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INTRODUCTION

The Apollo Lunar Surface Experiments Package ({ALSEP) will be used to obtain
long-term scientific measurements of various physical and environmental
properties of the Moon consistent with the scientific objectives of the Apollo
Program. TheALSEP comprises scientific experiment packages with supporting
subsystems. ALSEP will be transported to the lunar surface aboard the Apollo
Lunar Module (LM). The ALSEP will remain on the lunar surface after the
return of the astronauts and will transmit scientific and engineering data to the
Manned Space Flight Network {MSFN).

The purpose of the ALSEP Flight System Familiarization Manual is to familiarize
the reader with the scientific objectives of ALSEP, equipment make-up, system
deployment, and operation. This manual describes the ALSEP mission and
system in Section I, subsystems in Section II, maintenance in Section III, and
operations in Section IV. Supplementary command and measurement data are
provided in the Appendices. ALSEP Flight 2 subpackages have been used in the
Early Apollo Scientific Experiments Package (EASEP) Program. Consequently,
any reference to Flight 2 in this manual is no longer applicable.

The information contained in this revision of the ALSEP Flight System Familiari-

zation Manual includes formalized data released and available prior to the publi-
cation date, 15 April 1969.

ix
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SECTION 1

ALSEP MISSION DESCRIP TION

1-1. ALSEP MISSION INTRODUCTION

The Apollo Lunar Surface Experiments Package (ALSEP) is a group of scientific
experiment and support subsystems which will be deployed on the surface of the
Moon by the Apollo crewmen. The ALSEP will measure lunar physical and en-

vironmental characteristics and transmit the data to receiving stations on Earth
This data will be used to derive information on the composition and structure of
the lunar body, magnetic field, atmosphere, and the solar wind.

1-2. ALSEP MISSION PROFILE

The ALSEP will be transported from Earth to the Moon in the Apolle spacecraft
manned by three crewmen. The Apollo spacecraft consists of three basic maord-
ules; the service module (SM), command module (CM), and lunar module (LM).
The ALSEP subpackages will be mounted in the scientific equipment (SEQ) bay of
the LM, and the fuel cask will be mounted adjacent to the SEQ on the exteriur «f
the LM as shown in Figure 1-1,

A Saturn V launch vehicle will place the Apollo spacecraft in lunar orhit. Two
crewmen will transfer from the CM to the LM for lunar descent. The third crew-
man will maintain the cormunand and service module combination (CSM) in lunar
orbit., The LM will be separated from the CSM and be piloted to a preselected
landing site on the lunar surface.

After landing, the crewmen will extract the ALSEP from the LM, deploy the in-
struments and subsystems, and activate the power subsystem. They will then
verify with MSFN that the receiving, processing, and power supply subsystems
are operable. The crewmen will collect samples of the lunar surface using the
Apollo lunar hand tools (ALHT) and return to the LM.

The LM will be launched from the lunar surface to rendezvous with the CSM in
lunar orbit. The two crewmen will transfer from the LM to the CSM, jettison the
LM in lunar orbit, and initiate the CSM transEarth maneuver. The SM will be
jettisoned before re-entry and the three crewmen will re-enter the Earth atmos-
phere and land in the CM.

The ALSEP, on the lunar surface, is controlled by ground command from the
manned space flight network (MSFN). Comnands from Earth and automatically
generated commmands will direct ALSEP operation.
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1-3. ALSEP MISSION OBJECTIVES

Major objectives of lunar exploration include determination of:
a. The structure and state of the lunar interior
b. The composition and structure of the lunar surface and modifying processes.

c. The evolutionary sequence of events leading to the present lunar configura-
tion,

To initiate partial attainment of these objectives the ALSEP includes eight ex-
periments in varying combinations to measure a number of geophysical charac-
teristics. The various physical and environmental properties to be measured,
applicable experiment, and method ef measurement are listed in Table 1-1.

1-4. ALSEP SYSTEM DESCRIPTION

The ALSEP is a self-contained package of scientific instruments and supporting
subsystems designed te acquire lunar physical and environmental data and trans-
mit the information to Earth. The ALSEP is deployed on the lunar surface by the
Apollo erewmen as described in Section IV of this manual. Different configura-
tions of the ALSEP wil! be used on the different Apollo fiights as specified in
Table 1-2.

1-5. ALSEP PHYSICAL DESCRIPTION

The ALSEP consists of the following subsystems:

a. Structure/thermal subsystem

b. Electrical power subsystem

c. Data subsystem

d. Apollo lunar hand tools

e. Eight experiment subsystems in varying combinations of four each for four
separate flights as presented in Table 1-2.

The experiment and support subsystems of the ALSEP system are mounted in two
subpackages as shown in Figure 1-1 for storage and transportation in the LM.
The fuel cask (part of the electrical power subsystem) is attached to the LLM.

Subpackage No. | for Flights 1and 2 consists of the central station (data sub-
system, power conditioning unit, and experiment electronics), the antenna, the
passive seismic (PSE), magnetometer (ME), and solar wind (SWE) experiments
as shown in Figure 1-2. Subpackage No. 2 for Flights 1, 2, and 4 consists of the
radioisotope thermoelectric generator (RTG), suprathermal ion detector experi-
ment (SIDE), Apollo lunar hand tools (ALHT), handling tools, and the antenna
mast as shown in Figure 1-3. Similar configurations of the subpackages incor-
porating different combinations of experiments as shown in Figure 1-4, 1-5, and
1-6 will be employed in Flights 3 and 4. The ALSEP Flight 1 packages, including
fuel capsule and cask, weigh approximately 282 pounds and, excluding the fuel
capsule and cask, occupy approximately 15 cubic feet.

1-3
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Table 1-1,

ALSEP Scientific Objectives

Measurement Objective

Experiment/Measurement Method

Natural seismology (meteoroid
impacts and moonquakes).
Properties of lunar interior
(existence of core, mantle)

Magnetic field and its tem-
poral variations at the lunar
surface.

Interaction of solar wind and
Moon (temporal, spectral,
and directional characteristics).

Lunar ionosphere positiye ion
detection, (flux, energy, and
velocity of positive ions). Also
pressure of lunar atmosphere
and'rate loss of contaminants
left by astronauts and the LM.

Physical properties of lunar
materials at shallow depths
(elastic properties of lunar
near-surface materials).

Rate of heat flow through lunar sur-
face that, together with information
from other sources, will refine hy-
potheses concerning:

a. the physical and chemical com-
position of the lunar surface,

b. the thermal distribution of the
Moon.

Passive Seismic Experiment - Uses

three long period sensors in an
orthogonal arrangement and one
vertical short period senser.

Magnetometer Experiment - Uses

tri-axis flux-gate magnetometer instru-
ment, Three booms, each with flux-
gate sensors, are separated to form

a rectangular coordinate system and
gimballed to allow alignment in par-
allel or orthogonal configurations.

Solar Wind Experiment - Detects

and monitors particles using exposed
collection cups (sensors).

Suprathermal lon Detector Experiment-

c. the radioactivity of material at
various lunar depths, and
d. the thermal history of the Moon. |

Detects positive 1ons in lunar iono-
sphere and thermalized solar wind
using a curved plate analyzer as de-
tector device. Velocity selector
analyzer used to determine particle
velocities and energies. Cold cathode
ion gauge is used to determine
density of lunar atmosphere.

Active Seismic Experiment - Uses
artificial seismic energy sources
(grenade launcher assembly and
thumper device) and detection equip-
ment (geophones and amplifiers).

Heat Flow Experiment - Uses two
heat flow probe assemblies, em-
placed in lunar crust. Probes con-
tain temperature sensors and heating
elements.

1ud
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Table 1-1. ALSEP Scientific Objectives (cont)

Measurement Objective

Experiment/Measurement Method

Composition of lunar atmosphere
(electron/proton energies)

Pressure of ambient lunar atmos-
phere including temporal varia-
tions either random or associated
with lunar local time or solar
activity,

Charged.Particle Lunar Environment

Experiment - Detects and monitors
particle energy levels using two
sensor assemblies (analyzers).

Cold Cathode Gauge Experiment -

Senses lunar atmospheric density
variations using a transducer to
effect conversion of particle quan-

tity to direct current.

Table 1-2. ALSEP Experiment Subsystem Flight Assignments

Experiment Flights 1 and 2 Flight 3 Flight 4
Passive seismic X X X
Magnetometer X

Solar wind X

Suprathermal ion detector X X
Active seismic X
Heat flow X

Charged particle lunar X X
environment

Cold cathode gauge X

1-5
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1-6. AISEP FUNCTIONAL DESCRIPTION

The ALSEP objective of obtaining lunar physical and enviroumental data is accom-
plished through employment of the various experiment combinations, the support-
ing subsystems, and the manned space flight network (MSFN).

The MSFN stations, such as those at Goldstone California, Carnarvon and Canberra
Australia, Ascension Island., Hawaii, Guam, Madrid Spain, and KSC Florida,are
the Earth terminals for ALSEP communications. Mission Control Center (MCC)
participates in the network for activation of the experiments, initial calibration se-
quences, and for the duration of the mission. Communications consist of an uplink
(Earth-Moon) for command transmissions to control the ALSEP functions, and a
downlink {Moon -Earth) for transmission of scientific experiment and engineering
housekeeping data. The MSFN stations will record the downlink data.

As many as three separate ALSEP systems may be operating on the Moon simul-
taneously. The downlink telemetry of each of these will operate at a different fre-
quency (2278.5 MHz, 2276.5 MHz, 2275.5 MHz, or 2279.5 MHz). The uplink
frequency for all systems is 2119 MHz. The command format addresses each
ALSEP specifically, precluding inadvertent activation of the other systems,

The functional operation of ALSEP is illustrated in Figure 1-7. The following
paragraphs describe the function, on a system level, of the ALSEP subsystems.

1-7. Structure/Thermal Subsystem., The structure/thermal subsystem provides
structural integrity and thermal protection of the ALSEP equipment and LM in
transport and in the lunar environment (-300°F to +250°F). This includes packag-
ing, structural support, and isolation from heat, cold, shock, and vibration. A
dust detector monitors accumulation of lunar dust.

1-8. Electrical Power Subsystem, The electrical power subsystem generates 63
to 74 watts of electrical power for operation of the ALSEP system. The power is
developed by a thermopile system which is heated by a radioisotope fuel capsule.
The power is regulated, converted to the required voltage levels, and supplied to
the data subsystem for distribution to the support and experiment subsystems.

Analog housekeeping data from the electrical power system is supplied to the data
subsystem for doewnlink telemetry.

1-9. Data Subsystem. The data subsystem receives, decodes, and applies dis-
crete logic commands from the MSFN to the deployed units of ALSEP. These
commands are used to perform power switching, thermal control, operating mode
changes and experiment control. The data subsystem accepts and processes sci-
entific data from the experiments, engineering status data from itself and all the
subsystems, and transmits the data to the MSFN receiving stations., The data
subsystem also performs the function of switching and distributing operating power
to the experiment and support subsystems.

1-6
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1-10. Passive Seismic Experiment Subsystem. The passive seismic experiment
(PSE) will measure seismic activity of the Moon to obtain information regarding
the physical properties of the lunar crust and interior. Seismic energy is
expected to be produced in the lunar surface by meteoroid impacts and tectonic
disturbances.

The seismic activity is measured by long period and short period seismometers
which monitor the displacement of inertial masses from a zero position relative
te sensitive transducers.

1-11. Magnetometer Experiment Subsystem. The magnetometer experiment (ME)
will provide data pertaining to the magnetic field at the lunar surface by measur-
ing the magnitude and temporal variations of the lunar surface equatorial vector
magnetic field. Electromagnetic disturbances originating in the solar wind

and subsurface magnetic material near the magnetometer site will also be
detected.

1-12. Solar Wind Experiment Subsystem. The solar wind experiment {SWE) will
measure energies, densities, incidence angles, and temporal variations of the
electron and proton components of the solar wind plasma at the lunar surface. It
will use an array of seven modified Faraday cups to measure these properties.

1-13. Suprathermal Ion Detector Experiment Subsystem. The suprathermal ion
detector experiment (SIDE) in conjunction with a cold cathode ion gauge (CCIG)

will provide data pertaining to the density and temperature of the ionosphere near
the lunar surface, and the neutral particle density at the lunar surface. The SIDE
counts and measures the velocity and energy of detected ions. The CCIG measures
the density of neutral particles at known gauge temperatures to determine the
pressure of the ambient lunar atmosphere,

1-14. Active Seismic Experiment Subsystem. The active seismic experiment sub-
system (ASE) will provide data pertaining to the physical properties, structure,
elasticity, and bearing strength of lunar surface and near surface materials by
measuring velocity of propagation, frequency spectra, and attenuation of seismic
compression waves through the lunar surface.

The ASE provides a controlled seismic lunar exploration using artificially pro-
duced seismic energy of known distances, charge sizes, and timing. It also pro-
vides a means of lunar seismic exploration in the event the Moon should be natur-
ally seismically inert and seismic activity cannot be registered by passive seis-
mometers.

1-15. Heat Flow Experiment Subsystem. The heat flow experiment (HFE) will
provide data pertaining to the structure, possible stratification, and heat balance
of subsurface materials by measuring the net outward heat flux from the interior
of the Moon, thermal conductivity and diffusivity of lunar surface material, and
heat fluctuations at the lunar surface.

1-18



ALSEP-MT-03

Two, two-section probes with heat sensors and a heater at each end of each sec-
tion are used in conjunction with the HFE electronics package to measure abso-
lute and differential temperatures and thermal conductivity of the lunar material.
The probes are inserted into holes bored three meters deep into the lunar sur-
face bythe astronaut using the Apollo lunar surface drill (ALSD). The heaters
produce a heat pulse at a known distance from a sensor. After an interval of time,
the sensor receives the pulse. By determining the time required for the pulse to
reach the sensor, the heat conductivity of the lunar subsurface can be calculated.

1-16. Charged Particle Lunar Environment Experiment Subsystem. The charged
particle lunar environment experiment (CPLEE) will provide data pertaining to
the solar wind, solar cosmic rays and other particle phenomena by measuring

the energy distribution and time variations of the proton and electron fluxes at

the lunar surface. It employs two particle detectors {analyzers) oriented in
different directions for evaluating directional effects.

1-17. Cold Cathode Gauge Experiment. The cold cathode gauge experiment
{CCGE) will previde data pertaining to the density of the lunar ambient atmos-
phere, including temporal variations, and the rate of loss of contamination left
in the landing area by the astronauts and the LM.

The CCGE uses a transducer, powered by a 4000-volt power supply, to detect the
density of particles of the ambient atmosphere and develop a proportional direct
current signal which is converted from analog to digital data for downlink trans-
mission.

1-18. Apollo Lunar Hand Tools Subsystem. The Apollo lunar hand tools (ALHT)
will contribute to the overall geophysical exploration of the Moon by facilitating
the location, collection, measurement, and removal of representative samples of
the lunar surface. The samples collected will be stowed in special containers and
transported to Earth for examination and study.

1-19. Apollo Lunar Surface Drill. The Apollo lunar surface drill (ALSD) will
provide data on the physical properties of the lunar surface and subsurface mater-

ials by extraction of cores obtained while boring emplacement holes for the HFE
probes. The ALSDwill be used to bore two holes three meters deep with a diam-
eter of 2.54 to 2. 86 centimeters. Cores produced from the holes will have a
minimum diameter of 1. 27 centimeters and a minimum solid length of 2. 54 centi-
meters.

1-20. ALSEP PRINCIPAL INVESTIGATORS

Each ALSEP experiment has been designed by a principal investigator (PI), in
some cases in conjunction with one or more co-investigators. The investigators,
identified by experiment, and whether the experiment is government furnished
equipment (GFE) or contractor furnished equipment (CFE) are listed on

Table 1-3.
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ALSEP Principal Investigators

Experiment

GFE
or
CFE

Principal Investigator and
Co-Investigators

Passive seismic

Magnetometer

Solar wind

Suprathermal ion detector
Cold cathode ion gauge

Active seismic

(Thumper)

Heat flow
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CFE

GFE

GFE

GFE

CFE

CFE

Dr. Gary Latham -
Lamount Geological Observatory
Dr. George Sutton -
University of Hawail
Dr. Frank Press -
Massachusetts Institute of Tech-
nology
Dr. Maurice Ewing -
Columbia University

Dr. Charles P. Sonett -
NASA-Ames Research Center
Dr. Jerry Modisette -
Manned Spacecraft Center

Dr. Conway W. Snyder -
Jet Propulsion [,.aboratory
Dr. Douglas Clay -
Jet Propulsion Laboratory
Mrs. Marcia Neugebauer -
Jet Propulsion [,aboratory

Dr. John Freeman -
Rice University

Dr. Francis Johnson -
Southwest Center for Advanced
Studies

Mr. Dallas Evans -
NASA-Manned Spacecraft Center

Dr. Robert Kovach -
Stanford University

Dr. Joel Watkins -
Massachusetts Institute of Tech-
nology

Dr. Marcus G, Liangseth -
Columbia University

Dr. Sidney Clarke -~
Yale University

Dr. M. Eugene Simmons -
Massachusetts Institute of Tech-
nology
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Table 1-3. ALSEP Principal Investigators {cont)
GFE
Experiment or Principal Investigator and
CFE Co-Investigators
Charged particle lunar CFE Dr, Brian J. O'Brien -
environment Rice University
Cold cathode gauge GFE Dr. Francis Johnson -

Southwest Center for Advanced
Studies

Mr. Dallas Evans -
NASA-Manned Spacecraft Center
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SECTION 11

ALSEP SUBSYSTEM DESCRIPTION

2-1. ALSEP SUBSYSTEM INTRODUCTION

This section describes the thirteen (eight experiment and five support) subsys-
tems which comprise the total ALSEP system. A listing of the subsystems
follows:

Structure/thermal subsystem

Electrical power subsystem (EPS)

Data subsystem (DS/S)

Passive seismic experiment subsystem (PSE)
Magnetometer experiment subsystem (ME)

Solar wind experiment subsystem (SWE)

Suprathermal ion detector experiment subsystem (SIDE)
Active seismic experiment subsystem (ASE)

Heat flow experiment subsystem (HFE)

Charged particle lunar environment experiment subsystem (CPLEE)
Cold cathode gauge experiment subsystem (CCGE)
Apollo lunar hand tools subsystem (ALHT)

Apollo lunar surface drill (ALSD)

T o A0 g

o IR L g

All subsystems are described in terms of their physical characteristics, func-
tional operation, and system interfaces.

2-2. STRUCTURE/THERMAL SUBSYSTEM

The structure/thermal subsystem provides the structural integrity and passive
thermal protection required by the ALSEP experiment and support subsystems to
withstand the environments encountered in stoerage, transportation and handling,
testing, loading on LM, space flight, and lunar deployment. During operation on
the Moon, the structure/thermal subsystem will continue to provide structural
support and thermal protection to the data subsystem in the central station and to
the electrical power subsystem.

2-3. STRUCTURE/THERMAL SUBSYSTEM PHYSICAL DESCRIPTION

The structure/thermal subsystem includes the basic structural assembly of the
ALSEP system subpackages, the fuel cask structure assembly, handling tools,
antenna mast, and a dust detector. Structure/thermal subsystem leading particu-
lars are provided in Table 2-1.
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Table 2-1. Structure/Thermal Subsystem Leading Particulars

Value

Dust Detector

Sensor Package

Circuit Board

Power Requirements
On mode

Off mode
Analog Outputs

Size (inches)
Weight (pounds)

Size (inches)
Weight (pounds)

Component Characteristic
Subpackage No. 1 Size (inches) L 26.75
Structure W 27.37
H 6.87
Weight (pounds) 24. 86
Subpackage No. 2 Size (inches) L 25. 87
Structure W 27.14
H 3.37
Weight (pounds) 25;15
Fuel Cask Support Size (inches) H 28.86
D, 12,25
Weight (pounds) 19.60
E¥IED Length (inches) 24.12
Weight (pounds) 1.51
UHT Length (inches) 26. 50
Weight (pounds) 0.82
DRT Length (inches) 23.67
Weight (pounds) 0. 65
Antenna Mast Section length (inches) 20. 75
(two sections) Basic diameter (inches) 1.75
Weight (pounds) 1. 30

540 mw maximum,
+ and -12 vdc.

70 mw maximum,
+ and -12 vdc.

0 to +5 vdec.

1.75-% 1,75 % '1..75
0.35
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2-4, STRUCTURE/THERMAL SUBSYSTEM FUNCTIONAL DESCRIPTION

2-5. Subpackage No. 1 Structure/ Thermal. The structure/thermal portion of
subpackage No. 1 consists of a primary structure boom attachment assembly,
thermal plate. sunshield, side curtains, reflector, and thermal bag as shown in
Figure 2-1. The primary structure provides tie points for securing the subpack-
age in the SEQ bay of the LM. Itis recessed to receive the central station elec-
tronics which are mounted on the thermal plate. The sunshield provides tie
points for mounting, beom attachment assembly, experiment subsystems, and
associated equipment. The sunshield, side curtains, and reflector are raised
during deployment to provide thermal protection for the central station elec-
tronics.

Thermistor temperature detectors monitor thermal bag, primary structure, and
sunshield temperatures during operation. These temperature signals are supplied
to the data subsystem for insertion into the ALSEP telemetry data.

2-6. Subpackage No. 2 Structure/ Thermal. The structure/thermal portion of
subpackage No. 2 consists of boom attachment assembly, pallet, and subpallet as
shown in ¥Figure 2-2. [t provides tie points to mount experiment and support sub-
systems, and to secure the subpackage in the SEQ bay of the LM. The pallet
assembly protects the astronaut from the electrical power subsystem components
during deployment, and serves as a base for that subsystem during operation.

2-7. Fuel Cask Structure Assembly. The fuel cask structure assembly consists
of the structure, thermal shield, cask bands, and cask guard as shown in Fig-
ure 2-3., The structure provides tie points for attachment of the fuel cask to the
exterior of the LM, and provides the thermal shield to reflect fuel capsule ther-
mal radiation away from the LM. The cask bands are clamped onto the cask, and
provide tie points for attachment to the structure. The lower band includes a
mechanism to tilt the fuel cask for access to the fuel capsule. The guard is pro-
vided to prevent astronaut contact with the cask during deployment.

Two temperature transducers monitor thermal shield temperature. The tempera-
ture measurements are included in the Apollo telemetry data.

2-8. Handling Tools. The handling tools consist of a dome removal tool {DRT},
two universal handling tools (UHT), and a fuel transfer tool (FTT) as shown in
Figure 2-4. These tools are used by the astronaut to deploy the ALSEP system
on the lunar surface.

The DRT is used to remove and handle the dome of the fuel cask. The tool en-
gages, locks in, and unlocks a nut on the dome. Rotation of the nut releases the
dome.

2-3
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Figure 2-3. Fuel Cask Structure Assembly
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The FTT is used to transfer the fuel capsule from the fuel cask to the RTG.
Three movable fingers engage the fuel capsule and are locked in place by rota-
ting the knurled section of the handle. Release is accomplished by rotating the
handle in the opposite direction.

The UHT is used to release the tie-down fasteners, and to transport and emplace
the experiment subsystems. The Allen wrench tool tip enpages the socket-head
Boydbolt fasteners to rotate and release the bolt. A wall type locking device pro-
vides rigid interface between the tool and a receptacle on the subsystem. QOper-
ation is by a trigger-like lever near the handle.

2-9. Antenna Mast. The antenna mast s provided in two sections as shown in
Figure 2-5. The sections lock together and provide locking devices for attach-
ment to the subpackages. The antenna mast serves as the handle for the bar-heit
carry of the ALSEP subpackages to the deployment site. It is then attached tu
subpackage No. 1 to support the aiming mechanism and antenna.

2-10. DUST DETECTOR DESCRIPTION

The dust detector will obtain data for assessment of dust accretion on ALSEP and
provide a measure of thermal degradation of thermati surfaces.

2-11. Dust Detector Physical Description. The dust detector has two com-
ponents;, a sensor package (Figure 2-6), and a printed circuit board. The sensor
package is mounted on the subpackage No. 1 sunshield. The sensor has three
photocells orientated on three sides to face the ecliptic path of the sun.

Figure 2-5. Antenna Mast Sections
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Figure 2-6. Dust Detector

Each cell has a 2 cm by 2 cm active area which is protected by a blue filter to cut
of{ ultraviolet wavelengths below 0.4 micron, and a cover slide for protection
against radiation damage. A thermistor is attached to the rear of each photocell
to monitor the temperature of the cell. The sensor package is coannected through
an H-film cable te the printed circuit board which is located in the power distri-
bution unit (PDU) of the data subsystem,

2-12. Dust Detector Fuactional Description. Dust accumulation on the surfaces
of the three solar cells will reduce the solar illumination detected by the cells.
The outputs of the solar cells are applied to three amplifiers which condition the
signals and apply them to three subcommutated analog data channels of the data
subsystem. (See Figure 2-7.) The thermistor outputs are applied to three sub-
comunutated analog data channels of the data subsystem,

Dust detector eperdtion is controlled by on and gff commands from the Earth.
These commands are applied to the command memory through the data subsystem.
The command memory stores the command aad controls the operation of the power
switches in accordaance with the commaad. The two solid state switches control
the application of +12 vdc and -12 vdc operating power from the data subsystem.
Individual fusing protection is provided on each of the two voltages.
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2-13. ELECTRICAL POWER SUBSYSTEM

The electrical power subsystem (EPS) provides the electrical power for lunar
operation of the ALSEP. Primary electrical power is developed by thermo-
electric action with thermal energy supplied by a radioisotope source. Primary
power is converted, regulated, and filtered to provide six operating voltages for
the ALSEP experiment and support subsystems,

2-14. EPS PHYSICAL DESCRIPTION

Major components of the electrical power subsystem are shown in Figure 2-8.
The components are a radioisotope thermoelectric generator assembly, a fuel
capsule assembly, a power conditioning unit, and a fuel cask.

2-15, EPS Radioisotope Thermoelectric Generator (RTG). The RTG is a cylin-
drical case with eight heat rejection fins on the exterior, and a central cavity to
receive the fuel capsule. The active elements are a hot frame, a cold frame, and
a thermoelectric couple assembly. The thermoelectric couple assembly is lo-
cated between the hot frame, which surrounds the cavity, and the cold frame,
which interfaces with the outer case and heat rejection fins.

2-16. EPS Fuel Capsule Assembly (FCA). The fuel capsule assembly is a thin-
walled, cylindrical-shaped structure with an end plate for mating and locking in

the fuel cask and in the RTG. It contains the radioisotope fuel, plutionum (Pu-238),
encapsulated to meet nuclear safety criteria.

2-17. EPS Power Conditioning Unit (PCU). The functional elements of the PCU
are redundant dc voltage converters and shunt regulators, filters, and two com-
mand control amplifiers. The elements are mounted in cordwood modules that are
interconnected by printed circuit boards and attached to the center and lower sec-
tions of the PCU case.

Shunt regulator load and dissipative elements are mounted in a power dissipation
module external to the central station along the back of subpackage No. 1.

2-18. EPS Fuel Cask. The cask is used to transport the fuel capsule assembly
from the Earth to the Moon. The fuel cask is a cylindrical shaped structure with a
screw-on end cover at the top end. The cask provides fuel capsule support elements
and a free radiation surface for rejection of fuel capsule heat. The fuel cask pro-
vides re-entry protection in case of an aborted mission.

2-19. EPS Leading Particulars. The physical and electrical characteristics of
the electrical power subsystem are given in Table 2-2.

2-20. EPS FUNCTIONAL DESCRIPTION

As shown in Figure 2-9, the radioisotope thermoelectric generator {RTG) supplies
+16 volts of primary power to the PCU. Voltage conversion circuits in the PCU
convert the primary power to the six ALSEP operating voltages. The PCU starts
automatically when there is sufficient power for fixed loads.
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Figure 2-8. Electrical Power Subsystem
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Electrical Power Subsystem Leading Particulars

Component

Characteristic

Value

Radioisotope
Thermoelectric
Generator

Fuel Capsule

Power Conditioning
Unit

Fuel Cask

Output power

Output voltage

Hot junction
temperature,
lunar day

Cold junction
temperature,
lunar day

Length

Diameter

Weight

Length
Diameter

Weight
Thermal output

Nominal outputs

Output voltage regulation

Length
Width

Height
Weight

Length
Diameter
Weight

63 to 74 watts
16.1 £ 0.5 vdc

900 to {100 deg. F

350 to 550 deg. F
18. 12 inches

16 inches

28 pounds maximum

16. 92 inches

2.6 inches (except end
plate)

15. 46 pounds maximum
1430 to 1520 watts

+29 vdc at 1. 19 amps
+15 vde at 0. 08 amp
+12 vde at 0. 30 amp
+5 wvdc at 0. 90 amp
-6 vdec at 0.05 amp
-12 vdc at 0. 15 amp

+1 percent

8. 36 inches
4. 14 inches
2. 94 inches
4.5 pounds

23 inches
8. 0 inches
25. 0 pounds nominal
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Figure 2-9. Electrical Power Subsystem, Functional Block Diagram

The astronaut control is a back-up signal for starting the PCU. PCU #! and
PCU #2 select commands frem the data subsystem activate control circuits that
switch the redundant circuits of the PCU,

Analog voltages from the RTG and PCU provide temperature, voltage, and current
status to the data subsystem.

2-21. EPS DETAILED FUNCTIONAL DESCRIPTION

2-22. EPS Radicisotope Thermoelectric Generator. The operation of the RTG is
illustrated in the block diagram of Figure 2-10. A radioisotope source (fuel cap-
sule) develops thermal energy that is applied to the hot frame (inner case), The
difference in temperature between the hot frame and the cold frame causes the
thermoelectric couple assembly (thermopile) to develop electrical energy through
thermoelectric action. The electrical energy produced by the thermopile provides
a minimum of 63 watts at 16 volts to the power conditioning unit.

Excess heat from the thermopile is conducted through a cold frame (outer case) to
a thermal radiator (heat rejection fins) for dissipation into the lunar environment.
This maintains the cold frame at a lower temperature than the hot frame so that
thermoelectric action is maintained.

Temperatures are monitored at three cold frame and at three hot frame locations
to provide six temperature signals to the data subsystem.

2-23. EPS Power Conditioning Unit. The power conditioning unit performs three
major functions:

a. Voltage conversion
b+ Voltage regulation
c, R TG protection,

The PCU contains redundant power conditioners. As shown in Figure 2-11, each
power conditioner consists of a dc-te-dc power converter (inverter and rectifiers),
which converts the RTG l6-volt input to the six operating voltages, and a shunt
voltage regulator to maintain the output voltages within approximately +1%. The
input voltage is also regulated by this action because of the fixed ratio converter.
It is necessary to keep a constant load on the generator to prevent generator over-
heating.

2-14



ALSEP-MT-03

RADIOISOTOPE
ENERGY
SOURCE
THERMAL
ENERGY
ELE
E;EEE$ICAL +16 VOLTS
HOT THERMOELECTRIC POWER e TO POWER
FRAME | THERMAL | CONVERTER HEADER CONDITIONING
ENERGY UNIT
EXCESS
HEAT
EXCESS
COLD HEAT THERMAL _._LUNAR_
FRAME | RADIATOR ENVIRONMENT
COLD FRAME TEMPERATURES 3
~ | TO DATA
HOT FRAME TEMPERATURES _ ( SUBSYSTEM

Figure 2-10. EPS Power Generation Function, Block Diagram

The +16 volts from the RTG is applied through the switching circuit to the selected
dc-to-dc converter, applying power to the inverter and completing the shunt reg-
ulation circuit. Applying power to the inverter permits itto supply ac power to the
rectifiers that develop the dc voltages applied to the filters. The outputs from the
filters are the six operating voltages applied to the data subsystem. Output and
input voltages are regulated by feedback from the +12 volt output to the shunt reg-
ulator.

The shunt regulator consists of amplifiers inside the power conditioning unit and
resistors in the power dissipation module outside the central station. With the
resistors outside the central station, some of the excess power is radiated to space
and does not contribute to central station dissipation. All the output voltages are
regulated by the 12-volt feedback since they are coupled in the output transformer.
The +12 volt is applied to the switching circuit for determining over or under volt-
age and switching to the redundant inverter and regulator, if necessary.

Separate filters for each of the six dc voltages are common to the conversion-
regulation circuits. Thefilter outputs, +29, +15, +12, +5, - 12, and - évolts, areall
applied to the data subsystem.

Analog voltages from the inverters provide temperature signals. Voltages from
the shunt regulators provide current, reserve power, and temperature signals.
The +16 volts at the input of the PCU provide a reserve power reference. All of

these analog signals are applied to the data subsystem for subcommutation into the
telemetry frame.
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2-24. DATA SUBSYSTEM

The data subsystem is the focal point for controi of ALSEP experiments and the
collection, processing, and transmission of scientific data and engineering status
data to the Manned Space Flight Network ([MSFN). To accomplish the basic
functions of (a) reception and decoding of uplink {Earth-to-Moon) commands

(b) timing and control of experiment subsystems, and (c} the coliection and trans-
missien of downlink (Moon-to-Earth) scientific and engineering data, the data
subsystenm: consists of an integration of units interconnected as shown in Fig-

ure 2-12. The uplink shown in Figure 2-12 requires the antenna, diplexer, com-
mand receiver, and command decoder components of the data subsystem. The
downlink requires the data processor, transmitter, diplexer and antenna compon-
ents. The major components of the data subsystem and associated functions are
listed in Table 2-3. '

DOWNLINK
{SCIENTIFIC & ENGINEERING
UPLINK (COMMANDS) DATA)
ANTENNA
COMMAND DIPLEXER| TRANSMITTER
RECEIVER & SWITCH {A AND B)
W
: POWER
TENEY I DISTRIBUTION
UNIT
F i
COMMAND | - DATA
DECODER PROCESSOR
. {X AND Y)
‘ I
COMMANDS TO ELECTRICAL SCIENTIFIC AND
EXPERIMENT AND POWER ENGINEERING DATA
SUPPORT SUBSYSTEMS TO ALL FROM EXPERIMENT
SUBSYSTEMS AND SUPPORT SUBSYSTEMS

Figure 2-12. Data Subsystem, Simplified Block Diagram

2-17
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Table 2-3. Data Subsystem Component Functions

Component Function

Antenna Provides simultaneous uplink reception and
downlink transmission of ALSEF signals.

Diplexer switch Connects either transmitter to the antenna.

Diplexer filter Connects receiver input and transmitter output
to the antenna.

Transmitter Transmits Moon-to- Earth downlink signals.
Command receiver Accepts Earth-to-Moon uplink signal
Command decoder Decodes received command signals and issues

commands to the system

Central station timer Provides backup timing signals following
departure of astronauts Switch off after
720 days = 30 days

Data processor Collects and formats scientific data inputs from
the experiments. Collects and converts analog
housekeeping data into binary form,

Power distribution Controls power switching and conditions
engineering status data.

2-25. DATA SUBSYSTEM PHYSICAL DESCRIPTION

The data subsystem components are mounted on a 23, 25-inch by 20-inch section

of the central station thermal plate. Figure 2-13 shows data subsystem compon-
ent location within the central station. A pre-formed harness electrically connects
the components. The harness is attached to each component with a multi-pin con-
nector. Power for each unit and electrical signals are conducted te and from each
component via the harness. Coaxial cables connect the command veceiver and
transmitters to the diplexer switch and thence to the antenna.

Other items installed within the central station include central station tempera-

ture sensors, manual contro! switches, transmitter and receiver heaters, central
station backup heaters, and a central station thermostat. Five thermal plate sen-
sors are placed throughout the central station to monitor engineering temperature
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status data. Manual control switches are provided as a backup to permit the
astronaut to start systern operation in the event of uplink failure.

The overall weight of the data subsystermn is approximately 25 pounds and the
power consumption is approximately 20 watts,

CENTRAL STATION

* - [
| SUBSYSTEM
| TRANSMITTER B I_]__
| TRANSMITTER A |
ACTIVE
DIPLEXER | SEISMOMETER
I SWITCH | ELECTRONICS
| DIPLEXER N
FILTER
5 .
I G TS TS wemny TSEEES S 1
| commane |0 QT - |
RECEIVER DATA |
| PROCESSOR VI |
L DECODER
POWER [ I
DITIONING DISTRI- | (
UNIT BUTION ANALOG
UNIT | MULTI- |
! [} PLEXER |} 3§ PASSIVE
1 | SEISMOMETER
| I | ELECTRONICS
|
| |

Figure 2-13. Data Subsystermn Component Location
2-26. DATA SUBSYSTEM FUNCTIONAL DESCRIPTION

Uplink command data transmitted from the MSFN is received by the data sub-
system antenna, routed through the diplexer, demodulated by the cornmand re-
ceiver, decoded by the command decoder, and applied to the experiment and
support subsystems as discrete commands. The discrete commands coatrol
experiment and support subsystem operations and initiate command verification
functions. Table 2-4 lists the uplink commands by subsystem termination.
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Table 2-4. ALSEP Commands

Command Usage Number

Active seismic experiment
Passive seismic experiment
Heat flow experiment
Magnetometer experiment
Charged particle experiment
Suprathermal ion detector experiment
Solar wind experiment
Command decoder

Data Processor

Power distribution unit
Power conditioning unit

e b

[\
NV ULV DN @O W, -

Downlink data consists of analog and digital data inputs to the data processor from
the experiment and support subsystems in response to periodic demands from the
data processor. Scientific inputs to the dataprocessor from the experiment sub-
system are primarily in digital form. Engineering data is usually analog and con-
sists of status and housekeeping data such as temperatures and voltages which
reflect operational status and environmental parameters. The data processor
accepts binary and analog data from the experiment and support subsystems. It
generates timing and synchronization signals, converts analog data to digital form,
formats digital data, and provides data in the form of a split-phase modulated sig-
nal to the transmitter. The transmitter generates the downlink transmission
carrier and phase modulates that carrier with the signal from the data processor.
The transmitter signal is selected by the diplexer switch and routed to the antenna
for downlink transmission to the MSFN,

Figure 2-14 shows a functional diagram of the data subsystem and its interfaces
with other ALSEP subsystems for Flights | and 2. Figures 2-15 and 2-16 show
functional block diagrams of the Flight 3 and Flight 4 ALSEP systems. The later
flight configurations are similar to the Flight 1 and 2 configuration except for the
selection of experiments. Redundant channels are provided for the transmitter
and portions of the command decoder and data processor to improve system relia-
bility.

