequences run at KSC and no inadvertant un-
caging sequence appears to have been run. In addi-
tion, the flight software separation sequence was
run on proof test capsule with an armed seismom-
eter and the seismometer did not uncage during the
sequence. A comparison was made between the
Lander 1 GCSC memory (from a landed memory
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readout) and the GCSC memory as used in prior
verification tests. The comparison shows that there
were no changes either in the program or in the
data base for the landed initialization sequence and
consequently the uncaging attempt should have
been successful. It is clear from the seismometer
data that electrical continuity exists through each
of the coils and flexural pivots. Experience with
the failure of the development unit in pyro shock
testing, in which all six of the flexural pivots physi-
cally broke, indicates that the probability that all
three of the sensing coils are sufficiently damaged
to inhibit coil motion but not sufficiently damaged
to break any flexure is very small. In addition, if a
coil were resting against say a magnet face, some
evidence of motion would be expected during per-
iods of S-band antenna motion and surface sample
acquisition. No such coil motion was observed. All
evidence to date indicates that the coils are still
firmly caged and that uncage current did not flow
in the uncaging circuits.

The detailed designs for the seismometer and
PCDA were reviewed but no circuit design prob-
lems or part overstress problems were identified.
Since the uncaging anomaly cannot be explained
by the failure of a single piece part and since no
overstress condition exists that may result in multi-
ple failures, failures of piece parts has been ruled
out as the cause of the problem. The following
potential single-point failures were identified:

1) Seismometer arming plug miswired;

2) Broken uncaging power return wire in the seis-
mometer;

3) Broken uncaging power return wire in the
Lander harness;

4) Broken uncaging power return wire in the
PCDA;

5) Significant contact resistance or total lack of
continuity in either connector carrying the un-
caging power return wire.

The failure analysis indicated no systematic
problem that could be related to Lander 2 and, in
fact, the Lander 2 seismometer operated nominally
as described later in this subsection.

Data Anomaly—No convincing explanation has
been found for the data anomaly failure or why it
is self correcting by power cycling the seismom-
eter. It is highly coincidental that the same prob-
lem occurred on a development unit at the Califor-
nia Institute of Technology for the first and only

VI-22

time two days before it occurred on the Lander 1
instrument for the first and only time. After the
problem occurred on the development unit, the in-
strument was power cycled 16 times and then
transferred to Denver where it was power cycled
99 times. The problem has not repeated. It is
thought that there was a significant power line
transient at the California Institute of Technology
at about the time that the development unit
started malfunctioning, but the indication of this is
not conclusive. Since it is believed that system
transients occur at the beginning of the relay link
sequence on the Lander, it is possible that the
problem may result from system transients, but no
reasonable mechanism has been identified.

Lander 2—The seismometer on Lander 2 per-
formed nominally at all times. After landing, but
prior to uncaging, the seismometer was operated at
maximum gain in each operating mode to provide
basic instrument electronic noise information. The
noise levels were low and compared well with simi-
lar data obtained before launch.

Following the completion of the electronics
noise tests, the seismometer was uncaged with the
instrument operating at minimum gain.

Each seismometer has a means of self calibra-
tion by forcing a displacement of each of its sens-
ing coils. Lander 2 calibration pulses showed that
the sensor coils were moving freely. The pulses
were of the correct amplitude and an analysis of
the calibration sequence provided an angle for
Lander tilt which agreed well with other indepen-
dent measurements. The calibration sequence was
repeated on most days during the primary mission
and showed good stability.

In view of the low amplitude of motion of the
Lander, limited data were obtained at instrument
gains other than maximum gain. However, all data
to date indicate the gain changing is working cor-
rectly. The same comments apply to the instru-
ment low pass filters.

The operation in the trigger enabled mode was
used primarily during the conjunction period. The
triggering function worked correctly.

In summary, all three operating modes of the
seismometer on Lander 2 and all of the various
operational parameters appeared to be working
normally.