The uplink transmission from MSFN is a 2119 MHz RF carrier with a 2 KHz data
subcarrier modulated to a 1 KHz synchronizing subcarrier. The command receive
receiver demodulates the carrier and provides the composite 2 KHz and 1 KHz
subcarrier to the command decoder. The command decoder demodulator section
detects the 2 KHz command data subcarrier and 1 KHz timing signal and applies
both to the redundant digital decoder sections (A and B} of the command decoder.
The digital decoder sections identify correct address eodes, decode the digital
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data commands, issue command verification signals to the data processor, and
apply command signals to the appropriate experiment and support subsystems.

The central station timer provides timing signals to the command decoder delayed
command sequencer which are used to initiate a series of delayed commands to
activate certain system operations. The specific functions of the delayed com-
mands are discussed in the detailed command decoder paragraph.

Analog signals from the ALSEP experiment and support subsystems are applied
directly to the analog multiplexer or indirectly through the signal conditioning
section of the power distribution unit to the analog multiplexer. The 90-channel
analog multipiexer processes the analog inputs and applies them to the inputs of
redundant analog-to-digital converters (X and Y), The digital outputs from the
analog-to-digital converters are applied to redundant digital data processors (X
and Y) along with digital data from the command decoder and the experiment
subsystems.

The digital data processor generates timing and control signals for use through-
out the system and formats the scientific and engineering data from the experi-
ments and subsystems for downlink transmission. Redundant transmitters (A and
B) receive the PCM signal from the data processors. A diplexer switch connects
the transmitter in use to the antenna for downlink transmission to Earth.

2-27. ANTENNA ASSEMBLY DESCRIPTION

The antenna is a modified axial helix designed to receive and transmit a right-
hand circularly polarized S-Band signal. This antenna type was selected because
it has a relatively high gain over a moderately narrow beamwidth.

2-28. Antenna Physical Description. The antenna consists of a copper conductor
bonded to a fiberglass-epoxy tube for mechanical support. Figure 2-17 shows the
antenna. The helix is 23 inches in length and 1-1/2 inches in diameter. A 5-inch
ground plane with a 2-inch wide cylindrical skirt is attached to one end of the
helix and functions as a wave launcher for the electromagnetic wave in the transi-
tion from coaxial transmission line mode to the helix mode. An impedance
matching transformer is located at the antenna feed point to match the higher
impedance of the helical antenna to the 50-ohm coaxial transmission line. The
weight of the antenna, including cables, is 1. 28 pounds.

The entire antenna is coated with a white, reflecting thermal paint for thermal

protection during the high temperature range of lunar day. Antenna leading partic-
ulars are listed in Table 2-5.
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Antenna and Aiming Mechanism
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Table 2-5 Antenna lL.eading Particulars

Characteristic Transmit Receive
Gain*
on boresight 15.2 db 14.7 db
beamwidth at 11.0 db gain 36°
bearmwidth at 11.5 db gain 389
Axial ratio 1.3 db 1.0 db
Input VSWR 1.20:1 1.20:1
Sidelobe level -11db -11.3 db

*rAntenna gain is referenced to a right hand circularly polarized isotropic level and
does not include coaxial cable loss which is typically 1.1 db.

2-29. Antenna Functional Description. The antenna receives command signals
from Earth on a frequency of 2119 MHz and transmits telemetry data on several
frequencies within the frequency band of 2275 MHz to 2280 MHz, Antenna gain is
in the order of 15.2 db and the beamwidth is sufficiently broad to cover the Earth
at all times.

2-30. Antenna Aiming Mechanism - The antenna will be pointed to the Earth by
means of the antenna aiming mechanism. This mechanism is a two-gimbal sys-
temn which positions the antenna in azimuth and clevation. The azimuth is set

in reference to a sun shadowgraph and the elevation is set in reference to a cir-
cular bubble level to position the antenna to a predetermined angle in elevation
and azimuth. The azimuth and sun-shadow adjustments are on a common axis.
The sun shadow adjustment, the azimuth angular adjustment, and the elevation
angular adjustment are set by three separate 72:1 worm and wheel gears giving a
range of + 15°, +£90°, and %509, respectively, The circular bubble level is set
by two screw adjustments giving a range of £6°from the horizontal with a sensi-
tivity of 19 per revolution of the adjustment handie. The antenna aiming pro-
cedure is described in detail in Section 1V,

The antenna and aiming mechanism are stowed separately on the ALSEP and their
interface is a quick-action connection. The two parts are held together by spring-
loaded balls on the aiming mechanism bearing on the lower face of a groove cut
into an extended male post of the ground plane. A 3-inch diameter flange on the
aiming mechanism butts against the underside of the ground plane to maintain
stability.
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2-31. DATA SUBSYSTEM DIPLEXER
The diplexer consists of the diplexer filter and the diplexer circulator switch.

2-32. Data Subsystem Diplexer Physical Description. The diplexer filter and
circulator switch are shown in Figures 2-18 and 2-19, respectively., Figure 2-20
shows a diagram of the circulator switch. The diplexer diplexer filter contains a
transmit frequency bandpass filter, a receiver frequency bandpass filter and a
common path antenna lowpass filter. The three filters are coupled at a common
junction at the end opposite the circulator switch, receiver, aad antenna ports.
The input and output connectors are miniature, coaxial, right-angle coannectors
made of gold-plated stainless steel. Matching impedance for the antenna, trans-
mit and receive connectors is 50 ohimms. Leading particulars of the diplexer filter
are listed in Table 2-6.

Figure 2-18. Data Subsystem Diplexer Filter

The diplexer switch consists of three circulators, two loads, and three external
ports. The circulator uses copper-clad dielectric board stripline techniques.

The input and output connectors consist of three right.angle connectors; one for

the interconnecting line to the diplexer filter section, and one each tothe two trans-
mitters. Two solder terminals are provided for the +12 volt switching power.
Leading particulars of the diplexer switch are listed in Table 2-7,
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Figure 2-19. Data Subsystem Diplexer Switch

DIPLEXER FILTER
TRANSMITTER PORT

il B

ARC
SUPPRESSION |

12 V RETURN I

FIXED
DIRECTIONAL
CIRCULATORS

INPUT INPUT
A TRANSMITTER A TRANSMITTER B B

Figure 2-20. Data Subsystem Diplexer Switch Diagram

REVERSIBLE CIRCULATOR
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Table 2-6. Data Subsystem Diplexer Filter Leading Particulars

Characteristic

Value

Receiver path (includes band-pass and low-pass filter)

Insertion loss

VSWR

Center frequency
Max 3 db bandwidth
Min 3 db bandwidth

1.30db

1.10:1

2119 MHz
11.0 MHz
11. 0 MHz

Transmitter path (includes band-pas

8 and low-pass filter)

Insertion loss

VSWR

Center frequency

Max 3 db bandwidth

Min 3 db bandwidth
Power handling capability
Weight

Form factor

0.70 db
1.10:1
2275-2280 MHz
45 MHz
4.5 MHz
20. 0 watts
0.9 pounds

6.8 x 2.5 x 2.5 inches

Table 2-7. Data Subsystem Diplexer Switch Leading Particulars

Form factor

Stray magnetic field (steady-state)

Characteristic Value
Insertion loss 0.5db
VSWR 1.14:1
Center frequency

Isolation for 3 db bandwidth (4 MHz) 30-40 db
Switching voltage 12 vdc

DC power (position B) 150 MW
DC power {(posgition A) 0

Switching time 120 milliseconds
RF power capability 1.5 watts
Weight 1. 28 pounds

10 gamma at 3 feet
4x4.5x 1.3 inches

2-33. Data Subsystem Diplexer Functional Description. The bandpass filter for

the transmit and receive arms of the diplexer filter consist of five elements coupled
to provide the attenuation required at the transmit frequencies, receive frequen-
cies, image, and local oscillator and transmitter spurious frequencies.
pass filter is an unbalanced ladder filter intended to augment the transmitter

2-32

The low-
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‘bandpass filter in suppressing the above-center-frequency spurious transmitter
outputs. The diplexer circulator switch assembly couples the selected trans-
mitter (A or B) through the diplexer filter assembly to the antenna. The switch
also provides isolation protection to the transmitters and connecting equipment
from opens, shorts, or simultaneous transmitter antenna feed. The circulator
switch is reversible to serve as a transmitter selector switch andrequires a
+12 vdc signal to switch the back-up transmitter into operation.

2-34., DATA SUBSYSTEM COMMAND RECEIVER

The command receiver demodulates the 2119 MHz phase-modulated uplink carrier
transmitted from MSFN, provides a combined bi-phase modulated 2 KHz data sub-
carrier and 1 KHz synchronizing subcarrier to the command decoder, and supplies
analog status data to the data processor.

2-35. Data Subsystem Command Receiver Physical Description. Figure 2-21
shows the command receiver., The command receiver contains foam-potted in-
dividually-shielded circuit modules mounted on a milled magnesium base plate.
Module interconnections are routed through channels milled into the base plate,
Receiver leading particulars are listed in Table 2-8.

Figure 2-21, Data Subsystem Command Receiver
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Table 2-8, Data Subsystem Command Receiver Leading Particulars

Characteristic

Value

Input frequency
Input impedance
Input signal level
Input VSWR

Noise figure

Local oscillator frequency
Intermediate frequency

1F 3 db bandwidth

IF rejection

Demodulation linearity

Audio output level

Output polarity

Output impedance

Output frequency respanse
Output signal-to-noise ratio

Supply voltages
Supply power

Telemetry outputs

Test points

Veight
Form factior

2119 MHz . 001%

50 ohms at 2119 MHz

-101 dbm to -61 dbm

1.5:1 max at 2119 MHz + 1 MHz

2.0:1 max at 2119 MHz + 10 MHz

10 db max

2059 MHz +. 0025%/ year

60 MHz

350 KHz max for input signals near threshold
(-100 dbm) .

60 db min at 3.4 MHz for signals as high as
-50 dbm

Better than 5. 0% at fj + 100 KHz

Better than +10% at f_ +175 KHz

0. 8 volt per radian +12. 5% for input signals of
-101 to -61 dbm up to +3. 0 radians deviation

+voltage for +phase shift

Less than 1000 ohms {ac coupled)

100 Hz to 5 KHz

Better than 15 db at input signal level of

-97 dbm

+12 vdec. £ 1%, -6 vdc + 1%

1. 32 watts maximum (1. 25 watts nominal

=0.15w@-6v+1.1watts @ 12 v)

(2.5 vdc nominal, 5 vde max)

a) Crystal temperature for local oscillator
A ON-OFF

b} Crystal temperature for local oscillator
B ON-OFF

c) Local oscillator RF power level

d) IF pre-limiting signal level (input
signal level)

e) 1 KHz subcarrier presence

a) Local oscillator RF output
(local ascillator frequency)

b) Pre-limiting IF output {bandpass
and noise figure)

c) Discriminator output (demodulation
linearly)

1. 84 pounds

8.0 x 4. 0 inches mounting surface by

1. 75 inches in height exclusive of

connectotrs
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2-36. Data Subsystem Command Receiver Functional Description. Fligure 2-22
shows a detailed block diagram of the command receiver. The 2119 MHz phase-
moduiated uplink carrier is received by the central station antenna,. coupled
through the diplexer, and applied to the command receiver mixer. The input sig-
nal is mixed with a crystal controlled 2059 MHz local oscillator signal to produce
a 60 MHz intermediate frequency signal. Two local oscillater/driver amplifier
circuits are used to provide redundant operation. The oscillator/driver amplifier
output frequency of 128. 7 MHz is increased to 2059 MHz by a multiply-by-16
frequency multiplier. The two 2059 MHz signals from the frequency multipliers
are applied to z stripline hybrid which is the redundancy combiner for the redun-
dant local osciliators. From the hybrid, the 2059 MHz local oscillator frequency
is applied to the mixer.

The level sensor and local oscillakor switch circuits determine which local oscil-
lator provides the local oscillator signal. Mixer circuit diodes apply bias voltage
to an amplifier which controls an integrated circuit flip-flop. When the bias volt-
age falls below an acceptable threshold, the amplifier causes the flip-flop to
change state. The flip-flop change of state deenergizes one local oscillator chain
and energizes the redundant local oscillator chain. Adequate time delays are pro-
vided to prevent switching during receiver turn-on and signal transients.

The 60 MHz IF signal from the mixer is amplified in the IF preamplifier and filter
module and in the IF amplifier module before being applied to the amplifier and
discriminator module. The discriminator is a double tuned diode discriminator
which provides FM detection. The integrator circuit in the output amplifier and
integrator module provides phase detection of the FM detecfed signal. The output
signal from the command receiver is a combined 2 KHz data subcarrier and a

1 KHz synchronization subcarrier which is applied to the command decoder.
Receiver output characteristics are shown in Figure 2-23.

Monitoring circuits provide telemetry data to the data processor on the status of:
the received signal level, local oscillators A and B crystal temperatures, the
local oscillator RF power level, and the presence of the | KHz subcarr:er.

2-37. DATA SUBSYSTEM COMMAND DECODER

The command decoder receives the combined 2 KHz command data subcarrier and
1 KHz synchronization signal from the command receiver, demodulates the sub-
carrier to provide digital tirning and command data, decodes the command data,
and applies the discrete cgmmands required to control ALSEP operations.

2-38. Data Subsystem Command Decoder Physica.l Description. Figure 2-24
shows the command decoder. I\Eltilayer printed circuit boards are used through-
out the command decoder. The unit contains four 12-layer boards. four six-layer
boards, one three-layer board, and one two-layer board. Leading particular of
the command decoder are listed in Table 2-9. ik
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Figure 2-24. Data Subsystem Command Decoder

Table 2-9. Data Subsystem Command Decoder Leading Particulars

Characteristic Value
Height 2. 8 inches
Width 4. 81 inches
Length 6. 25 inches
Weight 2.7 pounds
Power consumption less than 1.4 watts

2-39. Data Subsystem Command Decoder Functional Description. The command
decoder consists of a demodulator section and digital decoder sections. Fig-
ure 2-25is a functional block diagram of the command decoder.

The demodulator accepts the composite audio subcarrier from the command re-
ceiver. The composite audio subcarrier is the linear sum of the data and syn-
chronization subcarriers, where the 2 KXHz data subcarrier is bi-phase modulated
by a 1000 bit per second data stream and the synchronization signal is a 1 KHz
subcarrier. The demodulator is divided into three sections; the sync detection
section, the data detection section, and the threshold detection section.
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A voltage controlled oscillator phase-lock-loop in the sync detection section es-
tablishes bit synchronization by comparing the 1 KHe input with a 1 KHz reference
signal. The filtered sync phase detector output is used to control the operation of
the oscillator. This technique establishes phase lock-on within 18 milliseconds
after the audio input is applied. Synchronized 1 KHz, 2 KHz and 4 KHz signals
are applied to the digital section for sub-bit timing purposes, KEach one-
millisecond timing interval can be partitioned into eight parts.

Data detection and extraction is accomplished in the data detection section by com-
paring the 2 KHz audio input with a synchronized 2 KHz reference signal. The
data phase detector output is fed to an integrator and dumped at a 1 KHz repetition
rate. Mark or space decisions are stored in the data flip-flop.

The threshold function indicates sync carrier and local oscillator phase-lock, and
enables the output of valid data. It uses a threshold phase detector, an integrator
and a Schmitt trigger circuit. A threshold decision is made within 20 millisec-
onds after the audio input is applied.

The digital section of the command decoder consists of a decoder controller, a de-
coder programmer with an address detector gate, an address memory flip-flop,
parity check circuitry, an eight-stage shift register, 100 command decoding gates,
and a delayed command sequencer.

To improve the reliability of the digital logic, redundant subsections provide an
alternate path to decode a command message. These redundant subsections are
referred to as A and B. Each of the subsections functions identically, but the
address gates respond to different address information. To further improve the
reliability, the delayed command sequencer provides limited means of generating
commands in the event of an uplink failure.

Figure 2-26 illustrates the functional flow chart of the command decoder and de-
picts the complete routines and subroutines from initiation through reset cycle.

In the normal (non-active seismic) mode, the serial data enters shift registers A
and B, and continually shifts through these registers. The decoder remains in
this search mode until a valid address has been detected by either one of the ad-
dress gates. For example, if address gate A detects a valid address code in

shift register A, it immediately sets address memory flip-flop A which simulta-
neously starts decoder programmer A and inhibits address gate B from respond-
ing. After seven timing periods, programmer A activates parity comparator A
which performs a bit-by-bit comparison of the seven command and seven com-
mand complement bits. At the end of this comparison, a parity check takes place.
If correct, the appropriate command decode gate is activated for 20 milliseconds
and a command execute pulse sets the first stage of shift register A to a one,

This signifies that a proper command has been received. If parity does not check,
the command is inhibited and the first stage of shift register A is set to a zero.

2-41/2-42
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Normally at this time, shift register A contains the seven bit command and the
parity information. This information, named the command verification message,
stays in the register until the data processor requests transfer (data demand) of
this data. As soon as the transfer takes place, a master reset signal returns the
command decoder to the search mode. Likewise, the command verification mes-
sage is inhibited if the data demand is not activated during the following two-
second timing interval.

In contrast to the normal mode of operation, the active seismic mode inhibits the
command verification message from reaching the data processor. The command
decoder receives an active seismic ON command to operate in this mode and an
active seismic OFF command to operate in the normal mode. The foregoing de-
scription applies equally to subsection B whenever address gate B detects its own
address.

2-40. Data Commands - Commands are transmitted as a 61-bit message with the
following format:

a. Preamble 20 bit minimum (all zeros or all
; ‘ones for synchronizat:on)
b. Decoder address 7 bits (selects decoder subsection) -
c. Command complement 7 bits (for parity check)
d. Coemmand 7 bits
e. Timing g .+ 20 bits fall zeros or all ones -

command execution interval)

The demodulator section achieves phase and bit synchronization during the first
eighteen timing bits of the preamble and maintains synchronization during the en-
tire command timing interval.

The 64, 32, 16, 8, 4, 2, 1 binary weighted code is used to decode the seven-bit
decoder address group, the seven-bit command complement group, and the seven-
bit command group.

Seven address bits are used to uniquely command three ALSEP assemblies. Each
command decoder shall respond to two address codes; one for section A and an-

other for section B. Address codes have been selected as follows:

ALSEP  'Address Binary Weighted Command

No. Code No. Code Patterh Decoder No.
1 88 1011000 - 1A
1 24 00:11000 1B
. - 5,748 1001110 2A
2 14 0001110 2B
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ALSEP  Address Binary Weighted Command

No. Code No. Code Pattern Decoder No.
3 105 1101001 3A
3 41 0101001 3B
4 21 0010101 4A
4 53 0110101 4B

The seven-bit command complement group is transmitted after the address and is
followed with the seven-bit command group. The command decoder performs a
bit-by-bit parity check over the command compiement and command bits. A de-
coder command is executed if parity is correct and is rejected if incorrect.

Twenty timing bits are transmitted to allow for a 20 millisecond command execu-
tion timing interval.

The command decoder is capable of accepting 128 different command messages
and is designed to provide 100 commands to ALSEP users. All command code
numbers except the following are available to the users: 0, 1, 2, 4, 8, 14, 16,
22, 24, 32, 29, 41, 49, 63, 64, 78, 86, 88, 95, 103, 105, 111, 113, 119, 123,
125, 126, 127,

Provisions have been incorporated in the command decoder to accommodate a
maximum of 114 discrete commands which have been allotted as follows:

a. Experiments 62
b. Power distribution 29
c. Power conditioning unit 2
d. Data processor 5
e. Command decoder 2
f. Available for test purposes 14

The command decoder stores an eight-bit command verification message which
consists of seven command bits and a parity bit. The command verification mes-
sage is sampled by, and shifted to, the data processor once every frame time, if
a command has been received.

The command word rate is limited to approximately one message per second
during a DP normal mode of operation and to approximately one message per two

seconds during the DP slow mode of operation.

No special requirements exist for intercommand operation. Loss of synchroniza-
tion between commands does not affect the operation of the command decoder.

A list of the discrete commands issued by the command decoder is presented in
the Appendix.
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The command decoder automatically generates seven one-time commands after a
96-hour delay. The delayed command functions and time of execution are listed
in Table 2-10. A flow chart of delayed command sequences is shown in Fig-

ure 2-27.

Monitoring circuits provide telemetry data to the data processor on the status of
command decoder internal, base and demodulator escillator temperatures.

Table 2-10. Data Subsystem Delayed Command Functions

Command Function Time of Execution
75 Blow CPLEE dust cover 96 hours + 2 minutes
69 Set CCIG seal break "

59 Uncage PSE i

72 Execute CCIG seal break 96 hours + 3 minutes

82 Blow SWE dust cover 96 hours + ¢ minutes

71 Set SIDE blow dust cover 4

72 Execute SIDE blow dust cover 96 hours + 5 minutes

89 Magnetometer flip calibrate 108 hours + 1 minute,

then every 12 hours

42 Restore power to lowest 108 hours + 7 minutes,

priority experiment then every 12 hours

2-41. DATA SUBSYSTEM CENTRAL STATION TIMER

The central station timer provides predetermined switch closures used to initiate
specific functions within ALSEP and the data subsystem when the uplink is un-
available for any reason.

2-42. Data Subsystem Central Station Timer Physical Description. The central
station timer consists of a Bulova model TE-12 Accutron clock and a leng life
mercury cell battery.

The timer is housed in a black anodized aluminum case approximately 2. 6 inches
long and 1.3 inches in diameter. Weight of the unit is slightly moere than 0. 25
pounds. Solder terminals provide electrical connection. Figure 2-28 shows the
central station timer.

2-43., Data Subsystem Central Station Timer Functional Description. Figure 2-29
shows a block diagram of the timer. The central station timer starts to provide
back-up timing pulses when the IPU cable is mated to the central station. A tun-
ing fork controls the frequency of a transistorized 360 Hz oscillator which pro-
vides the basic timing frequency. This timing frequency drives the electrome-
chanical arrangement used to provide three back-up timing switch closures. The
switch closures are at one minute, 12-hour, and 720-day intervals. The one-
minute and 12-hour closures are continuously repetitive and are applied to the
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The commands activated by the command decoder delayed command sequencer

are listed in Table 2-10.
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2-44. DATA SUBSYSTEM DATA PROCESSOR

The data processor generates ALSEP timing and control signals, collects and for-
mats both analog and digital data, and provides split-phase modulated data used
for phase modulation of the downlink RF carrier.

2-45. Data Subsystem Data Processor Physical Description. The data processor
consists of two physical components: (a) digital data processor, (b) analog
multiplexer/converter. Figures 2-30 and 2-31 show the digital processor and
analog multiplexer/converter. Multilayer printed circuit boards are used through-
out the digital data processor and analog multiplexer/converter. The analog
multiplexer/converter uses 15, two-layer boards. The digital data processor
uses seven twelve-layer boards, one six-layer board and one three-layer discrete
component board. Leading particulars are listed in Table 2-11.

2-46. Data Subsystem Data Processor Functional Description. Functionally,
there are two redundant data processing channels (data processor X and data
processor Y) which process both analog and digital data. Either processor chan-
nel may be selected to perform the data processing function. Figure 2-32 is a
block diagram of the data processor showing redundant data processor channels

X and Y. Digital data is applied directly to the processor channels. Analog engi-
neering (housekeeping) data is applied to the 90~-channel analog multiplexer. Fig-
ure 2-33 shows a block diagram of the analog multiplexer/converter. Multiplexer
channels 1-15 are considered high reliability channels because of the redundant
gating provided. Channels 16-90 are normal channels without redundant gating.
An advance pulse from the timing and control circuits of the X and Y processor
channels is applied to the multiplexer sequencer logic. The sequencer logic ap-
plies timing signals to the multiplexing circuitry, and an end-of-frame signal to
the frame counter when the frame advance reaches ninety. Multiplexed analog
outputs from the multiplexing circuitry are applied through two parallel buffer
stages to the analog-to-digital converters in data processors X and Y. The chan-
nel assignments of the analog multiplexer/converter are listed in the Appendix.

Analog data inputs from the analog multiplexer are received by the analog-to-
digital converter. (See Figure 2-32.) The analog-to-digital converter digitizes
the PAM output signal from the analog multiplexer. The analog-to-digital con-
verters use a ramp generation technique to encode the analog signal into an eight-
bit digital word. A single eight-bit conversion is made every telemetry frame.
Processor timing and control circuits provide signals which assure that the con-
versions are made at the appropriate time. The digitized output data is applied to
the digital multiplexer in parallel data form.

The digital multiplexer consists of a ten-bit shift register which accepts eight
parallel bits from the analog-to-digital converter or eight serial bits from the
command decoder and serially shifts them as a ten-bit word with zeros inserted
in the two most significant figures. The bits are shifted high order first. Gates
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Table 2-11. Data Subsystem Data Processor Leading Particulars
Characteristic Value
: j
_ Digital Data Processor &
Height 2. 8 inches
Width 3.94 inches
Length 6. 25 inches
Weight 2. 60 pounds

Power consumption

Less than 0.5 watts

Analog Multiplexer/ Converter

Height 2. 62 inches
Width 4.2 inches
Length 5.9 inches
Weight 1.86 pounds
Power consumption Approx. l.44 watts
HIGH .
RELIABILITY <3
CHANNELS M * ANALOG
(1-15) DATA TO
ANALOG v
BUFFE
DATA L )IZROCESSOR
T
LS . A/ D CONVERTER
NORMAL p
— CHANNELS > L
16-90 ANALOG
(16-90) E
DATA TO
& BUFFER PROCESSOR
ADVANCE E Y
PULSE A/ D CONVERTER
e B i =
DATA
PROCESSOR
90TH FRAME
~ PULSE TO
" FRAME
COUNTER
Figure 2-33. Data Subsystem Analog Multiplexer /Converter,

Block Diagram
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are included in the digital multiplexer circuitry which gate serial input data di-

rectly from the experiments.

The gate outputs and the ten-bit shift register out-

puts are ""OR'd" and presented to a two-bit shift register which accepts either
serial data from experiments or parallel control word coding.

The two-bit shift register presents the experiment and control word data in serial

form to the PCM format converter.
PCM "'1" is represented by a ''10',

A PCM "0" is represented by a 01" and a
The split phase signal phase modulates the

transmitter so that a PCM ''0" causes a positive phase transition and a PCM 1"
causes a negative phase transition.

Table 2-12 lists the characteristics of ALSEP timing and control signals.

Table 2-12.

Data Subsystem Timing and Control Pulse

Characteristics in Normal ALSEP Data Mode

frame
1060 pulses per
second

Duration¥ Timing Relative to

Pulse Type (usec) Repetition Ratex* Frame Mark

Frame mark 118 once per ALSEP occurs at start of word 1
frame of each frame

Even frame 118 once every other in coincidence with

mark frame frame mark

90th frame 118 once every 90th in coincidence with

mark frame frame mark

Data gate 118 64, once per each data gate of word 1 is

(word mark) ten-bit word in in coincidence with
frame frame mark

Data demand 9434 once per experi- occurs asymmetrically
ment word in as defined in Figure 2-33
ALSEP frame

Shift pulse 47 640 pulses per a continuous 1060

pulses per second
symmetrical square
wave

Amplitude: High "or" logic '"1""— +2.5 to 5. 0 volts

Low '"or” logic ""0" — 0 to +0. 4 volts

Rise and Fall Times:

2 to 10 (wsec 10% to 90% points and 90% to 10% points

*
In slow ALSEP data mode, duration is twice the normal mode and repetition

rate is one-half normal mode.

2-47. Operating Modes - The data processor operates in three modes:

a. Normal mode (1060 bps)

b. Slow mode (530 bps)
c. Active Seismic mode (10600 bps).
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The normal mode is the standard operating mode which has a data rate of 1060 bps
(106 words/second). Inthe normal mode, the demand signals to the data sources
(experiments) are one word in length and approximately 9. 45 milliseconds in du-
ration. Other timing signals such as the data gate and the various frame marks
are approximately 118 microseconds in duration.

The slow mode provides backup operation at one-half the normal mode data rate.
The slow mode data rate is 530 bps with 53 words per second. Sloew mode de-
mand and timing signals are 18.9 milliseconds and 236 microseconds, respec-
tively.

The active seismic mode is provided exclusively for the active seismic experi-
ment. When the active seismic command is received from the command decoder,
the signal is stored until the completion of the existing 64-word frame. At the
end of the 64th word, the data processor switches into the active seismic mode.
This switch may occur on either the odd or even frame, and between any analog
words. The switch to active seismic mode gates on serial data from the active
seismic experiment, gates off all demands to the command decoder and the vari-
ous experiments, and gates off any incoming serial data from any other data
source. The active seismic data rate is 10, 600 bps. The data shift signal, frame
mark, even frame mark, data gate signals, and 90th frames are sent to the ex-
periments at the normal rate.

The data processor formats the data collected from the experiments into a telem-
etry format as shown in Figure 2-34. The frame rate in the normal mode is 1 and
21/32 frames/second. A complete frame of data is collected approximately every
0. 6 second. Each frame contains 64 words of ten bits each giving 640 bits/frame.
The basic bit rate is 1060 bps. In addition to the words assigned to the experi-
ments, the first three ten-bit words are used as a 30-bit control word and a sin-
gle ten-bit werd is used for command verification purposes. Experiment word
and frame assignments are listed in the Appendix.

The bit assignments for the control word are shown in Figure 2-35. A 22-bit
word consisting of an 11-bit Barker code, followed by the same code comple-
mented, is used toe attain synchronization. The next seven bits provide frame
identification for one through 90 frames for correlation of the analog multiplexer
data. The 30th bit provides normal or slow mode information during the first
two frames of the 90-frame sequence, and data processor serial number identi-
fication during the third through fifth frames of the 90-frame sequence. For the
sixth through 90th frames the 30th bit has no information and reads logic zero.

2-48. Timing and Control Signals - Timing and control logic circuits provide
synchronization signals for use throughout the ALSEP system.

The basic clock is a 169. 6 KHz oscillator. A master flip-flop divides the clock
frequency down to 84.8 KHz. The 84.8 KHz signal drives a divide-by-eight
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FLIGHTS 1 & 2

17 18 19 20 21 22 23 24

25 26 27 28 29 30 31 32

33 34 35 36 37 38 39 40

41 - |42 43 44 45 46 47 48

49 50 51 52 53 54 55 56

o X o X o X S I
57 58 59 60 61 62 63 64
- X - X - X I X
WORD TOTALS LEGEND
3 X = Control
29 X = Passive Seismic - Short Period
12 - = Passive Seismic - Long Period
2 ° = Passive Seismic - L.ong Period Tidal and one
Temperature
7 o = Magnetometer
4 S = Solar Wind
5 I = Suprathermal Ion Detector
1 CV = Command Verification
1 H = Housekeeping

Each box contains one ten-bit word
Total bits per frame = 10 x 64 = 640 bits

Figure 2-34. ALSEP Telemetry Frame Format (Sheet 1 of 3)
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FLIGHT 3

17 18 19 20 21 22 23 24
CP X| cP X| HF X| cp X

25 26 27 28 29 30 31 32

33 34 35 36 37 38 39 40

41 42 43 44 45 46 47 48

49 50 51 52 53 54 55 56
NA X NA X NA X| el i

57 58 59 60 61 62 63 64

= X - X - X| CG X
WORD TOTALS LEGEND
3 x = Control
30 X = Passive Seismie - Short Period
12 - = Passive Seismic - Long Period
2 ] = Passive Seismic - Long Period Tidal and one
Temperature
1 HF = Heat Flow
5 CG = Cold Cathode Gauge Experiment (MSC)
6 CP = Charged Particle Lunar Environment
1 CV = Command Verification
1 H = Housekeeping
3 NA = Not Assigned (all zeros shall be transmitted)

Each box contains one ten-bit word
Total bits per frame = 10 x 64 = 640 bits

Figure 2-34. ALSEP Telemetry Frame Format (Sheet 2 of 3)
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FLIGHT 4

17 18 19 20 21 22 23 24

25 26 27 28 29 36 31 32

33 34 35 36 37 38 39 40

41 42 43 44 45 46 47 48

49 o |5y sz b3 |s4 |s5 P56
NA X NA X! NA X| cp 1
57 ra 59 [0 b1 [62 |63 4

= X 2 X - X I X
WORD TOTALS LEGEND
3 x = Control
30 X = Passive Seismic - Short Period
12 - = Passive Seismic - Long Period
¢ = Passive Seismic - Long Period Tidal and one
Temperature
5 I = Suprathermal lon Detector/Cold Cathode Gauge
Experiment
6 CP = Charged Particle Lunar Environment
1 CV = Command Verification
1 H = Housekeeping
4 NA = Not Assigned (all zeros shall be transmitted)

Each box contains one ten-bit word
Total bits per frame = 10 x 64 = 640 bits

Figure 2-34. ALSEP Telemetry Frame Format (Sheet 3 of 3)
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CONTROL WORD FORMAT

I‘ ALSEP * ALSEP * ALSEP
WORD ¥ WORD #2 X WORD #3 ’l
Bieh I -2 34 G- 44 Wb ek AF AR g 0 506 S S8 ¥ Z0 2T 22 24 24 25 26 2T 20 29 30
PR R om L8 & @0 @ @ G ¥ % B L @ 1] FY FZ F3 54 PS5 56 T W
L~—— BARXKER CODE —¥i&— COMPLEMENT OF BARKER CODE FRAME COUNTER MODE
(L 2.... 39, 0) BIT
ALSEP Birs/ Samples/
Symbol Name Wards Hange Sample Secand
BA-1 Barker Code and Complement 1, z, and NA 22 1. 67
bite | and 2
of word 3
DA-2 Frame Count Bite 3 tc 9 1-90 7 1.67
inclusive af
word 3
BA-3 Mode Bit Bit 10 of word 1 1. 67
Frame Mode Bit Meaning
1 L Normal data rate
2 1 Slow gdata rate
DA-4 ALSEP ID Bit 10 of ward 3 3 1 /54
Frame Mode Bit
3 X (MSB)
4 X Dara pracessor
5 X $ rial number
Figure 2-35. ALSEP Telemetry Control Word Bit Assignments
counter to obtain the 10. 6 KHz signal used in the active seismic mode. This
counter is gated to produce the 42. 4 KHz signal used in the slow data mode of
530 bps.
The 84.8 KHz signal or the 42. 4 KHz also drives a divide-by-ten counter. The

outputs from this counter are used to drive the sub-bit counter and the timing

logic.

The sub-bit counter is a divide-by-eight counter with output frequencies of
1060 Hz or 530 Hz depending upon the operational mode.

This output establishes

the bit rate, drives a bit time counter, and provides timing signals for the timing

logic.

The bit time counter is a divide-by-ten counter with an output frequency of 106 Hz

of 53 Hz which establishes the word rate.

Outputs of this counter are used in

generating the control words and signal timing throughout the processor.

The multiformat commutator determines the specific assignments of each word

within the 64 word telemetry format.

The commutator provides signals {demand

pulses) of one word length and multiples of one word length in duration so that
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data may be gated from the experiments and command decoder through the split-
phase modulator and into the transmitter in a predetermined sequence. The out-
put of the multiformat ecommutator is applied to the demand register and the con-
trol word generator.

The demand register performs the following functions:

a. Provides memory for the demand signal while the commutator is being
switched.

b. Acts as a master switch turning off all demands while allowing the format
generator and all control signals to function normally while in active seismiec
mode.

c. Acts as a buffer between the demand decoder assembly eliminating any
gating transients from the demand lines.

The control word generator generates the synchronization code and provides the
information to the output register during the proper bit times of the control word.
Mode, frame, and data processor serial number information is provided to the
output register at the appropriate bit times.

The frame counter generates the frame bits. The frame counter is essentially a
ripple-through counter which is advanced one step whenever the first word of each
frame occurs. Reset is accomplished by means of the 90th frame end-of-frame
signal generated by the analog multiplexer.

A flow chart of the data processor is presented in Figure 2-36.
2-49. DATA SUBSYSTEM TRANSMITTER

The data subsystem transmitter generates an S-band carrier frequency between
2275 and 2280 MHz which is phase modulated by the split-phase serial bit stream
from the data processor.

2-50. Data Subsystem Transmitter Physical Description, Two identical trans-
mitters are used in each data subsvstem to provide standby redundant operation.
Either transmitter can be selected to transmit downlink data. A transmitter is
shown in Figure 2-37. Most circuit modules are mounted on a milled out mag-
nesium base plate. Some modules and other components are located inside the
base plate. Transmitter leading particulars are listed in Table 2-13.

2-51. Data Subsystem Transmitter Functional Description. Figure 2-38 shows

a block diagram of the transmitter circuit. Transmitter output frequency is a
function of the oscillator crystal and tuning. Transmitter frequencies will vary
between individual ALSEP systems. An oscillator frequency of 142 MHz is used
as an example in this discussion. The crystal-controlled oscillator in the
oscillator-buffer-phase modulator generates a 142 MHz frequency which is phase
modulated by the binary data from the data processor. A buffer amplifier between

2-62



START
BOWER
ON

|

DATA PROCESSOR
TURNS ON 1IN
NORMAL MODE

FRAME

COUNTER QUT OF

SYNCHRONIZATION

WITH THE ANALOG
MULTIPLEXER

YES
TRANSMIT

ERRONEQUS
DATA

W

HAS THE

ANALOG

MULTIPLEXER
REACHED THE
J0th CHANNEL

YEB

TRANSMIT DATA
i THE NORMAL
MODE UNTIL AN
END OF FRAME

OCCURS

STARTNEW

FRAME
SYNC OCCU

O

YES

ALSEP-MT-03

COLLEGT AND TRANSMIT
ONLY AGTIVE SEL

DATA AT A BIT RATE
QF L0600 BPS

REGC
ACT
SELS!

COMMAND

DID LOSS OF

EIVED
VE
MIC OFF

RECEIVED RESET
COMMARND OR
POWER RESET

CONTINUE THANS-
MITTING ACTIVE
SEISMIC DATA
UNTIL A SCHED-
ULED END OF
FRAME FOR THE
BATA PROCES-
SOR OCCU s

1. INTENWRWPT
ACTIVE
SEISMIC
DATA TRANS.
MLSSION

2. TRANSYENR
THE BATA
PROCESS®R
TO THE
NORMAL
MOOE

(1060 BPS)

DATA PROCESSOR

RETURNS TO LAST
INSTRUCTED SLOW
©O8 NORMAL MODE

OATA FRAME

|

1 GENERATE AND
TRANSMIT CON-
TROL WORD 0MO. |

2 ADYANGETHE
FRAME O UNTER

A

GENERATE AND TRANSMIT
CONTROL WORDS NO. £

TRANSFER THE
DATA
PROCESSOR TO
WNORMAL MODE
Hodw BITS)

TRAMSFER THE
OATA
PROCESSCR TO
THE SLOW
MODE [5'0 BPS)

TRANSMIT ER-
FIONE@US OATA
IN N RMAL
MOBZ UNTIL
901h FRAME OC-
CURS

AND 3
I

GOLLECT AND TRANSMIT
WORBS 4 TO THE #lOUSE-
KEEPING #ORD

.

START THE ANALOG TO
DIGIT AL CONVE RSION
OF THE HOUSEK EEPING

DATA
i

TRANSFER THE ANALOG
TO DICITAL HOUSE-
KEEFING DATA

Is
THE DATA
PROCESSOH
N THE
MNORMAL
MODE?

YES

la)

1% THE DATA
FROCESSOR IN
JHE 5L.OW MODE

|

i

COLLECT AND TRANS-
MIT DATA FOR THE
HOUBEXEEPING WORD
AND WORDS THRU
WOR NO. &%

t

. COMTINUE 1IN

PRESENT MODE
UNTIL ENDOF
FRAME OCCURS

.DATA PROCESSOR

EXECUTES THIS

COMMAND AT THE

END OF THE
DATA FRAME
oMLY

1. CONTINUE LN
PRESENT MODE
UNTIL END OF
FRAME OCCURS

L.DATA PROCESSOR
EXECUTES THIS
COMMAND AT THE]
END OF THE
DATA FRAME
OnNLY

1. INTERRUPT
THIS FRAME
OF DATA

& POWERIS
SWITCHED
TO DATA
PROCESSOR
REDUNDANT
uMTS

1. CONTINUE IN
PRESENT MODE
UNTIL END OF
FRAME OCCURS
DATA PROCESSOR
EXECUTES THIS
COMMAND AT THE
END OF THE
DATA FRAME
ONLY

e

ADVANCE THE
ANALOG MULTIPLEXER

1

COLLECT AND TRANSMIT
DATA FOR WORD NO. b4

DD POWER
RESET OH RESET

END OF FRAME

DURING THIS
FRAME

COMMAND OCCUR

RECEIVED
NOEMAL

DURING THIS
FRAME

MODE COMMAND

RECEIVED SLOW
MODE DURING
COMMAND THIS
FRAME

RECEIVED
FOWER
SWITCHING
DURING
THIS FRAME

SEISMIC OM
COMMARND

Figure 2.34, Data Subsystem Data Processer Flow Chart
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Figure 2.37, Data Subsystem ‘Transmitter

Table '2_—'13. Data Subsystem Transmitter Leading Particulars

Characteristic Value
| Output frequency Channel 1 = 2276. 5 MHz
| Channel 2 = 2278.5 MHz
Channel 3 = 2275.5 MHz
Frequency stability (a) £.0025%/year (long term)
: : (b} 2. 2 x 10-10 parts/second (short term)
Output power : - "1 watt minimum into 50 ohm load with maxi-
, “mum VSWR of 1. 3:1 |
Output spurious (a) Harmonically related: 0 dbm, 2-7 GHz '
(b) Other: -50 dbm above 2-GHz - 10 dbm,
7-10 GHz
: : (c) All: 0O dbm below 2 GHz
Incidental AM i | Less than 3% (0. 25 db power ratio)
Phase noise Less than 4. 50 rms as measured with a
phase coherent receiver having a loop band-
width 2 BL = 50 cps
Carrier deviation Fixed at +1. 25 radians +5%
Modulation drive +2. 5 to +5.5 volt peak-to-peak (binary
voltage only)
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Table 2-13. Data Subsystem Transmitter Leading Particulars (cont)

Characteristic Value
Modulation polarity + phase shift for + modulation voltage
Modailation frequency 200 Hz to 12 KHz/binary voltage
Modulation input impedance 22K ohm minimum shunted by less than
100 pf (ac coupled)
Supply voltages +29 vdc +1% +12 vdc + 1%
Supply power 9. 5 watts maximum (9. 2 watts nominal
=8 7w@ +29 v + 0.5 watts @ +12v)
Telemetry outputs (a) Oscillator crystal temperature
(b) Heat sink temperature at highest power
stage
{c) RF level at output (AGC voltage)
(d) Supply current to power doubler
Weight 1.13 pounds
Form factor 7.5 x 2. 0 inches mounting surface x 1. 50
inches in height exclusive of connectors

the 142 MHz oscillator and the phase modulator provides impedance matching and
circuit isolation which enhance modulator stability. The analog phase modulator
contains a pair of back-to-back varactor diodes which vary the capacitance of a
parallel resonant tank circuit by varying the diode back bias at the modulating fre-
quency. A modulator driver maintains the proper diode bias voltages for binary
modulation voltage variations from 2.5 volts to 5. 5 volts peak-to-peak.

The output of the phase modulator is applied to buffer amplifier, AGC-controlled
amplifier, and frequency doubler stages. The buffer amplifier stage between the
phase modulator output and the AGC-controlled amplifier inputs prevents modu-
lator tank circuit detuning which would be caused by amplifier input.impedance
changes resulting from temperature and aging. The times two frequency multi-
plier stage increases the carrier frequency to 284 MHz.

The 284 MHz output from the frequency multiplier is amplified by the power am-
plifier, and doubled in frequency by the power doubler. A times four varactor
frequency multiplier then quadruples the carrier frequency. The output frequency
is between 2275 and 2280 MHz, depending on the selection of the crystal-controlled
oscillator. A stripline filter reduces spurious harmonics of the output signal to

30 db below the carrier. Additional spurious rejection is provided by the inter-
facing diplexer. A directional coupler built into the filter provides an RF output

to the AGC circuit.

Monitor circuits provide analog signals to the data processor indicating the status

of current supply, AGC voltage and the temperatures at the oscillator crystal and
the power heat sink.
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2-52. DATA SUBSYSTEM POWER DISTRIBUTION UNIT

The power distribution unit (PDU) distributes power to experiment and central
station components and provides circuit overload protection and power switching
of selected circuits. The PDU also provides signal conditioning of selected
central station and RTG telemetry monitor signals prior to input to the analog
multiplexer for analog-to-digital conversion and subsequent data transmission to
earth.

2-53. Data Subsystem Power Distribution Unit Physical Description. A PDU is
shown in Figure 2-39. The power distribution unit is comprised of five printed
circuit cards, a mother board to provide interconnection between the individual
boards, the component connector, a case, and a cover. All electrical inputs are
made through a rectangular, screw-lock, 244-pin connector.

Figure 2-39. Data Subsystem Power Distribution Unit

The amplifier board mounts the RTG temperature sensing bridges and amplifiers,
the power reserve sequencer comparator, and one experiment power control
circuit. .

The experiment drive card contains the relay driver, relays, fuses, and associ-
ated circuit components for the power control of four experiments.
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The signal conditioning and logic card is comprised of the resistive dividers
used for thermistor temperature sensing, nickel wire temperature sensing and
voltage monitoring. Additionally, the required gates, flip-flops, and gate
expanders used for counting and decoding in the reserve power sequencer,

are mounted on this card.

The central station power control card provides mounting for the relays, drivers,
and circuit overload sensing relays associated with the transmitter, receiver,
data processor, power dissipation module load Ne. 1 and No. 2, and backup
heater power control.

Circuitry for the dust detector electronics is mounted on a single card. Lead-
ing particulars of the power distribution unit are listed in Table 2-14.

Table 2-14. Data Subsystem Power Distribution Unit Leading Particulars

Characteristic Value
Form factor; 2.8x4.0x 7.25 inches
Weight: 2.4 pounds
Power consumption: 1.75 watts
DC input voltages: +29 vdc
+15 vdc
+12 vdc
+5 vdc
-6 vdc
-12 vdc

2-54. Data Subsystem Power Distribution Unit Functional Description. The
functional description of the power distribution unit is divided into three ma jor
functions:

a. Power -off sequencer
b. Temperature and voltage monitor circuits
c. Power control to experiments and central station.

Figure 2-40 shows a block diagram of the PDU.

2-55. Power Off Sequencer - The power off sequencer of the PDU detects mini-
mum reserve power and sequentially turns off up to three preselected experi-
ments to bring the power reserve within acceptable limits. The minimum re-~
serve power is detected by monitoring the voltage across a power conditioning
unit resistor. This voltage is applied to an operational amplifier used as a level
detector. An RC delay network is employed at the output of the level detector.
The output of the delay is applied to a second level detector which drives the
power-off sequencer logic. This arrangement turns on the power-off sequencer
legic input gate when the reserve power drops below acceptable levels.

2-69/2-70
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The power-off sequencer logic input gate passes a 1 KHz clock signal to a five-
stage binary counter. The counter accumulates the 1 KHz count until the reserve
power becomes greater than the minimum level. The counter output is fed to de-
coding gates which sequentially turn off up to three preselected experiments.

The sequencer decoding gates are connected so that upon turn-on of the logic in-
put gate, an output ground level signal is provided during the count between 1 and
9 milliseconds to the experiment No. 4 standby-on relay driver. This relay re-
moves experiment prime power and applies power to the standby line. If the IPU
overload persists, the ground level signal supplied to the experiment No. 4 stand-
by line is removed and a ground level signal is applied to the experiment No. 3
standby-on command input during the next 8-millisecond period (when the count is
between 9 and 17 milliseconds). The sequencer could continue in the same manner
until a third experiment (No. 1) is in the standby mode if overloading persists. If,
however, the overload is removed within the sequence, the counter will be reset
when a satisfactory power reserve signal is obtained.

2-56. Temperature and Voltage Sensor Circuits - Operational amplifiers are
used to amplify the resistive bridge outputs for the IPU hot and cold junction
temperatures. The temperature sensors located on the RTG are platinum wire
sensors. The hot junction sensor resistance is about 2771 ohms at 900°F and
3139 ohms at 1100°F for a resistance change of 368 ochms. The cold junction
sensor resistance is about 1785 ohms at 400°F and 2190 ohms at 630°F for a re-
sistance change of 405 ohms. The bridge output amplified by a gain of 14.9 for
the hot junction and 10. 5 fer the cold junction gives a voltage swing of 5 vdc over
the temperature range. Bridge excitation is 12 vdc on both the hot and cold junc-
tion temperature circuits.

Each thermistor temperature sensing network consists of a 3010 ohm, one percent
resistor in series with a 15K ohm (25°C) thermistor and a second 3010 ohm re-
sistor to ground. The divider excitation 1s [2 vdc. The output is taken across the
3010 ohm resistance connected to ground. The resultant output, although not per-
fectly linear over the -50°F to +200°F temperature span of measurement, pro-
vides an output measurement with very low dissipation of power. The maximum
sensor current is less than 2 milliamperes.

The nickel wire temperature sensors (2000 ohms at the ice point) are used in
dividers to monitor exposed structural temperature, multilayer bag insulation
temperatures, and sunshield temperatures. The circuit is a simple divider con-
sisting of 12 vdc supplied through 5900 ohms and the sensor to ground. The out-
put analog signal is taken across the sensor, providing a reasonable linear re-
sponse from -300°F to +300°F. The maximum current through the sensor is less
than 2 milliamperes.

VoItage monitors are provided for each of the six voltage outputs of the power con-
ditioning unit, The positive voltages are monitored with resistive dividers with
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an output impedance less than 10K ohms. The two negative voltages lines are
also monitored by dividers. The 29-vdc supply is used as a bucking voltage to a
positive output of 0 to 5 vdc as required by the multiplexer. The output impedance
is less than 10K ohms.

2-57. Power Control - Four transistorized relay drivers, magnetic latching re-
lays, and one magnetic latching relay acting as an overload sensor (circuit
breaker) perform the control and circuit breaking function for each experiment
prime power line. The experiment standby power line is fused at 500 ma. and has
no reset capability. Spike suppression and steering diodes are also incorporated.
The steering diodes provide isolation between command lines and astronaut con-
trol lines where required. Three command inputs are provided for each experi-
ment power control circuit as follows:

a. Experiment operational power-on command
b. Standby power-on command
c. Standby power-off command.

The three command inputs operate one or both of two power switching relays, de-
pending on the command received. One relay provides the selection of either
standby power or operational experiment power. The other interrupts the standby
power line. The réceipt of an experiment operational power-on command will
transfer the power select relay to a position which provides power through the
current sensing coil of the circuit breaking relay to the experiment electronics.

A separate manually operated switch is provided to supply the experiment opera-
tional power-on command for each experiment in the event of uplink failure. A
second command (standby power-off) operates the relay coil of the standby power
interruption relay to open the circuit supplying power to the standby line. The
standby power-on command, however, operates on both relays. The standby
power-on command closes the selector relay contacts supplying power to the
standby power relay contacts and also closes that relay's contacts so that power is
applied to the standby line. If the selector relay is in the position which supplies
operational power to the experiment power line and the standby power interruption
relay contacts are closed, two commands must be initiated to interrupt all power
to an experiment. These commands are the standby power-on command followed
by standby power-off command.

Circuit breaker operation is provided by internally generating a standby-on com-
mand using the contacts of a current sensing relay. Should an overcurrent con-
dition exist through the sensing coil in series with the experiment operational
power line, the contacts of the sensing relay break the normal standby-on com-
mand line and apply a ground signal to each of two relay drivers. One relay
driver operates the power select relay to the standby-on position. The other
driver operates the standby power interruption relay to close the contacts supply-
ing power to the standby power line. Operation of the standby power interruption
relay provides power to the reset coil of the overload sensing relay thereby
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resetting its contacts to permit normal standby-on command inputs. Provisions
have been made to shunt each current sensing coil to provide a 0. 5 amp capability
to all experiments.

A high conductance diode is paralleled (in a forward biased condition) with the
current sensing coil of the overload sensing relay. This diode permits an exten-
sion of the dynamic range of the overload sensor to high transient overloads. Two
resistive summing networks provide a telemetry output to indicate the prcsence
or absence of standby power for all experiment power switching circuits.

Transmitter power control and overload protection as shown in Figure 2-41 uscs
two power control relays, four overload sensing relays, and associated relay
drivers. Four commands are required:

a. Transmitter on
b. Transmitter off
c. Transmitter A select
d. Transmitter B select.

TRIP
SELECT +29V TO
DRIVER CKT. BKR. o)
A CMD. 29V 10l XMTRA
HEATER
[ +12v TO
MASTER o ___1 pRrIvER . CKT. BXR. O 5 MTR A
ON CMD. i€
12V, - TRANSMITTER TRANSMITTER
ON/OFF TRANSFER
RELAY RELAY
29V, O {DPat) {Dpdt) |
| 429V TO
MASTER Lo}
O——1 DRIVER CKT. BKR. XMTR
OFF CMD, DRI | MTR B
= +12V TO
SELECT — CKT. BKR
DRIVER . .
B CMD. XMTR B
TRIP HIV TE

DIPLEXER
720 + 30 DAYS

TIMER
RETURN-S &-- O RETURN

Figure 2-41. Data Subsystem Transmitter Power Control

The transmitter on and off commands operate the double-pole, double-throw re-
lay which switches both 12 vdc and 29 vdc to the transmitter transfer relay. When
the transmitter control relay is off, nominal transmitter operating power is



ALSEP-MT-03

applied to the transmitter heater which maintains thermal balance within the cen-
tral station. Two power lines to either of two transmitters are selectable via
transmitter A or transmitter B select commands as appropriate. If either power
line to either transmitter is overloaded, the contacts of the overload sensing re-~
lay transfers the transmitter select relay to supply power to the alternate trans-
mitter. When power is transferred to the alternate transmitter, the circuit over-
load sensing relays are both reset and the normal command link inputs are re-
stored. Diplexer switching power, required only when transmitter B is selected,
is obtained directly from the 12 vdc transmitter power line.

A transmitter turn-on capability is provided by a manually operated backup switch
which is used if an uplink cannot be established following deployment of ALSEP on
the lunar surface.

The command receiver requires both 12 vdc and -6 vdc for operation (Fig-

ure 2-41). The -6 vdc line is not provided with circuit protection because of the
high reliability of the -6 volt line load. The 12 vdc line is provided with overload
protection which uses a magnetic latching circuit breaker relay. The sensing
coil of this device will interrupt the 12 vdc of the receiver when current is exces-
sive. Since no redundancy of receivers exists, a 12-hour reset pulse is supplied
to the breaker every 12 hours. If the receiver is tripped off, a receiver heater
load is energized by the transfer of the cireuit breaker contacts te maintain ther-
mal balance.

For data processor power control (Figure 2-42), redundant electronics are
switched using standard magnetic latching relays. These relays are controlled by
standard commands. Overload protection is not provided.

Power dissipation module 1, power dissipation module 2, and the central station
backup heaters are switched off and on by ground command only.

Electronics for the dust detector are mounted on a printed circuit card in the PDU
and consist of the following three functional areas:

a. Power switching
b. Operational amplifiers
c. Temperature measurement.

The power switching function switches 12 vdc and -12 vdc power to the amplifiers
upon receiving a ground command. Power protection for the card is provided by
individual fuses on each of the two voltages.

The operational amplifier consists of an integrated circuit differential amplifier
with added circuitry to establish a closed loop fixed gain configuration. Its func-
tional purpose is to condition the output of the photocell detectors, which act as
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variable current sources of a 0 to +5 vdc varying dc level for telemetry informa-
tion. Temperature measurement is accomplished with a thermistor attached to
the photocell and a series resistor, located on the card to optimize thermistor
sensitivity and provide a 0 to +5 vdc telemetry signal.

Figure 2-42.

o-28VDG +—OTO CMD. RCVR.
+12VDC CIRCUIT
o- . AR »—0 TO CMD. RCVR.
12 HR RESET
O-cmMD
4
DRIVER
COMMAND RECEIVER
ASTRONAUT POWER CONTROL
CONT. SW.
o X ON
CMD DRIVER T
O DATA PROCESSOR X
o-HL5VDC ,,(G (ANALOG MULTIPLEXER)
]
| o— ODATA PROCESSOR Y
H (ANALOG MULTIPLEXER)
_ ! g ODATA PROCESSOR X
-12VDC / MULTIPLEXER
o - (ANALOG )
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2-58. PASSIVE SEISMIC EXPERIMENT(PSE) SUBSYSTEM

The passive seismic experiment (PSE) is designed to monitor seismic activity,
and it affords the opportunity to detect meteoroid impacts and free oscillations.
It may also detect surface tilt produced by tidal deformations which result, in
part, from periodic variations in the strength and direction of external gravita-
tional fields acting upon the Moon and changes in the vertical component of gravi-
tational acceleration.

Analyses of the velocity, frequency, amplitude, and attenuation characteristics «of
the seismic waves should provide data on the number and character of lunar seis-
mic events, the approximate azimuth and distance to their epicenters, the physi-
cal properties of subsurface materials, and the general structure of the lunar in-
terior.

In the lower frequency end {(approximately 0. 004 to 3 Hertz) of the PSE seismic
signal spectrum, motion of the lunar surface caused by seismic activity will ke
detected by tri-axial, orthogonal displacement amplitude type sensors. These
sensors and associated electronics comprise the long period (LP) seismometer.
In the higher frequency end {approximately 0. 05 to 20 Hertz) of the PSE seismic
signal spectrum, vertical motion of the lunar surface caused by seismic activity
will be detected by a one-axis velocity sensor. This sensor and associated elec-
tronics comprise the short period (SP} seismometer.

Two separate outputs are produced by each axis of the LP seismometer. The
primary output is proportional to the amplitude of low frequency seismic motion
and is referred to as the seismic output. The secondary output is proportional to
the very low frequency accelerations and is referred to as the tidal output. The
tidal output in the two LP horizontal axes is proportional to the amount of local
tidal tilting of the lunar surface along these axes, as indicated by changes in dc¢
signal level. The tidal output in the LP vertical axis is proportional to the change
in the lunar gravitational acceleration as determined by that axis, again as related
to changes in dc signal levels. The SP seismometer yields a seismic output pro-
portional to seismic motion in the vertical axis of the instrument.

Electronics associated with each seismometer amplify and filter the four seismic
and three tidal output signals. These seven signals are converted by the PSE sub-
system to digital form, and released upon receipt of a demand pulse to the ALSEP
data subsystem for transmission to Earth. The temperature of the PSE sensor
assembly is monitored and provided as the eighth PSE digital data output. Each
ALSEP telemetry format contains 64 words; 43 are used to transmit the eight PSE
scientific data output signals to the MSFN stations on the Earth. In addition, eight
analog signals conveying engineering data from eleven sources in the PSE are
routed over separate lines to the ALSEP data subsystem, multiplexed into the
ALSEP housekeeping telemetry word (No. 33), and transmitted to Earth to permit
PSE status to be monitored.

Initiation and control of certain PSE internal functions is accomplished by 15
discrete commands relayed from Earth through the ALSEP data subsystem.

2-79
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2-59. PSE PHYSICAL DESCRIPTION

The PSE (Figure 2-43) is composed of four major physical components. The
sensor assembly, leveling stool, and thermal shroud are all deployed together

by the astronaut on the lunar surface. A separate electronics assembly is located
in the ALSEP central station, and provides the electrical interface with the
central station.

2-60., PSE Sensor Assembly. The sensor assembly is generally cylindrical in
form, and is fabricated principally of beryllium to achieve light weight and long
term stability. The base of the cylinder is hemispherical to permit rough level-
ing of the sensor upon the leveling stool during deployment by the astronaut. The
long period {LP) and short period (SP) seismometers, the sensor leveling plat-
form, the caging mechanism, and associated electronics are contained in the
sensor assembly. The principal structural elements of the sensor are the base
and the gimbal-platform assembly on which the LP seismometers are mounted.
The LP seismometer- comprises three orthogonally oriented, capacitance type
seismic sensors; two horizontal axes and one vertical axis. The LP horizontal
sensors comprise 1. 65 pound masses mounted on the ends of horizontal booms.
The boom and mass assemblies are suspended from the sensor frame so that they
are free to rotate through a very limited portion of their horizontal planes in the
manner of a swinging gate. Inertia of the masses causes them to tend to remain
fixed in space when motion of the supporting frame occurs due to seismic motion
of the lunar surface. The capacitance type transducers attached to the inertial
masses produce an output proportional to the amount of displacement of the frame
with respect to the masses. The LP vertical axis differs from the horizontal axes
in that the boom mounted mass is suspended from the frame by a zero length
spring. The spring is adjusted so that the weight of the boom/mass assembly is
compensated by the spring tension. The LP leveling platform is gimballed through
Bendix flexures and is positioned by leveling motors along two horizontal axes.
This permits leveling of the LP seismometers to within three arc-seconds of level.
Independent positioning of the sensor in the LP vertical axis to the same tolerance
is provided by a separate leveling motor which adjusts the tension of the suspen-
sion spring.

The SP seismometer is a single-axis device containing one vertically mounted,
coil-magnet type seismic sensor mounted directly to the base of the sensor as-
sembly. Leveling of the SP seismometer is accomplished to the degree required
by leveling the entire assembly.

Caging is provided by a pressurized bellows. When pressurized, pins are inserted
into each inertial mass, raising the mass and thereby unloading the suspension
system of each sensor. Pressure in the caging mechanism is released by firing a
piston actuator by Earth command, after deployment, to uncage the sensors and
free them for operation.

The siesmometer electronics are contained in part in the sensor assembly and the
remainder is located in the ALSEP central station. In the sensor, four printed
circuit board subassemblies are mounted in the base, surrounding the SP seis-
mometer. These subassemblies provide circuitry associated with amplification,
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Figure 2-43. Passive Seismic Experiment Subsystem
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demodulation, and filtering of the outputs of each of the four seismic sensors. In
addition, the sensor electronics provide for LP sensor leveling, and sensor as-
sembly temperature monitoring and heater control. The heater control circuits
regulate power to a heater located in the base of the sensor assembly to compen-
sate for loss of thermal energy.

When deployed, the sensor assembly is seated in the leveling stool and covered
with the thermal shroud. A pair of 10-foot, 27-conductor {copper), flat, Kapton-
coated, tape cables from the PSE are connected to a pair of 9-inch manganin
ribbon cables from the central station electronics (CSE) providing electrical con-
nections between the two units, Manganin is used on the CSE cables to minimize
heat losses from the ALSEP central station. A reel mechanism on the 10-foot
PSE cables provides compact stowage while on ALSEP subpackage No. 1.

2-61. PSE Leveling Stool, The leveling stool is a short tripod with three ther-
mal insulators on its upper end. These insulators, together with the rounded
bottom of the sensor assembly, form a ball and socket joint which permits manual
leveling of the sensor assembly to be accomplished by a single astronaut to with-
in five degrees of the vertical. The insulators also provide the required degree
of thermal and electrical isolation of the sensor assembly from the lunar surface,
while transmitting surface motion up to 26. 5 Hz, or more, to the sensors with
negligible attenuation.

2-62. PSE Thermal Shroud. The thermal shroud has the shape of a flat-
crowned, wide-brimmed hat. The crown portion covers the sensor, while the
brim portion (five feet in diameter) covers the adjacent lunar surface. The crown
and brim are made of ten layers of aluminized mylar separated by alternate layers
of silk cord which are wound on a perforated, aluminum support. The shroud
covers the sensor assembly and the adjacent lunar surface, to aid in stabilizing
the temperature of the sensor assembly.

t4

On top of the thermal shroud are located the ball level assembl
naut fo level the sensor to within plus or minus five gegre:;nof%ml}isz%?'ntg .t}:u?ﬁxx;o-

gnomon/compass rose assembly, used by the astronaut to orientate the sensor.

2-63. PSE Electronics Assembly. The PSE central stati
module is located in the ALSEP central station,
assemblies are contained in the CSE which provi
the fifteen commands regulating or controlling the PSE internal functions, Also
the CSE contains circuitry associated with attenuation, amplification and. filteri'n
of the seismic signals, processing of the PSE scientific and engineer.ing data out-g
puts, and its internal power supplies, The CSE is physically and thermally part
of the central station, but electrically and functionally part of the PSE, vE

on electronics {CSE)
Eleven printed circuit board sub-
de the command logic circuits for

2-64. PSE Leading Particulars,
flights. The sensor,
number ene.

The PSE is included on all scheduled AlLSEP
thermal shroud, and CSE are all contained in subpackage
The leveling stool is mounted in subpackage two. Table 2- I5 list
the physical characteristics and Power requirements of the PSE "
ance characteristics of the eight PSE scientific data channels.

and the perform-
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Table 2-15. PSE Leading Particulars

Characteristic Value
Physical Data
Sensor Assembly, including
Leveling Stoo} and Thermal
Shroud (stowed configuration):
Height 15. 25 inches
Diameter 11. 75 inches
Weight 20.9 1bs,
Sensor 18. 3 1bs.
Thermal Shroud 2.4 lbs.
Leveling Stool 0. 2 1bs.
Central Station Electronics:
Height 2.75 inches
W idth 7. 25 inches
Depth 6. 5 inches
Weight _ = L~ M1 U
Power Requirements
Analog Electronics 1. 61 watts
Digital Electronics 1.21 watts
Power Converter Loss 1.71 watts
Heater 2. 40 watts
Level System 3.10 watts
Functional Power and Heater 6. 70 watts
Functional Power and Level 7.20 watts
Voltage 29.0 + 0. 58 vdc

Scientific Data Signal Characteristics

Minimum Detectable Signal:
SP and all LP seismic signals
LP tidal output signals:
LPH (Horizontal)
LPV (Vertical)
Sensor assembly temperature
Sensitivity at Maximum Gain:
SP and all LP seismic signals
LP tidal output signals:
LPH
LPV
Sensor assembly temperature
Frequency Response:
SP seismic signal
(Odb = 5v/u, maximum gain)

Max.

Requirement Design Goal

+10

5

(=< THe)

]

10 mu

0. 4 arc-sec.
320 jigal

QU +.02°
.0v/pu

.5v/arc-sec,

.625 v/mgal

.25v/°C

40 db @ 0. 038 sec.

42db/oct. 0.038 to 0.1 sec,

20db @ 0.1 sec,

1.0 myp

.01 arc-se
8.0 pgal

6db/oct. 0.1to 1.0 sec.
18db/oct. 1.0 to 20 sec.

78db @ 20 sec.

|

]

y
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Table 2-15. PSE Leading Particulars {cont)

Characteristic Value

Scientific. Data Signal Characteristics

Dynamic Range: Analog Digital
SP and all LLP seismic signals 80 db 60 db
All tidal signals 60 db 60 db
Temperature 60 db 60 db
All LP seismic signals -60db @ 0. 3 sec.
{0db = 0.5v/p, feedback factor = + 48db/oct. 0.3 to 0.7 sec.
-33. ldb, post-amplified gain =1) 0db 0. 7 to 15 sec.

-12db/oct. 15 to 100 sec.
-18db/oct. 150 to 250 sec.
-60db @ 250 sec.

All LP tidal output signals -74db @ 1. 2 sec.

+ 6db/oct. 1.2 to 15 sec.
- 52db @ 15 sec.

6db/oct. 15 to 150 sec.
72db @ 150 sec.
-l2db/ect. 150 to 750 sec.
-100db @ 750 sec.

Sensor assembly temperature 107 - 143°F « 1%
R = micron

my: = millimicron

v/pu = volts per micron

1gal = microgal

mpgal = milligal

The microgal and milligal are subdivisions of the gai, a geophysical unit of meas-
ure of acceleration in the cgs system. One gal equals an acceleration of
1l cm/sec/sec.

2-65. PSE FUNCTIONAL DESCRIPTION

The instrumentation employed to achieve the objectives of the PSE is functionally
divided into three long period seismic data channels, three tidal data channels. one
short period seismic data channel, and a sensor assembly temperature monitoring
channel. These scientific data channels are supported by sensor assembly heater
control, data handling, uncaging, leveling, and power functions (Figure 2-44).

Control is achieved through 15 separate ground command channels governing the
following:

a. Signal calibration and gain in the four seismic data channels
b. Filtering in feedback circuits in the three long period channels
c. Leveling of the seismometers

d. Sensor assembly heater

e. Uncaging of the seismometers
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The commands are discrete (on-off or sequential stepping) and are transmitted
from MSFN stations on the Earth, through the ALSEP data subsystem. A discus-
sion of these commands and their basic functions is provided in paragraph 2-68.

2-66. PSE Monitoring Functions. The three long period seismic data channels
are similar, differing only in sensor orientation in the horizontal channels, and
principally in sensor type in the vertical channel. The swinging gate type sensors
in the horizontal channels respond to tilting as well as lateral displacement of the
lunar surface, while the LaCoste spring suspension of the vertical sensor enables
it to measure changes in gravitational acceleration as well as to accomplish its
primary function of detecting surface displacement in the vertical axis. Seismic
data is obtained inthefollowing manner: a capacitance type transducer in each LP
sensor provides a phase-referenced, output signal proportional to the amplitude
of displacement of the sensor frame from its seismic mass. This signal is amp-
lified, phase-demodulated, and filtered to produce the LP seismic output signal
for that axis. Very low frequency filtering of this signal produces its tidal com-
ponent. The short period channel is generally similar to the long period channels,
although a coil-magnet type transducer is employed to produce a single seismic
output proportional to the velocity rather thanthe amplitude of displacement of its
seismic mass. The seismic mass in each of the four channels has a separate coil-
magnet assembly associated with command.controlled step voltages to produce
known input acceleration to each inertial mass for calibration purposes. In the LP
sensors, the coil-magnet assemblies are also used for damping and stabilization
of the LP seismic masses by means of negative feedback of the tidal signal. Signal
amplification in each of the four data channels is command controlled. Fixedsteps
of attenuation may be switched in and out of the signal path as required. The two
output signals from each of the three LP channels, plus the output signal from the
SP channel, are provided as analog signals to the PSE data handling circuits, The
signals are digitized and supplied to the ALSEP data subsystem as seven of the
eight PSE scientific data output signals.

The relative positions of the LP sensors vary with temperature. The temperature
of the sensor assembly is monitored by a temperature sensor in its base, together
with a circuit which is capable of detecting changes as small as +0, 02°C. The out-
put of this circuit is applied to the PSE data handling circuits as the eighth PSE sci-
entific data output signal, where it is digitized prior to routing to the ALSEP data
subsystem. It is also applied to the sensor assembly heater control circuits.

2-67. PSE Supporting Functions. The sensor assembly heater control circuits
control the heater operating mode which is selected by Earth command. Three
thermal eontrol modes are provided; automatic, thermostat bypass (manual on),
and off. The automatic mode is the normal mode of operation, and connects
power to the heater through a thermostatic control circuit which maintains the
temperature of the sensor assembly within a preset level. The thermostat bypass
(manual on) mode applies continuous power to the heater.

The PSE data handling circuits comprise an analog-to-digital converter which
converts the eight analog scientific data signals to digital form. The digital data
is then formatted by the PSE into 10-bit digital words for insertion by the ALSEP
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data processor into the 43 assigned spaces in each of the 64-word ALSEP tele-
metry word frames. Synchronization and control pulses which control the for-
matting and readout of the digital data, are received from the ALSEP data
processor. Eleven analog status signals from the PSE logic circuits and from
the uncaging mechanism are combined into eight analog signals by the PSE data
handling circuits for transmission to the ALSEP data processor/multiplexer.

The data are inserted into housekeeping word number 33 of each of the eight ALSEP
telemetry word frames assigned for transmission of this data.

The LP seismometer sensors must be leveled before they can be

produce useful data. Leveling is accomplished through automatic and/or com-
mand {(manual) pesitioning of the LP gimbal platform in its horizontal axes, and
the spring in the LP vertical axis by means of independent, two-speed,

leveling servos in each LP axis. The tidal output signal of each axis may be used
as its leveling error signal in both the automatic and command modes. Mode
selection and command mode positioning commands affect all three servos; how-
ever, power to the leveling motor of each servo is controlled by separate com-
mands. The ability to activate leveling motors separately provides for independ-
ent leveling in each axis. Both the automatic and command modes have two
leveling speeds, coarse and fine in the automatic, and high and low in the com-~
mand mode. The coarse and/or high speed mode(s) are normally used only to
reduce leveling errors to less than three minutes of arc, and the remainder of
the leveling process is done in the fine and/or low speed mode(s).

The sensors of the SP and LP seismometers must be uncaged before they become
operable. Uncaging is accomplished by a pyrotechnic piston actuator which
breaks the pressure seal in the pressurized bellows type caging mechanism in
response to Earth command or central station timer commands. Breaking the
pressure seal allows the caging system gas to escape, deflating the bellows, re-
leasing the caging pins, and unlocking the inertial masses.

The ALSEP power distribution unit furnishes 29 vdc operating and standby (sur-
vival) power to the PSE. Application of this power to the PSE is controlled by the
power distribution unit (PDU) of the data subsystem, which also connects standby
power to the PSE heater circuit in the event of interruption of operating power.
Separate PSE power converters, located in the PSE central station electronics
module, convert ALSEP +29 vdc operating power into the various voltages
required in the PSE circuits, as described in paragraph 2-78.

2-68. PSE Command Functions. The following functions of the PSE are controlled
by commands from Earth: signal calibration and gain in the four seismic data
channels; filtering in the LP feedback circuits; leveling mode, speed, direction,
and leveling motor power (for each axis) during leveling of the LP sensors; control
of the sensor assembly heater operating mode; and arming and uncaging the seis-
mometers. A total of 15 commands are used for these purposes. The commands
are channeled over 15 separate command lines connecting the ALSEP command
decoder to the PSE central station electronics. The PSE CSE routes the commands
over separate lines to the sensor assembly.
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The transmission of a command from an MSFN station on the Earth to the PSE
results inthe generation of a command pulse by the ALSEP command decoder on
the appropriate command line to the PSE. Each of the 15 incoming ALSEP com-
mand lines is terminated in the PSE central station electronics by a logic circuit
which has two or more stable states, one of which is preset by the application of
ALSEP power to the PSE. Each of the two or more logic states represents a
certain command, such as power on or power off to the associated circuit.
Receipt of the command pulse from the command decoder causes the logic circuit
to advance to the next stable state, changing the control voltage it applies to the
associated circuit. The preset function insures that the signal or power circuit
element associated with each command is in the desired state when power is
applied. The preset state of each command is listed with the associated function
in Table 2-16.