7. Surface Sampler _

Lander 1
Biology Three samples.
’I_‘he purpose of th_e §urface sampler was to Gems Two samples.
acquire, process, and dxs‘trlbute' samples from the XRFS Three samples.
Martian surface to the blo}Ogy mStr_ument’ G-CMS’ Physical Trenches, boom mirror images of footpad 2
and XRFS and to support the physical properties, Properties temperature sensor and terminal descent
: : : : engine disturbance, comminutor and boom
magnetlc 'propertles, and me teoerIOgy lm\./estlga- motor currents, collector head front porch
tions. During the course of the primary mission the image, sample on top of Lander, subsurface
: : temperature measurements, and backhoe
surfgce sampler provnlded ?uts.tandmg' support Fo penetrations into the surface.
the mstruments and x.nvestlgatlons as indicated in Magnetic Direct and magnifying mirror images of
the tabulation at the right. Properties backhoe magnets.
. R . Meteorology Atmospheric temperature measurements,
Figures VI-17 and VI-18 illustrate the sampling Lander 2
area_s, for Landers 1 and 2, respecltllvfely, and sum- Biology Three samples {one from under a rock]).
marize the surface sampler activities for both GCMS Two samples (one from under a rock).
Landers. XRFS One sample (several attempts made
unsuccessfully to obtain rocks).
Magnetic Direct and magnifying mitror images of
. Properties backhoe magnets.
Lander 1—Table VI-11 summarizes the surface p. 8 o
. .. . Physical Trenches, boom mirror images of footpad 2
sampler operations for Lander 1, giving time the Properties temperature sensor and terminal descent
sequence occurred, the sequence duration, number engine disturbance, comminutor and boom
. motor current, and collector head front
of commands issued, and the results. Twenty se- porch image, subsurface temperature
e e rfor d (i udi biolo and measuramaents, rock excavations, and
quences wer .pe med (including gy backhoe penetrations into the surface.
GCMS PDA lid deployment), Of these, 17 se- )
. " »» Mateorology Atmospheric temperature measurements.
quences were successful, two resulted in a ‘‘no-go”,
-
Table VI-11 Lander 1 Surface Sampler Performance Summary
Universat
Time
Local Lander Constant Duration, No. of
Operation Time (LLT) (GMT) hr Commands | Results
Landing 0/16:13:12 202/11:53:06 | ~ - Successful
Biology PDA Lid Deploy 0/16:19:08 202/11:59:02 | - - Successful
Shroud Eject 2/10:20:50 204/07:19:54 0.25 13 Shroud ejected, latch pin jam, no-go
GCMS PDA Lid Deploy 3/14:00:00 205/11:38:39 | — - Successful
Pin Jam Recovery 5/10:40:00 207/09:37:49 0.21 12 Successful
Biology Sampling 8/06:54:28 210/08:05:27 1.89 58 Successful
GCMS Sampling 8/08:52:50 210/10:03:49 1.15 76 Partial success—no sample "“level full’’
XRFS Sampling 8/10:35:50 210/11:49:49 0.72 38 Successful
XRFS Sampling 8/11:22:50 210/12:33:49 0.72 38 Successful
GCMS Sampling 14/06:25:00 216/11:19:07 0.28 13 Acquired sampte, no delivery, no-go
Diagnostic Sequence 18/14:00:00 220/21:32:48 Q.10 29 Successful
GCMS Sampie Delivered 22/12:00:54 224/22:11:43 0.48 29 Succaessful
Dump GCMS Sample 31/10:00:00 234/02:07:06 0.07 1 Successful
GCMS Sampiing 31/10:40:00 234/02:47:06 0.75 49 Successful
XRFS Sampling 34/10:10:00 237/04:15:52 0.66 41 Successful
XRFS Sampling 34/11:10:00 237/05:15:52 0.66 a1 Successful
Biology Sampling 36/11:10:00 239/06:35:02 2.34 60 Successful
XRFS Sampling 40/10:27:50 243/08:31:13 0.95 47 Successful
XRFS Sampling 40/12:07:50 243/10:11:13 0.95 47 Successful
Physical/Magnetic Properties 41/15:30:00 244/14:12.:58 0.97 40 Successful
Biology Sampling 91/07:00:00 295/14:42:21 192 61 Successful
Totals 15.07 703
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Figure VI-17 Schematic of Lander 1 Sampling Area Summarizing Nominal Mission Surface Sampler Activities

and one resulted in no sample “level full.” The
three anomalies are described in the following para-
graphs.

Shroud Eject, Latch Pin Jam—On sol 2 during
execution of the 13th command (retract from 4.1
to 2.0 in.) the boom failed to attain position and a
“no-go” was generated when the 14th command
was issued. Subsequent analysis revealed that the
launch and cruise boom restraint pin was jammed,
and did not fall free from its guide during execu-
tion of the 6th command (extend from 2.3 to 6.0
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in.). When the boom was commanded to retract
during the 13th command, the unreleased latch pin
misaligned and jammed against the boom pin sup-
port structure. A recovery sequence was performed
on sol 5 which:

1) Reset the ““no-go” flag;

2) Commanded the boom to an azimuth position
of 186.6 deg and an elevation of 7.2 deg so
that it would be possible to image the released
restraint pin on the surface;
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3) Extended the boom to 12.0 in. and vibrated
the collector head at 4.4 Hz to provide vibra-
tion to assist the gravitational drop of the pin
from its guide;

4) Repositioned the boom and acquired profile
images of the boom collector head area and the
surface to determine the location of the re-
straint pin.

The sequence was successfully executed on sol 5
with no anomalies encountered.

GCMS PDA Absence of Sample Level Detector
Full Indication—On sol 8, a GCMS sampling se-
quence was initiated, All commands were success-
fully executed, but no sample level detector ““full”’
indication was received during the first acquisition
attempt. A second acquisition attempt commanded
by the do-loop logic again resulted in no sample
level detector “‘full” indication. The system com-
pleted its sequence in a normal manner and the
boom was parked as planned. The following po-
tential causes of the anomaly were considered:
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1) Insufficient sample acquired in the collector
head because of identical sampling location as
that used for the previous biology sample.

2) Insufficient time allowed for the sample to pass
from the GCMS PDA funnel, through the com-
minutor auger section, and through the 300-
micron sieve into the metering cavity.

3) Auger stirring spring not contacting the
300-micron sieve.

4) Sample level detector circuit faulty.

Corrective actions were designed to correct for
any of the four potential causes. A sol 14 sequence
was designed to correct causes 1, 2, and 3 and
included the following:

1) Revised sampling site coordinates to an un-
disturbed area;

2) Added a GCMS distributor vibrate command
during the sample metering operation to assist
the flow of material through the 300-micron
sieve;

3) Increased the collector head vibrate time over
the GCMS PDA from 17 to 30 sec;

4) Increased the comminutor time from 90 to 120
sec;

5) Increased the szimple dump sieving time from
20 to 40 sec.

The sequence was initiated, and a sample ac-
quired, however, a boom extend/retract problem
(see below) resulted in a ‘'no-go,”” which precluded
delivery of the sample to the GCMS PDA. This
problem was analyzed, corrected on sol 18, and a
sol 22 sequence was planned to complete the de-
livery of the sol 14 sample. The original sol 8
GCMS sampling problem was further analyzed in
the interim, and the following additional changes
were implemented on a sol 21 uplink for the sol 22
delivery:

1) Increased the collector head vibration time
over GCMS PDA from the previous revision of
30 sec to 45 sec;

2) Increased the comminution time from the pre-
vious revision of 120 to 140 sec, and added an
additional 120-sec comminute cycle.

This recovery sequence was intended only to
deliver the sample to the GCMS PDA. Delivery to
the GCMS instrument was to be delayed until com-
pletion of the sol 22 data analysis.
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The sol 22 sequence was executed properly
with no anomalies encountered. A sample level
detector full indication was attained during the
first comminution cycle.

A parallel plan was also implemented to deter-
mine whether or not a sample was actually deliver-
ed to the GCMS instrument on sol 8 even though
the GCMS PDA sample level detector had indicated
a “no sample” condition. A GCMS analysis was
conducted using the pyrolysis oven, which would
have received any delivered sample. The analysis
subsequently indicated that a sample had been de-
livered to the GCMS instrument on sol 8. This situ-
ation is possible, since the GCMS instrument re-
quires less than 0.1 cc of sample for a reasonable
analysis, whereas the GCMS PDA distributor re-
quires approximately 0.7 cc of material in the
metering tube before a sample level detector full
indication is possible.

The Molecular Analysis Team decided against
using the sample originally acquired on sol 14 and
delivered to the GCMS PDA on sol 22. Adequacy
of the sol 8 sample was eventually established on
sol 23. Therefore, both the PDA and GCMS instru-
ment loading hopper were purged of “Sandy Flats”
sample material on sol 31. The normal GCMS sur-
face sampler control assembly (SSCA) sampling
tables were revised in accordance with the changes
previously described, and a fresh sample was
acquired from the “Rocky Flats™ area on sol 31.
This sequence was executed properly with no
anomalies encountered, The Lander 2 GCMS sam-
pling sequences were also subsequently revised in
the same manner, and all GCMS sampling se-
quences on that Lander were successfully executed
with no anomalies encountered.

Boom Retract Failure—On sol 14 a GCMS sam-
pling sequence execution was initiated. Analysis of
SSCA data indicated normal sequence performance
through execution of the 12th command. During
execution of the 13th command (boom retract to
10.5 in.), the commanded position was not at-
tained, and when the GCSC issued the 14th com-
mand (GCMS PDA distributor counterclockwise),
the SSCA “no-go’ resulted in GCSC power down
of SSCA.