All of the 15 command logic circuits are composed of one or more flip-flops.
Four of the logic circuits consist of a two-bit, serially connected counter which

provides four stable output states. Three of these counters control switches
which select sections of step attenuators in the signal paths and in the calibra-
tion circuits of the four seismic data channels. The fourth counter controls
switching relays in the sensor assembly heater control circuits, The eleven
remaining flip-flops control switches applying power to associated circuits.

The preset logic circuit is a form of one-shot multivibrator, which generates
the preset pulse tothe other logic circuits waen triggered by the application of
ALSEP operating power.

Table 2-16. PSE Command Functions

Commands Functions Preset State
1. Uncaging (arm The simultaneous uncaging of all four Caged
and execute) seismic sensors. Requires separate

arm and execute commands.

2. Feedback filter Switches the feedback (tidal) filters in Out
(in or out) all three LP channels in or out simul-

taneously.

3. Leveling Mode Switches leveling mode of operations Auto-
(Automatic or from automatic to command, or the matic
Command) reverse, in all three LP axes.

4. Leveling Speed Switches leveling speed in all three Low
(Low or high) LP axes from low to high, or the

reverse, while leveling in the com-
mand mode.

5. Leveling Dir- Switches leveling direction in all three +
ection (+ or =) 1L.P axes to -, or the reverse, while
leveling in the command mode.
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PSE Command Functions {cont)

Commands

Functions

Preset Stilc

0.

11,

12.

13.

14.

15.

Coarse Sensor
{in or out)

Leveling Power,
X Mo tor (on or
off)

Leveling Power,
Y Mo tor (on or
off)

Leveling Power,
Z Motor (on or
off)

Gain Change,
LP-H (X. Y)

Gain Change,
LP-2Z2

Gain Change,
SP (2)

Calibration,
LP on or off

Calibration,
SP on or off

The rmal
Mode Control

Switches power on or off te coarse
leveling sensors.

Switches power on or off to leveling
motor in LP X horizontal axis.

Switches power on or off to leveling
motor in LP Y horizontal axis.

Switches power on or off to leveling
motor in LP Z vertical axis.

Progressively cycles the (two) attenu-
ators in the X & Y axes signal channels
through 0, -10, -20, & -30 db ste ps,
and the (two) attenuators inthe X & Y
axes calibration circuits threugh -30,
-20, -10, & O db steps at the same
time. Requires one command per
step, or a total of four for a complete
cycle.

Same as 10, except that only two
attenuators, one in the signal, and
one in the calibration circuit, are
involved.

Same as 10

Switches power on or off to the step
attenuators in the calibration circuits
of all three LP axes.

Switches power on or off to the step
attenuator in the SP calibration
circuit.

Progressively steps the heater con-
trol circuits through four steps,
automatic mode on or off, and
thermostat bypass mode on or off.

Oul.

off

Off

Off

-30 db

=30 db

-30 db

Off

Off

Auto-
matic
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2-69. PSE DETAILED FUNCTIONAL DESCRIPTION

The seven seismic and tide monitoring channels and the temperature monitoring
channel may be described as the monitoring function. The output data handling,
uncaging, leveling, thermal control, and power functions may be described as
the supporting functions. The following paragraphs provide detailed functional
descriptions of the monitoring and supporting functions.

2-70. PSE Monitoring Functions. The long period (LP) seismometer monitoring
channels are described first, followed by descriptions of the short period (SP)
seismometer channels and the sensor assembly temperature monitoring channel.

2~71. PSE Long Period(LP)Channels - Each LP sensor channel(Figure 2-45) con-
tains signal processing, electromechanical feedback, and calibration circuits.
The sensors in the two PSE horizontal channels (X and Y) are identical, employ-
ing swinging gate boom and mass assemblies with capacitor signal pickoff. These
sensors are mounted at right angles to each other on the LP leveling platform.
The boom of the X channel sensor is oriented along the Y axis of the platform,
and the boom 3f the Y channel sensor is oriented along the X axis of the piatform.
Displacement of the X sensor frame with respect to its seismic mass occurs in
the X axis of the platform; at right angles to its boom. The Y axis sensor func-
tions similarly with respect to the Y axis. The gimbal platform is oriented
during deployment so that its X and Y axes are horizontal and are located along
known lunar azimuths. The vertical (Z) component seismometer is a LaCoste
type spring suspension. The suspension spring is mounted between the horizontal
X and Y axes. All three sensors must be leveled by adjustments to the platform
and centering motors before they can produce useful output data (see para-

graph 2-76).

Lateral displacement of the horizontal sensor is controlled both by restoring force
from a centering Bendix flexure support and by feedback of the tidal signalto the
damping coil of the sensor. .The frequency of the electrical feedback loop is
normally reduced to near dc levels by insertion of a feedback filter in order to
produce the tidal output signal for that axis. However, displacement resulting
from surface tilting cannot be entirely compensated for by feedback., If the tilting
is large enough, releveling of that axis will be required.

Each of the LP sensors contains a transducer consisting of three parallel capa-
citor plates. The center plate is mounted on the sensor frame, while the two
outer plates are mounted on the seismic mass. The outer plates are connected
to the balanced output of a 3 KHz oscillator. When the sensor is properly leveled
the center plate is centered midway between the outer plates, in a null voltage
plane. Displacement of the frame shifts the center plate away from the null
plane, inducing a voltage in the plate in phase with that on the outer plate it is
approaching. The amplitude of the induced voltage is proportional to the ampli-
tude of displacement. The voltage induced in the center plate is applied to the
signal processing circuits at that sensor. These circuits which comprise a pre-
amplifier, phase demodulator, second amplifier, step attenuator, post-amplifier,
and low pass filter, convert the voltage into the seismic output signal for that
channel.
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Figure 2-45. PSE Long Period Seismic Activity Monitoring Function,
Block Diagram

The preamplifier provides the necessary amplification of the sensor output prior
to its demodulation. The phase demodulator demodulates the preamplifier output
signal with reference to the phase of the 3 KHz oscillator signal on one of the
outer sensor plates. The phase demodulator also provides a dc¢ output voltage
whose polarity and amplitude are proportional to the direction and amount of dis-
placement of the sensor elements. The output of the demodulator is amplified in
the second amplifier and is then applied to the following two separate units. The
first of these units is the step attenuator in the seismic signal path. The step
attenuator provides fixed steps of 0, -10, -20, and -30 db attenuation of the signal
according to commands received from Earth. The signal passed by the attenuator
is amplified in the post-amplifier for application to the low pass filter which
highly attenuates signal components above one Hertz. Theoutputofthe low pass fil-
ter is supplied to the output data handling circuits as one of the eight PSE scien-
tific data outputs. The second separate unit is the filter bypass switch in the
electromechanical feedback signal path. The filter bypass switch is operated by
command. The output of the second amplifier may be applied either through the
low pass filter and isolation network of the feedback circuit to the feedback coil
of the seismic sensor, or the filter may be bypassed and the signal applied
directly to the network and coil. The filter separates the tidal component from
the seismic signal for use as (a) one of the experiment scientific data outputs,

(b) a long period feedback signal for stabilization and re-centering of the sensor
following periods of seismic activity, and (c) a position error signal for leveling
the channel sensor. The filter is bypassed when high rates of damping of the
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sensor movement are required, such as during coarse automatic or high speed
command {manual on) leveling of the horizontal sensors, or periods of unusually
high seismic activity. The filter bypass switches in the feedback paths of all
three of the LP channels are operated simultaneously by being connected to one
flip-flop logic circuit terminating the feedback filter command line. The preset
state of the logic circuit closes the bypass switches.

The gain control and signal calibration functions are identical in all three L¥
axes. The gain control function in each axis is independent of the calibration
function; however, individual calibration voltages in the calibration function are
selected through the gain change commands of the gain control function.

The gain control function controls the total amplifier gain in each seismic channel
by switching individual sections of the step attenuator channel in and out of the
seismic signal path. The attenuators in the two horizontal axes are switched
together. An attenuator logic circuit consisting of a serially connected flip-flop
counter terminates the X and Y axes gain change command line. This counter

is stepped by individual gain change commands through four sequential states.
Each state provides a combination of output voltages controlling solid state
switches in the step attenuators of the horizontal axes. The counter advances
one step each time a command pulse is received, increasing the total impedance
of the attenuator in 10 db steps, from 0 db through -30 db. A separate logic
circuit, identic¢al to that controlling gain in the two horizontal channels, termin-
ates the Z axis gain change command line and controls gain in the L P vertical
channel. The functioning of the gain control circuits of this channel are identical
to those of the horizontal channels previously described.

Alternate outputs of the logic circuits controlling seismic signal gain in each of
the three LP channels are applied to attenuator circuits in the signal calibration
circuits of each channel. The signal calibration function is used together with
the gain control function to generate LP output signals with amplitudes which
represent known sensor displacements. The signal calibration circuits of each
LP sensor are comprised of a calibration logic circuit, two calibration signal
switches, two step attenuators, three isolation networks, and the feedback cali-
bration coils. The calibration logic circuit consists of a flip-flop. In its preset
state the logic opens the two solid state calibration signal switches (X and Y, and
Z). The logic state may be changed by command. When closed by the LP cali-
brate command, the switches apply a +2. 5-volt reference signal from the PSE
power distribution system to the step attenuator in each of two calibration cir-
cuits., One calibration circuit applies the reference signal to the sensors inthe
two horizontal channels and the other calibration circuit applies the reference
signalto the sensor inthe vertical channel. The impedance of each attenuator is
controlled by the gain change commands, which vary the alternate output of the
gain coentrol function logic (counter) governing seismic signal gain in the same
channels. The alternate outputs are used to provide minimum attenuation (0 db)
of the calibration signal with maximum attenuation {-30 db) of the seismic signal
conversely. The preset state of the gain control logic switches the calibration
step attenuator to the =30 db step. The outputs of the attenuators are applied to
the isolation networks, and then to the feedback calibration coil of the sensor
involved. The isolation networks prevent feedback of the calibration signal into
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Figure 2-46. PSE Short Period Seismic Activity Monitoring Function,
Block Diagram

the seismic signal path. However, when the dc voltages are applied to the feed-
back calibration coil, steady displacements of known amplitude are produced
which in turn produce a dc output signal in the associated channel representing
the known amount of applied acceleration.

2-72. PSE Short Period (SP)Channel - The SPchannel (Figure 2-46)is similar to
the long period channels, differing primarily in the type and frequency range of
its sensor, the number of components, and the character of its output signal.
The SP seismometer comprises a velocity type sensor and signal processing and
calibration circuits.

The SP sensor is comprised of a permanent magnet seismic mass suspended by
a leaf spring and stabilizing delta rods. The mass is designed to move vertically
within a vertically mounted coil mounted in one hemispherical base of the sensor.
This configuration is sensitive to rate of motion in the vertical axis, but less
sensitive to lateral or tilting motions and does not require leveling beyond that
provided during deployment {+5° of vertical). A sensor coil magnet assembly
similar to those of the LP sensors is used for calibration purposes.

The voltages induced in the SP sensor output coil by motion of the lunar surface
in its vertical plane are applied to the SP signal processing circuits. These
circuits consist of a preamplifier, step attenuator, post-amplifier, and low pass
filter. The preamplifier provides amplification of the sensor output signal,

prior to transmission of this signal from the sensor assembly to the remaining
signal processing circuits which are located in the PSE central station electronics
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subassembly. Control of the total amplification of the SP seismic signal is pro-
vided by the step attenuator, as in the LP channels. The signal passed by the
attenuator is amplified in the post-amplifier for application to the low pass filter.
Since higher frequency components are present in the SP signal than in the LP
signals, the SP low pass filter has a higher cutoff frequency. The filter output
is applied to the PSE output data handling circuits as one of the PSE scientific
data output signals. No tidal signal is produced by the SP sensor.

The SP gain control function is like that of the LP channel. A counter logic cir-
cuit terminates the SP gain change command line controlling a step attenuator
in the SP seismic signal processing circuits.

The SP signal calibration function is similar but not identical to that of the LP
vertical axis. A logic circuit, step attenuator, calibration signal switch, and
one coil magnet assembly in the SP sensor are employed. The logic circuit
which terminates the SP calibrate command line is a flip-flop which controls the
calibration signal switch. In the SP calibration circuits, the 2. 5-volt reference
signal from the PSE power converter is applied to the step attenuator (instead of
to the calibration signal switch} and the output of the attenuator is then applied
to the switch. The impedance of the SP step attenuator is controlled by the
alternate output of the logic (counter) terminating the SP gain change command
line, as in the LP calibration circuits. When the calibration signal switch is
commanded on, by its logic circuit, the attenuator eutput is connected to the
calibration coil on the SP sensor. The calibration voltage is a step function
producing a known acceleration of the SP sensor seismic mass,

Two command lines from the data subsystem are provided for control of the SP
calibration function. The primary SP calibrate command is routed through the
ALSEP command decoder and carries Earth-originated command pulses. In
the event of uplink failure, a second calibrate command is provided from the
central station timer in the data subsystem. These backup pulses provide auto-
matic calibration of the SP channel signal every 12 hours, using the existing
attenuator settings.

2-73. Temperature Monitoring Channel - The PSE temperature monitoring
channel develops an output signal porportional to the temperature of the sensor
assembly. It consists of a temperature sensing bridge circuit and a differential
amplifier. A 3 KHz signal, from the 3 KHz oscillator in the LP seismic chan-
nels, is applied to the input of the bridge circuit which is balanced at 125°F., Two
thermistors in the bridge arms are mounted on the base of the sensor assembly,
and sense changes in its temperature. Changes as small as 0. 2°F are enough

to unbalance the bridge circuit sufficiently to develop a temperature output signal
from the differential amplifier which is proportional to the direction and amount
of change. This signal is applied to the PSE output data handling circuits as one
of the experiment scientific data outputs.

2-74. PSE Supporting Functions. The supporting functions comprise data hand-
ling, uncaging, leveling, thermal control, and power functions.
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2-75. PSE Data Handling - The outputdata handlingfunctioncircuits {Figure 2-47)
handle the conversion of the analog output signals of the eight scientific data
channels into digital form, the formatting of the digital data into 10-bit words for
serial insertion into each of the 90 ALSEP telemetry frames in one cycle, and
the combining of 11 analog status signals into eight analog channels for insertion
into housekeeping word number 33 of each of eight ALSEP telemetry frames.

The output data handling circuits consist of eight major functional blocks, which
are program control and buffer amplifiers, frame position counter, data channel
selector, analog multiplexer, analog-to-digital converter transfer gates, shift
register, and heusekeeping data addition and transfer networks.

The program control and buffer amplifier subfunction provides timing and control
pulses to the other subfunctions. Itis the interface between the PSE data handling
circuits and the ALSEP data subsystem. The buffer amplifiers terminate the in-

put and output lines to and from the ALSEP data subsystem, providing isolation

of these lines from the PSE circuits.

The frame position counter provides telemetry frame and woerd position pulses to
the data channel selector, enabling it to select the multiplexer data channel
assigned to each of the 43 PSE data words in each ALSEP telemetry frame at the
appropriate times.

The data channel selector decodes the frame position counter outputs and uses
them to control the gating of each of the eight PSE scientific data outputs through
the analog multiplexer to the analog-to-digital converter in the PSE central station
electronics module. The data channel selector causes the multiplexer to sample
the short period seismic signal a total of 29 word-times in each ALSEP telemetry
frame. The three long period seismic signals are each sampled four word-times
in each ALSEP frame. The tidal signals in each of the two LLP horizontal axes are
sampled once every even frame., The tidal signal in the LLP vertical channel and
the sensor assembly temperature signal are sampled every odd frame.

The analog multiplexer gates each of the eight scientific data output signals to the
analog-to-digital converter in the PSE central station electronics module accord-
ing to the control pulses received from the data channel selector.

The transfer gates are enabled by program contrel pulses to shift the 10~bit data
words out in parallel from the digital-to-analeg converter and into the shift
register at the appropriate times.

The PSE digital scientific data comprises 43 of the 64 words in each ALSEP tele-
metry frame. Each data word consists of 10 NRZ bits. A listing of PSE tele-~
metry word assignments is given in Table 2-17 and in the Appendix. PSE data
word locations in the ALSEP telemetry frame are shown in Figure 2-48. The
normal ALSEP bit repetition rate is 1060 bps. Under difficult telemetry commun-
ications conditions, the slow ALSEP bit rate, which is half the normal rate may
be used.
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LPX = LONG PERIOD SEISMIC DATA, X CHANNEL
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LPZ = LONG PERIOD SEISMIC DATA, Z CHANNEL
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LPTZgo = LONG PERIOD TIDAL DATA, Y CHANNEL, ODD FRAMES ONLY
LPTYg = LONG PERIOD TIDAL DATA, Y CHANNEL. EVEN FRAMES ONLY
To = TEMPERATURE DATA, ODD FRAMES ONLY

ED = ENGINEERING DATA IN 8 OUT OF 90 FRAMES

Figure 2-48. PSE Data Word Assignments in ALSEP Telemetry Frame

The housekeeping data addition and transfer networks combine 11 status signals
into eight channels and transfer these analog data to the ALSEP data processor
analog multiplexer. Three pairs of command status signals are added in resistor
netwerks to form three commbination signals. These three signals and the five
single signals are applied to the data processor. The three summed pairs of sig-
nals are the outputs of the logic circuits terminating certain command lines and
in each case are a change in level expected as the result of the transmission of
associated commands. The eight analog signals are listed in Table 2-17 along
with the telemetry frame in which they are transmitted in heusekeeping word
number 33.
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Table 2-17. PSE Measurements

PSE ALSEP
Measurement Name Symbol Word No's Frames

Scientific Data

Long Period X DL-1 9, 25, 41, 57 Every
Long Period Y DL-2 11, 27, 43, 59 Every
Long Period 2 DL-3 13, 29, 45, 6l Every
Long Period Tidal X DL-4 35 Even
Long Period Tidal Y DL-5 37 Even
Long Period Tidal 2 DL-6 35 Odd
Instrument Temperature DL-7 37 Odd
Short Period Z DL-8 Every even Every

except 2%,

46, and 56

Engineering Data

LP Ampl. Gain, X and Y AL-1 33 23
LP Ampl. Gain, Z AL-2 33 38
Leveling Direction and Speed AL-3 33 53
SP Ampl:. Gain, 2 AL-4 33 68
Leveling Mode and Coarse

Sensor Mode AL-5 33 24
Thermal Control Mode AL-6 33 39
Calibration Status, LP & SP AL-7 33 54
Uncage Status AL-8 33 69

% In Flights 1 and 2

Both synchronization and data control pulses are received from the ALSEP data
processor for controlling the PSE output data handling functions. Even frame
mark, data gate, and shift pulses are provided by the ALSEP data processor to
synchronize and control the formatting of the PSE data into 10-bit words compat-
ible with ALSEP telemetry requirements. The even frame mark pulses mmark

the beginning of each even numbered telemetry frame and are used in the program
control, frame position counter, and data channel selector subfunctions. The
demand pulses are one 10-bit word in length and are generated by the data proces-
sor for use in the program control circuits to gate data out of the shift register,
on demand, to the data processor.

2-76. PSE Uncaging and Leveling - Uncagingand leveling are separate, but related
functions (Figure 2-49) which are grouped together in this description for the
purpose of discussion. Uncaging must be performed after deployment before

data can be obtained from either LP or SP seismometers. After uncaging, level-
ing must be performed in all three axes of the LP seismometer before useful data
can be obtained. The SP seismometer does not require leveling beyond that per-
formed during deployment.
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Both LP and SP seismometers are caged upon completion of acceptance tests

and following final assembly at the time of manufacture. The sensors are not
uncaged until after deployment on the lunar surface. The pressurized bellows
type caging mechanism inserts two loc'ring pins in position into the bottoms of
the seismic masses. The locking pins . nd caging bellows mechanism unload the
sensor suspension systems, absorbing :hock and acceleration which might other-
wise damage the delicate mass suspenzion systems during handling on the Earth,
the Moon, and during f{light.

The uncaging function is a logic circuit and an uncaging mechanism which is
composed of a capacitive-discharge circuit, piston actuator, piston, and a
break-off valve in the bellows pressurization system. Two commands are re-
quired to complete the uncaging cycle. The first command (Arm) switches the
logic circuit from its preset (caged) state to "armed', which causes the charging
of a capacitor in the capacitive-discharge circuit. After approximately 30 sec-
onds, the second command (uncage) is sent, causing the charged capacitor to be
discharged through the piston actuator bridgewire. The bridgewire initiates the
piston actuator, breaking the breakoff valve, and depressurizing the caging bel-
lows. The bellows are collapsed, withdrawing the locking pins from the masses
and loading the suspension system.

Position type servo mechanisms are employed to independently level each LP
axis. The horizontal axes have identical leveling drives and the vertical axis is
similarly centered by a motor drive (Figure 2-49).

The X and Yaxes leveling motors phvysi:ally position the gimbal platform as well
as their respective sensors, while the: . motor positions its sensor with respect
to the platform. Changes in platformr: goasition in the horizontal axes thus affect
the position of the vertical axis sensor, requiring that it be centered last.

The servo mechanisms used in each LLP axis have two modes of operation; auto-
matic and command. The automatic mocde uses position-error signals generated
within the PSE sensor, while the command mode uses positioning signals gener-
ated by Earth-command. Two speeds of operation are provided in each mode;
coarse and fine in the automatic mode, and high and low in the command mode.
The automatic-coarse mode is used with position error signals from the corres-
ponding (X or Y) coarselevel sensors on the leveling platform to achieve leveling
in the X and Y axes. These position-error signals are used to reduce the rela-
tively large initial off-level (+ 5 degrees) which is possible from the manual
leveling process during deployment. Following the coarse leveling sequence, the
automatic-fine leveling mode is used. In this mode, the tidal output signal of the
seismic channel is employed as the position-error signal. This process is
designed to reduce leveling errors of the LP seismometers to less than three
seconds of arc. The command mode leveling speeds may be similarly used for
leveling by Earth positioning commands, using the telemetered tidal and seismic
signal data from the channel being leveled as the position-error signal. A total
of up to two hours may be required far completion of the fine leveling in all three
axes after deployment and verifiecatior. of system operation. Selection of the
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axis to be leveled, and leveling mode, speed, and direction are controlled by
seven Earth commands. The vertical axis leveling modes are similar to those
ef the horizontal axes. However, the automatic~coarse speed leveling mode is
not used for the vertical component,

Figure 2-49 shows the leveling function circuits of all three axes as well as their
interrelationships. These circuits consist of command logic and switching cir-
cuits, leveling control circuits, their associated leveling motors, and position-
error signal generation circuits.

The comimand logic and switching circuits terminating each of the command lines
associated with leveling are shown in Figure 2-49. These circuits comprise

logic circuits controlling the feedback filter bypass switches of each axis, power
to the leveling motors of each axes, leveling mode, and command leveling speed
and direction. The feedback filter logic circuit is used to switch the feedback
filter out of the feedback loop (simultaneously in all three axes) during the
automatic-coarse and command-high speed leveling modes. This is done to de-
crease the sensitivity of the seismometers during leveling. The leveling logic and
switching circuits control application of operating power to the leveling motor
drive circuits of their respective axes. Theleveling mode, commandleveling speed
and direction logic, and switchingcircuits controlthese functions inallthree axes.

Details of the leveling control circuits of the X axis are shown in a block in the
center of Figure 2-49. The leveling control circuits of the Y and Z axes are
indicated by a similar bleck. These circuits are identicalfor X and Y and are
similar for Z. The circuits comprise a leveling motor power switch, fine (auto-
matic) and command leveling drive circuits, bi-directional pulse generator, and
leveling motor drive circuits. The X and Y axes include coarse leveling drive cir-
cuits for leveling of the gimbal platform. (These circuits are not required for
the Z axis). The three (fine, command, and coarse) leveling drive circuits are
each enabled in their associated leveling mode. The level drive circuits convert
leveling position-error or direction and speed input signals into polarized outputs
for operation of the bi-directional drive pulse generator. The bi-directional
drive pulse generator generates a series of output pulses with width and polarity
proportional to the amplitude and polarity of its input signals. The pulse gener-
ator output signals drive the leveling motor drive circuits by means of driving
signals to the leveling motors which are proportional to the bi-directional pulse
generator output. The level motor drive circuits are operated by +29 volt power
which is controlled by Earth command.

Figure 2-49 shows the relationship of the leveling platform and motors, the three
LP seismic activity monitoring functions (which generate the position error sig-
nals for leveling in the automatic-fine mode), and the coarse sensors of the X
and Y axes (which generate the position error signals for the automatic-coarse
mode of leveling these axes.)

The functions of the leveling servo loops in the different modes of operation are
described by follewing the leveling commands and error signals through the
leveling servo circuits of the X axis. The circuits of the other axes functioen in
a similar manner.
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Leveling of the X axis requires that power be applied to the X axis leveling motor
by command. A pulse must be applied to the logic circuit terminating the leveling
power X motor command line because the preset state of this logic circuit re-
sults in the operating power circuit of the X axis leveling motor being open. The
command pulse switches the logic circuit to its alternate state, closing the
associated X axis leveling switch, and connecting a dc voltage to the leveling
motor power switch in the X axis leveling control circuits. The leveling motor
power switch is closed by the dc voltage and applies + 29-volt operating power

to the leveling motor drive circuits.

The leveling mode logic circuit selects either the automatic or command leveling
mode according to its output state. The preset state of the leveling mode logic
circuit closes the automatic leveling mode switch applying a dc voltage to the
coarsr leveling switch and to the fine leveling drive circuits. With the coarse
leveling logic circuit in its preset state, the coarse leveling switch is open, and
power is not applied to the coarse level sensors of the horizontal axes. This
permits leveling in the automatic fine leveling submode. 1If relatively large
leveling position-errors are present after deployment, the automatic coarse
leveling submode can be selected by the coarse sensor command. This command
pulse sets the coarse leveling logic to its alternate state, closing the coarse
leveling switch and applying power to the X and Y coarse level sensors. These
sensors are mercury switches mounted on the gimbal platform, The mercury
switches generate relatively large leveling position-error signals of constant
amplitude with a polarity dependent on that of the position error. The outputof
the X axis coarse level sensor is applied to the coarse leveling drive circuits in
the leveling control circuits for the X axis, The output signal ®f the coarse
leveling drive circuit controls the output of the bi-directional pulse generator.
The generator produces a series of polarized pulses with width and pelarity pro-
portional to the amplitude and direction of the leveling position error. These
pulses are applied to the leveling motor drive circuit along with +29-volt oper-
ating power from the leveling motor power switch as previously described. The
leveling motor drive circuits apply operating power to the leveling motor in pro-
portion to the pulse width and polarity of the drive signal from the bi-directional
pulse generator. The leveling motor slowly repositions the leveling platform
about its X axis reducing the leveling position error. During the final portion of
the leveling process, particularly in the fine and low speed modes, position er-
rors are reduced to less than three seconds of arc and the leveling rates are pro-
portionately lower and thereby slower.

A second command (pulse) applied to the coarse sensor command line resets the
coarse leveling logie to its original {preset) state, restoring the automatic fine
leveling submode. The tidal output signal of the X axis seismic activity monitor-
ing function is also applied to the fine leveling drive circuits. The fine leveling
drive circuits generate an output signal proportional to the direction and ampli-
tude of the leveling position error. This signal is applied to the bi-directional
drive pulse generator, controlling its output in the same manner as the output
signals of the coarse leveling drive circuits.
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The command leveling mode is selected b - the alternate state of the leveling mode
logic circuits. The preset state of the log:< circuit is changed to the alternate
state by a command pulse on the leveling 'iode command line. The alternate state
opens the automatic leveling mode switch znd closes the command leveling mode
switch. Opening the automatic leveling = de switch disables both the fine level-
ing drive circuit and the coarse leveling ¢witch, effectively disabling both of the
automatic leveling submodes. Closing the command leveling switch connects
power to the plus and minus (leveling) direction switches. The preset state of the
command (leveling) direction logic closes the plus direction switch and opens the
minus direction switch. The output voltage of the plus direction switch 1s applied
to the command leveling drive circuit in the X axis leveling control circuits en-
abling it and controlling the polarity of its output signal. A command pulse on the
leveling direction command line causes the cornmand direction logic circuit to
change its alternate state, closing the minus direction switch and opening the plus
direction switch, This reverses the polarity of the output signal of the command
leveling drive circuit. The preset state of the command speed logic circuit opens
the command speed switch and opens a ground circuit to the command leveling
drive circuit. The output signal of the drive circuit is then the lower of the two
preset amplitude levels. A command pulse on the leveling speed command line
causes the command speed logic circuit to change to its alternate state, closing
the command speed switch. Completion ..f this circuit causes the output of the
command leveling drive circuit to be the higher of its two preset states. The out-
put of the command leveling drive circuit is applied to the bi-directional drive
pulse generator, which produces output }. ‘ses proportional to the amplitude and
polarity of the drive circuit signal. The output of the pulse generator controls the
leveling motor through its drive circuit 2s in the automatic mode.

The control and leveling functions of the Y axis are identical to those described for
the X axis. Those in the Z axis are similar with the exception of the coarse level-
ing mode circuitry. These circuits are not required in the Z axis because their
function is aeccomplished by those of the X and Y axes and the leveling of the
leveling platform.

2-77. PSE Thermal Control - Thethermal controlfunction circuits {Figure 2-50) con-
trol the application of operating power to the sensor assembly heaters which are
located in the base of the assembly. Three modes of operation are provided;
automatic, thermostat bypass (manual on), and power off. The thermal control
circuit$ comprise a logic circuit, heater power relay, bypass relay, multivi-
brator, heater power switch, and the heater.

Operating power is applied to the heater power relay from the PSE power distri-
bution circuits. This relay and the bypass relay control the operating mode of the
heater, and are in turn controlled by the logic circuit. The logic circuit termi-
nates the thermal contrel mode command line and consists of a two-bit, serially
connected {lip-flop counter. The counter has a total of four two-bit output voltage
combinations. One of the bit-outputs cec~*"rols the heater power relay and the othex
the bypass relay,
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Figure 2-50. PSE Thermal Control Function, Block Diagram
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Figure 2-51. PSE Power Converter Function, Block Diagram
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In both the automatic and thermostat bypass modes the heater power relay is
closed connecting operating power to the heater power switch. In the power off
mode this relay is open, interrupting the power circuit. The heater power switch
is turned on and off at a 3 KHz rate by the multivibrator. When the heater power
switch is on and the heater power relay clesed, operating power is connected to
the heater.

The proportion of time when power to the heater power switch is on, 1s varied by
the multivibrator according te the temperature signal received from the tempera-
ture monitoring circuits. A decrease in temperature lengthens the power on
period and conversely. The multivibrator is driven at the 3 KHz rate by the 3 KHa
oscillator in the LP seismic channels.

In the automatic mode the bypass relay is open, permitting the heater power switch
to control application of power to the heater. In the thermostat bypass mode the
bypass relay is closed, connecting power around the switch to the heater.

2-78. PSE Power Converter - The power converter (Figure 2-51) converts ALSEP
+29%-volt operating power to the +12, +5, -12, +2.5, and -2.5 dc voltage required
in the PSE circuits, generates the cornmand logic preset pulse, and provides iso-
lation of the operating and standby power lines to the sensor assembly heater,

The power converter circuits comprise an inverter, three rectifier-filter circuits,
voltage regulator and control switch, current limiter, 2.5 vdc reference voltage
supply, preset logic and standby power isolation network.

The inverter chops the +2%-volt operating power into a series of pulses and applies
these pulses as an input signal to the three rectifier-filter circuits. The rectifier-
filter circuits each consist of a full wave bridge rectifier and low pass filter, and
produce the +12, +5, and -12 volt outputs. The voltage regulator and control
switch control the amplitude of these dc voltages by monitoring the +12-volt output.
The regulator circuit contains a voltage comparator and multivibrator. The volt-
age comparator controls the multivibrator. The multivibrator drives the control
switch to adjust the length of time power is applied to the inverter during each half
of its output cycle. An increase in the amplitude of the +12-volt supply causes a
decrease in the ratio of power on to power off time, and conversely. The current
limiter functions as a series regulator, limiting the maximum amount of current
drawn by the inverter

The +2. 5-volt reference supply converts part of the output of the +12-volt supply
to low ripple, low noise, +2.5 and -2.5 volt reference outputs for use in the PSE
calibration circuits and in the ALSEP data processor. It consists of a reference
voltage source supplying the +2.5 and -2.5 volt outputs and electronic series volt-
age regulators in each output.

The preset logic circuit is a form of one-shot multivibrator triggered by the output
of the +5-volt supply. It produces the command type preset pulse to the command
logic circuits when operating power is first applied to the PSE,

The standby power isolation network connects operating power to other PSE cir-
cuits as well as the heater circuits, but connects standby power only to the heater
circuits,
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2-79. MAGNETOMETER EXPERIMENT (ME) SUBSYSTEM

The magnetometer experiment (ME) measures the topology of the interplanetary
magnetic field diffused through the Moon to determine boundaries of the electro-

magnetic diffusivity. The experiment will give some indication of inhomogeneities
in the lunar interior.

Data acquisition and processing, both scientific and engineering, proceeds con-
tinuously in any of the operational configurations selectable by commands from
Earth.

2-80. ME PHYSICAL DESCRIPTION

The ME consists of three magnetic sensors, each mounted in a sensor head and
located at the ends of three-foot long support arms (see Figure 2-52). The mag-
netic sensors, in conjunction with the sensor electronics, provide signal outputs
proportional to the incident magnetic field components parallel to the respective
sensor axes. Each magnetic sensor is housed in an outer structural jacket made
of fiberglass. The jackets are wrapped with insulation, except for their upper
flat surfaces, called thermal control surfaces, that serve as heat radiators.
Although the magnetic sensors themselves are positionable, the outer jackets re-
main stationary throughout ME operation. The sensors and their jacket housings
are supported at equal distances above the lunar surface and apart from eachother
by the three fiberglass support arms.

The support arms, labeled X, Y, and Z in Figure 2-52, extend from a base struc-
ture, called the electronics/gimbal-flip unit (EGFU), which is a rectangular box
9 1/2'" x 10 1/2" x 5 1/4" housing the experiment electronics and the gimbal/flip
mechanism. The support arms contain the electro-mechanical linkage and the
electrical cables that connect the sensors to the EGFU.

The EGFU is divided into a two-section package by an aluminum base plate. The
electromechanical gimbal-flip mechanism and the level sensors are mounted to
the top side of this base plate and the ME electronics are mounted on the under-
side. Electrical power dissipated as heat is econducted to this base plate which in
turn radiates heat away from the EGFU via a pair of parabolic reflector arrays
(PRA).

The EGFU has parabolic reflectors on two base sides and a multilayered alumi-
nized Kapton blanket for thermal protection. The upper section of the EGFU is
enclosed by a fiberglass protective cover underneath the thermal blanket.

A flat H-film cable connects the ME to the ALSEP central station. Prior to de-
ployment, the cable is contained in an enclosed reel which stews under the ME on
subpackageNo. 1. The whole ME assembly sits on the lunar surface on leveling
legs that are fastened to the EGFU. Each leg is attached at the base of a sensor
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Figure 2-52. Magnetometer Experiment

support arm through an adjustable joint which permits adjustment of the physical
attitude of the ME. The legs swing to an upright position for stowage within the al-
lowed flight envelope (See Figure 1-1). A pad at the bottom of each supportlegis
sized for ME weight and lunar bearing strength.

A shadowgraph and a bubble level are mounted on the upper surface of the EGFU.
The shadowgraph is used by the astronaut in ME deployment to align the ME into an
East-West emplacement. The astronaut uses the bubble level to position the ME
parallel to the lunar surface. Calibration marks on both instruments are spaced

at 1° increments over at #3° range.

ME leading particulars are listed in Table 2-18.
2-81. ME FUNCTIONAL DESCRIPTION
The ME has three modes of operation:

a. Site survey mode. This survey is performed once on receipt of Earth com-
mand after the ME is first put into operation. A site survey is performed in each
of the three sensing axes. The purpose of the site survey is to identify and locate
any magnetic influences permanently inherent in the deployment site so that they
will not affect the interpretation of ME sensing of magnetic flux at the lunar sur~
face.
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Table 2-18. ME Leading Particulars

Characteristics Value

Size {Inches)

Stowed 25x 10x 11
Deployed 40 high with 60 between sensor heads
Weight (pounds) 19.4

Peak Power Requirements (watts)

Site Survey Mode 12.25
Scientific Mode 5.8

10.9 (night)
Calibration Mode 12.0

b. Scientific mode. This is the normal operating mode of magnetic field sensing.

c. Calibration mode. This is performed automatically at 12-hour intervals but
can be performed on receipt of Earth command 5 at any time after receipt of Earth
command 4, The purpose of the calibration mode is to determine the absolute ac-

curacy of the magnetometer sensors and to correct any drift from their laboratory
calibration.