Analysis of the SSCA data indicated proper re-
sponses to all commands through the 12th com-
mand. Examination of the sol 14 imagery revealed
that the sampling trench was dug as expected, but



the collector head was not present over the GCMS
PDA when expected. This was consistent with the
SSCA data. A sol 15 image revealed the back side
of the boom, indicating that it was generally in a

.position consistent with the sampling azimuth of

107.7 deg and the last executed command of +15.4
deg elevation.

The following potential causes of the anomaly
were considered:

1) Failure of the SSCA power side 1 electronics;

2) Failure of the boom extend/retract motor, po-
sition feedback potentiometer, or interconnect-
ing wiring;

3) Jamming of the boom precluding proper
retraction.

Causes 1 and 2 were considered unlikely, because
all functions had operated properly during execu-
tion of the first 12 commands. Jamming of the
boom as it attempted to execute the retract com-
mand was considered to be the most likely cause of
the problem, particularly because of its similarity
to the problem on sol 2.

Frozen carbon dioxide or surface material were
rejected as potential causes of jamming the boom
mechanisms due to the absence of a slowly increas-
ing motor load, which would have been revealed by
the current measurements. Discussion of the anom-
aly with the boom designers revealed that a similar
problem had occurred during early test phases of
the boom. The problem was believed to be caused
when a series of successive retract (or extend) com-
mands are issued. The successive retract commands
cause the boom element to become very tight on
the storage drum. Additionally, the boom element
tends to store in a five- to six-sided configuration
(rather than perfect circular symmetry) on the
drum, which causes intermittent high loading when
the “points of the hexagon’ pass under the boom
restraint brake shoes. These two factors in combi-
nation can result in excessively high retract motor
instantaneous starting torque requirements, which
may be further increased when operating at low
temperatures of ~50 to ~100°F to the level where
the motor torque limiter decouples and movement
of the boom ceases

Two major operating procedures were incorpo-
rated to alleviate this potential anomaly:

1) All sequences were revised so that there were
no successive extend or retract commands. This
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precluded excessive tightening of the boom ele-
ment on the drum, and the command reversals
cause the extend/retract “flip-flop’ gear to dis-
engage the load during each cycle, which allows
the motor to attain full speed and operating
torque before re-engaging the load in the oppo-
site direction.

2) Future operations were to be performed within
1 to 2 hr of the peak temperature during the
Martian sol, which would result in most opera-
tions occurring above 0°F.

An uplink diagnostic sequence was designed for
execution on sol 18, The sequence consisted pri-
marily of operating the boom in each axis of opera-
tion (extend, retract, up elevation, down elevation,
clockwise, and counterclockwise). Each movement
was protected by close timing control and “no-go”
inhibit sequences to preclude the generation of no-
go’s and subsequent termination. Successive extend
or retract commands were eliminated.

The sequence was executed properly and no
anomalies were encountered.

All subsequent Lander 1 and 2 sequences were
redesigned: to exclude, wherever possible, succes-
sive extend or retract commands, and to perform
these operations during the warmest part of the
sol. No further probiems were encountered on
either Lander. Operating temperature restrictions
were eventually waived because of the need to
acquire early morning biology samples on both
Landers. No problems were encountered during
these low temperature operations.

Lander 2—Table VI-12 summarizes the surface
sampler operation for Lander 2. A total of 28 se-
quences were performed (including biology and
GCMS PDA lid deployment). Of these, 18 were
successful, nine were partially successful because
insufficient rock samples were delivered to XRFS,
and one resulted in a ‘“no-go.” The insufficient
samples for XRFS were not caused by hardware
anomalies. (It is interesting to note that the Lander
2 boom extension/retraction cumulative total
travel was greater than the length of a football
field.) The one anomaly is described in the follow-
ing paragraphs.

Collector Head Rotation Switch Failure—On
sol 8 the biology sampling sequence execution was
initiated. Analysis of the SSCA data indicated nor-
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Table VI-12 Lander 2 Surface Sampler Performance Summary

Universal
Local Time
Lander Constant Duration, No. of
Operation Time (LLT) {GMT) hr Commands | Results
Landing 0/09:49:05 247/22:37:50 | - - Successful
Biology PDA Lid Deploy 0/09:55:53 247/22:44:38 | - - Successful
Shroud Eject 1/10:44:50 249/10:05:32 0.36 19 Successful
GCMS PDA Lid Deploy 3/14:00:00 251/14:39:53 | — - Successful
Biology Sampling 8/16:00:00 256/10:05:27 1.66 50 Partial success; no-go before
XRFS delivery
Collector Head Diagnostic Sequence 10/15:30:00 258/10:54:37 0.02 2 Successful
XRFS Delivery 13/16:45:00 261;14:08:22 0.06 8 Partial success; insufficient rocks
GCMS Sampling 21/10:00:00 269/12:40:04 1.06 67 Successful
Biology Sampling 28/16:00:00 276/23:17:11 1.95 64 Successful
XRFS Sampling 29/13:30:00 277/21:26:46 0.50 42 Successful
XRFS Sampling 30/10:30:00 278/19:06:22 0.50 42 Successful
GCMS Rock Nudge 30/11:20:00 278/19:56:22 0.37 19 Successful
GCMS Rock Push 34/10:35:00 282/21:49:43 0.36 23 Successful
GCMS Rock Push 37/10:00:00 2B85/23:13:28 0.17 18 Successful
GCMS Sampling 37/16:00:00 286/05:13:28 1.29 97 Successful
GCMS Sample Delivery 40/15:50:00 289/07:02:14 0.34 23 Successful
Biology Double Rock Nudge 45/10:00:00 294/04:30:10 0.49 36 Successful
XRFS Sampling 46/13:00:00 295/08:09:46 0.61 39 Partial success; insufficient rocks
XRFS Sampling 46/13:40:00 295/08:49:46 0.61 39 Partial success; insufficient rocks
XRFS Sampling 47/13:00:00 296/08:49:21 0.61 39 Partial success; insufficient rocks
XRFS Sampling 47/13:40:00 296/09:29:21 0.61 39 Partial success; insufficient rocks
Biology Rock Push 51/06:15:00 300/04:42:42 0.19 19 Successful
Biology Sampling 51/06:40:00 300/05:07:42 2.58 79 Successfut
Physical/Magnetic Properties 56/14:00:00 305/15:45:38 1.24 59 Successful
Physical/Magnetic Properties 57/06:43:00 306/09:08:13 0.96 43 Successtul
XRFS Sampling 57/08:00:00 306/10:25:13 0.45 39 Partial success; insufficient rocks
XRFS Sampling 57/08:45:00 306/11:10:13 0.45 39 Partial success; insufficient rocks
XRFS Sampling 58/08:00:00 307/11:04:49 0.45 39 Partial success; insufficient rocks
XRFS Sampling 58/08:45:00 307/11:49:49 0.45 39 Partial success; insufficient rocks
Total 18.34 1022

mal sequence performance through execution of
the 49th command. During execution of the 50th
command (collector head rotate counterclock-
wise), there was no indication that the commanded
rotational position was attained. When the GCSC
issued the 51st command (extend to 8.4 in.), the
SSCA ‘“‘no-go” resulted in GCSC power down to
the SSCA. Analysis of the SSCA data indicated
proper response to all commands through the exe-
cution of the 49th command. However, a collector
head rotation timing peculiarity was noted during
the execution of the 40th command (collector
head rotate clockwise).

The 7.56 sec required during execution of the

40th command was unquestionably excessive. It
was believed that the cam actuated switch did not
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operate properly at the 45-deg position, and the
collector head continued its rotation to the incor-
rect backhoe down position, where the cam actu-
ated switch did operate and a position achieved
signal was generated. During execution of the 41st
command, the collector head was already in the
upright position. Therefore, the rotation motor
clutched the collector head against its hardstop;
and this vibratory action actuated the switch,
which resulted in a position achieved indication.

The 50th command issued by the GCSC during
this sequence was a collector head rotate counter-
clockwise to the 45-deg position. It was believed
that the rotation switch did not operate at all dur-
ing this command, and that the collector head ro-
tated to the fully inverted position, clutched



against the hardstop, and an SSCA “no-go” was
generated due to the absence of a position achieved
indication.

A diagnostic sequence was uplinked to execute
on sol 10 which reset the ‘‘no-go” flag and com-
manded the boom to extend to 16.2 in. {over the
XRFS funnel) so that the collector head could be
imaged. The sequence executed properly with no
anomalies, Imaging data verified that the collector
head was in the suspected fully inverted position.

An uplink sequence on sol 13 contained a “no-
go’’ inhibit sequence and commanded the collector
head to rotate clockwise for 10 sec. This sequence
was intended to position the collector head in the
upright position so that any residual sample could
be delivered to the XRFS instrument. The se-
quence executed properly with no anomalies.
Imagery verified that the collector head had ro-
tated to the proper position.

All subsequent Lander 2 sequences were re-
vised to use timed commands in conjunction with
“no-go” inhibit sequences to preclude the need for
the rotation cam actuated switch signal. No further
problems were encountered on Lander 2 with the
revised commanding technique. '

The accumulated ground and mission opera-
tions time on all motors and solenoids were well
- within specified operating life times.