The ME performs six major functions as shown in Figure 2-53 in accomplishing
its purpose of measuring the lunar magnetic field. These functions are as
follows:

Electromagnetic measurement and housekeeping
Calibration and sequencing

Sensor orientation

Data handling

Thermal control

Power control

o Q0 oW
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Figure 2-53. Magnetometer Experiment, Functional Block Diagram

The electromagnetic measurement function measures the lunar surface magnetic
field by means of three magnetic sensors aligned in three orthogonal sensing axes.
These axes are called X, Y, and Z. The three magnetic sensors provide signal
outputs proeportional to the incidence of magnetic field components parallel to their
respective axes. All sensors have the capability to sense over any one of three
dynamic ranges:

a. Range l -100 to +100 gamma
b. Range 2 -200 to +200 gamma
c. Range 3 -400 to +400 gamma

The range is selected by Earth command during ME operation.
Thé housekeeping function provides:
a. Data describing the condition of the ME subsystem.

b. Status data defining the operational state of the ME to permit proper interpre-
tation of the scientific data.

c. -ME orientation data to permit referencing the vector magnetic field data to
lunar coordinates.

d. Monitoring of ME temperature by five sensors.

e. Monitoring of the +5V reference supply for magnetic field measurement cali-
bration check.
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The sensor orientation function monitors both the leveling of the ME and the posi-
tion of the magnetic sensors and performs the electromechanical flip and gimbal
of the magnetic sensors controlled by Earth command during ME operation.

The calibration and sequencing function receives and interprets Earth commands
to calibrate and sequence the operation of the other ME functions.

The data handling function receives analog voltages from the electremagnetic
measurement and housekeeping function, and processes this analog data into
digital format to satisfy ALSEP telemetry requirements. The data handling func-
tion then stores this information until the data subsystem requests it.

The thermal control function maintains the required thermal operating environ-
ment for the ME.

The power control function comprises a dc/dc converter and system timer that
provide regulated output voltages, as required on a time-shared basis, to the ME
subsystem.

The above functions are performed in response to the eight Earth commands
listed in Table 2-19.

2-82. ME DETAILED FUNCTIONAL DESCRIPTION

The six major functions of the ME are discussed in the following paragraphs and
are illustrated by associated block diagrams.

2-83. Electromagnetic Measurement and Housekeeping Function. Figure 2-54 is
a functional block diagram of the ME electromagnetic measurement and house-
keeping function.

Three orthogonally located flux gate magnetic sensors, called X, Y, and Z, are
employed in measuring the magnetic flux with three identical signal processing
channels. The magnetic sensors, in conjunction with the sensor electronics, pro-
vide signal outputs proportional to the incident magnetic field components parallel
to their respective axes.

The function of the sensor electronics is to convert the incident magnetic field in-
tensity at the respective sensors into analog voltages, The conversion sensitivity

is 25 microvolts/gamma at 10 kHz.

An electrical cable within each sensor support arm connects each magnetic sensor
to the sensor electronics in the EGFU.
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Table 2-19.

-03

ME Command List

Command Number Nomenclature Function
L Range Select Selects dynamic range for magnetic
sensor operation
2 Steady Field Off-| Introduces known electrical percent-
set age offsets to any of the three mag-
netic sensors
3 Steady Field Selects sensors to be electronically
Address offset
4 Flip/Cal Inhibits | Inhibits or uninhibits flip/cal cycle
5 Flip/ Cal Initiate | Initiates flip/calibration cycle
6 Filter Failure Causes major portions of the digital
Bypass filter to be bypassed in the event of
digital filter failure
X Site Survey Initiates site survey of each axis,
Can only be used after four flip/cal
cycles
8 Thermal Control | Selects either X or ¥ boom sensor
temperature detector (or off} for
thermal control.
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Figure 2-54,
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Electromagnetic Measurement and Housekeeping Function,
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The sensor electronics assembly provides the fundamental drive power with negli-
gible second harmonic content for exciting the fluxgate sensors. The assembly ac-
cepts three sensor output signals, selecting and amplifying only the second har-
monic component, It demodulates this to provide the data handling function with
analog output voltages proportional to the magnetic field intensity parallel to the
axis of each magnetic sensor, with a frequency response of dc to 50 Hz. The sen-
sor electronics also provides feedback current from the analog output to the sen-
sors, and generates fundamental and second harmonic reference square waves at
5.9625 and [1.925 kHz respectively. These are synchronously derived from the
1060 Hz ALSEP clock pulse.

The sensor electronics incorporates provisions for range selection, range offset,
and self-calibration. Offset biases and calibration raster data are inserted in the
feedback loop of the sensor electronics, and scaling is accomplished by changing
the feedback gain. An amplifier in the feedback circuit provides accurate sum-
mation of the offset, calibration and feedback voltages at all combinations of sig~
nals. It also provides linear drive of the fluxgate sensor feedback winding over
wide combinations of dynamic range and range biases.

The engineering data electronics performs the following housekeeping functions:

a. Indicates the nominal flip position (00, 90°, 180°) of each fluxgate sensor by
exciting the flip position sensors and outputting the resultant data in the form of
three 2-bit status words.

b. Indicates the gimbal position {pre or post-gimbal) of each fluxgate sensor by
exciting the gimbal position switching and outputting the resultant data in the form
of three 1-bit status words.

c. Provides the five temperatures monitored within the instrument by exciting
the thermistors with a reference voltage and outputting the resultant five analog
voltages.

d. Indicates the orientation of the instrument relative to the local lunar verticail
by exciting thetwo-axis gravity level sensor and outputting the resultant two analog
voltages. ' '

e. Provides heater power status and temperature control status.

f. Provides +5V reference voltage analo_g data.

2-84. ME Calibration and Se'q-u.encing Function. The ME calibration and se-
quencing functional biock diagram is shown in Figure .2-55.
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The flip/calibration sequence generator is automatically switched on by the
ALSEP central station timer at 12-hour intervals unless inhibited by Earth com-
mand 4. Earth command 5 can initiate the flip/calibration sequence at any time
after first releasing the flip/cal inhibit by sending Earth command 4 to the site
survey sequence generator. Once activated, the flip/cal sequence generator se-
quentially applies power to the ME sensor flippers in the ME positioning function
to flip them 180 degrees. Before and after flips, it triggers the calibration step
generator which generates the calibration rasters. There are two rasters ap-
plied simultaneously to all three sensors before and after each flip. When the
calibration raster generation is completed, a signal is sent back to the flip/
calibration sequence generator, which sequences to the next step and generates an
X flipper power switch on command. After a programmed time limit a signal is
generated which steps the sequencer to the next state, which in turn commands
the X flipper power switch off and the Y flipper power switch on. This sequence
is continued until all three sensors have been flipped. Then the calibration raster
is called again and its completion causes a ''calibration complete' signal output
which turns off power to the flip/calibration sequence generator.

The flip/calibration sequence generator also receives commands from either the
site survey sequence generator during site survey mode, or from the ALSEP cen-
tral station timer during normal scientific mode. These commands, if not in-
hibited by a previous Earth command 4, will start the flip/calibration sequence
generator operation described in the previous paragraph.

The site survey is performed once at the start of ME operation. It 1is initiated on
receipt of Earth command 7 which has been preceded by four Earth commands (5)
initiated flip/calibrations. These flip/calibrations are required to measure the
influence of any residual magnetic perms on the sensors.

Upon receipt of Earth command 7, the site survey sequence generator, in con-
junction with internal step commands from the system timing and control generator,
generates the following operational sequence employing the flipper motors and the
flip/ gimbal mechanism:

Initiate Subsequence 1

Initiate Flip/Cal Cycle

Flip/Cal Cycle Complete

Survey X Axis

X Axis Survey Complete

Return to Scientific Mode

Subsequence 1 Complete

Initiate Subsequence 2

Repeat steps b through f above for Y axis
Subsequence 2 Complete

. Initiate Subsequence 3

1. Repeat steps b through f above for Z axis
m. Subsequence 3 Complete

n. Site Survey Complete

R B AR M ]

[
3

e
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Upon completion of step n, all sensors will be in the scientific orientation with
correct offset and offset polarities.

The site survey sequence generator generates the sequence of flipper motor, flip-
stop motor, and gimbal motor power switching necessary to perform the site sur-
vey sequence. The design consists of a binary sequence counter which steps one
step at the completion of an operation. The outputs are gated to obtain a coinci-
dence signal which is used to perform their respective functions. These functions
include the power switch signals, a calibration mode command signal, and a se-
quence inhibit signal. Fail-safe features are designed into the sequence; for ex-
ample, the flip power is applied to each motor, in turn, for 10 seconds each.
Should a flip mechanism fail, the sequence is continued with a resulting partial
failure at worst.

The offset memory stores, upon Earth command 3, one of seven bias levels for
each sensor channel. These bias levels will be stored in binary form in a {lip-

flop memory whose output states will drive the offset bias generator. The trans-
fer logic receives sensor position data and derives the switch commands which con-
nect the proper offset bias and polarity to the sensor channels.

The calibration raster generator generates a set of calibration steps in a sequence
upon receipt of command. The sequence consists of two identical cycles, each
cycle consisting of 8 proportional steps of approximately 10-second duration each.
The calibration raster generator receives its command from the flip/cal sequence
generator which enables a gate allowing a 1/10 pps clock train from the system
clock and timing generator. These pulses set a counter whose states are gated to
turn on switches in a ladder network. The output voltages of this ladder are sent
out to the sensor electronics calibration input. Both polarities are generated. '
The process is repeated for two cycles and then theclock gate is disabled and a
"cal.step'' complete signal is sent back to the flip/cal sequence generator.

The offset bias generator is similar to the calibration raster generator except it
contains three separate ladder networks, one for each magnetometer channel. The
switch states of the different offset bias generators are determined by the offset
memory. In addition, each output wiill be inverted giving both polarities of each
bias voltage. These outputs will be routed to a switch matrix which connects each
sensor channel to the proper bias level and polarity as determined by the transfer
logic.

The system timing and control generator generates all the timing and synchroni-
zation signals necessary to synchronize the data processing and sequencing. It
contains a clock which generates periodic internal timing commands for the site
survey and calibration sequences.

2-85. ME Sensor COrientation Function. A functional block diagram of the sensor
orientation function is shown in Figure 2-56.
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Figure 2-56. ME Sensor Orientation Function, Block Diagram

Throughout operation, the physical attitude of the ME relative to the lunar surface
is monitored by an electronic level detector that uses a capacitance pickup and
measures attitude +15° in two axes. The detector is mounted on top of the EGFU
and relays level status data to Earth as part of the ME engineering data. Data on
the ME physical attitude is used in interpreting the ME scientific data.

In the normal scientific mode, the three sensors have a fixed orientation. Each
sensor is pointed along the axis line of its support arm in a direction away from
the EGFU. This position is considered the reference or 0° position for sensor
orientation in the scientific mode.

In the calibration mode, the three sensors are flipped, in turn, through 180°. In
the site survey mode, the three sensors, in turn, are gimbaled 90° and then flipped
through 90° and 180°. To accomplish the site survey, all three sensors must be
aligned parallel to each of the coordinate axes in turn, as shown in Figure 2-57.

Sensor flipping and gimbaling is best understood by projecting oneself into the
same position that the sensor has in the 0° reference position pointed along the
axis line of its support arm in a direction away from the EGFU and imaging the
sensor's view.
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As the sensor looks outward, it has a horizontal plane coincident with the axis line
of its support arm. The sensor is capable of movement in this horizontal plane.
This movement is called flipping. In the calibration mode the sensors can flip
from 0° to 180° and back. In the site survey mode the sensors can flip 0° to 90°
or 180° and back. Sensor flipping is accomplished by three 400-cycle, two-phase
ac motors which provide flipping motive power through three flip drive me-
chanisms to the three sensors. Three position stops incorporated in the support
yoke structure of each sensor provide positive control of sensor position during
flipping, and guarantee orientation accuracy at each of the three positions, 0,90,
and 180 degrees. The 90-degree stop is necessary during the site survey mode
and is permanently retracted after this mode is performed. Control of this re-
tractable stop is provided by a follower assembly located on the drive mechanisms,
and is synchronized to the flux measurement sequence. Motive power for stop
retraction is provided by the flipper drive motor by means of a drive cable

running through the support arm to the sensor head.

Gimbaling is a repositioning of the sensor by physically rotating the sensor and its
supporting yoke around the axis that passes through the sensor as an extension of
the support arm axis. This rotation is accomplished by a spring released through
the mechanical linkage in an inner arm that passes through the outer support arm
housing and connects to the gimbal/flip unit. Both flipping and gimbaling are per-
formed internal to the support arm without any visible change to the outside con-
figuration. A sensor can be gimbaled 90°. Oncein the new position, the same
freedom of movement used for flipping allows the sensor to move through a new
plane that is 90° perpendicular to its former movement plane. With this com-
bination of flip and gimbal capabilities, each sensor can be pointed in the direction
required for site survey.

In the site survey mode, sensor positions are mechanically programmed by cam
action. At the end of this operational mode, the program is stopped by means of
a toothless section of the cam. At the same time, the end of site survey switch

deactivates the electronic site survey sequence in the sensor orientation function.

Flip and gimbal positions are monitored throughout eperation by means of position
detectors (3 flip position and 2 gimbal position detectors per axis).

2-86. ME Data Handling Function. A functional block diagram of the ME data
handling function is shown in Figure 2-58. The data handling function converts

scientific and engineering data into a digital format compatible with the ALSEP
telemetry interface.

2-87. Scientific Data Processing. - The three pre-filtered analog outputs of the
sensor electronics are sampled simultaneously (to within 125 mieroseconds of

one another) at the digital filter sampling rate by a sample and hold circuit. The
stored (analog) samples are multiplexed into the analog-to-digital converter which
sequentially converts each into a 10-bit binary word that is shifted out into a mem-
ory unit in the digital filter.
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Figure 2-58. ME Data Handling Function, Block Diagram

The digital filter serves to reduce to an acceptable level the aliasing error intro-
duced into the scientific data by the output data sampling rate. The three channels
of scientific data time share the arithmetic unit, the data bus, and the data control
in the digital filter. The various state variables are stored in a core memeory in
the filter when not being used to perform a calculation. The state variable repre-
senting the filtered output of each channel at a given {real time) sample instant is
shifted out into the output data subsystem upon receipt of a data demand pulse.
Therefore, although the readouts to the data subsystem are staggered in time, they
represent approximately sirnultaneous, periodic samples of the three magnetic field
vector components in real time,

The digital filter may be bypassed if so ordered by ground command 6 in the event
of filter failure. In this case, the scientific data undergoes only analog filtering
with a resultant increase in aliasing error. Re-execution of the filter command 6
removes the bypass.

2-88. Engineering and Status Data Processing - The engineering data processing
unit converts 8 channels of analog engineering data into binary form in addition to
processing binary status data.

The engineering data is multiplexed with the scientific data, thus permitting the
use of a single multiplexer and A/D converter. The analog engineering data is
converted to 10-bit binary words by the converter but is subsequently truncated to
7 bits, yielding a resolution of approximately +0.5 percent. The converted engi-
neering data bypasses the digital filter routine and is sent to the output data buffer
and formatter where it is subcommutated with the binary status data and shifted out
to the data subsystemn for downlink transmission as word 5 in 16 consecutive
ALSEP frames.

2-120



AILSEP-MT-03

2-89. ME Thermal Control! Function - The ME is designed to operate over the
temperature range of -50°C to +65°C. This range applies to the interior of the
base package and each sensor head. Maintenance of ME interior temperatures
within the above range in the severe lunar thermal environment is accomplished
by a combination of insulation, control surfaces, parabolic reflectors, sunshades,
and heaters. Figure 2-59 is a block diagram of the active thermal control fun-
ction.
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Figure 2-59. ME Thermal Control Function, Block Diagram

Heaters dissipating one watt are required in each sensor head to maintain a mini-
mum of +35°C during the lunar night. The heaters are automatically switched on
and off as required by a thermistor network which is controlled by a sensor head
temperature detector. Maximum temperature during the day is expected to be
limited to +50°C. Earth command 8 switches from the X sensor thermistor to the
Y sensor thermistor, to heaters off, and back to X. Two additional detectors
monitor the temperature within the electronics base package. All temperature
data is processed and transmitted to Earth as engineering data.

2-90. ME Power Control and Timing Function - The ME power control and

timing function provides: conditioning of the 29 vdc ALSEP power for use by ME
subsystems; time-sharing high-power loads of the sensor motors and heaters;
time-sharing electronics power during interval sequences so that peak and average
power demands on the ALSEP are greatly reduced; internally-generated ME clocks
synchronized to the 1060 Hz ALSEP clock. Figure 2-60 shows ME loads that couple
directly to the ALSEP 29 v line, as well as internal power distribution requirements.
The power conditioning function is performed by the DC/DC converter. Internal
power-sharing is controlled by the system timer.

Ten switched power outputs are driven by internal timing divider circuits. System
synchronization is maintained since clocks and switched power outputs are derived
from the same divider chain. A system power-on reset pulse is generated to
initialize subsystems as required.
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Figure 2-60. ME Power Control and Timing Function, Bleck Diagram

2-91. ME Data Subsystem Interface. The data subsystem supplies the ME with
the eight Earth commands listed in Table 2-19. In addition the data subsystem
supplies the following timing pulses to the ME to ensure proper sequencing of out-
put data:

a. Data Clock
b. Frame Mark
c. Data Demand

The ME sends back to the data subsystem two kinds of data:

a. Scientific
b. Engineering

Both the scientific and engineering data are supplied to the data subsystem data
processor over a single digital output data line (see Figure 2-52). The magneto-
meter data is contained in ALSEP words 5, 17, 19, 21, 49, 51, and 53 (see Fig-
ure 2-34).
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Each ALSEP word contains 10 bits and the normal transmission rate is 1060 bits
per second. Word 5 contains engineering data and status information and words
17, 19, 21, 49, 51, and 53 contain scientific data. Words 17 and 49 represent
two successive X-axis values, words 19 and 51 represent two successive Y-axis
values, and words 2} and 53 represent two successive Z-axis values. Each 10bit
scientific ¥, Y, and Z word has the following format:

6
29 ZZ 225242322212
POLARITY SCIENTIFIC DATA
BIT (ALSEPWords 17,19, 21,49, 51, and 53)

The polarity bit 0 is plus and 1 is minus and the convertion factors for the three
ranges are: (a) 0. 1959 y/bit on 100y range, (b) 0.3908 y/bit on 200y range and
0. 7816 y/bit on the 400y range.

29 28 Z7 26 ZS 24 23 ZZ Z1 20
SUBFRAME| ENGINEERINGDATA STATUS
MARK BIT | (ALSEP Word 5) BITS

This engineering data and instrument status information is contained in 16 sub-
commutated frames using the format depicted in Table 4, Appendix B.

The status bit information is listed in Table 5, Appendix B.
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2-92. SOLAR WIND EXPERIMENT (SWE) SUBSYSTEM

The Solar Wind Experiment (SWE) subsystem will measure energies, densities,
incidence angles, and temporal variations of the electron and proton components
of the solar wind plasma that strikes the surface of the Moon.

The experiment will yield data that will be utilized to expand knowledge in the fol-
lowing scientific areas:

a, The existence of solar wind at the lunar surface.
b. The general properties of the solar wind.
@y The properties of the magnetospheric tail of the Earth,

Operating with high gain modulation, the SWE measures electrons having energies
between 10 and 1400 electron volts and protons having energies between 75 and
9600 electron volts with a minimum flux density of approximately 106 particles

per square centimeter per second. The SWE has a field of view of approximately
6.0 steradians and is capable of determining the direction of a collimated plasma
flux to within 15 degrees. The accuracy of SWE electronic measurements averages
about three percent over a four decade dynamic range.

Seven Faraday cups, designed specifically for the ALSEP Program, collect and de-
tect the solar wind electrons and protons. The cups open toward different but
slightly overlapping portions of the lunar sky. Data from each cup individually and
from all seven eups combined are processed and fed to the ALSEP data subsystem
for Moon-to-Earth transmission. Therefore, with a knowledge of the positioning
of the SWE on the lunar surface, the direction of the bulk of charged particle mo-
tion can be deduced. Voltages on modulation grids of the cups are changed in sign
and varied so that the cups will differentiate between electrons and protons and be-
tween particles having different energies,

Accuracy of SWE measurement data is checked by the readout of internally gene-
rated calibration signals. The signals are processed through the measurement and
data handling sections of the SWE to check their operation.

The SWE output signal is a serial, non-return-to-zero digital train that is accepted
by the data subsystem at the rate of four words per ALSEP telemetry frame. A
complete SWE measurement cycle is organized into 16 sequences of 186 ten-bit
words. Each word of each sequence contains a specific element of data. The
words are identified within the sequence by the first two bits of the word and the
sequence is identified by the least significant bits of the 185th word of the sequence.
Of the 186 words in each sequence, 112 words contain positive particle measure-
ment data, 56 words contain negative particle measurement data, 16 words contain
SWE calibration and operation data, and two words contain sequence and cycle iden-
tification data.
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2-93. SWE PHYSICAL DESCRIPTION

The SWE is shown in Figure 2-61. Physical and electrical characteristics of the

SWE are shown in Table 2-20. The SWE consists of a sensor assembly, electronic
assembly, thermal control assembly, and leg assembly. A 20-conductor flat cable
provides electrical connection between the SWE and the ALSEP data subsystem and

allows the subsystems to be separated by as much as 14 feet. The cable is housed

in a reel stowed beneath the SWE.

DIRECTION

SENSOR
IND ICATOR

Figure 2-61. Solar Wind Experiment Subsystem
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SWE Leading Particulars

Characteristic

Value

Dimensions
Stowed
Deployed

Weight on Earth

Input voltage

Input power

Measurement ranges
Electrons
High gain modulation
Low gain modulation
Protons
High gain modulation
Low gain modulation
Field of view

Angular resolution

9.0x 11.1 x 10.6 inches

12.0x 11. 1 x 13.6 inches

12.5 pounds

28. 25 to 29. 30 volts

3. 2 watts average. No more than
6. 5 watts except briefly for starting
transients, dust cover removal,

and high voltage gain change
command.

10.5 to 1376 electron volts

6. 2 to 817 electron volts

75 to 9600 electron volts
45 to 5700 electron volts
6. 0 steradians

15 degrees (approximately)
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2-94. SWE Sensor Assembly. The sensor assembly consists of seven Faraday cups
arranged in a hexagonal cupola configuration. One cup is mounted on each of the
six sides of the cupola and one cup is mounted on the top of the cupola so that it
faces upward after deployment on the lunar surface.

Thin, spring-loaded covers protect the cups from contamination by dust during
handling, lunar deployment, and LM takeoff. After LM takeoff, in response to a
command initiated on Earth, the covers are released and ejected.

A sun sensor device, consisting of a slit on the top of the sensor housing through
which sunlight can enter and a photoelectric cell circuit, will indicate leveling of
the SWE after lunar deployment.

2-95. SWE Electronic Assembly. The electronic assembly contains allthecircuits
required to modulate the plasma flux entering the Faraday cups and to convert

cup output signals, calibration data, and operation data into appropriate digital
format for the ALSEP data subsystern. The assembly consists of the following
modules:

a. Module 100 - Signal Chain
b. Module 200 - Programmer
¢. Module 300 - Power Supply and HV Modulator

Heaters in the assembly keep the electronics warm enough for proper operation
during lunar nights.

2.96. SWE Thermal Control Assembly. Thethermal controlassemblyincludes a set
of three radiators on one vertical face and insulation covering the other five faces

of the electronic assembly. A sunshield prevents direct sunlight from reaching

the radiators. The thermal control assembly, together with the heaters, will
maintain the temperature of the electronics within the range for proper operation
threough all variations in lunar surface temperature.

2-97. SWE Leg Assembly. Thelegassembly consists oftwotubularA-framescontain-
ing telescoping legs. The legs will be extended manually during SWE deployment

on the Moon. A button on each A-frame locks the legs automatically during deploy-
ment.

2-98. SWE Leading Particulars. SWE physical and electrical characteristics are
shown in Table 2-20.

2-99. SWE FUNCTIONAL DESCRIPTION

The SWE is a highly sophisticated scientific instrument that will be used to detect
the type, quantity, and directienal characteristics of selar wind plasma and to
supply this information, in the required digital format, to the data subsystem on
demand,
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The SWE uses a modified Faraday cup as the basic detector. The cup measures
the current produced by the charged particle flux entering it. The energy (itiere
accurately, the energy per unit charge, E/(Q, associated with the component of
velocity normal to the grid plane) and polarity of the particles are determined by
placing a retarding potential, V, upon a modulatoer grid near the cup entrance and
measuring the change in current, Ai, with a known change in retarding potential,
AV. The change in current, Ai, is, then, a result of the flux of particles that
possess the proper polarity and energy to be within the portion of the energy
spectrum associated with voltages V and V + AV. Using a series of &V's, the
entire range of voltage (both positive and negative) can be swept out to give a
complete energy spectrum of the charged particles.

The basic principle of plasma detection in the SWE is to apply to the modulator
grid of a Faraday cup a square wave retarding potential, having both ac and dc
components, which modulates the flow of charged particles within a particular
energy range and then to synchronously demodulate the ac current resulting from
the collection of these particles. This scheme makes it possible to discriminate
against the constant flux of photoelectrons produced in the instrument by electro-
magnetic waves (primarily solar ultraviolet light).

To be sensitive to solar wind plasma from any direction above the horizon of the
Moon and to ascertain angular distribution of plasma flux, the SWE has an array

of seven cups. Since the cups are identical, an isotropic flux of particles produces
equal cyrrents in each cup. For an anisotropic flux, analysis of the relative
amounts of current in the seven collectors determines the variation in plasma

flow with direction.

The electronics of the SWE supplies the modulating voltage, identifies the currents
caused by flux in each Faraday cup, and conditions this information so that it can
be sent to the ALSEP data subsystem, telemetered to Earth, and analyzed. A
sequence of measurements whose conditions are known by a prior knowledge of the
sequence and by a calibration of voltage and current response is produced to pro-
vide the data necessary for interpretation.

The following particle parameter s will be deduced:

a. flux intensity - Deduced from knowledge of the magnitude of the collected
currents and the effective aperture size. The number of particles detected per
second is equal to the current measured by a sensor, divided by 1.6 x 1¢-19
coulomibs, the charge of an electron or proton.

b. direction of mean velocity - Deduc'ed from knowledge of the sensor geometry,
orientation of the SWE on the lunar surface, ana relative current readings from the
seven cups. The direction will be able to be deduced to within fifteen degrees or
less, depending on plasma temperature. ;

c. energy of the particles - Deduced from the direction of mean velocity and
the relative respoenses to the various modulating poteritials applied te the repelling
grid of the cup. (Assumptions are made regarding the mass and charge of the
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particles.) For paraxial particles, the particle energy in electron volts is between
the upper and lower limits of the modulating grid potential.

d. type of particles -« Deduced from the polarity of the voltage on the modulating
grid and from the energy spectrum. A positive grid voltage corresponds to
measurement of positive ions and a negative grid voltage corresponds to measure-
ment of electrons., Protons, electrons, and o particles are known to comprise the
vast majority of solar wind particles.

e. density of particles - Deduced from the velocity and flux intensity of the solar
wind,

f. particle temperature - Deduced from the energy spectrum of the particles and
a detailed knowledge of the SWE response to particles. The higher the temperature
is, the broader the peak in the energy spectrum will be.

The SWE requires only power and synchronizing éignals to provide a conatinuous
train of digital data on the solar plasma impinging en it,

Operation of the SWE may be classified into the functional activities shown in Fig-
ure 2-62. These activities are measurement, modulation, sequencing, data hand-
ling, power supply, dust cover release, and heaters.
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Figure 2-62. SWE, Functional Block Diagram

The measurement function detects the solar wind plasma entering seven Faraday
cups and produces a dc voitage proportional to the plasma flux.

The modulation function generates modulation voltages that are applied to grids of
the Faraday cups.
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The sequencing function provides signals to control various operations of the SWE
in conformance with the sequence of the ALSEP data subsystem telemetry format,
provides phasing signals to a synchronous demodulator in the measurement func-
tion, and provides calibration voltages for the measurement function.

The data handling function converts the analog signals from the measurement func-
tion and from several operational sampling transducers to digital signals and com-
bines the digital signals with identification data provided by the sequencing function
so that the data are compatible with the requirements of the ALSEP data subsystem
for transmission to the Earth and for subsegquent analysis.

The dust cover release function permits protective dust covers, held by springs
over the seven Faraday cups, to eject from the SWE on receipt of a command sig-
nal. The command signal will be initiated on Earth after the LM has left the lunar
surface.

The heater function maintains the temperature within the electronics assembly at
proper operating temperatures.

2-100. SWE DETAILED FUNCTIONAL DESCRIPTION

2-101. SWE Measurement Function. Themeasurementfunction, under the control of
the sequencing function, performs measurement of the solar wind plasma, SWE
temperatures, and SWE leveling with respect to the Sun.

The basic functional parts of the SWE measurement function are shown in the block
diagram of Figure 2-63. The parts are:

a. seven Faraday cup sensors that transform solar wind particles to measurable
currents.

b. a sun sensor that indicates SWE leveling.

c., four temperature sensors that provide SWE temperature data and a tempera-
ture sensor commutator that sequentially switches data from each of the tempera-
ture sensors to the data handling function.

d. seven preamplifiers that amplify the small collector currents of the Faraday
cups, and

e. preamplifier switches, a bandpass amplifier, a synchronoeus demodulator,
and a dc amplifier that condition the signals for presentation to the data handling
function.

2-102. SWE Faraday Cups. Anarrayof sevenFaradaycupsdetectsthe solar wind
plasma. One cup faces the vertical and the remaining six cups surround the verti-
cal cup so that the angle between the normals of any two adjacent cups is approxi-
mately 51 degrees. The acceptance angle of all cups combined is approximately
six steradians. Each cup has a circular epening, several grids, and a collector.
By successively placing different voltages on the modulation grids and measuring
the corresponding collector currents, the flux of charged particles having polarities
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Figure 2-63. SWE Measurement Function, Block Diagram

and energies per unit charge corresponding to each voltage can be determined.
Using a number of negative and positive grid voltages, a complete energy spectrum
of both negative and positive particles can be obtained. Since the cups are identi-
cal, if particle flux is equal in each direction, equal current will be produced in
each cup. 1f the flux is not equal in each direction, analysis of the relative
amounts of current in the seven collectors will determine the variation of particle
flow with direction.

A diagram of a Faraday cup is shown in Figure 2-64. The functions of the Fara-
day cup grid structures are:

a. modulator grid - To modulate the incoming particle flux.

b. entrance grid and screen grids - To terminate the electric field from the
modulator grid and prevent capacitive coupling from the miodulator grid to the col-
lector.

c. suppressor grid - To prevent the escape of secondary electrons or photoelec-
trons from the collector.

The Faraday cup collector plate generates a fluctuating current from the electric

charge brought in by the solar wind particles. The ac signal from each collector
plate is fed to a separate preamplifier.
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Figure 2-64. SWE Faraday Cup Diagram

2-103. SWE Preamplifiers - Eachofthe seven preamplifiers consists of an integrated
circuit operational amplifier with a discrete FET at the input. The preamplifier
input currents are from 6 x 10-13 to 6 x 10-9 ampere and the output voltages are
from 6 x 10°2 to 6 x 10~ ! volt.

A known 2 KHz square wave current signal from a current calibrate generator of
the sequencing function is applied to the input of each preamplifier during calibrate
periods to check the measurement capability of the SWE.

2-104. SWE Preamplifier Switches - Underthecontrolofa segmentdriverandase-
quence counter of the sequencing function, the preamplifier switches connect the
output of each preamplifier or the outputs of all preamplifiers combined to the
bandpass amplifier. A high voltage modulator ac calibrate signal is also periodi-
cally connected through the switches to the bandpass amplifier. Each switch con-
sists of a two-transistor, series-shunt configuration. The analog signal is trans-
ferred through the switch when a gate is applied to the input transistor from the
segment driver and sequence counter in the sequencing function. The signal is
shunted to ground when the control gate is turned off.

2-105. SWE Bandpass Amplifier - The bandpass amplifier amplifies the desired ac sig-

nal and suppresses noise. The amplifier consists of an operational amplifier with
a bridged T-network in the feedback loop. The amplifier bandwidth is
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approximately 400 Hz centered on the 2 KHz carrier frequency. The gain from
the preamplifier output to the bandpass amplifier output is ten. The maximum
output signal from the bandpass amplifier is about 6. 5 volts peak-to-peak. By
suppressing all frequencies except the first harmonic, the square wave input
signal is converted into a sine wave output signal.

2-106. SWE Synchronous Demodulator - The synchronous demodulator convertsthe
modulated signal into a half wave rectified signal that is synchronized to the ac
voltage applied to the Faraday cup modulator grid. The synchronous demodulator
is a one-transistor switch controlled by a delayed 2 KHz demodulator reference
signal obtained from a frequency divider in the sequencing function. The half wave
demodulated output is fed to a dc amplifier.

2.107. SWE DC Amplifier - the dc amplifier is anoperational amplifier with a dc gain
of approximately five and a three db frequency bandwidth of about eight Hz. This
bandwidth reduces ripple and produces an output signal rise time of about 60 milli-
seconds. The maximum dc amplifier output signal amplitude is 10 vdc. This sig-
nal is applied to the data handling function.

2-108. SWE Sun Sensor - A photoelectriccell, mounted atthe bottomofthe sensor
assembly housing, will detect sunlight when it enters a slit at the top of the hous-
ing at an angle of 30 degrees with respect to the vertical axis of the housing.
Knowing when this occurs will permit determining the leveling of the SWE after
deployment. The circuit for the sun sensor consists of a photosensitive cell in
parallel with a resistor. When the sun is at that angle relative to the SWE at
which the cell is fully illuminated, maximum voltage will be produced. The output
of the cell is fed to the data handling function for insertion into the data stream,
The resistor reduces the noise level by keeping the cell output voltage low when
little or no light is reaching the cell.

2-109. SWE Temperature Sensors - Fourthermistors are used for monitoring the tem-
peratures of SWE assemblies, One thermistor is mounted on the sensor assembly
and the other three thermistors are mounted on the electronics assembly. The

range of temperature monitored on the sensor assembly is from -200 to +200 de-
grees C; the range of temperature monitored on the electronics assembly is from
-50 to +150 degrees C. Temperature data on the sensors are monitored sequenti-
ally (subcommutated) under the control of a calibration driver of the sequencing
function and applied to an output commutator of the data handling function.

2-110. SWE Modulation Function. The modulationfunction generates positiveandnega-
tive voltages that are superimposed on a 2 KHz square wave and applied to the
modulator grids of the Faraday cups. The positive voltages are applied for proton
measurements and the negative voltages are applied for electron measurements.

The voltages are applied in a sequence of increasing levels ranging from a few

volts to kilovolts. The level and polarity are controlled by signals from the se-
quencing function. Figure 2-65 is a functional block diagram of the modulation
function,
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Figure 2-65. SWE Modulation Function, Block Diagram

2-111. SWE Staircase Generator - The staircase or stepgenerator produces 14
voltage steps for the measurements of protons and seven voltage stepsforthemeas-
urements of electrons. The generator consists of a precision current source that
feeds one of two current levels to seven precision resistors. The inputs to this
circuit are various logic levels which program the required output voltage magni-
tude. The output is a precise voltage equal to the current source times the paral-
lel combination of any or all of the seven precision resistors. The maximum out-
put voltage is +10 volts. The voltage is fed to the voltage control amplifier.

2-112. SWE Voltage Control Amplifier - The voltage control amplifier feeds both the
+HV and -HV chopping circuits. The amplifier multiples the input signal by a
factor of three and provides sufficient power to operate the HV generator circuits.
The accuracy of the generated HV is determined by the accuracy of the output of
the voltage control amplifier.

To protect the SWE from high voltage arcing during its initial outgassing period
on the lunar surface, the gain of the voltage control amplifier is kept somewhat
lower than its final value until a command signal is received from Earth. The
command signal, consisting of dust cover release commands repeated at close
intervals, is received by the data subsystem and fed through the input of the SWE
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dust cover release circuitry to a control circuit. The circuit decreases resistance
in the voltage control amplifier, thereby increasing the gain of the amplifier and,
consequently, the high voltage applied to the modulator grids of the Faraday cups.

2-113. SWE 2 KHz Drive -The 2 KHzdrive generates the 2 KHz chopping signalused
to drive HV transformers in the HV generator. The inputs to the 2 KHz drive are
positive andnegative high voltage inhibit signals from the relay driver, a highvoltage
inhibit signal from the dust cover release circuit, anda 2 KHz signalfrom a fre-
quency divider of the sequencing function. There are two sets of outputs (four out-
puts total) each consisting of two out-of-phase, symmetrical, square wave signals.
One setdrives the +HV circuits and the other the -HV circuits. The logic inputs
are such that only one set of outputs operates at any one time. Thus either +HV or
-HV output is produced but never both.

2-114. SWE High Voltage Generator - The +HV generator consists ofachopper, step-
up transformer, and three voltage doublers. The incoming 2 KHz drive signals
cause the voltage control amplifier output to be chopped to ground. The trans-
former steps up this voltage by a factor of approximately 50. The voltage doublers
increase the dc voltage by a factor of six. The ac component, however, remains
essentially at the transformer output magnitude. Thus, a three to one ratio be-
tween dc and ac is achieved. The +HV output is routed through the HV relay to the
modulator grids of the Faraday cups.

The operation of the -HV generator is similar to that of the +HV generator except
that the -HV generator transformer has a lower turns ratio. Two voltage doublers
are used in this element and the dc-to-ac ratio is held at 1.5. The -HV is routed
through the HV relay to the modulator grids of the Faraday cups.

2-115. SWE Modulator Calibrator - The modulator calibrator monitorsthehighvoltage
output to provide ac calibration signals to the measurement function and dc calibra-
tion signals to the data handling function, The calibrator consists of two sections;
one that monitors the ac portion of the HV being generated and the other that moni-
tors the dc portion. Each section consists of a resistor divider network and a re-
lay for selecting a small sample of the high voltage output and an integrated circuit
amplifier. The relays are slaved to the HV relay. The outputs of the amplifiers
represent the magnitude of the HV being generated. Separate samples of the dc

and ac components of the sensor modulating voltage are applied to the measure-

ment and data handling functions for insertion in the data streams.

2-116. SWE Relay Driver - The relaydriveracceptslogic signals froma main counter
and a sweep driver of the sequencing function to control the HV select relays.

During -HV measurements, the relays are energized by a 30 volt potential estab-
lished by +15 and -15 volt supply voltages. After a period of 50 milliseconds, the
-15 volt supply is removed, leaving a holding potential of +15 volts. When the logic
input calls for +HV measurements, the relays are released.
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2-117. SWE Relays - Threerelaysareemployed. Onerelayisahighvoltagerelay
that selects positive or negative high voltage for application to the modulator
grids of the Faraday cups. The other two reiays are signal switching relays that
select the high voltage sample for application tc the modulator calibrator and that
apply negative voltages to the Faraday cup suppressor grids.

2-118. SWE Sequencing Function. The sequencingfunctioncontrols and timesthe SWE

so that measurements are performed in a fixed sequence and data are supplied to
the data subsystem in the desired digital format. The SWE is asynchronous with
respect to the data subsystem, so the SWE may transmit data from any peint in its
sequence when first interrogated by the data subsystem.

To compress the data to be telemetered to Earth, a fixed but rather complex data
format is used. An understanding of this format will aid in understanding the
operation of the sequence function.

To measure positive particles, the SWE places pesitive voltages on the modulation
grids of the Faraday cups. In the high gain modulation mode of operation, dc¢ volt-
ages on the grids rise from 75 to 9, 600 volts in 14 steps. For each grid voltage,
a set of eight measurements are taken. The first measurement is the sum of atl
cup outputs. The remaining seven measurements are sequential measurements

of individual cup eutputs. For any single measurement, a ten-bit word is sent

to Earth receiving stations. Thus, 112 words (words 0 through 111) are used to
transmit positive ion data.

The next 16 words (words 112 through 127) contain SWE calibration and operation
data. These data are subcommutated.

The next 56 words (words 128 through 183) are used to measure negative particles.
In the high gain modulation mode of operation, dc¢ voltages on the Faraday cup
modulation grids descend from -10 to -1, 300 volts in seven steps. For each grid
voltage, a measurement of the sum of all cup outputs and sequential measurements
of individual cup outputs are made and converted into ten-bit words for transmis-
sion to Earth.

Words 184 and 185 (actually the 185th and 186th words since there is a word 0)
contain the count of each group of 186 words {(one sequence). The eight least sig-
nificant bits of the sequence counter are in word 184 and the eight most significant
bits are in word 185.

All data, including all calibration and operation data, are included within 16
sequences (one cycle). To ensure word identification, the two most significant
bits of every word are used to indicate whether the word contains Faraday cup
measurement data, calibration or operation data, or sequence count data.

Using the format described, unique data interpretation will be possible., even if
only one sequence of words is intelligible.
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Operating in the normal mode of 1060 bits per second, a sequence lasts 28.1 sec-
onds and a cycle lasts 7.49 minutes. Operating in the slow mode of 530 bits per
second, a sequence lasts 56.2 seconds and a cycle lasts 14. 98 minutes. Mode
selection is determined by the ALSEP data subsystem.

Timing control of SWE operation is provided by a 1024 KHz master clock oscilla-
tor as shown in the sequencing function block diagram, Figure 2-66.

2-119. SWE Frequency Divider - Thefrequencydividerisan eleven stage ripple
counter that counts down the 1024 KHz master clock frequency to provide the fre-
quencies needed to control SWE operation. These frequencies are 256 KHz,

500 Hz, 2 KHz, and a delayed 2 KHz demodulator reference signal.

2-120. SWE Level Inhibit and Miscellaneous Sync - The level inhibit and miscel-
laneous sync provides:

a. pulses te control the step generator,
b. pulses to reset the main counter after every 186 words, and
¢. pulses to control the read-in gates of the data handling function,

2-121, SWE Input Decoder - The input decoder receives demand pulse and shiftclock
signals from the data subsystem and develops the shift register clock which causes
data to be transferred to the data subsystem in the desired timing. The decoder
develops timing and control signals which are used to clear the conversion coeunter
of the data handling function prior to making a new conversion, to trigger the
analog-to-pulse-width converter of the data handling function and to define the

time during which a conversion will be made, and to advance the main counter so
that the next measurement can be made.

2-122. SWE Main Counter - The timing and control signals developed by the main
counter provide direct or indirect control of all SWE functions. The counter is

an eight.stage counter which defines the 186 words that make up the basic
sequence. The most significant five bits of the eight-bit counter are decoded by
the sweep driver to define measurement energy level word groups., The least
significant three bits are decoded by the segment driver to define words within the
energy level word groups.

2-123. SWE Sequence Counter - The sequencecounterisa 16-bit counterthatistrig-
gered each time the main counter is reset to zero. It is read out as the last two
words in each data sequence. The four least significant bits of the counter provide
timing and control signals for calibrations that are not made every sequence (that
are subcommutated). This count is supplied to the shift read-in gates of the data
handling function.

The sequence count is gated with timing signals from the main counter and with
energy level period signals from the converter and temperature calibration driver
to provide calibration and sequence control signals. These signals are applied as
follows:
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a. to the current calibrate generator to control the calibration current level.

b. to the segment driver and the preamplifier switches to control high voltage
ac and dc calibration words during sequences !4 and 15 of each cycle.

c. to the commutator driver of the data handling function to determine when
various data signals are fed to an analog-to-pulse-width converter.

d. to the shift register of the data handling function to inhibit the "all collector"
measurement duriag sequences 14 and 15 of each cycle. The dc calibrate mea-
surement is substituted during sequence 14 and the ac calibrate measurement is
substituted during sequence 15.

2-124, SWE Converter and Temperature Calibration Driver - Theconverter andtem-
perature calibration driver receives logic signals from the segment driver and

from the main counter that define the "all collector' step of each energy level and
that define the periods of energy levels 14 and 15 of each sequence. These signals
are gated to the sequence counter where they are gated into the sequence count.

The level 14 signal is also gated with the switch select inputs from the segment
driver to control the operation of subcommutator A, subcommutator B, and the
temmperature subcommutator, all three of which are part of the data handling func-
tion. Subcomrnutator A is enabled during energy level 14 of even sequences and
the temperature subcommutator and subcommutator B are enabled sequentially
during level 14 of odd sequences.

2-125, SWE Current Calibrate Generator - Thecurrentcalibrate generator feeds known
levels of 2 KHz square wave current signal to the input of each preamplifier during

the calibrate period. The calibration control signal from the sequence counter
controls addition of successive resistance attenuators to determine which current

level (off, low, medium, or high) will be performed during a given sequence. The
off-level provides a means of determining background noise of the preamplifiers,

2-126. SWE Sweep Driver - The sweepdriver decodes the most significant bits of
the main counter to establish the high voltage select eontrol signals supplied to the
step generator. It also develops signals that control the gain of the step generator
and inhibits high veltage generation during energy levels 14, 15, and 23.

2-127. SWE Segment Driver - The segmentdriver controlsthe preamplifier switchesto
select the cup collector to be sampled during the eight words of an energy level.
During the first word of an energy level, all seven cup signals are turned on at

once to get a total measurement of the current from all cups. During the next

seven steps, the signals are turned on one at a time in numerical sequence.

2-128. SWE Data Handling Function. The data handling function processes the data se
that it can be presented to the data subsystem in the desired digital format. Fig-
ure 2-67 is a block diagram of the data handling function.
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2-129. SWE Output Commutator - Under controlofthemain counter and sequence
counter of the sequencing function, the output commutator cennects Faraday cup
data, calibration data, and engineering status data to the analog-to-pulse-width
converter. Each of the five input channels of the output commutator consists of
two transistors which drive a series FET switch. Measurements which the output
commutator organizes into the data word stream are:

a. particle measurements and high voltage ac calibration signals,
b. five subcommutated analog-to-pulse-width calibrate signals,
c. four subcommutated temperature measurements,

d. high voltage dc calibration signals, and

e. four subcommutated engineering status measurementas.

2-130. SWE Subcominutator A - Under controlofthe converter andtemperaturecali-
bration driver, subcommutator A sequentially connects five analog-to-pulse-width
calibration signals from the voltage calibrate generator to one channel of the out-
put commutator.

2-131. SWE Subcommutator B - Under controlofthe converter andtemperature cali-
bration driver, subcommutator B sequentially connects four engineering status
measurements to one channel of the output commutator. The four status meas-
arements are:

a. sun sensor output signal,

b. power supply +5 vdc output,

c. step generator voltage sample, and

d. a summed sample of the 2 KHz output of the frequency divider.

2-132. SWE Analog-to-Pulse -Width Converter - The analog-to-pulse-widthconverter
transforms dc voltage levels into precisely controlled pulse widths. The trans-
formation results in logarithmic data compression and enables the conversion

counter to convert analog signals into digital format compatible with requirements

of the ALSEP data subsystem. Analog-to-pulse-width conversion is accomplished

by timing the discharge of a capacitor that has been charged to the data voltage

level. Signal potentials ranging from one millivolt to 10 volts are converted into
pulse widths ranging from four microseconds to two milliseconds.

2-133. SWE Conversion Counter - Theconversioncounter is a nine-stage ripple
counter that performs the analog-to-digital conversions required to transfer the
SWE data to the data subsystem. These conversions are accomplished by count-
ing at a 256 KHz rate while a pulse is present at the output of the analog-to- pulse-
width converter. The most significant eight bits of this counter are read out into
the shift register through the read-in gates.

2-134. SWE Read-in Gates - Theread-ingatesconsistofeight OR gates. Each OR
gate consists of three NAND gates controlled by signals from the level inhibit and
miscellaneous sync of the sequencing function. When the read control signal ap-
plied to the NAND gates is ZERO, outputs from the conversion, sequence, or cycle
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counters are transferred in parallel through the gates into the least significant
eight bits of the shift register. During the first 184 words of a sequence, the con-
tents of the conversion counter are read into the shift register, During the I85th
word, the eight low order bits of the sequence counter are read into the shift reg-
ister. During the 186th and last word of a sequence, the most significant eight bits
of the sequence counter are read into the shift register,

2-135. SWE Shift Register - The shift register is a ten-stage register that is
loaded in parallel with data. These data are shifted out serially, most significant
bit first, to the data subsystern when a demand pulse is received. The least sig-
nificant eight bits of this register get their inputs from the read-in gates. The
ninth bit of the shift register is a calibration tag bit. This position contains a
logic ONE for all calibration measurements and a logic ZERO for all ether meas-
urements. The tenth bit of the shift register is set to ONE only during the 185th
and 186th words of a sequence. This provides a unique index for the data sequence
and provides a way of identifying all data.

2-136. SWE Voltage Calibrate Generator - The voltage calibrate generator ap-
plies known voltages of 9000, 3000, 900, 90, and 9 millivolts through subcom-
mutator A and the output cornmutator to the analog-to-~pulse-width converter. The
voltages check operation of the converter and calibrate it.

2-137. SWE Power Supply Function. The data subsystemn supplies power at +29
volts to the SWE power supply function. The power supply transforms this power
to the various voltage levels required by the SWE and isolates the individuallevels
from the data subsystem ground. The power supply provides:

a, +15 v at 50 ma
b, -15 v at 50 ma
c. -6,4 vatl, 0 ma
d. +5 v at 225 ma
e, t35 v at 100 ma

f. -120 v at 1.0 ma
A block diagram of the power supply function is shown in Figure 2-68.

2-138. SWE Inverter - The inverter transforms input direct current power to
alternating eurrent pewer with which to drive the primary of the output trans-
former.

2-139. SWE Output Transformer, Rectifiers, and Filters - The output trans-
former has four secondaries. Three of the secondaries are connected to full wave
rectifiers that produce voltages of +15 volts, -15 volts, +5.0 volts, and +35 volts.
The -6.4 volt power is obtained from a zener diode connected to the -15 volt line.
The -120 volt power is obtained from a voltage doubler circuit connected to the
same secondary as the +35 volt rectifiers. Each outputis adequately filtered.
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Figure 2-68. SWE Power Supply, Block Diagram

2-140. SWE Current Surge Suppressor - AnRCcircuitinthe +35voltline stores elec-
trical energy to minimize voltage variation during mode or energy level changes.

2-141. SWE Spike Suppressor Circuits - Three spike suppressor circuits reducetran-
stent voltages fed back to the data subsystem to less than 100 mv peak-to-peak.

2-142, SWE Current Limiter - The currentlimiter containsatransistorinseries with

a low value resistanece. The transistor and resistance are connected in series
with the 429 volt return to the data subsystem. Normally, the transistor and re-
sistor have little resistance; however, if excessive power is drawn by the inverter,
current through the resistor causes an increase in transistor emitter voltage,
thereby increasing transistor resistance and limiting the current. Limiting be-
comes effective at twice normal load. If, for any reason, inverter oscillation
amplitude should decrease, diodes in the limiter circuit rectify less current. This
causes resistance of the series transistor to decrease so that inverter oscillation
amplitude returns to approximately its original value.

2-143. SWE Dust Cover Release Function. After the LM hasleftthe lunar surface, a

dust cover release command signal will be initiated on Earth. The data subsystem
will receive the signal and send a pulse through the interconnecting cable to SWE
dust cover removal circuitry. The circuitry heats a fusible cord thatholds spring-
loaded protective covers over the Faraday cup apertures. When the cord melts,
the covers spring away from the SWE. High voltage is inhibited during the pulse
so that any tendency for the SWE to arc while cord vapor may exist near the SWE
is prevented.
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2-144, SWE Heaters Function. If the temperature of the electronics assembly
falls below a certain value, a thermistor mounted on the assembly causes re-
sistors in the assembly to dissipate heat. In this manner, the temperature within
the assembly is maintained within the range for proper operation during lunar
nights. Whenever the SWE is not operating, the ALSEP data subsystem supplies
power to resistors mounted on the SWE electronics assemblies. This is done to
prevent mechanical and electrical stresses caused by the extreme cold of the lunar
enivronment.
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2-145, SUPRATHERMAL ION DETECTOR EXPERIMENT (SIDE) SUBSYSTEM

The suprathermal ion detector experiment (SIDE) comprises the suprathermal
ion detector and the cold cathode ion gauge (CCIG) {(Figure 2-69). The purpose
of the SIDE is to measure the -onic environment of the Moon by detecting the ions
resulting from the ultra-violet ionization of the lunar atmosphere and the free
streaming and thermalized solar wind. The suprathermal ion detector will
measure the flux, number density, velocity, and energy per unit charge of posi-
tive ions in the vicinity of the lunar surface. The cold cathode ion gauge will de-
termine the density of any lunar ambient atmosphere, including any temporal
variations either of a random character or associated with lunar local time or
solar activity. In addition, the rate of loss of contaminants left in the landing
area by the astronauts and lunar module {LM) will be measured.

The SIDE uses two curved plate analyzers to detect and count ions. The low-
energy analyzer has a velocity filter of crossed electric and magnetic fields. The
velocity filter passes ions with discrete velocities and the curved plate analyzer
passes ions with discrete energy, permitting determination of mass as well as
number density. The second curved plate analyzer, without a velocity filter,
detects higher energy particles, as in the solar wind. The SIDE is emplaced on
a wire mesh ground screen on the lunar surface and a voltage is applied between
the electronics and ground plane to overcome any electrical field effects.

The SIDE will count the number of low~-energy ions in selected velocity and energy
intervals over a velocity range of 4 X 104 cm/sec up to 9. 35 X 106 ¢m/sec and an
energy range of 0.2 ev to 48.6 ev. The distribution of ion masses up to 120 AMU
can be determined from this data. 1In addition, the electric potential between the
SIDE and the local lunar surface will be controlled by applying a known voltage
between the instrument and a ground plane beneath it. If local electric fields
exist, they will be offset at one of the ground plane voltage steps. By accumu-
lating ion count data at different ground plate potentials, an estimate of local
electric fields and their effects on ion characteristics can be made.

In addition to low-energy ions, the SIDE will also measure the number of par-
ticles of higher energies, primarily solar wind protons. A separate detector
counts the number of particles in selected energy intervals between 10 ev and
3500 ev. The mass of these particles cannot be determined because the detecto::
does not have a velocity selector.

The CCIG will determine the pressure of the ambient lunar atmosphere by meas-
uring the density of neutral atoms and the temperature of the gauge at the time of
measurement. The CCIG measurements will also provide an indication of the
effects of contaminants left by the LM and the astronauts on the lunar atmiosphere
and the rate of decay of these contaminants. The CCIG will measure pressures
over the range of 10-6 torr to 10-12 torr.
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Figure 2-69. Suprathermal lon Detector Experiment Subsystem
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Five command lines are provided from the ALSEP data subsystem to the
SIDE/CCI1G. Four of these lines are used to encode up to 15 different command
functions; the fifth line provides an execute command to carry out the command
encoded into the other four lines. The experiment also has the capability tocarry
out two, one-time commands. F¥or example, the first time a pulse is placed on
command line No. 2, it also goes to a one-time command register. When the
command is executed, the corresponding one-time command is also executed.
Subsequent pulses on that line do not affect the one-time command register.

Two analog data lines from the SIDE/CCIG to the ALSEP data subsystem provide
the high energy curved plate analyzer (CPA) counmt rate and the low energy CPA
count rate teo the data subsystemn for incorporation into ALSEP housekeeping
word 33. These count rates are used as backup measurements in the event of
digital counting electronics failure.

The digital scientific data from the SIDE/CCIG consists of five 10-bit words in
each ALSEP telemetry frame (words 15, 31, 47, 56, and 63). A total of 10 words
are used to make up the basic unit of data, which is ecalled a SIDE frame. The
experiment programmer goes through 128 steps in completing its program; this is
called a cycle. The ground plane stepper steps once per cycle. The 24 cycles,
which constitute the number of ground plane voltage steps, are called a field,

2-146. SIDE PHYSICAL DESCRIPTION

The suprathermal ion detector experiment consists of a velocity filter, a low
energy curved plate analyzer ion detector, a high energy curved plate analyzer
ion detector, a cold cathode ion gauge, a wire mesh ground plane, and associated
electronics.

The package structure consists of an internal chassis which mounts the elec-
tronics and ion detectors. The inner chassis is held under tension to the outer
case by four tie-down points to the base, and is supported at the top by four nylon
buffers in the thermal spacer. The thermal spacer reduces the solar heat input
to the electronics by reflection at the second surface mirrors on its top surface
and by isolating the inner chassis from the outer case. The thermal spacer also
allows heat from the electronics to be radiated to space. A conductive grid net-
work on the upper surface of the top plate provides an equipotential reference
surface around the apertures to the ion detectors.

The ion detector apertures are protected during transit and LM departure by a
single dust cover released, on ground command, by a solenoid operated catch.
The outer case, legs, and dust covers are painted with white thermal paint which
contributes to the thermal control of the experiment., Further thermal control is
obtained through use of electric heaters. A bullseye leveling gauge is mounted on
top of the SIDE to enable the astronaut to level the package within 5° of level dur-
ing deployment. Three folding legs on the base of the chassis are extended during
deployment to form a low tripod supporting the package.

2-149



ALSEP-MT-03

The outer case houses the cold cathode ion gauge (CCIG) which is removed by the
astronaut during deployment of the SIDE. The gauge is connected to the experi-
ment by a short cable, The CCIG aperture is sealed against ingress of dirt and
moisture. The seal is removed, on ground- command, by an explosive actuated
piston releasing a spring.

The ground plane is housed in a tube attached to the SIDE and is removed by the
astronaut during deployment. The ground plane is a conductive wire mesh net-
work placed on the lunar surface beneath the experiment to provide an equipoten-
tial reference surface for control of local electric fields between the two SIDE ion
detectors and the lunar surface.

The flat tape cable connecting the experiment to the ALSEDP central station is
housed in a reel which is stowed at the base of the SIDE. The reel is removed
and the cable deployed when deploying the experiment. Table 2-21 lists the
leading particulars of the SIDE/CCIG.

Table 2-21. SIDE leading Particulars

Cbaracteristic Value
Height 15. 25 inches
Width 4. 5 inches
Depth 13 inches
Weight 19. 6 pounds
Instrument operational power 6. 0 watts
Heater power: operating 4. 0 watts (night)

survival 6. 0 watts (night)

2. 0 watts (day)

Input voltage +29 vdc

2-147. SIDE FUNCTIONAL DESCRIPTION

The SIDE/CCIG is divided into four major functional elements; command funetion,
programmer function, ion detection function, and data handling function (Fig-

ure 2-70). In addition, a pswer supply function provides system power to all
operational circuits and a thermal control function maintains thermal equilibrium
of the experiment on the lunar surface.

The command function accepts command and execute pulses from the central

station data subsystem, decodes the commands, and applies them to the pro-
grammer function or the ion detection functions as appropriate,
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Figure 2-70. Suprathermal lon Detector Experiment, Functional Block Diagram

The programmer function provides timing and control to the ion detection func-
tion and the data handling function. The voltage steppingof the high energy
curved plate analyzer, low energy curved plate analyzer, velocity filter, and
ground plane are controlled by the programmer function. The programmer also
supplies calibration timing to the CCIG.

The ion detection function is accomplished by the low energy curved plate analyzer,
the high energy curved plate analyzer, the crossed field velocity filter, the low
energy channeltron, and the high energy channeltron. Ions detected at the various
voltage steps are counted and the data is provided to the data handling function.

The data handling function accepts digital and analog data from the other func-
tional elements of the experiment, converts as necessary, commutates, and
gates out the scientific and engineering data to the central data subsystem. A
parity check is also generated in the data handling function.

2-148. SIDE DETAILED FUNCTIONAL DESCRIPTION.

The four major functions of the SIDE/CCIG are discussed in detail in the following
paragraphs in data flow sequence; command function, programmer function, ion
detection function, and data handling function.

2-149. SIDE Command Function. Five command lines are provided from the
ALSEP data subsystem to the SIDE/CCIG (Figure 2-71). Four of these lines are
used to encode up to 15 different command functions; the fifth line provides an
execute command to carry out whatever command is coded into the other four
lines. Commands are received from the MSFN ground stations through the ALSEP
data subsystem, decoded, and applied to the SIDE/CCIG command function.
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Figure 2-71. SIDE Command Function, Block Diagram

The command function receives and further decodes the functional commands and
routes thetn to the appropriate programmer function timing and control circuits
for impiementation. The coding of the commands and their functions are listed

in 'Table 2-22, All commands are pulses. The SIDE/CCIG uses these pulsed
commands by encoding. Two encoded commands are used.-for one time only opera-
tions as well as routine operation. Four of the five incoming command lines are
encoded in a four bit command input baffer which is then strobed into a second
(mode) buffer when an execution command is received via the fifth line. On re-
ceipt of the execute command, the commands are.decoded and applied to the ap-
propriate timing and control circuits of the programmer function.

Two one-time commands are incorporated to permit activation of the CCIG Seal
Break and Dust Cover Blow circuits.. The first time octal command 105 appears,

it is routed to the one time command register as well as the command input re-
gister. When the execute command is received in the execute gate, the command

in the one-time register is executed causing CCIG seal removal. Subsequentoctal
105 commands are routed to the command input register only and have no effect on
the one-time register. The same is true of octal command 107 as a one-time com-
mand causing dust cever blow. The status of the cornmand input and mode registers
is monitored and status signals are supplied to the data handling function.

2-150. SIDE Programmer Function. The programmer function provides timing
and control signals to the two curved plate analyzers, the CCIG, ground plane, and
the data handling function {Figure 2-72). Basic timing is received from the ALSEP
data subsystem in the form of shift, data demand, frame mark, and even frame
mark pulses to the logic timing of the programmer. ' Command pulses from the
command function and a parity pulse from the data handling function are the other
inputs to the programmer function. ‘
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Table 2-22. SI{DE/CCIG Commands

SYMBOL

€-1
l Cl1-2

Cl-6

Cl-7
Cl-8
Cl-9
Cl-10
Cl-11

Cl-12
Cl-13
Cl-14
Ci-15

Cl-16
Cl-17
Cl-18

Cl-19
Cl-20

FUNCTION

One-time commands

Break CCIG seal
Blow dust cover

Operational commands

Ground plane step programmer
on/ off

Reset SIDE frame counter at 10
Reset SIDE frame counter at 39
Reset velocity filter counter at 9
Reset SIDE frame counter at 79
Reset SIDE frame counter at 79
and velocity counter at 9

X 10 accumulation interval on/ off
Master reset

Velocity filter voltage on/off
Low energy CPA high voltage
on{ off

High energy CPA high voltage
on{ off

Force continuous calibration
(cycles 120 to 127)

CCIG high voltage on/off
Channeltron high voltage on/off
Reset command input register

OCTAL
COMMAND SEQUENCE
104 | 105 [106 | 107 [110

X X

x | x

X X

X X

Xl X X

X X

X X X
|

x | x X

%l =N x

7 = I8¢

X B Loix

vie x | x

X | X % |

x |k | x

X o 1% yrx

2 R Xk i

=% el x 1) X 1 X

The SIDE frame counter is the primary time reference.

capable of controlling the experiments 128 states.

It is a N/ 128 counter
Synchronization and advance

pulses are applied to the high energy, low energy, velocity filter, and ground

plane counters that control the voltage stepping in the ion detection function and

also are applied to the accumulators and gates in the data handling function.
addition, the programmer function enables gates for a series of calibration sig-
nals through the ion detectors at the end of each counting period.

In

1
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Figure 2-72. SIDE Programmer Function, Block Diagram

2-151. SIDE Ion Detection Function. The low and high energy ion detectors

count the positive ions within certain velocity and/or electron volt energy bands
that enter the detectors within a specific time interval (Figure 2-73). The CCIG
counts neutral atoms entering the CCIG sensor within a specific time interval and
also monitors the temperature of the sensor to provide the data required for cal-
culation of the lunar atmospheric pressure. The ground plane voltage control cir-

cuits control the electrostatic potential between the lunar surface and the SIDE ion
detectors.

The low energy ion detector measures the differential energy spectrum of posi-
tive ions having energies between 0. 2 and 48. 6 electron volts per unit charge and
masses between one and 120 AMU. The low energy ion detector consists of a
Wein velocity filter (crossed magnetic and electric fields), curved plate analyzer,
electron multiplier, detector amplifier, and stepping voltage supplies for the
velocity filter and the curved plate analyzer. Positive ions enter an aperture in
the SIDE top plate and enter the velocity filter, which passes only those ions in

a narrow velocity range. The range is determined by the voltage applied by the
velocity filter stepping voltage supply. This voltage supply is sequenced by the
counter in the programmer function through a series of 120 different voltage
steps; 20 steps for each of six voltages of the low energy curved plate analyzer
into which the ions passed by the velocity filter are directed. The curved plate
analyzer passes only those ions with a mass per unit charge that will permit the
ions to follow the curvature of an electrostatic field developed between the two
curved parallel plates of the CPA. Ions with mass per unit charge ratios outside
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those which can follow the curved field are absorbed by the CPA plates. Themass
per unit charge ratio atthe center of the band passed by the CPA is controlled by
the voltage applied to the curved plates by the CPA stepping voltage supply. This
voltage supply is sequenced by the low energy counter in the programmer func-
tion through a series of six different steps or passbands ranging from +0. 1 te

+24, 3 vdc. These steps together with the voltage ranges of the velocity filter,
permit a total of 120 mass per unit charge resolution steps.

The high energy ion detector measures the differential energy spectrum of posi-
tive ions having energies between 10 and 3500 electron velts per unit charge re-
gardless of mass. The high energy ion detector does not employ a velocity filter,
but is otherwise similar to the low energy detector. Positive ions entering the
high energy ion detector aperture pass directly into the high energy curved plate
analyzer. Because no velocity filter is used, all pesitive ions having mass/
velocity product per unit charge ratios within a certain band are passed dependent
on the voltage applied to the curved plate analyzer plates. This voltage is sup-
plied by the high energy curved plate analyzer stepping voltage supply and is se-
guenced by the high energy counter in the programmer function through a series
of 20 different voltage steps ranging from 2.5 to 875 vdec.

The ions passed by both theé)w energy and high energy curved plate analyzers
enter separate Channeltron\® electron multipliers which multiply, up 1000
times, the pulse effect of the individual ion inputs. The Channeltrons\/are
operated at -3500 vdc.

The output pulses are applied to separate detector amplifiers. The detector
amplifiers discriminate between the output pulses and circuit noise, as well as
amplifying the output pulses. In addition, pulses froem the Channeltren R are
limited to approximately oneper microsecond. The detector amplifier outputs
are applied to the data accumulators in the data handling function and to the
logarithmic count rate meters.

Calibration signals at 0 Hz, 136.72 Hz, 17.5 KHz, and 560 KHz are gated in se-
quence through the amplifiers of the ion detectors at approximately 2. 5 minute in-
tervals to verify the functioning of the amplifiers and associated counting elec-
tronics. Buring calibratinn the CPA stepping voltage supplies are programmed to
zero and the velocity filter veltage to maximum positive preventing ion counts,

The CCIG detector measures neutron atom densities corresponding to atmospheric
pressures of 10'6 torr te approximately 10-12 torr. The CCIG detector consists
of the CCIG sensor, +4500 vdec power supply, RFI filter, electrometer amplifier,
range control and calibration circuits, and CCIG sensor temperature monitor
circuits. Charged particles entering the CCIG sensor are deflected into elongated
spiral paths by a combination of magnetic and electrostatic fields enhancing the
probability of collision with the more numerous neutral atoms entering the sensor.
Ions produced by these collisions and free ions are collected by the sensor elec-
trodes which create the electrostatic field. A +4500 volts de¢ is maintained on the
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electrodes by the +4500 vdc power supply. The ions resulting from collisions
within the CCIG greatly outnumber the free ions and result in a minute current
flow through the sensor connecting cable, RFI filter, and input circuits of the
electrometer amplifier. The electrometer amplifier amplifies input currents be-
tween 0,1 and 10° micro-microamperes, and applies them to the data handling
function. The electrometer amplifier has three operating ranges which are auto-
matically selected by the range control and calibration circuits. These circuits
also autornatically correct the no-ion count output of the electrometer to zero,
and on command from the programmer, gate a series of precisely regulated cur-
rents through the electrometer amplifier input circuits for calibration and meas-
urement accuracy checks, The temperature monitoring circuit monitor the tem-
perature of the CCIG sensor during the counting periods to provide temperature
data for calculation of the lunar atmospheric pressure.

The ground plane and voltage control circuits apply a series of dc voltages in
steps to the wire mesh ground plane. (The CCIG sensor, a neutral particle de-
tector, is not placed on the ground plane in the deployment process. ) The volt-
ages applied to the ground plane are controlled by the ground plane stepping volt-
age supply. This supply is sequenced by the ground plane counter in the pro-
grammer function through a series of 24 different voltage steps, ranging from
+27. 6 to -27.6 vdc. The voltage is stepped each time the SIDE frame counter re-
sets to zero.

2-152. SIDE Data Handling Function. The major elements of the data handling
function (Figure 2-74) are the status sub-commutator, analog-to-digital con-
verter commutator, and the high and low energy count accumulators; all applying
data to the strobe gate for transfer to the central data subsystem and subsequent
downlink transmission to the MSFN. In addition, a parity generator provides a
parity bit for each SIDE frame.

Status signals from the ion detection function, command function, and programmer
function are provided to the status sub-commutator of the data handling function
for commutation into one output. The following status signals are supplied to the
status-subcommutator: ground plane step, calibration rate, electrometer range,
dust cover and CCIG seal, mode register, command register and a programmer
advance pulse. A parity bit from the parity generator is also supplied. After
commutation, these signals are supplied to the data handling strobe gate as a
single input.

Voltages from the ion detectors andother engineering housekeeping data 1s sup-
plied to the analog-to-digital converter commutator in analog form. The analog
signals are converted to digital signals, commutated and applied to the data
handling strobe gate for transfer to the central data subsystem.
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Figure 2-74,

SIDE Data Handling Function, Block Diagram

The high and low energy accumulators are 20-bit counters which accumulate the
number of output pulses from the high and low energy discriminators and gate them

out to the data handling strobe gate.

Word, shift, and even frame pulses are supplied to the data handling strobe gate
from the programmer function to control the operation of the strobe gate.

A parity generator looks at the strobe gate outputs and counts the number of ones

in each frame.
frame,

This provides a parity check for each SIDE frame.

If the number is odd, one is inserted for the parity bit of the next
If the number is even, zero is inserted for the parity bit of the nextframe,
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2-153. ACTIVE SEISMIC EXPERIMENT (ASE) SUBSYSTEM

The primary function of the active seismic experiment {ASE) is to generate and
monitor artificial seismic waves in the 3 to 250 Hz range, in the lunar surface
and near subsurface. The ASE can also be used to monitor natural seismic
waves in the same frequency range. The objective of these functions is to ac-
quire information to enable determination of the physical properties of lunar
surface and near subsurface materials.

Seismic waves will be artificially produced by explosive devices, and detected
by geophones. The resulting data will be telemetered to Earth for study and
interpretation. By varying the location and magnitude of the explosions with
respect to the geophones, penetration of the seismic waves to depths of approx-
imately 500 feet can be achieved, and wave velocities through several layers of
subsurface materials investigated. The velocities of compressional waves, their
frequency spectra, and rate of attenuation are functions of the physical constants
of the near surface lunar material. Interpretation of this data permits the type
and character of the lunar material to be inferred, as well as the degree of in-
duration and bearing strength of these materials. This information is desirable
for understanding the nature and origin of these materials.

Two seismic energy sources will be employed. A thumper device containing 21
explosive initiators will be fired along the geophone lines by the astronaut. The
astronaut will also emplace a mortar package containing four high explosive
grenades. The grenades will be rocket-launched by Earth command near the
end of the ALSEP mission (about one year after deployment) and are designed
to impact at four different ranges; approximately 500, 1000, 3000 and 5000 feet,
with individual high explosive charges proportional to their range.

The seismic detectors are three identical geophones. The geophones are electro-
magnetic transducers which translate high frequency seismic energy into electri-
cal signals. The outputs of the three geophones are applied to separate logarith-
mic compression amplifiers to obtain maximum dynamic range and maximum
sensitivity.

The ASE uses seven commands transmitted from the MSFN to arm and fire the
grenades and to effect geophone calibration. Other commands are used to effect
power distribution to the ASE from the data subsystemn and to place the data sub-
systemn inthe active seismic mode. The three channels of seismic data generated
by the ASE and 13 channels of engineering data will be converted to digital form
within the experiment for transmission to Earth. A 20-bit digital word format
and a 10, 600 bit/sec data rate will be used in the ASE to ensure accurate encoding
and transmission of critical real time event data, and to provide a relatively

high frequency seismic data handling capability. The higher bit rate and longer
word length are incompatible with the normal ALSEP format and preclude usual
data collection from the other experiments during the time the ASE is activated.
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There are five significant measurements from the ALSEP electrical power sub-
system included in the ASE telementry format as engineering.data. The ASE
formats and applies the seismic and engineering data te the data subsystem mod-
ulator for modulation and downlink transmission.

2-154. ASE PHYSICAL DESCRIPTION

The ASE comprises the thumper-geophone assembly, mortar package, central
electronics assembly, and interconnecting cabling, Figure 2-75 illustrates the
ASE components.

2-155. ASE Thumper-Geophone Assembly. The thumper comprises a short
handle or staff with an initiator mounting plate and a base plate at the lower end.
The upper end contains a pair of switches (arming firing, and ASI selection) and
associated electronics. A flat, four-conductor cable connects the thumper to
the central station.

The initiator mounting plate contains 21 Apollo standard initiators (ASI) mounted
perpendicular to the base plate and a pressure switch to detect the instant of
initiation.

The four-conductor cable connecting the thumper and central station electronics
is stored on a split spool on the upper end of the thumper handle, above the
switches, during the flight phase and is unwound by the astronaut during deploy-
ment.

The thumper also stores the three geophones and connecting cables until deployed.
The cables are wound on a reel located just above the initiator mounting plate.
The geophones are mounted in individual holes in the reel.

2-156. ASE Geophones. The three identical geophones are electromagnetic
devices which translate physical surface or subsurface movement into electrical
signals. The amplitude of the output signals is proportional to the rate of physi-
cal motion. The geophones will be deployed at 10, 160, and 310 foot intervals
from the central station and are connected to it by cables. The cables and geo-
phones are stored on the thumper during transport and removed during deploy-
ment.

2-157, ASE Mortar Package. The meortar package assembly (MPA) consists of
a mortar box assembly, a grenade launch tube assembly (GLA), and interconnect-
ing cables.

The mortar package is deployed at an angle approximately 45° to the lunar sur-
face to provide an optimum launch angle for the grenades. Two legs spread
from the upper end of the package to form a triangular base with a beveled lower
end for stability. The stability of the mogtar package is enhanced by the effect-
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ively open launch tubes which minimize the recoil from the grenade launchings.
The bottom of the thermal insulation bag is fragile and is disintegrated when the
rockets are launched.

2-158. Mortar Box. The mortar box is a rectangular fiberglass box with a
magnesium structure and folding legs in which the GLA is mounted. The mortar
box contains an electronics printed circuit board assembly, a receiving antenna,
two safety switches, and a thermal bag. The electronics contain circuitry for
the arming and firing of the rocket motors launching the four grenades, and also
for the operation of the heaters., The receiver antenna is a vertical antenna
mounted to the side of the mortar box. The antenna is folded along the edge of
the package during transport and unfolded by the astronaut during deployment.
The heaters are attached to the inside of the thermal bag.