Summary—Performance of the surface sam-
pler subsystem hardware was considered excellent
during the primary mission, and sufficient reserve
capability is available for performing the goals of
the extended mission. Only three of the 1725 com-

mands issued by the GCSC resulted in the genera-
tion of an SSCA ‘“‘no-go” with subsequent se-
quence termination. Of these three no-go’s, one
{Lander 1 boom launch restraint pin jam) was
caused by a sequencing error, and one (Lander 1
boom retract failure) was caused by a lack of
knowledge of the performance characteristics of
the boom. The third ‘‘no-go” (Lander 2 collector
head rotation switch failure), was probably caused
by either a microswitch failure or a marginal ad-
justment of the cam-microswitch failure or a mar-
ginal adjustment of the cam-microswitch actuation
system. The fourth anomaly (Lander 1 GCMS PDA
absence of sample level detector full indication)
was believed to be related to the unusually high
cohesive nature of the Martian surface material
rather than a hardware failure. Corrective actions
or workaround sequences were designed for all of
the anomalies encountered so that all operational
requirements were met,

Additional operational requirements (or goals)
were levied upon the surface sampler during perfor-
mance of the primary mission. These included rock
pushing sequences, and sequences to deliver peb-
bles and rocks (only) to the XRFS experiment.
The rock pushing sequences were successful due to
the design margin available in the boom extend/
retract system. The pebbles and rocks delivery se-
quences were marginally acceptable during Lander
1 operations, but insufficient quantities of rocks
were delivered during the Lander 2 attempts. This
problem is believed to be partially caused by the
lack of large quantities of small rocks in the Lander

. 2 sampling area. Additional sequences for attaining

sufficient quantities of small rocks for the XRFS
experiment will be executed during the extended
mission.
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VII. EXTENDED MISSION
A. SCOPE

At the completion of the exceedingly produc-
tive and scientifically rewarding primary mission,
both Landers continue to operate and support all
science investigations, with the exception of the
seismology experiment on Lander 1. In fact, both
Landers contain redundant equipment that has not
vet been operated during the landed missions.
Some examples of this are: GCSC-B, DAPU.-B,
PCDA converter-B and SSCA-B. Because the
Lander instruments and supporting engineering
subsystems are in an operating mode and both Or-
biters are operational, NASA has funded an ex-
tended mission encompassing the solar conjunction
period and one Martian year from landing.

The objective of extending the Viking primary
mission is to make use of these operational space-
craft to obtain seasonal variations, long-duration
sampling for statistically important experiments,
and to obtain data not possible during the primary
mission due to time constraints or observational
limitations. A complete Martian year (approxi-
mately twice an Earth year) of data, primarily me-
teorology and seismology, is planned. However, all
Lander science investigations will be continued
from the primary mission and every attempt will
be made to achieve the objectives listed in the
following paragraphs.

1. Biology

In the primary mission, sufficient time was
available to conduct three analyses. The biology
instrument has been built to permit four possible
repeated analyses (three experimental sequences
and one control). The extended mission presents
an opportunity to provide a lengthy incubation
period for possible organisms and perform the final
analysis. On Lander 1, three samples for biology
are planned, one from a deep hole and two from
the surface. On Lander 2, two samples are planned,
one from the surface and one from subsurface.

Labeled Release Experiment—Lander 1 will
perform two experiment cycles on the surface sam-
ple and incubation will continue until March 1977,
On Lander 2 the analysis on acquired soil beneath
a rock will be completed and a new sample ob-
tained repeating the 50°C control, “cold’’ incuba-
tion after nutrient injection.

Pyrolytic Release Experiment—There will be
two experiment cycles performed by Lander 1:
one on soil already in the instrument, and one on
newly obtained surface soil. On Lander 2 three ex-
periment cycles will be accomplished. There will be
one on soil already in the instrument, one on
newly obtained soil, and one “cold” incubation on
newly acquired surface soil.

Gas Exchange Experiment—Lander 1 will com-
plete a 200-sol incubation period on the soil ob-
tained on sol 8. A soil chemistry (0, release) anal-
ysis will be conducted on soil obtained from the
subsurface. Lander 2 will complete the incubation
of soil obtained beneath a rock.

2. Meteorology

The meteorology investigation requires signifi-
cant statistical data for interpretation. The seasonal
coverage, coupled with supporting data from in-
struments on the Orbiters will probably permit
global atmospheric modeling. An understanding of
Martian weather is likely to emerge from seasonal
variations of the diurnal cycle, pressure, and wind
measured.

3. Seismology

The seismology investigation also requires sig-
nificant statistical data because seismological
events occur randomly. A major seismic event on
Mars will permit the characterization of the core,
mantel, and crust of which very little is known.
This, in time, would reveal the thermal history of
the planet. The extension of the Lander 2 opera-
tion increases the possibility of an event occurring
during the investigation. Monitoring periods will be
concentrated in the most quiet periods of the
Martian day.

4. Molecular Analysis

Atmospheric Analysis (AA)—Seasonal or secu-
lar changes will be obtained to increase the knowl-
edge of atmospheric dynamics. Periodic filtered
and unfiltered atmospheric analyses will be con-
ducted to detect trends and compositional changes
at each landing site.

Atmospheric Enrichments—Periodic enrich-

ments and analyses will be aimed at better quantifi-
cation of trace constituents in the atmosphere.

VII-1



Water Vapor Detection—Attempts will be made
to detect water vapor in the atmosphere and these
measurements will be coordinated with the orbital
observations.

Soil Experiments—Incubation of soil in hydro-
gen is aimed at detection of reaction products and
volatiles.

5. Inorganic Chemistry Analysis

The capacity for analyzing soil samples still
exists with the XRFS in each Lander. If there is a
planetwide dust storm, an analysis of the newly
deposited material can be performed. On Lander 1,
attempts will be made to acquire and analyze rock
pebbles, ‘‘dark fines,”” and a very shallow sample to
determine if the thin surface layer is chemically
different from the bulk fines. A sample from a
depth in excess of 10 cm will test homogeneity of
surface material in the vertical direction. On
Lander 2, similar acquisitions and analyses will be
conducted, including a series of calibration opera-
tions to look for wind-blown material.

6. Magnetic Properties Investigation

Experiments will test the temperature depen-
dence, if any, of the magnetic particles, and will
attempt to pick up rock pebbles with the magnet.
The backhoe magnets must first be cleaned with
the magnet cleaning brush.

7. Physical Properties Investigation

Emphasis will be placed on trenching as deeply
as possible, performing bearing strength and impact
tests, mapping the area around the footpads and
under the terminal descent engines using the
boom-mounted mirrors, measuring surface temper-
atures through a diurnal cycle with the collector
head temperature sensor, and examining surface
material via the magnifying mirror. Long-term
observations of the UV degradable coating will be
conducted.

8. Surface Sampler

The boom will be operated to obtain the biol-
ogy, GCMS, and XRFS samples and support the
magnetic and physical properties investigations.

9. Imaging

The first objective will be to complete those
composite imaging sequences started during the
primary mission. The solar extinction, sky bright-
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ness, and twilight rescan experiments for monitor-
ing the changes in the amounts and types of partic-
ulate matter in the atmosphere will be continued.
These experiments will aid in understanding the
normal state of the Martian atmosphere and the
changes during a dust storm. Monitoring of the fine
grained dunes and dust gathered on rocks will be
continued through any dust storms. Color observa-
tions of Phobos and Deimos will also be made to
determine their composition. '

10. Data Return

To return the science data and stay within the
extended mission constraints, a maximum of four
relay links per Lander in every two-week period
will be scheduled. The relays will vary because the
Orbiters are ‘“‘walking” around the planet. This in-
volves changing the periapsis of the Orbiter to al-
low investigation of other areas of the planet. Re-
lays are planned until October 1977, at which time
the direct link will become the only link used for
data return,

There will be one command uplink to each
Lander per week, with a contingency uplink plan-
ned on the next day. There will be two direct links
planned for each Lander in a two-week cycle, and
there will be no more than two Lander downlinks
per day, in any combination.

B. LANDER 1 CAPABILITIES

The two Landers proved that they could prop-
erly execute some 40 sols of the mission without
being commanded over the conjunction period.
Lander 1 performed its mission throughout the
conjunction period with only one anomaly detec-
ted: track 4 of the tape recorder produced data
that could not be data frame synchronized or iden-
tified by the ground data processing software.
Track 4 data had been recorded over a portion of
the conjunction period and is not usable. However,
the other three tracks continue to operate in an
excellent fashion and will be adequate for the re-
mainder of the extended mission.

The current operational configuration of
Lander 1 includes the continued use of GCSC-A,
DAPU-A, PCDA power converter A, modulation
exciter-2, TWTA-1 and SSCA-A. There are oper-
able backup components for all these items, if any
should fail, This redundancy certainly maximizes
the chance for successfully completing this long-



duration mission. Table VII-1 lists the hardware
failures experienced to date and when the failures
were detected., Table VII-2 lists the backup hard-
ware status and when it was last operated.