2-159, Grenade Launch Assembly (GLA). The GLA consists of a fiberglass
launch tube assembly (LTA) which includes the four rocket-launched grenades,

a grenade safety pin assembly, three microswitches, three temperature sensors,
and a two-axis inclinometer. Each of the four launch tubes has a three-inch
cross section. Two tubes are nine inches long, and the other two are six inches
long.

Each grenade is attached to a range line which is a thin stranded cable that is
wound around the outside of the launch tube, Two fine copper wires are looped
around each range line. The first loop is spaced so that it will break when the
grenade is abeut 16 inches out of the launch tube. The second loop is spaced

so that it will break when the range line has deployed exactly an additional 25 feet
from the first breakwire. Breaking the loops start and stop a range gate pulse
establishing a time interval for determination of the grenade velocity.

The four grenades are similar, differing only in the amount of propellant and
high explosive. Each consists of a thin fiberglass casing with a 2. 7-inch square
cross section and ranging from four to six inches long. The casing contains the
rocket motor, safe slide plate, high explosive charge, ignition and detonation
devices, thermal battery, and a 30 MHz transmitter. The range line is attached
to the transmitter output and serves as a half wave end féed antenna.

The launch tubes for grenades two, three, and four each contain a microswitch
closed by launching the grenade. Each switch connects the firing command from
a sequential grenade firing circuit to the next grenade to be launched.

Two temperature sensors are located between tubes one and two of the LTA and
a third is located between tubes three and four. One of the sensors provides an
analog signal of the GLA temperature to the data handling function of the ASE.
The other two sensors are part of the heater controel circuitry.
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The two-axis inclinometer provides pitch and roll angle (deviation from the
The analog outputs from the angle
transducers are applied to the data handling function of the ASE.

vertical) information on the mortar package.

2-160.
mortar box and the central station electronics.

Interconnecting Cables.

A coaxial cable connects the antenna on the
A 20-~conductor flat tape cable

connects the mortar package electronics and the electronics in the central station

providing the necessary power and signal paths.

2-161.

ASE Central (Station) Electronics. The central electronics assembly is

located in the central station and contains circuits for power control, temperature
Included as sub-
assemblies are the geophone amplifier, the ASE receiver, and the A/D Converter

sensing, calibration, signal conditioning and data handling.

and multiplexer.

2-162. ASE Leading Particulars.

Table 2-23 ASE Leading Particulars list the

size, weight, and power requirements for the ASE components and assemblies.

Table 2-23. ASE Leading Particulars
Characteristic Value
Physical Data
Thumper-Geophone Assembly
Length (folded) 14.5 inches
Weight 6. 96 pounds
Thumper
Length (deployed) 44.5 inches
Weight (including cables and initiators) 4. 01 poeunds
Geophones
Height (including spike) 4. 80 inches
Diameter 1.66 inches
Weight (three geophones with cables) 2. 95 pounds
Mortar Package
Dimensions Envelope (Same as mortar box below)
Weight 14. 69 pounds
Mortar Box
Height 9.5 inches
Width 4. 0 inches
Length 15. 6 inches
Weight (including antenna and cables) 4. 08 pounds
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Table 2-23. ASE Leading Particulars (cont)

| Characteristic Value

' Frequency Response

Grenade Launch Assembly

Width 9,0 inches
Leagth 13, 7 inches
Depth 6.23 inches
Weight (including grenades) 10. 88 pounds
Grenades
Cross section 2. 7 inches
Length 4 to 6 inches
Weight (#1=2.67, #2=2.19,
#3=1.70, #4=1.52) 8. 08 pounds
Central Electronics Assembly
Height 2. 75 inches
Width 6. 18 inches
Length 6. 77 inches
Weight 3. 07 pounds

Seismic Detection System {(To the mean of ten to 100 Hz
response characteristic)

3.0to 10 Hz +1 db, -6 db
10to 100 Hz +3 db

100 to 250 Hz x6 db

250 to 450 Hz Less than +1 db
450 to 500 Hz Less than - 35 db
Above 500 Hz Less than -40 db

System Power Requirements

Voltages
ASE activated +29, +15, -12, and
+5 vdc
ASE deactivated +29 vdc
Power
Operational 8. 0 watts
Thermal control (Standby) 1. 75 watts

2-163. ASE FUNCTIONAL DESCRIP TION

The ASE has three basic operating modes related directly to the seismic energy
source under investigation. The thumper mode which is activated with the
astronaut still on the lunar surface, the passive listening mode which is used to
measure natural seismic phenomena during the period of the ALSEP mission on
the Moon, and the mortar mode which is activated near the completion of the
ALSEP mission.
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2-164. ASE Thumper Mode. In the thumper mede, the thumper is used te fire
an Apollo Standard Initiator {ASI) at each 15 foot interval as the astronaut returns
to the central station along the geophone cable. The instant of ASI initiation is
detected and telemetered as a real time event, Compression waves generated in
the lunar surface and near surface material are detected by the geophones, and
comparison of initiation instant and wave detection times permit determination of

the wave velocity.

2-165. ASE Mortar Mode. In the mortar mode, four rocket-grenades are
individually launched from the mortar package by commands from Earth. The
pitch and roll angles of the mortar package are measured to determine the

launch angle of the grenade. Range line breakwire circuits provide launch
velocity data, A radio transmitter in the grenade, activated at launeh and destroy-
ed on impact, furnishes time of flight and instant of explosion data. Impact point
of the grenade and seimic wave velocity may be determined from the above data
which are telemetered as real time events.

2-166. ASE Passive Listening Mode. In the passive listening mode, the seismic
detection system monitors natural seismic activity generated by tectonic disturb-
ances or meteoroid impacts. The ALSEP data subsystem must be operating in

the active seismic mode to accept and process these signals for downlink trans-
mission.

2-167, ASE DETAILED FUNCTIONAL DESCRIPTION

The major functions of the ASE include seismic signal generation, seismic wave
detection, timing and control, data handling and power control. Figure 2-76
illustrates the ASE functions. The action and interaction of these functions are
discussed in the following paragraphs.
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Figure 2-76. Active Seismic Experiment (ASE) Subsystem,
Functional Block Diagram
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2-168. ASE Seismic Signal Generation. Seismic waves will be artificially gen-
erated using two methods. The thumper initiators and the grenade high explosives
will provide the energy for sismic wave generation. The thumper will be operated
by the astronaut while still on the lunar surface. Some time (approximately one
year) after the astronauts leave the Moon, the ASE grenades will be launched by
commands from Earth. Figure 2-77 illustrates the seismic signal generation
function.

The astronaut will remove the thumper from the subpackage and place it in a tem-
porary location. The mortar package assembly will be deploeyed 10 feet from the
central station in a direction opposite to that selected for geophone emplacement.
(See Flight 4 deployment diagram in Section IV.) The astronaut will coarse level
the mortar package as it is sited and erect the receiver antenna including the flag
for use in visual alignment of the geophones. Actual angle of the mortar package
from the vertical will be sensed by the two-axis inclinometer and its transducers
will provide analog signals containing this data to the ASE data handling function.
The +15 vdc transducer operating power is also monitored and an analog signal
indicating status is applied to the data handling function.

The astronaut will retrieve the thumper and unwind the geophone cable from the
thumper as the geophones are emplanted at the prescribed 10, 160, and 310 foot
distances from the central station. The thumper power and signal cable will also
be unwound as the astronaut deploys the geophones. When the geophones have
been emplanted, the astronaut will return along the geophone line stopping at
marked intervals (approximately every 15 feet) to activate the thumper. The
thumper contains 21 Apollo standard initiators (ASI) which are individually se-
lected and fired by activation of the selector switch and the arm/fire switch on the
upper portion of the thumper. The indexed selector switch permits the astronaut
to select the individual ASI for firing. As a precaution against inadvertent initia-
tion, the arm/fire switch must be rotated and held in that position approximately
four seconds before the circuit is armed. Rotating the arm/fire switch charges
the firing capacitor and generates a thumper arm signal which is applied to the
ASE data handling function. After arming, the thumper is fired by depressing the
arm/fire switeh, discharging the capacitor and firing the selected ASI. The in-
stant of initiation is monitored by the pressure force momentarily closing a pres-
sure switch on the initiator mounting plate. Closing the pressure switch generates
a signal to the real time event logic for application te the ASE data handling func-
tion. The real time event logic establishes the eventidentificationfor the tele-
metry format.

Initiation of the ASI creates compressional waves in the lunar surface and near-
surface materials. Detection, processing, and analysis of these waves generated
with a known force at known distances and times will permit determination of the
physical properties of the lunar material.

After completion of the thumping process, the astronaut will return to the mortar

package. The astronaut will remove a safety pin assembly and open two shorting
(safe/arm) switches. The mortar package will remain in this configuration until
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Figure 2-77, ASE Seismic Signal Generation Function, Block Diagram
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activated by commands from Earth. While the experiment is not activated, the
mortar package electronics, GLA, and geophone temperatures are monitored and
applied as analog signals to the central data subsystem for telemetering to Earth.
When the ASE is activated, these temperature signals are included with the data
processed by the data handling function of the ASE. Thermal control of the mortar
package assembly is effected through multilayer aluminized mylar insulation and
two temperature sensors operating in conjunction with a small heater.

The mortar package is activated by the '"'arm grenades'' and "fire grenades'' com-
mands from Earth. The arm grenades command is applied to and gated through
the command gating to the grenade arming circuit which charges the regular and
sequential firing capacitors of the four grenades by applying a 24-volt arming sig-
nal. A grenade arm pulse is also applied to the data handling function indicating
receipt of the command. After arming, a fire grenade command for each of the
grenades is applied to the command gating and gated to the appropriate firing cir-
cuit causing the firing capacitor to discharge and ignite the grenade propellant
through a single bridgewire Apollo standard initiator (SBASI). As the grenade
leaves the launch tube, a safe slide is spring ejected which permits a microswitch
in the grenade to close, discharging a capacitor across a thermoelectric match
which activates the thermal battery, The thermal battery, when activated, pro-
vides internal grenade power to drive the transmitter and to charge the detonator
storage capacitors. The first of the two range line breakwires is broken when the
grenade is launched, initiating the range gate puise to the real time event logic.
Rocket propellant in the grenade is exhausted before the grenade exits the tube.
When the grenade is 25-feet into trajectory, the second range line breakwire is
broken terminating the range gate pulse to the real time event logic and providing
time/distance data for subsequent determination of grenade velocity. The grenade
transmitter, activated at launch, and utilizing the grenade range line as an an-
tenna, transmits until destroyed upon grenade impact. An omnidirectional impact
switch in the grenade allows the detonator capacitor to discharge, firing a detona-
tor to set off the grenade high explosive on grenade impact. The 30 MHz signal
from the transmitter is received by the antenna mounted on the mortar box and
conducted by coaxial cable to the receiver in the central station electronics. The
received signal is applied through a level detector to the real time event logic for
application to the data handling function. The grenade transmitter signal provides
an indication of time of flight and detonation instant providing an indication of
range thus enhancing the confidence factor of the range calculations derived from
the angle of launch and grenade velocity data generated from the inclinometer and
the range line breakwires.

The regular firing order for the grenades will be grenade #2 (3000 feet), grenade
##4 (500 feet), grenade #3 (1000 feet) and grenade #1 (5000 feet). The order was
selected to provide optimum mortar package firing stability. A redundant arming
and firing circuit is provided for sequential firing in the event of failure of one

or all of the regular firing circuits. This circuit, designated sequential, is armed
by the normal arm grenades command. A series of interlocking switches connect
the sequential firing circuit to the grenade firing circuits as the grenades are
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launched. Initially, the sequential fire command is applied to grenade number two.
When grenade number two is launched, it closes a switch to complete the firing
circuit to grenade number four, and from number four to number three and then to
number one. However, a separate arming command and a separate firing com-
mand are required to fire each grenade. If individual firing circuits are intact,
individual firing commands may be applied and the sequential switching will pro-
vide redundancy.

The seismic energy generated by the initiation of the thumper ASI's and the gre-
nades are transmitted by compressional waves through the lunar material fer de-
tection by the geophones of the seismic signal detection function of the ASE.

2-169. ASE Seismic Signal Detection. The active seismic experiment is designed
to monitor seismic waves in the 3Hz to 250 Hz range. Three electromagnetic geo-
phones, three logarithmic compression amplifiers and the interconnecting cabling
constitute the major elements of the seismic detection system (Figure 2-78). The
detection function is applicable to the three operating modes of the ASE; the thum-
per mode, the grenade mode, and the passive listening mode. The geophones can
be excited mechanically by natural or artificial seismic waves or electrically by a
geophone calibrate command.
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Figure 2-78. ASE Seismic Signal Detection Function, Block Diagram

Induced or natural seismic activity creating motionin the lunar surface or subsur-
face material will be sensed by the three geophones causing an electrical signal to
be generated from the geophones to the respective amplifiers in the central station
electronics. The low noise logarithmic compression amplifiers amplify the signal
and apply the outputs to the multiplexer and analog-to-digital converter of the data
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handling function. As the seismic system response may change during the ex-
tended storage (one year) in the temperature extremes of the lunar environment, a
pulse type calibrater is included with the amplifiers to provide a relative calibra-
tion system. The calibration system is activated by a geophone calibrate com-
mand applied to the command gating from the central data subsystem. The cali-
brate command is gated to the calibration circuitry where it is developed into a
one second wide pulse and applied to the calibrate driver, electrically exciting the
geophones. A geophone calibrate pulse is also applied to the data handling system
from the calibrate driver indicating receipt of the calibrate command. Excitation
of the geophones permits measurement of the geophones resonant frequency, gen-
erator constant, and damping coefficient relative to the preflight calibration.

A temperature sensor is mounted in the geophone closest to the central station.
The output of this temperature sensor is connected directly to the ALSEP central
station data processor and is constantly menitored except when the ASE is acti-
vated which is for relatively brief periods of time,

2-170. ASE Timing and Control. The timing and control circuitry is basically
digital logic which operates the ASE through use of a 10.6 KHz clock signal in con-
junction with seven commands received from Earth (Figure 2-79). The data rate
of the active seismic logic is 10, 600 bits per second. The basic timing is obtained
from the 10.6 KHz square wave received from the central data processor. The
mod 5, mod 4, and mod 32 sequence counters are used to establish the data frame
format. The shift register multiplexing logic selects the data to be loaded into the
shift register through analog-to-digital converter, frame, holding, and control
gates, A start pulse is applied to the analog-to-digital converter and multiplexer
of the data handling function from the decoder of the timing and control function,
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|

Figure 2-79. ASE Timing and Control Function, Block Diagram

When a real time event occurs, the real time event logic in conjunction with the
sequence counters and the holding register provide a mark event signal indicating
that a real time event occurred in the prior telemetry frame. The word in which
the event occurred and the bit of real time occurrence are also identified. These
indications will appear in active seismic words 29, 30, and 31 of the telemetry
frame.

2-171. ASE Data Handling Function. Data handling and processing is accom-
plished through application of 16 channels of analog voltages to the multiplexer and
analog-to-digital converter., Figure 2-80 illustrates the ASE data handling function.
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Figure 2-80. ASE Data Handling Function Block Diagram

Three analog channels are used for geophone outputs, two for GLA angle outputs,
three for calibration, three for ASE temperature and power measurements and the
other five for ALSEP electrical power subsystem temperature and power measure-
ments. The analog signals are multiplexed, converted to digital signals, and for-
matted for shifting to the central data subsystem and downlink transmission. Sub-
word, word, and frame signals are derived from the sequence counters through the
decoder of the timing and control function.

The ASE data format comprises 32 twenty-bit words per frame with each word
consisting of four five-bit subwords. Geophones two and three are sampled and
read out in every word of the frame. Geophone one is sampled and read out in all
but the first word. In the first word geophone one is sampled and stored, then
read out in the first subword of the second word of each frame. The first two sub-
words of word number one comprise a 10-bit frame synchronizing signal. The
first three bits of subword one of word 32 provide a mode identification signal.
Data measured and word-subword assignments are listed in Table 2 -24.

The binary signals from the multiplexer converter are applied to the shift register
multiplexer gates which are controlled by the shift register multiplexing logic. A
storage buffer is provided between the converter mulitiplexer and the shift register
multiplexer gates. The ASE data is shifted out in the 32-word telemetry frame
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Table 2-24. ASE Measurements
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format to the bi-phase modulator of the data subsystem for modulation and doewn-
link transmission,

The analog-to-digital converter calibration circuit provides a two-point check on
the multiplexer converter by monitoring resultant output of applying the 1. 75 vdc
and 3.75 vdc input voltages.

2-172. ASE Power Control Function. Operating and standby (survival) power is
supplied from the power distribution unit (PDU) to the ASE at +5, +15, -12, and
+29 vdc (Figure 2-81). Current limiters in power circuits prevent over-voltage
from damaging the ASE components and conversely the ASE from overloading the
PDU in the event of malfunctions. In the ALSEP data subsystem the +29 vdc line
is prevented from carrying current greater than 500 + 50 milliamperes by a cur-
rent sensor that causes the 29-volt power to be switched from the operational
power bus to the standby power line whenever the current exceeds this value for
more than 0.5 millisecond. The +15 volt line, the +5 volt line, and the -12 volt
line are limited to 150, 500 and 150 milliamperes respectively in the ASE power
control circuitry.

+29V
A V (OPERA
, OPERATING POWER +29V_(OPERATING) _
+29V STANDBY POWER +29V (STANDBY)
RELAY
& RESET
DRIVER : TO ASE
FROM DATA \
SUBSYSTEM $ RETRCHIONS
RELAY RESET
POWER SIGNAL
+15V — . N ) +15V_
15V ] REBLER | cuRRENT +5V
ey R > LIMITER il
. 12V »1 switch - S B i
POWER

INTERRUPT SIGNAL

Figure 2-81, ASE Power Control Function, Block Diagram
2-173, SAFETY FEATURES

Both the thumper and mortar package assemblies contain ordnance devices and,
therefore, safety has been a major consideration in the designs. A discussibn of
the electrical and mechanical safety features of each and their use on the lunar
surface is given in detail below.

2-174. Thumper-Geophone Assembly. The thumper contains 21 Apollo Stan-
dard Initiators (ASI's). The ASI's are rated at one ampere ''no fire' and three
ampere ''all fire'., The ASI, as a component, will generate a pressure of
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approximately 650 psi in a 10 cc volumne. In the thumper, the ASI's are discharged
directly against a spring loaded impact plate. With the thumper held upright for
firing operation, with the impact plate against a surface, the ASI mounting plate
confines the ASI discharge pressure primarily to the '"chamber" between the
mounting plate and the impact plate to deflect any escaping debris downward.

The thumper is designed so that all ASI's are internally shorted by the ASI rotary
selector switch when the selector switch is in the "0' position, In any other posi-
tion {1 through 21) one ASI is connected to the firing circuitry and the remaining
20 ASI's remain shorted out. Rotating this switch from '"0'" will net in itself fire
an ASI even with power applied. A definite two step firing operation with a time
delay is required to arm and fire an ASI, After the ASI selector switch is rotated
from the "0' position to a numbered position to select an ASI, the thumper is
armed by rotating the ARM/FIRE knob approximately 90° and holding for a mini-
murm of four seconds. The selected ASI is fired by pressing the same switch in,
which applies a capacitor charge across the ASI. Should fer any reason the firing
sequence be stopped after the thumper is armed, the released ARM/FIRE control
returns to its normal unactivated position which autormnatically discharges the
arming capacitors in a matter of milliseconds.

The ARM/FIRE control is designed so that the firing switch cannot be actuated un-
til after the arming switch is activated, This switch is also designed to provide a
low impedance across the firing capacitors in the normal position to prevent the
capacitors from picking up a static charge and to discharge the capacitors if they
are charged but have not fired through an ASI,

The end of each ASI mounted in the base of the thumper is covered with a coating
of silicone rubber to protect the initiator from the pressure and debris from ad-
jacent initiator firings which otherwise might cause possible sympathetic deflagra-
tion. Extensive test firings have demonstrated the adequacy of this design.

2-175, Mortar Package Assembly, The mortar package consists primarily of a
mortar box and a GLA. The mortar box is completely inert and contains no ord-
nance devices. The four grenades in the GLLA contain all the ordnance devices in
the mortar package assembly. Each grenade contains a SBASI to ignite the rocket
motor, up to 45 grams of propellant, a thermal battery containing an enclosed
thermoelectric match for ignition, a detonator assembly including a second SBASI
and 0.1, 0.3, 0.6 and 1.0 pound of hexanitrostilbene (HNS) type explosive for the
#4, #3, #2 and #1 grenades respectively.

As noted the grenades in the GLA contain all the ordnance devices in the mortar
package. For safety purposes, the GLA and Mortar Box are never functionally
tested together, but are completely checked out separately and mated only just
prior to flight, For handling and storage purposes, the GL.A is provided with
safety release pins which mechanically secure the grenades in the launch tubes.
When the GLA is installed in the mortar box, to make up the mortar package as-
sembly, a safety release assembly is used to perform the same function and is
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only removed by the astronaut prior to leaving the lunar surface. Thus, the gre-
nades are mechanically locked in the launch tubes at all times during earth/lunar
operations.

Except for test, all connectors on the GLA are stored with shorting connectors
across them. The GLA is completely functionally tested with special test points
on the bottom of each grenade. In the test configuration the high explosive SBASI's
are not connected to the grenade firing circuits and are shorted out by special test
connectors inserted in the bottom of each grenade. Just prior to flight these con-
nectors are removed and flight connectors are installed which connect the SBASI‘s
to the firing circuit leads.

Two SAFE/ARM switches on the mortar package are used to assure a safe mortar
package assembly while the astronaut is present on the lunar surface. One switcli
opens the arming circuit between the ASE central electronic and the mortar
package, and shorts out the rocket motor firing capacitors. The second switch -
disconnects the rocket motor SBASI's from the firing circuits and provides a short
circuit across them.

A safe slide in each grenade provides a mechanical block between the detonator
and the HNS explosive., The safe slide is held in place at all times when the gre-
nade is in the launch tube and is spring ejected at launch. Thus, while the safe
slide is in place, inadvertent detonator ignition will not set off the high explosive
charge. In addition, the safe slide maintains a microswitch in a position which
sprevents the thermal battery output from the high explosive firing circuitry, and
provides a low impedance to the firing capacitors to prevent a static charge from
charging these capacitors. To insure that the safe slide assemblies are installed
each GLA is furnished with X-ray pictures which verify that the safe slide plates
were installed when the grenades were installed in the GLA.

The thermal battery in each grenade contains a thermoelectric match which has a
"no fire' rating of 0.75 amperes for 10 msec and an "all fire" of 2.0 amperes for
10 msec. The battery can only be activated after the grenade leaves the launch
tube and must be activated to provide power to charge the grenade high explosive
firing capacitors and operate the associated SCR firing circuitry. If the thermal
battery is inadvertently activated and the safe slide plate is in place it will dis-
charge across a short circuit in a short time (less than 10 minutes).

The high explosive firing capacitors are charged through a current limiting re-
sistor which prevents the capacitors from being sufficiently charged to fire the
SBASIs until the grenades are safely down range after they are launched. After the
thermal battery is activated, it requires approximately eight seconds for the ca-
pacitor to charge sufficiently to permit a voltage sufficient to switch on the SCR in
the firing circuitry.
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The HNS explosive was especially selected for its stability properties. It cannot
be set off by impact. It is extremely stable in even a high temperature environ-
ment. Auto ignition can only occur in temperatures above 450 centigrade.

The mortar package is designed to be a RFI shield completely enclosing the GLA
and grenade. This is primarily provided by the multilayer aluminized mylar ther-
mal bag and cover. The firing circuits are designed with low pass input filters.

A pulse of greater than three milliseconds is required to trigger these circuits.

In addition, all firing capacitors and SBASI's have resistors connected across them
to reduce the effects of electrostatic charge,

The rocket motor and HNS explosive train ignitors are one amp no fire devices and
have been especially designed by NASA for high reliability and optimum safety in
ordnance devices.

Power is required to operate the ASE, to arm, and to fire the grenades. At no
time while the mortar package is being handled is operational power applied to the
mortar package through the ASE central electronics. Operational power to the
ASE is switched off by the ALSEP astronaut switch which prevents application of
operational power even if a command is inadvertently sent from MSFN to turn the
power on.
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2-176. HEAT FLOW EXPERIMENT (HFE) SUBSYSTEM

The heat flow experiment (HFE) measures the temperature gradient and the ther-
mal conductivity in the near surface layers of the moon. From these measure-
ments the lunar heat flow can be calculated. The measurements obtained from
the experiment enable the average value as well as the direction of the net heat
flux to be determined. The knowledge of the lunar heat flux will provide addi-
tional information on:

a. A comparison of the radioactive content of the Moon's interior and the
Earth's mantle.

b. A thermal history of the Moon

c. A lunar temperature versus depth profile

d. The value of thermal parameters in the first three meters of the moon's
crust.

When compared with seismic measurements, data from the HFE experiment will
provide information on the composition and physical state of the Moon's interior.

The HFE is deployed with the two sensor probles emplanted in the lunar surface
in three-meter boreholes. These holes are drilled by the astronaut with the
Apollo lunar surface drill (ALSD). (Refer to Section IV for a description of HFE
deployment.) The two probes are connected by two multiple-lead cables to the
HFE electronics package which is deployed separately from the ALSEP central
station.

Ten Earth commands control the operation of the HFE, The HFE responds to the
data subsystem with scientific datums and six engineering status datums. One
word of the first 16 frames of each 90-frame ALSEP telemetry cycle is used to
transmit the HFE scientific datums downlink to Earth. The HFE engineering
status datums are subcommutated with other ALSEP engineering and housekeeping
datums in word 33 of the ALSEP telemetry frame. Refer to the Command List,
Appendix A, and the Measurement Requirements, Appendix B, for command and
data definition.

2-177. HFE PHYSICAL DESCRIPTION

The major components of the HFE are two sensor probes and an electronics pack-
age as shown in Figure 2.82. The probes are epoxy-fiberglass tubular structures
which support and house temperature sensors, heaters. and the associated elec-
trical wiring. Each probe has two sections, each 55 c¢m long, spaced 2 cm apart
and mechanically connected by a flexible spring. The flexible spring allows the
probe assembly to be bent into a U-shape to facilitate packing, stowage, and
carrying.

There is a gradient heat sensor surrounded by a heater coil at each end of each
probe section. Each of these two gradient sensors consists of two resistance
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Figure 2-82. Heat Flow Experiment (HFE) Subsystem
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elements. These four resistance elements are connected in an electrical bridge
circuit. Ring sensors are located 10 em from each end of each probe section.
Each of these two ring sensors has two resistance elements. These four resis-
tance elements are connected into an electrical bridge circuit. Four thermo-
couples are located in the cable of each probe.

The heat flow electronics package contains six printed circuit boards which mount
the electronic circuits of the experiment. An external cable reel houses the HFE
central station cable and facilitates deployment. A sunshield thermally protects
the electronics package from externally generated heat. Two reflectors built into
the open ends of this sunshield aid in the radiation of internally generated heat
that otherwise might be entrapped under the sunshield. The electronies package
is thermally protected by multilayer insulation and thermal control paint. The
leading particulars of the HFE are listed in Table 2-25.

Table 2-25. HFE Leading Particulars

Characteristic Value

Size of probes (both packaged 25.5x4.5x 3.5
for flight) in inches

Size of electronics units in inches 13 x9 x8

Weight of probes (both packaged 3.50
for flight) in pounds

Weight of electronics unit in 6.20
pounds

Power Requirements

Mode 1 6.0 watts (day)
9. 5 watts (night)

Mode 2 11.0 watts (day or night)

Mode 3 9. 0 watts (day only)

2-178. HFE FUNCTIONAL DESCRIPTION

The operation of the HFE electronics instrumentation when measuring the lunar
material temperatures may be classified into six functions as shown in Fig-

ure 2-83. These functions are command processing, timing and control, temper-
ature measurement, conduetivity heater, data handling, and power and electronics
thermal control.
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Figure 2-83. Heat Flow Experiment, Functional Block Diagram

The command processing function receives 10 different Earth commands (listed
in Table 2-26) and translates these commands to allow ground control of the
various optional operations of the HFE.

The timing and control function receives basic ALSEP timing signal inputs from
the central station and translated command select signals from command process-
ing and distributes logic control signals to all other major functions. The timing
and control function actively sequences the operation of the HFE through measure-
ment routines in accordance with signals received from command processing.

The temperature measurement function receives sensor excitation signals from
timing and control and provides analog temperature measurement data to the data
handling function. The conductivity heater function receives heater select stepping
signals for discrete operation of alleight heaters and generates the drive current
necessary to energize the lunar soil with a predetermined amount of heat.

The data handling function converts the analog measurement science data to digital
data. In addition, it receives mode, sequence, subsequence, and heater status
data. It formats and supplies this data to the data subsystem in response to the

data demand and data shift pulses for insertion in the ALSEP telemetry data
stream.
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The power and electronics thermal control function distributes supply voltages to
all functions and maintains the proper operating temperature for the HFE elec-
tronics package.

2-179. HFE DETAILED FUNCTIONAL DESCRIPTION

2-180. HFE Command Proces sing Function. The command Processing function
block diagram is shown in figure 2-84 and consists of the input buffer, mode
select register, measurement select register, probe select register, and the
heater and remote bridge sensor (ring sensors) select register. Command pro-
cessing includes the reception of Earth commands, command decoding, and sub-
sequent generation of mode control signals that establish the logic routines for
heater, probe, measurement, and mode operations.

The input buffer accepts and stores all ten Earth commands (Cl through C10,
table 2-26). They are gated to appropriate inputs of the respective select regis-
ters by the 90 FM.

Table 2-26. HFE Command List

Command Number

Symbol Octal Command Nomenclature
CH-1 135 Normal (Gradient) Mode Selectl (HFE MODE/G SEL)
CH.2 136 Low Conductivity Mode Select (Ring Source)

(HFE MODE/LK SEL)

CH-3 140 High Conductivity Mode Select (Heat Pulse)

(HFE MODE/HK SEL)
CH-4 141 HF Full Sequence Selectl (HFE SEQ/FUL SEL)
CH-5 142 HF Probe #1 Sequence Select (HFE SEQ/P1 SEL)
CH-6 143 HF Probe #2 Sequence Select (HFE SEQ/P2 SEL)
CH-.7 144 HF Subsequence #12 (HFE LOAD 1)
CH-8 145 HF Subsequence #22 (HFE LOAD 2)
CH-9 146 HF Subsequence #32 (HFE LOAD 3)
CH-10 152 HF Heater Advance (HFE HTR STEPS)

(Steps through following 16-step sequence, one step
per command)
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Figure 2-84. HFE Command Processing Function, Block Diagram

The mode select register receives commands Cl through C3 and operates as a
mutually exclusive logic circuit providing only one signal output for one command
input. The output of the mode select register places the HFE in one of three basic
modes of operation for performing temperature measurements. The notation as-
signed to these three basic modes are mode 1 (normal, or gradient mode), mode 2
(low conductivity mode), and mode 3 (high conductivity mode).

Operation of the HFE in performing measurements in modes 1 and 2 are identical;
but in mode 2, the probe heater constant current supply is turned on and any one
of the four heaters on either probe can be selected by command 10 to measure
lunar material heat conductivity. '

Operation of the HFE in performing measurerrients in mode 3 is controlled by the
heater select and remote bridge sensor (ring sensors) select register. Mode 3
operation utilizes the ring sensors in conjunction with the heaters. Mode 2 opera-
tion utilizes the gradient bridge sensors in conjunction with the heaters, while
mode 1 operation utilizes only the gradient bridge sensors with the heaters turned
off. In addition, the HFE is preset to mode 1 and full measurement sequence em-
ploying the gradient bridge sensors upon turn-on.

The measurement select register is a logic circuit that senses various combina-
tions of commands C4 and C7 through C9. It determines the measurement routine
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for modes 1 and 2. In addition, the measurement select register acts as a
mutually exclusive eircuit when sensing command 4 thus setting up subsequent

circuitry for a full sequence of temperature measurements as described in
table 2-27.

The probe select register is a mutually exclusive logic circuit that allows the op-
tion of selecting probe 1 or probe 2 independently during any temperature measure-
ment format in mode 1 or mode 2. When C4 is applied to the probe select regis-
ter, the register will select both probes in sequence.

The heater select and remote bridge sensor select register is a mutually exclu-
sive and conditional logic circuit that selects both the heaters and remote bridge
sensors (ring sensors). During mode 1 the register has no effect on operation.
Command Cl10 is gated into the register to allow for heater selection from earth.
In mode 2 the register serves as a heater select register only. In mode 3, the
register serves as both a heater select register and remote bridge seiect register,

2-18l. HFE Timing and Control Function. The timing and control function is
shown in Figure 2-85 and consists of the measurement sequence programmer,

408 KHz clock, and the measurement sequence decoder. Timing and centrel re-
ceives command and timing signals from the command processor function and data
subsystem, respectively. It provides the basic timing and control required for
acquisition of data from the sensors and for formatting that data through the data
handling function.

The measurement sequence programmer controls HFE measurement sequencing
in modes 1 and 2 in response to measurement select signals. Sequence status is
applied through the sequence decoder to control measurements and sensor excita-
tion. The full sequence of measurements is listed in table 2-27. A 90th frame
mark occurs once every 54.4 seconds. The time required to make a complete
cycle of readings (full sequence) is 7. 25 minutes. In addition, the respective
probe selection is handled by the measurement sequence programmer during
modes 1 or 2.

The subsequence programmer, driven by a 400 KHz clock, allows any one of four
possible measurement types (N; through Ng4) to be taken (see Table 2-26). 1t pro-
vides a data control gate and digital subsequence status data through the decoder
to the data handling function.

Signals received from the measurement sequence programmer and the subse-
quence pragrammer: are compared and decoded by the measurement sequence de-
coder and'sent to the conductivity heater, temperature measurement, and data
handling functions for program control during HFE operation.

2-182. HFE Temperature Measurement Function. The HFE temperature mea-
surement function block diagram is shown in Figure 2-86 and consists of.the pulse
power supply, sensor excitation switching circuit, gradient bridge sensors,
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Table 2-27. HFE Measurements

ls_equential Heater
Order Symbol Measurement and Location Status
Modes 1 and 2 Sequence (Gradient and Low Conductivity)
High Sensitivity
1 DH-01 Temperature difference, upper gradient bridge probe 1 (AT“H)
2 DH-02 Temperature difference, lower gradient bridge probe 1 (ATIZH)
3 DH-03 Temperature difference, upper gradient bridge probe 2 (ATZIH)
4 DH-04 Temperature difference, lower gradient bridge probe 2 (ATZZH)
Off in
Low Sensitivity Mode 1,
‘ as
5 DH-05 Temperature difference, upper gradient bridge probe 1 {ATIIL) selected
in Mode 2
6 DH-06 Temperature difference, lower gradient bridge probe 1 {ATI L)
. 2
7 DH-07 Temperature difference, upper gradient bridge probe 2 (AT_. L)
21
8 DH-08 Temperature difference, lower gradient bridge probe 2 (AT__L)
22
Ambient Temperature
9 DH-09 Upper gradient bridge probe ! (Tll)
1o DH-10 Lower gradient bridge probe 1 (TIZ)
Il DH-11 Upper gradient bridge probe 2 (TZl)
12 DH-12 Lower gradient bridge probe 2 (T22)
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Table 2-27. HFE Measurements (cont)

ISequential Heater
Order Symbol Measurements and Location Status
Modes 1 and 2 Sequence (Gradient and Low Conductivity) (cont)
Thermocouple
13 DH-13 Thermocouple reference junction thermometer (T ref)
14 Four thermocouples in probe 1 cable (four readings) (TC group 1) Off in
DH-14 Reference thermocouple - thermocouple 4 (Ref. TC-TCy(4)) Mode 1
DH-24 Thermocouple 4 - thermocouple 1 (TC1(4) - TC (1)) as
DH-34 Thermocouple 4 - thermocouple 2 (TC1 (4) - TCy (2)) selected
DH-44 Thermocouple 4 - thermocouple 3 (TCp (4) - TCy (3)) in Mode 2
15 DH-15 Thermocouple reference junction thermometer (T ref)
16 Four thermocouples in probe 2 cable (four readings) (TC group 2)
DH-16 Reference thermocouple - thermocouple 4 (Ref. TC - TC, (4))
DH-26 Thermocouple 4 - thermocouple 1 (TC, (4) - TC, (1))
DH-36 Thermocouple 4 - thermocouple 2 (TC;, (4) - TC, (2))
DH-46 Thermocouple 4 - thermocouple 3 (TC, (4) - TC, (3))
Mode 3 (High Conductivity)
DH-50 Differential temp. probe 1 - bridge 1 OFF
DH-51 Ambient temp. probe | - bridge 1 OFF
DH-52 Differential temp. probe 1 - bridge 1 H;, ON
DH-53 Ambient temp. probe 1 - bridge 1 H;, ON
DH-60 Differential temp. probe 1l - bridge 2 OFF
DH-61 Ambient temp. probe 1 - bridge 2 OFF
DH-62 Differential temp. probe 1 - bridge 2 Hj1j4 ON
DH-63 Ambient temp. probe 1 - bridge 2 H 4 ON
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Table 2-27. HFE Measurements (cont)

Sequential Heater
Order Symbol Measurement and Location Status
Mode 3 {High Conductivity) (cont)
DH-56 Differential temp. probe 1 - bridge 1 OFF
DH-57 Ambient temp. probe 1 - bridge 1 OFF
DH-58 Differential temp. probe 1 - bridge 1l H,; ON
DH-59 Ambient temp. probe 1 - bridge 1 Hll ON
DH-66 Differential temp. probe 1 - bridge 2 OFF
DH-67 Ambient temp. probe 1 - bridge 2 OFF
DH-68 Differential temp. probe 1 - bridge 2 Hj3 ON
DH-69 Ambient temp. probe 1 - bridge 2 H13 ON
DH-70 Differential temp. probe 2 - bridge 1 OFF
DH-71 Ambient temp. probe 2 - bridge 1 OFF
DH-72 Differential temp. probe 2 - bridge 1l H,, ON
DH-73 Ambient temp. probe 2 - bridge 1 H,, ON
DH-80 Differential temp. probe 2 - bridge 2 OFF
DH-81 Ambient. temp. probe 2 - bridge 2 OFF
DH-82 Differential temp. probe 2 - bridge 2 H,4 ON
DH-83 Ambient temp. probe 2 - bridge 2 H,4 ON
DH-76 Differential temp. probe 2- bridge 1 OFF
DH-77 Ambient temp. probe 2 - bridge 1 OFF
DH-78 Differential temp. probe 2 - bridge 1 H,3 ON
DH-79 Ambient temp. probe 2 - bridge 1 H,, ON
DH-86 Differential temp. probe 2 - bridge 2 OFF
DH-87 Ambient temp. probd 2 - bridge 2 OFF
DH-88 Differential temp. probe 2- bridge 2 HZ3 ON
DH-89 Ambient temp. probe 2 - bridge 2 H,;3 ON
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Table 2-27. HFE Measurements (cont )

Note 1 Each of the HFE measurements (except thermocouples) consists of four voltage samples as follows:

High Sensitivity Low
and T Sensitivity Ambient
ref
+ Excitation Volts + Current* + Excitation Volts
+ Bridge Output Volts + Bridge Output Volts + Currentx*
- Excitation Veolts - Current* - Excitation Volts
- Bridge Output Volts - Bridge Output Volts - Current*

*¥*Voltage across a current measuring resistor,

Note 2 Each pair of Mode 3 measurements is selected by execution of heater advance command 10.
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thermocouple sensor grouping and reference bridge, and the remote bridge sen-
sors (ring sensors). The gradient bridges, ring bridges, and thermocouples re-
ceive excitation in accordance with the mode and sequence selected by command,
and are energized by the pulse power supply. Selection is controlled by the sen-
sor excitation switching circuit. The sensors and thermocouples are sampled to
obtain analog temperature measurement information which is supplied to the data
handling function.

Five types of measurements are performed in the three basic modes of operation
as follows:

a. High sensitivity bridge measurement of probe temperature difference
(gradient). These measurements are performed in a £2°C range with a probable
error of 0. 003°C. The gradient sensors are used for these measurements in
modes 1 and 2. The ring sensors are used in mode 3 operation.

b. Low sensitivity bridge measurement of probe temperature difference
(gradient). These measurements are performed in a £20°C range with a probable
error of 0.03°C. The gradient sensors are used for these measurements in modes
1 and 2 operation.

c. Total bridge resistance measurement of probe ambient temperature. These
measurements are performed in a 200 to 250°K range with a probable error of
0.1°C. The gradient bridges are measured in modes 1 and 2. The ring bridges
are measured in mode 3 operation.

d. Bridge measurement of the thermocouple reference junction temperature.
These measurements are performed ina -20 to 60°C range with a probable error
of 0.1°C. These measurements are performed in modes 1 and 2 operation.

e. Thermocouple measurements of probe cable ambient temperature. These
measurements are performed in a 90 to 350°K range with a probable error of
0.3°C. These measurements are performed only in modes 1 and 2 operation.

2-183. The normal gradient mode is used to monitor the heat flow in and out of
the lunar surface crust. Heat from solar radiation flows into the Moon during the
lunar day and out of the Moon during lunar night. This larger heat gradient in the
near subsurface of the Moon will be monitored and measured in order to differ-

entiate it from the more steady but smaller heat flow outward from the interior of
the Moon.

The temperature gradients and average-absolute temperatures are measured with
the gradient sensors and with the thermocouples spaced along the two cables con-
necting the probes to the electronics package.

In each deployed probe, the temperature difference between the ends of each of
the two sections is measured by the gradient bridge consisting of the gradient
sensors positioned at the ends of the probe section. Gradient temperatures are
measured in both the high sensitivity and low sensitivity ranges.
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Average-absolute temperature measurements are made by all gradient bridges
and by any one of the thermocouples spaced at four points along each probe cable.
In each probe cable, the thermocouples are placed at the top gradient sensor and
at distance increments of 65, 115, and 165 cm above the top gradient sensor. The
reference junction for the thermocouples is mounted on the HFE electronics pack-
age thermal plate. Gradient bridges and thermocouple locations are identified by
a number system. Gradient bridges are identified by probe number {1 or 2), and
probe section (1 for upper, 2 for lower). Thermocouples are identified by probe
number, and by position in the cable (I, 2, 3, or 4, with 4 at the upper end of the
probe).

2-184. Thermal conductivity of the lunar material is measured with the principal
of creating a known quantity of heat at a known location by exciting one of the eight
probe heaters, and measuring the resultant probe temperature change for a period
of time. Because it is not known whether the surrounding material will have a low
conductivity (loosely consolidated material) or a high conductivity (solid rock),

the capability to measure over a wide range using two modes of operation are in-
corporated into the HFE design.

In low conductivity operation, the thermal conductivity of the lunar material is de-
termined by measuring the temperature rise of the end of the probe in which the
selected heater is located. The temperature which the heater must reach to dis-
sipate the power input is a measure of thermal conductivity of the surrounding
material. The low conductivity measurements are performed in the sequence
{Table 2-27) selected by Earth command (Table 2-26). The probe heater selected
by Earth command receives low power excitation, and dissipates two milliwatts of
power.

In high conductivity operation, the thermal conductivity of the lunar material is
determined by measuring the temperature rise atthe ring bridge nearest the
selected heater. The temperature rise per unit of time at the known distance is a
measure of thermal conductivity of the surrounding material. The high conduc-
tivity (mode 3) measurements are temperature gradient in the high sensitivity
range, and probe average-absolute temperature (Table 2-27) on a single remote
bridge. The bridge used in performing a measurement is determined by the
heater selected by Earth Command 10, The heater receives high power excitation,
and dissipates 500 milliwatts of power. Because of the higher power consumption,
this mode, if selected, will operate only during lunar day.

Ring bridge locations are identified in the same manner as the gradient bridges.
Heater locations are identified by probe number (1 or 2), and by position on the
probe (1, 2, 3, or 4, with 1 at the top and 4 at the bottom of the probe).

2-185. HFE Conductivity Heater Function, The conductivity heater function block
diagram is shown in figure 2-87 and consists of a constant current supply, heater
select switching circuit, and eight heaters arranged on the top and bottom of
upper and lower sections of probe 1 and 2. The conductivity heaters are used to
apply a known amount of heat energy to the lunar soil.
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Figure 2-87. HFE Conductivity Heater Function, Block Diagram

The constant current supply provides the drive current for the heaters while the
heater select switching circuit gates the drive current to the selected heater.
Ground commands 1 through 3 are received from the command processor by the
constant current supply. Command 1 inhibits the operation of the constant current
supply. Commands 2 and 3 turn the constant current supply on and select the low
or high constant current, respectively. The heater select signal (command 10)
advances the heater select switching circuit sequentially to select the heater to be
activated.

Analog housekeeping data and digital heater status data is supplied to the data
handling function for insertion in the data output.

2-186. HFE Data Handling Function. The data handling function block diagram is
shown in Figure 2-88 and consists of the multiplexer, data amplifier, analog-to-
digital converter, and output shift register. Data handling includes the compiling
and digitizing of analog temperature measurement science data for subsequent in-
sertion into the data subsystemn telemetry format.

The multiplexer compiles analog temperature data received from the temperature
measurement function and distributes this data to the data amplifier in accordance
with data gates received from timing and control.
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Figure 2.88. HFE Data Handling Function, Block Diagram

The data amplifier conditions the bridge and thermocouple voltages to the dynamic
range required by the analog~to-digital-converter, A successive approximation
technique is employed to digitize the data for storage in the output shift register.
Mode, sequence, subsequence, and heater status data is also stored in the output
shift register in alloted positions as shown in figure 2.83. The data demand from
the ALSEP data subsystem then allows the scientific data along with an identifica-
tion code to be shifted out to the central station for insertion in the ALSEP tele-
metry frame and downlink transmission to Earth.

2-187. HFE Power and Electronics Thermal Control Function, The HFE power
and electronics thermal control function block diagram is shown in figure 2-89.
and consists of the DC power converter, electronics temperature control circuit,
electronics package heater, and the power gating control circuit.

The DC power converter receives the primary 29 VDC power and develops the re~
quired operating power levels for distribution to all HFE electronic circuitry
through the power gating control circuit located electrically on the secondary side
of the DC power converter. The power gating control circuit does the actual dis~
tribution of power and operates in conjunction with a thermostatic switch. When
the HFE package temperature reaches 30°C, the thermostatic switch signals the
power gating control circuit and power distribution is limited during periods be-
tween measurements.
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Figure 2-89. HFE Power and Electronics Thermal Control Function,
Block Diagram

Active thermal control of the HFE electronics package is provided by the elec-
tronics temperature control circuit and the electronics package heater. The
heater is mounted on the thermal plate and aids in maintaining the temperature of
the HFE electronics within its operational temperature range of 10° to 60°C. The
active component in the electronic temperature control circuit is a thermostatic
switch which is sensitive to the effective operating temperature range of the HFE
electronics package.

In addition, the heater is connected to a standby heater power line in order to
provide thermal control during periods when operational power to the HFE is
turned off. At these times the heater dissipates a maximum of 4. 5 watts for ther-
mal control.

2.188. HFE/Data Subsystem Interface - In addition to the ten Earth commands
listed in Table 2-26, the HFE receives the following four timing and control sig-
nals from the ALSEP data subsystem:

a. 90-frame mark which is the time base for the HFE operation. It is received
by the measurement sequence programmer and releases commands from the com-
mand receiver.
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b. Frame mark which is the time base for synchronizing data outputs to the
data subsystem. It is used by the measurement sequence programmer and the
subsequence programmer.

c. Data demand which is a d¢ level maintained for one word time onthe demand
line during the readout of the HFE output shift register, which receives the data
demand from the ALSEP data subsystem.

d. Data shift pulse which is enabled during data demand to shift the data to the
data subsystem at the 1060 BPS bit rate of the data subsystem.

2-189. The HFE has been allocated one 10-bit word per ALSEP telemetry frame
for temperature data transmission. The HFE transmits data during the first 16
frames of each ALSEP 90-frame cycle. Eight frames are required to transmit
one data point measurement. The word format is shown in Figure 2-89A. Rj and
Ry identify the state of the subsequence programmer. P;, P2, P3, and P4
identify the state of the measurement sequence programmer. M,, M,. and M3
identify the state of the mode register. H), H,, Hj, and Hy identify the state of
the heater sequence programmer. Frames 1 through 8 starting with the 90 frame
mark contain one measurement. Frames 9 through 16 contain the next sequential
measurement. Frames 17 through 90 contain words that are all zeros.
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Figure 2-89A. HFE Measurement Digital Data Format

2-190. Seven analog data lines are allocated to the HFE. They are used to moni-
tor the HFE power supply and probe heater current supply as listed in Table 2-28.
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Table 2-28. HFE Analog Housekeeping Datums

Symbol Name Frame Range
AH-1 Supply Voltage #1 30 0 to +5 volts
AH-2 Supply Voltage #2 45 0 to -5 volts
AH-3 Supply Voltage #3 56 0 to +15 volts
AH-4 Supply Voltage #4 74 0 to -15 volts
AH._5 {not used) 86

AH-6 Low Conductivity Heater 57 ON/OFF
AH-7 High Conductivity Heater 75 ON/OFF
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2-191. CHARGED PARTICLE LUNAR ENVIRONMENT EXPERIMENT (CPL,EE)
SUBSYSTEM

The charged particle lunar environment experiment (CPLEE) measures the energy
distribution, time variations, and direction of proton and electron fluxes at the
lunar surface. The results of these measurements will provide information on a
variety of particle phenomena.

The lunar surface may be bombarded by electrons and protons caused by several
phenomena that are as yet not understood. For example, occasionally the solar
wind may hit the surface. This wind is caused by the expansion into interplane-
tary space of the very hot outer gaseous envelope of the Sun. The resulting flow
stream apparently carries energy and perturbations from the Sun to the Earth-
Moon system. During times of the full Moon, this solar wind stream also sweeps
the magnetospheric tail of the Earth toward the Moon. It appears that here the
electrons and protons that cause auroras and Van Allen radiation are accelerated
when they plunge into the terrestrial atmosphere. These accelieration processes
are not understood and simultaneous observations of them near the Earth and
Moon will permit more detailed study of their extent and other characteristics.

Because the Moon is sufficiently large to prove an obstacle to the flow of the solar
wind, it is possible that, at times, there is a standing front. The detailed physi-
cal processes that occur at such fronts are not fully understood, andthey are of
considerable fundamental interest in plasma research. If there is such a front
near the Moon, the CPLEE will detect the disordered or thermalized fluxes of
electrons and protons which share energy on the downstream side of the front.

To study these phenomena, the CPLEE measures the energy of protons and elec-
trons separately, and measures each in 18 different energy intervals. The
CPLEE is capable of measuring particles with energies ranging from 40 ev to ap-
proximately 70 kev with flux levels of about 10° to 1010 particles per square
centimeter/second/steradian, The CPLEE measures particles and, therefore,
characteristics of the following solar radiation phenomena:

a. Solar wind electrons and protons (50 kev to 5 kev)

b. Thermalized solar wind electrons and protons {50 ev to 10 kev)
c. Magnetospheric tail particles (50 ev to 70 kev)

d. Low-energy solar cosmic rays (10 ev to 70 kev).

The basic instrument of the CPLEE used to perform these measurements consists
of two detector packages (analyzers) oriented in different directions for minimum
exposure to the ecliptic path of the Sun. Each detector package has six particle
detectors. Five of these detectors provide information about particle energy dis-
tribution, while the sixth detector provides high sensitivity at low particle fluxes.
Particles entering the detector package are deflected by an electrical field into
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one of the six detectors, depending on the energy and polarity of the particles.
The CPLEE also includes electronics for recording the particle counts and pro-
viding data to the data subsystem.

The CPLEE reports scientific data to the data subsystem in six words of the 64-
word ALSEP telemetry frame. The CPLEE also reports six housekeeping signals
to the data subsystem.

2-192. CPLEE PHYSICAL DESCRIPTION

The CPLEE is a self-contained unit consisting of sensing and signal processing
electronics housed in an insulated case. The CPLEE is supported by four legs in
a rectangular arrangement (see Figure 2-90). Leading particulars of the CPLEE
are shown in Table 2-29. Figure 2-91 shows the three major components of the
CPLEE:

a. Two physical analyzers
b. Electronics.

Each physical analyzer consists of entrance slits, deflection plates, and six de-
tectors.

Figure 2-90. Charged Particle Lunar Environment
Experiment Subsystem
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CPLEE Leading Particulars

Characteristic

Value

Size

Weight on Earth

Power Regquirements

10.3 x 4.5 x 10. 0 inches

5. 08 pounds
No more than 6. 5 watts for
operation and heaters

CPLEE electronics consist of the following major subassemblies:

mwmo A6 o

Switchable power supply (deflection plate voltages)
Power supply for Anatyzer A

Power supply for Analyzer B

Low voltage power supply

Logic module
Amplifiers module
Ancillary module.
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CPLEE Major Components

2.201



ALSEP-MT-03

The upper thermal support plate is the primary structural component of CPLEE.
The support plate provides a mounting base for all internal and external compo-
nents, and is a tie point for mounting the experiment to ALSEP subpackage No. 1.
Two apertures in the support plate provide particle access to the detectors. A
mylar sheet, attached to a spring retention device, covers the apertures until a
dust cover removal command is received.

An external shell of insulation provides thermal protection for the inner compo-
nents and isolates the support plate from the outer case.

The CPLEE is connected to the central station by a tape cable which is contained
in an enclosed reel prior to deployment.

2-193. CPLEE FUNCTIONAL DESCRIPTION
The CPLEE has six major functions:

a. Charged particle detection

b. Particle discrimination and programming
c. Data handling

d. Power supply

e. Self-test

f. Environmental control.

Figure 2-92 is a functional block diagram showing the relationship of these CPLEE
functions.

DATA DEMAND
4 ZER o DATA PARTICLE MEASUREMENT PULSES
HANDLING
DIGITAL DATA ERTION
6 WORDS
IDENTIFICATION
DATA STEPPED VOLTAGES
PARTICLE CHARGED
EARTH COMMANDS ] 11 SCRIMINATION ENVIRONMENTAL CHARGED |pARTICLES
DATAY ¢ [6) AND PROGRAM- CONTROL PARTICLE |=
SUBSYSTEM | EVEN FRAME MING FUNATI®N DETECTION
MARKS FUNCTION
i | I
CONTROL OPERATING
EARTH COMMANDS POWER
(2) OPERATING
OPERATING POWER POWER
2’3&5&“? STANDBY POWER
\ST"NDBY BOWER FUNCTION OPERATING POWER
350 KHx BETA
SQUARE RADIATION
WAVE
SELF.TEST
FUNCTION

Figure 2-92. CPLEE, Functional Block Diagram
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The polarity and energy content of charged particles are measured in a program-
med sequence. These data are reported to data handling which converts them in a
programmed sequence to digital format compatible with the ALSEP telemetry

frame. These digital data are stored until requested by the data subsystem for
down-link transmission to Earth.

The power supply provides high voltage to the deflection plates in the sensing func-
tion as programmed, high voltage to the twelve detectors in both physical analyz-
ers, and low voltage to all the CPLEE electronic circuits.

The CPLEE contains two provisions to self-test its own operation:

a. Beta radiation source for end-to-end testing before dust cover removal
b. Test oscillator for checking amplifiers and data processing electronics.

Environment control features include a dust cover, dust cover removal, and
thermal control.

In its operation, the CPLEE is responsive to Earth commands as listed in

Table 2-30. Only one of these eight Earth commands (command 3 - dust cover
removal) is essential for the operation of the CPLEE. The ALSEP central station
timer provides an automatic back-up command for this operation. The other
seven commands are included to extend the versatility of the experiment.

Table 2-30. CPLEE Command List

Command Number Nomenclature
1 Operational heater ON
2 Operational heater OFF
3 Dust cover removal
4

Automatic voltage
sequence ON

5 Step voltage level
6 Automatic voltage
sequence OF
1 Channeltron
voltage incregse ON
8 Channeltron @

voltage increase OFF

When operating power is applied to CPLEE, the thermal control circuitry is pre-
set in an automatic mode. Automatic control consists of the thermostat and
heaters controlling the temperature. Command 1 overrides the automatic mode by
removing the thermostat from the active thermal control circuits and applying

+28 volts to the heaters continuously.
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Command 2 turns off the heater. In this mode the experiment operates without
any active thermal control. The thermal control is returned to the automatic mode
by momentarily interrupting the prime 29 vdc power to the CPLEE.

Command 3 detonates the two squibs that remove the dust cover.

Command 4 returns the CPLEE to automatic deflection plate voltage sequencing
after interruption by command 6.

If automatic deflection voltage sequencing has been interrupted by command 6,
command 5 will permit the deflection voltage to be manually stepped to any of the
operating positions (£3500, +350, +35, background, or test oscillator).

Command 6 may be used to interrupt the automatic deflection voltage switching
sequence. The deflection voltage will remain at the operating position coincident
with receipt of this command and will continue to be automatically switched be-
tween physical analyzers A and B.

Command 7 may be used to increase the operating voltage applied to the detector
from 2800 to 3200 volts. This capability is included so that the operating voltage
can be increased in the event that the electron gain characteristics of the detector

degrade during the life of the experiment.

Command 8 returns the CPLEE detector voltages to an operating voltage of
2800 volts.

2-194. CPLEE DETAILED FUNCTIONAL DESCRIPTION
The following paragraphs describe in detail the six major CPLEE functions.

2-195. CPLEE Detecting Function. The CPLEE detecting functional block dia-
gram is shown in Figure 2-93.

The basic detector element in the CPLEE is the Bendix Channeltron ®e1ectron
multiplier, This detector is sensitive to both protons and electrons over the
energy range required for this experiment and operates at a counting rate of up to
one megahertz,

The detector is a glass capillary tube having an inside diameter of about one mil-
limeter and a length of 10 centimeters. A layer of special conducting material
that has secondary electron emission characteristics is deposited over the in-
terior surface of the tube. When a potential difference is applied between the ends
of the tube, an electric field is established down its length. Any electron ejected
from the inside surface by photoelectric or secondary emission will be accelera-~
ted down the tube and will simultaneously drift across the tube with whatever lat-
eral velocity was acquired by the ejection process. Electron multiplication occura
when the potential difference is such that these free electrons gain enough energy
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Figure 2-93. CPLEE Charged Particle Detection Function, Block Diagram

from the electric field between encounters with the surface that more than one
secondary electron is generated at each encounter. A single electron ejected at
the low potential end of the detector can result in an electron gain of about 108 at
the high potential end. Figure 2:-94 illustrates the typical electron gain character-
istics of a Bendix Channeltron detector. Note that the knee of the gain curve
occurs at about 2700 volts. Between the knee of the curve and the saturation re-
gion, the amplitude and shape of the output pulses tend to be uniform and indepen-
dent of the type or energy level of the radiatien.

Energy measurements are translated to pulses by each detector and sent to sepa-
rate amplifiers where the pulses are amplified, wave-shaped, and sent to the
multiplexer in the data handling function.

Since the detector is sensitive to electrons, protons, x-rays, and ultraviolet radi-
ation, the output pulses from the detector contain no information concerning the
type or energy of the primary radiation. Therefore, information concerning these
parameters is obtained by electrostatic analysis of the charged particles prior to
their entering the detector.

Figure 2-95 illustrates the major components in the physical analyzer used in the

CPLEE. Each physical analyzer consists of a set of entrance slits, deflection
plates, and six detectors.
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Figure 2-94. Channeltron ~ Detector Typical Electron Gain

Charged particles entering the deflection plate region will be deflected along
curved paths which are a function of their energy-to-charge ratio. Particles of
one sign will be detected in five discrete energy levels by the five C-type detec-
tors which are positioned below the center line of the deflection plates as defined
by the entrance slits. Particles of the opposite sign are detected simultaneously
by the helical detector in one broad energy spectrum.

The switchable power supply in the particle discrimination and programming func-
tion provides voltage at three levels and in each polarity to the deflector plates.
This voltage applied to the deflection plates is automatically cycled through seven
levels: three positive, three negative, and a nominal zero so that the background
flux can be measured. Particles having a particular energy level are measured
by each detector in the physical analyzer as the deflection plate voltage is auto-
matically programmed through 35, £350, and #3500 volts.

A timing sequence is used to automatically switch the deflection plate voltage.
This timing sequence uses the even frame marks from the data subsystem as the
basic timing clock. The even frame marks are received by the particle, discrim-
ination and programming function which translates them into deflection plate volt-
age commands to the switchable power supply. Since each ALSEP telemetry
frame requires 0. 604 second, the even frame marks occur every 1.21 seconds,
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Figure 2-95. CPLEE Physical Analyzer Major Components

When the experiment is turned on, the timing sequence may start at any point.
Assuming that the operation starts when +3500 volts is applied to the deflection
plates, analyzer A measures the charged-particle flux for a period of 1.21 sec-
onds. Then analyzer B measures the incident radiation for 1. 21 seconds, after
which the deflection voltage is automatically switched to +350 volts and the meas-
urement sequence by analyzers A and B is repeated. Since the measurement
period at each deflection voltage level is 2. 42 seconds and a complete cycle of
operation includes eight steps, the complete sequence requires 19. 4 seconds.
During the time period that one physical analyzer is measuring the flux level, the
last measurement made by the second analyzer is being read out by the ALSEP
data subsystem.

2-196. CPLEE Particle Discrimination and Programming Function. The CPLEE
particle discrimination and programming functional block diagram is shown in
Figure 2-96.
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Figure 2-96. CPLEE Discrimination and Programming Function,
Block Diagram

The programmer receives even frame marks from the data subsystem and uses
them as the basic timing clock to synchronize the switchable power supply which
provides stepped voitages to the physical analyzer deflection plates in the detect-
ing function.

The switchable power supply on commarid from the programmer provides the fol-
lowing stepped voltages:

a. %35 vdc

b. *350 vdc
c. 3500 vdc
d. 0 vdc:

These voltages are stepped as commanded by the programmer.

The outputs from the two physical analyzers in the detecting function are gated by
the programmer to the multiplexer and counters of the data handling function. The
two physical analyzers are gated into the counters as follows:

The pulses from physical analyzer A are gated to the counters and information is
collected for a specific deflection voltage level. On receipt of an even frame
mark from the data subsystem, all counter inputs are inhibited and identification
data bits are stored in the shift registers. The first shift pulse, following in
time, transfers the count data into the shift registers. At the falling edge of this
pulse, the programmer directs the switchable power supply to its next voltage
level. Approximately 30 milliseconds later, the counters are all reset to zero.
About 60 milliseconds after the original even frame mark pulse, the counter in-
puts are enabled and physical analyzer B couples into the counters.

The output from each counter is transferred to a shift register in the data handling
function upon command from the programmer. Then the count data from the shift
registers are read out as serial digital data to the ALSEP data subsystem upon
receipt of a data demand from the data subsystem.
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2-197. CPLEE Data Handling Function. The CPLEE data handling function is
shown in Figure 2-97.
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Figure 2-97. CPLEE Data Handling Function,
Block Diagram

The outputs from the detecting function are received by the muitiplexer. The
multiplexer contains 12 input gates, one for each detector. The multiplexer
routes these outputs to the pertinent counters. The high energy and helix detec-
tors (detectors 5 and 6) in each physical analyzer have 20-bit counters and detec-
tors 1 through 4 have 19-bit counters. The output from each counter is trans-
ferred to a shift register upon command from the particie discrimination and pro-
gramming function. The outputs from detectors ! through 4 have only 19 bits at
this point but in the shift register the identification data, ID, sent by the particle
discrimination and proegramming function is added to each word. ID bit number 1
is added to the count data from detector 1 to indicate whether analyzer A or B is
being read out. ID bit number 2 indicates the polarity (positive or negative) of the
deflection voitage, and ID bit numbers 3 and 4 indicate the magnitude of the de-
flection voltage (3500, 350, 35, or zero). Only four bits out of 120 are used for
identification data; all of the remaining digital data centain scientific information.
Analyzer count data are transferred from the shift registers to the register read-
out gates on demand from the data subsystem. The data subsystem sends a data
demand pulse to the register readout gates and the count data are read out on a
digital data line.

2-198. CPLEE Power Supply Function. The CPLEE power supply functional
block diagram is shown in Figure 2-98.

The data subsystem power distribution unit supplies primary power to the CPLEE
low voltage power supply which, in turn, provides operating power to the two de-
tector power supplies and to the switchable power supply in the particle discrim-
ination and programming function. The switchable power supply supplies de-
flection plate voltages to the physical analyzers in the detecting function and its
operation is discussed in the preceding particle discrimination and programming
paragraphs.
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Figure 2-98. CPLEE Power Supply Function, Block Diagram

The low voltage power supply also provides £3, +6, -16, +27, and +32 vdc for the
operating voltages to all of the CPLEE electronics.

2-199. CFPLEE Self-Test Function. A self-test of the preamplifiers, amplifiers,
counters, and shift registers is provided by the test oscillator. The test oscil-
lator is energized every other time the switchable power supply inthe particle
discrimination and programming function switches to zero volts. Therefore, a
self-test is made of all the signal processing in the CPLEE during each complete
cycle of operation.

The output of the test oscillator is connected to the input of the preamplifiers in
parallel. The oscillator output is a near square wave continuous signal at a fre-
quency of 350 KHz + 10%. The oscillator pulse data are read out by the data sub-
system in the same manner as detector pulses.

Another self-test of the CPLEE operation is provided by a beta-ray source located
on the dust cover. This radiation is detected by the physical analyzers and the
output pulses are processed as described for other charged particles. This allows
a complete check of the detectors and signal processing electronics during pre-
flight testing and prior to dust cover removal during lunar operation.

When the dust cover is removed, the effect of the beta-ray source is reduced to
less than 0. 1 count per second on any one detection channel.

2-200. CPLEE Environmental Control Function. The CPLEE is designed to oper-
ate over a temperature range of -50 to +150 degrees F and to survive a nonopera-
tional temperature range of -60 to +160 degrees F.
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For passive thermal control, the CPLEE is surrounded on five sides by thermal
insulation of alternate layers of aluminized mylar and fiberglass with spaces be-
tween the layers. The top of the CPLEE is a thermal plate to which all of the
CPLEE electronics are mounted. This thermal plate funetions as a heat sink and
radiates excess operation-generated heat into the lunar atmosphere.

For active thermalcontrol, the CPLEE has heaters and a thermostat mounted to
the underside of this thermal plate to maintain operating temperature levels dur-
ing the lunar night. Earth command 1 bypasses the automatic thermal control
employing the thermostat, and turns the heater on. Earth command 2 bypasses
the thermostat and turns the heater off. Automatic control is reinstated by switch-
ing the operating power off and then on.

The CPLEE has a dust cover that protects the sensor apertures and thermal con-
trol surfaces from dust until after LM ascent. The dust cover is removed by
Earth command 3 which detonates two squibs that release a spring retention de-
vice. The dust cover rolls up on one end of the thermal plate and exposes both
apertures. In the event of failure of Earth command 3, a backup timer in the
ALSEP data subsystem will initiate removal of the dust cover.

2-201. CPLEE/ALSEP Data Subsystem Interface. The scientific data from
CPLEE are read out on a digital data line. Each ALSEP telemetry frame con-
sists of 64 digital words which have ten bits each. Six words in each ALSEP
telemetry frame are assigned to the CPLEE. However, the output from each of
the six detectors in one physical analyzer consists of twenty bits. Therefore two
ALSEP telemetry frames are required to read out one step of CPLEE operation
for each physical analyzer. Word assignment is as follows:

Initial T/M Frame

Words 7 and 17 Detector 1
Words 19 and 23 Detector 2
Words 39 and 55 Detector 3

Second T/M Frame

Words 7 and 17 Detector 4
Words 19 and 23 Detector 5
Words 39 and 55 Detector 6

In addition to the digital data output signal, the CPLEE provides six analog signals
for engineering data. Four of the analog signals monitor the four power supplies
and the other two signals monitor the temperature of analyzer A and the switchable
power supply. The ALSEP data subsystem converts these analog data to an eight-
bit digital signal and each of the six signals is sampled by the data subsystem at
least once every 90 frames or 54. 45 seconds.
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2-202. COLD CATHODE GAUGE EXPERIMENT (CCGE) SUBSYSTEM.

The cold cathode gauge experiment (CCGE) comprises the cold cathode ion gauge
(CCIG) and associated electronics (Figure 2-99). The purpose of the experiment
is to measure the density of the lunar atmosphere. The CCGE will determine the
density of any lunar ambient atmosphere, including any temporal variations either
of a random character or associated with lunar local time or solar activity. In
addition, the rate of loss of contaminants left in the landing area by the astronauts
and lunar module ({LM) will be measured.

The cold cathode ion gauge (CCIG) and the electronics make up the two basic sub-
assemblies of the CCGE. The CCIG performs the required sensing while the
electronics develops the scientific and engineering data measurements which are
routed to the ALSEP central station data subsystem. The CCIG detects densities
corresponding to pressures of 10™° torr to approximately 10-12 torr. All nu-
merical parameters are contingent upon known temperatures, anode voltages, and
related magnetic/electrostatic field strengths, The normal gauge accuracy (in-
cluding reproducibility) is *+30% above 10-10 torr and +50% below 10-10 torr, At
10-10 torr, the starting time for the gauge does not exceed 45 minutes at 23°C in
total darkness and while operating at rated voltages and related magnetic/
electrostatic field strengths. Above 5 x 10-9 torr, the starting time will be in-
stantaneous.

The cold cathode gauge experiment (CCGE) is designed to sense the particle density
of the lunar atmosphere immediately surrounding its deployed position. An elec-
trical current is produced in the gauge, proportioral to particle density. This
current is amplified and converted into a 10 bit digital word and transmitted to
ALSEP at a prescribed time in the ALSEP telemetry format.

2-203., CCGE PHYSICAL DESCRIPTION.

The cold cathode gauge experiment consists of a cold cathode ion gauge assembly
(CCIG), electronics package, and structural and thermal housings. Table 2-31
lists the leading particulars of the CCGE.

2-204. Cold Cathode fon Gauge. The CCIG structural location is identified in
figure 2-99 and is made of type 304 stainless steel. The gauge is connected to the
electronics package by a short cable. All feedthrough insulators are high alumina
ceramic designed for ultra-high vacuum ase. The CCIG aperture is sealed against
ingress of dirt and moisture. The seal is removed, on ground command, by an
explosive actuated piston releasing a spring.

2-205. CCGE Electronics Package. The electronics package contains the power
supplies, electrometer amplifier assembly, temperature, squib, and logic cir-
cuitry. The logic circuitry of the electronics package consists of nine modules
using integrated circuits. The integrated circuits are supported by two strips of
mylar with interconnect leads welded externally to the support mylar.. The
modular package is mounted to a 23-pin header coated with silicone and potted.
The nine modules are soldered to the printed circuit mother board of the elec-
tronice package assembly.
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Figure 2-99. Cold Cathode Gauge Experiment (CCGE) Subsystem
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Table 2-31. CCGE Leading Particulars

Characteristic Value
Height 13.38 inches
Width 4. 625 inches
Depth 12 inches
Weight 13. 0 pounds
Instrument operational power 2.0 watts
Heater power 4.5 watts
Input voltage +29 vdc

2-206. Structural Housing. The structural housing consists of a base and a fiber-
glass housing for the electronic circuits and the gauge sensor. The top plate
serves as a support for the electronic modules and as a heat sink. The tool socket
and the bullseye bubble are mounted on top of the housing to permit the astronaut
to deploy and level the experiment. Leveling will be within five degrees.

2-207. Thermal Control. The structural housing is covered with a thermal coat-
ing to aid in maintaining the internal (electronics) temperature between -20
degrees C and +80 degrees C during normal operation when exposed to the antici-
pated lunar environment. A sunshield is used with a reflector to shade the thermal
plate from direct sunlight and to allow it to view deep space. The reflector also
reduces heat input from the lunar surface. An auxiliary electric heater is pro-
vided to maintain the internal temperature during non-operating periods and to
assist in the thermal control during normal operation,

2-208. CCGE FUNCTIONAL DESCRIPTION,

The CCGE is divided into four ma jor functional elements; measurement function,
timing and control funetion, command function, and data handling function (Fig-
ure 2-100). In addition, a power supply function provides system power to all
operational circuits and a thermal control function maintains thermal equilibrium
of the experiment on the lunar surface.

The measurement function is accomplished by the cold cathode ion gauge (CCIQ),
the electrometer amplifier, and the gauge temperature sensor. The lunar atmos-
pheric particles are detected by the gauge and amplified by the electrometer. In
the automatic mode, the sensitivity of the electrometer is automatically controlled
by the timing and control function. Seven ranges of sensitivity are available.

The timing and control function pro{/ides range control signals to the measurement
function and timing signals to the data handling function. The range sensitivity
stepping of the electrometer amplifier is controlled by the timing and control func-
tion when the CCGE is in the automatic ranging mode of operation. The timing and
control function also provides calibration timing to the measurement function. The
function uses, shift, frame mark, and data demand pulses from ALSEP to control
its internal timing,
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The command function accepts ground command pulses from the central station
data subsystem, decodes the commands, and applies them to the timing and control
function or the measurement function as appropriate.

The data handling function accepts digital and analog data from the other functional
elements of the experi.rnent, converts as necessary, cormnmutates, and gates out
the scientific and engineering data te the central station data subsystem at word
times required by the telemetry format of ALSEP central station.

2-209. CCGE DETAILED FUNCTIONAL DESCRIPTION.

The four major functions and the two additional functions of the CCGE are dis-
cussed in detail in the following data flow sequence: measurement function,
timing and control function, command function, data handling function, power
function, and thermal control function.

2-210. CCGE Measurement Function. The measurement function (figure 2-101)
measures neutral atom densities corresponding to atmospheric pressures of

1076 torr to approxirnately 10-12 torr. The measurement function consists of the
cold cathode ion gauge (CCIG) sensor, electrometer, current calibrator, zero
mode calibrator, range position analyzer, range selector network, CCIG tempera-
ture sensor and monitor, and aperture seal mechanism,

Electronics in the CCIG sensor are deflected into elongated spiral paths by a com-
bination of magnetic and electrostatic fields enhancing the probability of collision
with the more numerous neutral atoms entering the sensor. Ion produced by these
collisions are collected by the cathode of a pair of sensor electrodes which main-
tain the electrostatic field. A +4500 volt dc potential is applied to the anode to
create the electrostatic field. The flow of positive ion current is found to be pro-
portional to the number density of the gas molecules within the gauge. Therefore,
a minute current flows to the input of the electrometer amplifier.

The electrometer consists of an input amplifier, seven position sensitivity ranging
network, offset compensation network, and a buffer amplifier output. The input
amplifier measures and converts the gauge input current to an analog voltage and
applie