Table VII-1 Lander 1 Landed Mission Hardware Fajilures

Time of
item Failure Description Detection
GCMS Oven 3 Oven pyrolysis heater open Cruise Test

circuit of GCMS
Seismometer Three caging pinpullers Sol 0

failed to actuate

Failure to lockup on uplink [ Sol 2
signal

Quadrant sensor heater Sol 46
developed open circuit

Command Receiver |

Meteorology Sensor
Assembly

Tape Recorder Track 4 produced unusable | Sol 150

data playback

Table VII-2 Backup Hardware Status

Lander 1 Lander 2

Last Last
Item Operated Status Operated Status
GCSC-B In Mars Nominal | In Mars Nominal

Orbit Orbit
DAPU-B Prelaunch Nominal | Prelaunch Nominat
TWTA 1 In Use Nominal | Sol 38 Failed
TWTA 2 Sol 66 Nominal | In Use Nominal
Cmd Receiver 1| Sol 1 Failed Sol 131 Not Usable
Mod Exciter 1 | Prelaunch Nominal | Prelaunch Not Usable
SSCA 2 Prelaunch Nominal | Prelaunch Nominal

To maintain the command, data collection and
storage, and data transmission capability in an ac-
ceptable manner, operational workarounds (tape
recorder track 4 problem) and use of redundant
hardware (command receiver failure) have been
used to overcome the few hardware failures experi-
enced. The one exception is the failure to uncage
the seismometer. However, special uncaging se-
quences are planned during the extended mission
in an attempt to enhance the scientific data return
from Lander 1. All of these points substantiate the
fact that the Lander system is certainly adaptive
and sufficient to realize the objectives of the
extended mission.

C. LANDER 2 CAPABILITIES

Lander 2 performed its mission throughout the
conjunction period in a flawless manner. This
40-so0l mission period gave us the first indications
of the oncoming Martian winter. The daily average

temperature in the Lander equipment compart-
ment decreased about 8°F over this period. This
cooling trend was predicted.

The current operational configuration of
Lander 2 includes the continued use of GCSC-A,
DAPU-A, PCDA power converter A, and SSCA-A.
There are operable backup components for all
these items, if any should fail. Lander 2 also pro-
ceeds into the mission with hardware redundancy
which maximizes the chance of successfully com-
pleting the extended mission. Table VII-3 lists the
hardware failures experienced to date and when
the failure was detected. Table VII-2 lists the back-
up hardware status and when it was operated.

Table VI1-3 Lander 2 Landed Mission Hardware Failures

Time of
Item Failure Description Detection
Battery A Tempera- Open circuit Prelaunch
ture Transducer Checkout
GCMS Oven 1 Oven pyrolysis heater open Cruise Test

circuit of GCMS

Open circuit developed dur- |[Sol 8
ing sample delivery (did not
affect subsequent operations)

SSCA Collecter Head
Intermediate Switch

Indication of corona arching |Sol 39
Sol 102

TWTA 1

Command Receiver 1 | Failure to lockup on uplink
signal

Lander 2 will be severely stressed by the ther-
mal environment expected for this northerly land-
ing site. Figure VII-1 shows the calculated tempera-
ture profile projected for the next several months,
including the Martian winter. The diurnal cycle
decreases in magnitude until it disappears between
sols 290 and 370. During this period, the atmo-
sphere will begin to freeze out and maintain a con-
stant temperature.
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Figure VII-1 Lander 2 Environmental Predictions
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The two thermal switches, which conduct
waste RTG heat into the equipment compartment,
first began to cycle on sol 119 and have continued
to cycle each sol since then. This heat augments
the heat generated by the components themselves.
Thermal analyses indicate that the Lander internal
equipment should be operable throughout this ex-
treme thermal excursion if all of the RTG electrical
power is used by the right components and the
thermal switches continue to function. Minimum
flight acceptance temperatures will possibly be ex-
ceeded for the battery assemblies, the GCMS, both
cameras, and the camera duster, and may require
restricted use for certain of these items during this
period.

VIi-4

The high-gain antenna assembly is of concern
because carbon dioxide icing, which is not well
understood, could possibly cause the antenna to
stop tracking the Earth. This proper pointing is
required since commanding must utilize receiver
number 2, which is connected only to the high-gain
antenna.

Weighing all of the above factors, it is believed
that Lander 2 has an excellent opportunity of com-
pleting the extended mission in spite of the po-
tentially severe winter on Mars.



